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Los sistemas de producción de rumiantes en la Comarca Lagunera, México: 

Impacto ambiental, tendencias productivas y estrategias de mitigación 

 
Navarrete-Molina, Cayetano1, Meza-Herrera César A.2, Herrera-Machuca, Miguel A.2 

 
 

RESUMEN 

La población mundial se ha incrementado a casi 8,000 millones 
de personas, lo cual sugiere aumentos en la demanda y consumo 
de productos de origen animal, provocando una mayor presión en 
el uso de los recursos hídricos y aumentos en la emisión de gases 
de efecto invernadero (EGEI). El objetivo de la presente 
investigación fue cuantificar el impacto ambiental (IA) y 
económico (IE) de las huellas de carbono (HC) e hídrica (HH) 
como indicadores de sostenibilidad de los sistemas de producción 
de rumiantes (SPR), durante el periodo 1994-2018. La 
investigación se realizó en el norte de México, en la Comarca 
Lagunera (CL; 102º 22' & 104º 47' LO, 24º 22' & 26º 23' LN), 
siendo esta una región árida, con promedios anuales de 
precipitación menores a 240 mm, aunque muy importante en 
producción ganadera en el país. La cuantificación del IA de la HH 
consideró sólo el cálculo del uso de agua azul (HHA). La HC 
consideró la metodología del IPCC para las subcategorías 
ganadería y agricultura. El cálculo del valor económico (VE) de 
HHA consideró el precio promedio internacional del agua y para 
la HC consideró el precio promedio de los bonos de carbono. El 
valor económico de los SPR (Bovino de leche, Bovino de Carne 
y Caprinos) se determinó con base su valor bruto de la producción 
(VBP). En 2018, la CL registró un inventario de rumiantes de 
1,163,046, de los cuales 350,280 se encontraban en producción 
generando 2,503.50 millones de litros de leche, con un sacrificio 
de 676,769 cabezas, con un rendimiento de 83,716 toneladas de 
carne. Esta producción de leche y carne representó 99,538 
toneladas de proteína. Al contrastar el promedio anual del VBP-
SPR de 651.41 M€ (11,754.89 MMXP) respecto al VE-HHA de 
11,602.82 M€ (209,377.59 MMXP) sumado al VE-HC de 330.71 
M€ (5,967.79 MMXP), se observa un significativo IA e IE de los 
SPR, en especial los generados por los sistemas bovinos leche y 
carne, con un impacto negligible del sistema caprino. El VBP-SPR 
representó el 5.46% del VE de la HH más la HC [11,933.53 M€ 
(215,345.38 MMXP)]. Por lo anterior, es urgente delinear y 
adoptar estrategias de mitigación en el manejo de los SPR con 
respecto al uso del agua y EGEI. Dichas estrategias deben 
considerar las características de cada especie rumiante y serán 
fundamentales para lograr la sostenibilidad no sólo de los SPR, 
sino también la viabilidad ecológica, económica y social de la 
propia CL. 
Palabras clave: gases de efecto invernadero; huella hídrica; 
impacto ambiental y económico. 
__________________ 
1 Tesista 
2 Director/Co-Director 

 

ABSTRACT 

The world population has increased to almost 8,000 million 
people, which suggests increases in the demand and 
consumption of products of animal origin, causing greater 
pressure on the use of water resources and increases in the 
emission of greenhouse gases (EGHG). The objective of this 
research was to quantify the environmental impact (EI) and 
economic impact (EcI) of the carbon footprint (CP) and water 
footprint (WP) as indicators of sustainability of ruminant 
production systems (RPS) during the period 1994-2018. The 
investigation was carried out in northern Mexico, in the Comarca 
Lagunera (CL, 102º 22 '& 104º 47' W, 24º 22 '& 26º 23' N), an arid 
region with annual averages of rainfall less than 240 mm, although 
it is very important in livestock production in the country. The 
quantification of the EI in WP only considered the calculation of 
the use of blue water (BWF). The CP considered the IPCC 
methodology for the livestock and agriculture subcategories. The 
calculation of the economic value (EV) of BWF considered the 
average international water price, while the CP considered an 
international average price of the carbon credits. The economic 
value of RPS (Dairy cattle, Beef cattle and Goats) was determined 
based on its gross production value (GPV). In 2018, the CL 
recorded a ruminant inventory of 1,163,046 heads, with 350,280 
heads in production, generating 2,503.50 million liters of milk with 
a total of 676,769 slaughtered heads, and a yield of 83,716 tons 
of meat. This production of milk and meat represented 99,538 
tons of protein. When comparing the annual average of the GPV-
RPS of 651.41 M€ (11,754.89 MMXP) regarding the EV-BWF of 
11,602.82 M€ (209,377.59 MMXP) added to the EV-CF of 330.71 
M€(5,967.79 MMXP) a significant EI and EcI is observed from 
RPS, especially those generated by the dairy and beef cattle 
systems, with a negligible impact of the goat system.  The GPV-
RPS represented 5.46% of the EV of the WF plus the CF 
[11,933.53 M€ (215.345.38 MMXP)]. Therefore, it is fundamental 
to delineate and adopt mitigation strategies in the management of 
RPS with respect to water use and EGHG. These strategies must 
considerer the characteristics of each species of ruminant and 
they will be essential to achieve the sustainability not only of the 
RPS, but also the ecological, economic and social viability of the 
CL itself. 
 
Keywords: greenhouse gases; water footprint; environmental 
and economic impact 
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The increase in living standards has generated a greater demand for food of 

animal origin, which has led to devoting more and more areas to the production 

of food, causing a constant change in land use (Cardoso, 2012). These increases 

are due not only to the improvement in the human quality of life, but also to the 

significant increase in human population which has quadrupled during the last 

century up to 7,530 million in 2017, expecting an increase to 9,551 million in 2050. 

Such scenario will generate an increased intensity use of global resources to a 

point where land cannot regenerate them (UN, 2014; Wackernagel et al., 2002; 

World Bank, 2019). 

This consumption of natural resources by food production is driven by the strong 

demand of an emerging global middle class, with richer and more diversified diets. 

This demand for food, especially those of animal origin, will be significant, since it 

is estimated that the demand for meat and milk in 2050 will grow 73% and 58%, 

respectively, with respect to the observed levels in 2010 (FAO, 2011). The above, 

has caused food production models to be more uncertain, so their analysis should 

consider trends in demographic dynamics, consumption patterns, the threat of 

climate change and the irreversible degradation of ecosystem services (Thiaw et 

al., 2011). 

This uncertainty in the models and systems of food production must be analyzed 

with a comprehensive vision of the environmental impact (EI) that it generates. 

This analysis must be based on the quantification of the ecological footprint (EF), 

which must be evaluated considering more than one indicator, considering 

instead a family of indicators (Ridoutt & Pfister, 2013). The main EF indicators 

are: carbon footprint (CF), water footprint (WF), economic footprint (EcF) and 

social footprint (SF). 

Of the group of ecological footprints mentioned, the first two (CF and WF), are 

those that have been most addressed in various scientific investigations. In this 

context, the CF, could be the most important since 2014 was the warmest year 

(since 1880) and temperatures are now 0.8 °C higher than pre-industrial levels 

(Kossoy et al., 2015). Several research groups agree that this fact is related to 
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the increase in atmospheric concentrations of greenhouse gases (GHG), which 

continue to increase, particularly during the past 250 years, coinciding with the 

start of the industrial revolution and the increase in the use of fossil fuels 

(Chukwuocha et al., 2011). 

Currently, there are evidence of such increases, which is why it is considered one 

of the main global problems of our time. These evidences suggest that human or 

anthropogenic activities have been responsible. Almost all the activities we carry 

out (transport, food, agricultural activities, etc.) and goods that we own and use 

(consumer goods, vehicles, appliances, etc.) involve consuming energy, which 

means contributing to the emissions emanated from the atmosphere (Pingali & 

McCullough, 2010). 

The measurement of these emissions of GHG (EGHG) gives us valuable 

information about the degree of the CF impact, since it identifies the sources of 

emissions of a product or activity. This quantification makes possible to define 

better objectives, more effective emission reduction policies and better targeted 

cost savings initiatives, which tend to develop a better knowledge of the critical 

points for the reduction of emissions, which may or may not be the direct 

responsibility of the activity analyzed (Hermansen & Kristensen, 2011). 

There are different methodologies for the calculation of EGHG, yet those 

proposed by the Intergovernmental Panel on Climate Change (IPCC) (IPCC, 

2007), are quite important when calculating the anthropogenic GHG emissions. 

Using this methodology, the National Institute of Ecology and Climate Change 

(INECC for abbreviation in spanish), estimated in 2010 that in Mexico, the 

agriculture sector contributed 12.3% of the total GHG, and the livestock subsector 

issued 6.07%, equivalent to 50% of the sector; the cattle subsector contributed 

91.69% of such emissions (SEMARNAT, 2013). 

In this regard, in relation to ruminants, monogastric animals are emitters of GHG 

of little importance. For pigs, the IPCC (2006) assumes enteric emission factors 

of CH4 that correspond to approximately 1.2% and 2.8% of the emission factors 
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of cattle. Recent work has calculated that EGHG from pigs is equivalent to 

approximately 9.5% of the total emissions produced by livestock (Gerber et al., 

2013), while the contribution of poultry generates 9.7%. 

Consequently, ruminants and their gaseous emissions, whether direct (through 

enteric fermentation or manure) or indirect (by activities developed during forage 

production and the conversion of forests into pastures or croplands), must be a 

focus of attention in mitigation measures and policies. Steinfeld et al. (2009) have 

calculated, based on the life cycle analysis (LCA), that the livestock sector emits 

approximately 7.1 Gt of CO2-eq yr-1, equivalent to almost 18% of the total the 

anthropogenic EGHG. These emissions can be calculated by inventory, by head 

or by unit of product. One of the most recommended is the calculation per unit of 

product. Figure 1 shows the EGHG of some products of animal origin per unit of 

product. 

Of the groups of ecological footprints mentioned, the second group to be 

addressed is the WF, because the anticipated increase in the production and 

consumption of products of animal origin could put more pressure on the 

freshwater resources of the world. Like CF, the size and characteristics of WF 

vary according to animal types and production systems (Mekonnen & Hoekstra, 

2010) (Figure 2). 
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Figure 1. Carbon footprint of some products of animal origin (kg CO2-eq kg-1) 
 (Source: Hamerschlag & Venkat, 2011) 

 

 

Figure 2. Water footprint of some products of animal origin (l kg-1) 
(Source: Mekonnen & Hoekstra, 2011) 
 
The WF of a nation, company or product is an empirical indicator of how much 

water is consumed, when and where, measured over the entire supply chain. It is 

a multidimensional indicator, showing volumes, but also specifying the type of 
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water used - rainwater, surface water or contaminated water - and the place and 

time of water use (AgroDer, 2012). The calculation of the WF is especially 

important in products that have their origin in endorheic basins as the study area 

considered in this thesis. This area of study, within the national context, is one of 

the main agricultural basins of Mexico, but it is more important because it is 

located in an arid zone. This region, the Comarca Lagunera (CL), has a large 

concentration of farm animals, occupying the first place at the national level in 

both dairy cattle and poultry.  

Therefore, this research is of importance since there is currently no relevant, 

accurate and long-term information on the potential of EGHG in the region. 

Likewise, there is no information regarding the potential implementation of 

strategies to mitigate the production of these gases, which is why this research is 

fundamental for the adoption of such measures in the region. Moreover, we would 

like to find the best, the most efficient and the most applicable mitigation strategies 

according to the potential aptitudes observed in the study area. As previously 

discussed, ruminants are, within the cattle subsector, those that have the highest 

CF and WF. In the CL the number of heads of this type of cattle amounted to 1.17 

million in 2018, generating a production of 2,503.50 million liters of milk and 1 

million tons of meat, with a market value of 20,794 million of Mexican pesos 

(MMXP), equivalent to 925.65 million euros (M€) per year (SIAP, 2019). 

In the CL the dairy cattle and feedlot cattle production systems have infrastructure 

that is characterized by well-designed management pens in addition to that in this 

type of mechanized farms the labor used is minimal, acquiring the product a high 

added value for the level of quality obtained in these processes. In contrast, both 

small ruminants and beef cattle extensive production systems under range 

conditions have generally poor facilities. 

Considering the above, it is essential to quantify the CF and WF of the ruminant 

production systems in CL, Mexico. Later, when weighing them for economic 

value, would be possible to compare such value with respect with the economic 

value of production generated in the region. The above will allow to quantify the 
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EI and economic (EcI) of such productive activities. Our hypothesis proposes that 

the long-term environmental impact of ruminant production systems in the CL is 

greater than the economic benefit generated by these production systems. This 

will allow generating information that can assist as a reference to better channel 

financial resources, take appropriate measures and specific mitigation actions 

that contribute to focus efforts that ensure the reduction of the ecological footprint 

of livestock in arid and semi-arid areas. Besides, such analyses would facilitate 

decision making, in order to contribute to the fulfillment of the goals set forth in 

the reduction of EGHG and the efficient use of water in Mexico. 
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2.1. General objetive 

 To quantify the environmental and economic impact of carbon and water 

footprint as indicators of sustainability of the ruminant production systems in the 

Comarca Lagunera, Mexico. 

 

 

 

 

 

 

2.2. Specific objetives 

 

 To quantify the carbon and water footprint of the ruminant production 

systems in the Comarca Lagunera, Mexico. 

 

 To determine the environmental impact of the main ruminant production 

systems in the Comarca Lagunera, Mexico. 

 

 To develop a comparative analysis between the direct economic benefits 

of the ruminant production systems and the economic costs of the carbon and 

water footprint of this production in the Comarca Lagunera, Mexico. 

 

 To measure and transform the economic value of the environmental 

impact, so that, it serves as a basis for the generation of mitigation policies and 

actions. 
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 Ho. The environmental impact, evaluated as the economic cost of the 

carbon and water footprint, generated by the milk-meat bovine production 

systems is greater than the economic value, while such environmental insult will 

be decreased in the milk-meat goat production system when compared with its 

economic value in the Comarca Lagunera, Mexico.  
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4.1. Global climate change (GCC) 

While the world population is close to 8 billion, the UN has estimated that by 2050 

that figure will increase to 9.6 billion. Parallel to this growth, both income and 

urbanization will also increase, a situation that will pose unprecedented 

challenges to agriculture, especially food production. However, the natural 

resources needed for the production and provision of services are limited and 

without capacity for expansion or growth (FAO, 2011). 

The foregoing has been a matter of great concern and analysis among the 

scientific community and the consequences of the overexploitation of natural 

resources have been studied. Therefore, in view of the changes observed in 

terrestrial dynamics, in 1992, the United Nations Conference on Environment and 

Development, Rio de Janeiro, was the scenario for the Framework Convention on 

Climate Change to approve the definition of climate change (CC).  On this respect, 

"Climate change attributed directly or indirectly to human activities that alter the 

composition of the global atmosphere, and which adds to the natural variability of 

the climate observed during comparable periods of time". Therefore, the concept 

of CC is associated with anthropogenic consequences and adds to the natural 

variability of climate (Del Valle Melendo, 2014). 

One of the consequences of CC is global warming, caused by increased 

concentrations of greenhouse gases (GHG), which have reached levels that had 

not been present in the earth in at least 800,000 years (Moore, 2017). This has 

led to an increase in the average temperature of the earth from 0.85 °C (0.65 to 

1.06) during the period 1880-2012.  For the case of the northern hemisphere, the 

period between 1983-2012 was probably the hottest of the last 1,400 years (IPCC, 

2014a). 

This scenario has meant that the number of cold days and nights decreased and 

the number of warm days and nights increased. In this regard, as of 1950, the 

number of severe precipitations has increased in more regions than those in which 

it has decreased (IPCC, 2013). Likewise, Lopez Feldman and Hernández Cortés 
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(2016), mention that the effects of climate change will be heterogeneous, both 

between countries and within them and can also be extremely large. 

Although the conclusions of the CC studies are clear and the impact increasingly 

visible, measures to adapt or mitigate are not enough. The Paris climate 

agreement aims at holding global warming to well below 2 °C and to “pursue 

efforts” to limit it to 1.5 °C. To accomplish this, countries have submitted Intended 

Nationally Determined Contributions (INDCs) outlining their post-2020 climate 

action. However, the INDCs collectively lower emissions of greenhouse gas 

(EGHG) compared to where current policies stand, but still imply a median 

warming of 2.6 – 3.1 °C by 2100. More can be achieved, because the agreement 

stipulates that targets for reducing EGHG are strengthened over time, both in 

ambition and scope (Rogelj et al., 2016). Adaptation and mitigation measures may 

include social, cultural, administrative and process changes, behavioral 

modifications, construction of new infrastructure or use of technologies, structural 

transformations and modifications of products, inputs or services, public policy 

transformations for the purpose to cushion or take advantage of new climate 

conditions (IPCC, 2007, 2014a; OECD, 2012; World Bank, 2010). 

Therefore, it is essential to carry out impact studies at the local level, since most 

of the studies involve national scales, complicating the analysis of local 

components such as topography, soil cover, intensity of land use, 

industrialization, population growth and urban development (López Santos et al., 

2015). Indeed, the IPCC (2014a) mentioned that the effects of CC will reduce 

economic growth, complicate efforts to reduce poverty and affect food security. 

Certainly, the CC has a great diversity of negative consequences on economic 

activities, the welfare of the population and ecosystems (IPCC, 2013, 2014b). 

There is important evidence on this impact in agricultural activities, water, 

biodiversity, sea level rise, forests, tourism, health and cities (IPCC, 2014b; 

ECLAC, 2014). 

This impact on practically all the global activities has promoted to both the 

scientific community and governments to care about the well-being of future 
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generations, and motivate them to undertake urgent mitigation measures; 

quantification of the ecological footprint has shown that there is a direct 

relationship among habits, lifestyles and environmental problems (Madrid de 

Mejía, 2015). 

4.2. Ecological footprint  

Ecological footprint (EF) can be defined as the impact exerted by a certain human 

community - country, region or city - on its environment; the resources and waste 

generated both are considered for the maintenance of production and 

consumption model community, which is why this is an environmental indicator of 

inclusiveness (Rees & Wackernagel, 2000). The EF of a population is the 

biologically productive area necessary to generate the resources it consumes and 

absorb the waste it generates (Martínez Castillo, 2007). When considering the 

analysis of consumption and waste patterns, and expressing them in biologically 

productive areas, the EF shows the calculation of specific resources and adds the 

effects due to lack of resources. Therefore, it is a tool that helps analyze the 

demand of nature by humanity (Wackernagel & Rees, 1999). It is, in the words of 

Wackernagel, an ecological accounting system (Amen et al., 2011), which shows 

the consequences of actions and activities on the planet. 

It should be noted that the EF does not provide information that could be useful 

to understand all the dimensions of environmental complexity, such as economic 

and social. Nor does it provide data on the magnitude of the depredation of natural 

resources and the environment by privileged economic sectors, whose levels of 

consumption and generation of waste is extraordinary. This is because the 

calculation does not consider what they consume and dispose of indirectly 

through their companies and businesses, or in their countries of origin, much less 

in the nations where their economic interests are rooted (SEMARNAT, 2012). 

However, the EF is a starting point to analyze global relations, as well as to reflect 

on the type of world to inherit from future generations. For this reason, the 

research processes on EF can be a reference for the scientific community and, in 
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general, the population, to reflect on current lifestyles and the values on which 

they rest (SEMARNAT, 2012). 

Therefore, the analysis of EF should consider all scientific rigor, as the evaluation 

of a system, and especially agricultural production systems is not simple, often 

presenting the interrelationships between sources of impact. For example, actions 

to reduce EGHG could require greater use of water, and interventions to achieve 

water efficiency and water quality objectives could require greater use of energy 

and, consequently, increase EGHG (Ridout et al., 2014). 

Due to these interrelations, it is necessary to evaluate the environmental impact 

(EI) using more than one indicator of EF, emerging in recent years several studies 

that suggest a more comprehensive assessment of the impacts, such as those 

reported by Bosire et al., 2016; Bragaglio et al., 2018; Cardoso et al., 2016; 

Gerber et al., 2015; Huerta et al., 2016; Mogensen et al., 2014; Mogensen et al., 

2016; Ogino et al., 2016; Ridoutt et al., 2014, among others. With this approach, 

the concept of a comprehensive family of trace foot´s indicators were coined 

(Ridoutt & Pfister, 2013). Then, it is essential to quantify the greatest number of 

environmental indicators, especially those related to the production of food for 

human consumption. Within these EF indicators, the attention paid during the last 

few years, the carbon footprint and the water footprint stand out, which, in order 

to better understand their dimensions, must be complemented with the 

measurement of the economic footprint (EcF) and the Social footprint (SF).  

Because CF and WF are widely addressed, the EF and SF are defined below: 

Economic footprint: Its refers to EcI of an activity, service or product. For example, 

in many places tourism is seen as a great engine of the economy since it drives 

other activities. But often it also generates places of very precarious works, often 

seasonal, and the benefits are distributed in a very asymmetric way. In this case, 

although this activity has a high EF, it is necessary to complement it with the 

calculation of the CF, WF and mainly the SF, in order to be able to more correctly 

measure the impact of this activity. 
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Social footprint: The SF quantifies the impact of an activity, service or product in 

human, labor and social matters. In the determination of the SF, factors such as 

the jobs created, the distribution of resources, the excesses that may occur in the 

productive sector are used. For example, some companies, through the decisions 

that are made, create jobs, can put at risk human rights, fundamental principles 

and rights at work, can have an impact on culture, etc. Therefore, labor practices 

may or may not correctly manage working conditions and social protection, may 

be sensitized to a greater or lesser extent with health and safety in the workplace 

and may make a clear and convinced commitment to development and training of 

people. The previous causes a footprint in society and that is precisely what we 

try to measure with the HS (Ruano, 2016). 

4.3. Carbon footprint  

The concept of carbon footprint (CF) originated from the definition proposed by 

Wackernagel and Rees, (1999). The CF refers to the area of land required to 

assimilate all the CO2 produced by humanity during its useful life. However, as 

global warming became important in the global agendas, the global conception of 

CF became important and became common independently of EcF, however, in a 

modified form (East, 2008). The term CF has been in use for several decades but 

is more related as an indicator of the impact of the life cycle expressed in global 

warming potential (Finkbeiner, 2009). Therefore, in recent years, it is common for 

the CF concept to be seen as a hybrid, which derives its name from the EcF 

concepts, and is conceptually an indicator of global warming potential (Pandey et 

al., 2011). Despite the importance of knowing the capacity of the planet to sustain 

life, there are few studies that report CF in terms of global hectares (Browne et 

al., 2009). 

Other terms used as synonymous with CF include: carbon incorporated, carbon 

content, integrated carbon, virtual carbon, GHG footprint and climate footprint 

(Courchene & Allan, 2008; Edgar & Peters, 2009; Peters, 2010; Wiedmann & 

Minx, 2007). For Wiedmann and Minx (2007) the CF is the exclusive total amount 
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of carbon dioxide emissions that is directly and indirectly caused by an activity or 

that accumulates during the life stages of a product. However, subsequent 

research and the use of more precise methods for the calculation of CF, 

suggested including other GHGs, in addition to only CO2 (Browne et al., 2009; 

Edgar & Peters, 2009; Eshel & Martin, 2006; Ferris et al., 2007; Garg & Dornfeld, 

2008; Good Company, 2008; Johnson, 2008, Mays et al., 2009). 

Considering that the CF is associated with money transactions in the form of 

taxes, carbon credits, or certifications, the precise calculations of the CF are 

essential to facilitate comparisons. Despite the dissents prevailing in its 

calculation, the amount of CO2 equivalents (CO2-eq) based on the global warming 

potential of 100 years, has been accepted as a reporting unit of the CF (DBSI, 

2011). Hammond (2007) mentions that "footprints are spatial indicators". 

Therefore, the term CF should be called "carbon weight" or "carbon mass" (Jarvis, 

2007). But the calculation of the amount of CO2-eq has been proposed as the unit 

measure of the CF because its calculation is adequate and widely accepted 

(Lynas, 2007). 

Thus, CF can be defined as "the amount of GHG expressed in terms of CO2-eq, 

emitted to the atmosphere by an individual, organization, process, product or 

event within a specified limit". Also, the type of GHG and the limits are defined 

according to the methodology adopted and the objective of the calculation of the 

CF (Pandey et al., 2011). 

4.3.1. Carbon footprint from the livestock industry 

Greenhouse gases (GHG) are the gaseous components of the atmosphere, 

whether natural or anthropogenic, that absorb and emit radiation at certain 

wavelengths of the infrared radiation spectrum emitted by the Earth's surface, 

atmosphere and clouds. The main GHG are water vapor (H2O), carbon dioxide 

(CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3); sulfur hexafluoride 

(SF6); hydrofluorocarbons (HFC) and perfluorocarbons (PFC) were created 

entirely by humans (Benavides Ballesteros & León Aristizabal, 2007). The 
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contribution to the greenhouse effect is different and depends on at least three 

factors: 

1) the concentration or abundance, referred to the amount of gas present in the 

air, generally measured in parts per million (ppm), 

2) the permanence or time that said gas persists in the atmosphere for different 

time scales, there are ranges ranging from tens to hundreds of years, and 

3) its warming potential; for each gas a heating potential (GWP) has been 

calculated to reflect how much energy they absorb; the more they absorb energy, 

the more efficient they are to make the planet warm (Table 1) (EPA, 2017). 

Table 1. Global warming potentials (GWP) (100-year time horizon) 

Gas GWP 

Carbon Dioxide (CO2) 1 

Methane (CH4)a 25 

Nitrous Oxide (N2O) 298 

Hexafluoropropane-23 (HFC-23) 14,800 

Hexafluoropropane-32 (HFC-32) 675 

Hexafluoropropane-125 (HFC-125) 3,500 

Hexafluoropropane-134a (HFC-134a) 1,430 

Hexafluoropropane-143a (HFC-143a) 4,470 

Hexafluoropropane-152a (HFC-152a) 124 

Hexafluoropropane-227ea (HFC-227ea) 3,220 

Hexafluoropropane-236fa (HFC-236fa) 9,810 

Hexafluoropropane-431mee (HFC-431mee) 1,640 

Tetrafluoromethane (CF4) 7,390 

Hexafluoroethane (C2F6) 12,200 

Perfluorobutane (C4F10) 8,860 

Perfluorohexane or Tetradecafluorohexane (C6F14) 9,300 

Sulfur Hexafluoride (SF6) 22,800 

Nitrogen trifluoride (NF3) 17,200 
a The CH4 GWP includes the direct effects and those indirect effects due 
to the production of tropospheric ozone and stratospheric water vapor. The 
indirect effect due to production of CO2 is not included. Source: IPCC 
(2006) 
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Several investigations have reported that the concentration of GHG in the 

atmosphere has increased markedly during the last 250 years, since the 

beginning of the industrial revolution and the increase in the use of fossil fuels 

(Chukwuocha et al., 2011). Of these gases, methane is the second most abundant 

gas in the atmosphere after CO2 and in the last 25 years, its emissions have 

doubled (Denman et al., 2007; IPCC, 2007). For its part, nitrogen dioxide has a 

residence time in the atmosphere of 125 years and its emissions have increased 

by 19% since the industrial revolution (Flückiger et al., 2004), contributing to the 

imbalance observed in the nitrogen cycle to the great increase in the use of 

fertilizers in crops (Delgado & Follet, 2010). 

If the evident global warming potential of these GHG is considered, small changes 

in the productive sectors can contribute significantly to mitigate global warming. It 

is also necessary to consider the environmental costs of productive activities, 

including agricultural production and especially animal production, which have 

been subject to extensive analysis and discussion (Meza-Herrera et al., 2015, 

2016). 

Several studies have been published, with different results on the responsibility of 

agriculture on the anthropogenic emissions of GHG (Cardoso, 2012). Where we 

find ranges that range from 30 to 35% of emissions (Foley et al., 2011), 22.5% 

(Rota & Sidahmed, 2010), and close to 20% (IPCC, 2007). More specifically, it 

has been reported that agricultural activities emit 25% anthropogony’s CO2 flows, 

60% of total CH4 emissions, and 65-80% of total N2O flows (Denman et al., 2007; 

Robertson, 2004). Figure 3 concentrates the main sources and sinks of these 

EGHG in ecosystem processes including the livestock sector. 
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Figure 3. The main greenhouse gas emission sources/removals and processes in 
managed ecosystems 

(Source: IPCC, 2006) 

Globally, the livestock sector is responsible for 18% of the total EGHG, mainly 

due to deforestation to establish grasslands, cultivation of grains for animal feed, 

fermentation of the rumen and livestock waste (Steinfeld et al., 2006). Considering 

only the agricultural sector, livestock represents 80% of total emissions (Cardoso, 

2012); this sector occupies 30% of the tundra-free land surface (Steinfeld et al., 

2006). However, livestock is of central importance since nearly one billion people 

in poverty depend on livestock for at least part of their survival in the absence of 

viable economic alternatives, mainly in developing countries (SCOPE, 2010). 

Additionally, livestock systems have positive and negative effects on natural 

resources, public health, social equity and economic growth (World Bank, 2009). 

Livestock is one of the fastest growing subsectors of agriculture in developing 

countries (Thornton, 2010). This growth is induced by the situations already 

mentioned with respect to the growing demand for products of animal origin, and 

this in turn is induced by the increase in human world population, urbanization 

and economic growth in developing countries (Delgado, 2005). 
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Cattle’s EI must be evaluated in terms of direct and indirect GHG emissions. 

Direct emissions of CH4 include enteric fermentation and manure excretion, while 

urine is responsible for N2O emissions (Jungbluth et al., 2001). Emissions of CO2 

by means of respiration are considered to be the equilibrium of the plant species 

that integrate atmospheric CO2 into organic compounds and that are used in 

animal feed (Steinfeld et al., 2006). Indirect emissions are no directly generated 

by livestock, but depend on emissions from manure, the cultivation of grains for 

animal feed and the use of fertilizers, deforestation linked to livestock raising, 

desertification and transport (Mosier et al., 1998). 

Some aspects that determine the emission of CH4 by livestock are: a) level of food 

consumption, b) digestibility of the same, c) feeding method, and d) supply of 

unsaturated fatty acids in the diet (Enishi, 2007). This emission is part of the 

natural process of digestion and the gas is produced in the livestock rumen due 

to methanogenesis carried out in the reticulum-rumen and large intestine of cattle 

(Alemu et al., 2011). Chukwuocha et al., (2011) reported high concentrations of 

methane gas in livestock farms, compared to dry air at sea level (2.80 ± 0.46 ppm 

vs. 2.0 ppm, respectively). 

For the estimation of the EGHG, this research is related to the factors and 

emission indices for the IPCC (Hongmin et al., 2006), including the inventory of 

livestock, the level of production, and the type, consumption and digestibility of 

the maintenance allowance. The IPCC establishes the conversion rates of these 

emissions in equivalents of Global Warming Potential of carbon dioxide. These 

equivalences correspond to: a unit of CH4 = 25 units of CO2 and one unit of N2O 

= 296 units of CO2 (IPCC, 2006). Likewise, we have established an international 

price for carbon emissions, which allows us to calculate the impact of emissions 

from an economic perspective, the price of 15.75 € t-1 of CO2-eq, (309.48 MXP) 

(Environmental Finance, 2011; Thompson Reuters, 2011). 
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4.3.2. Carbon footprint of ruminant production 

The future of food security and energy supply are of great importance. Livestock, 

mainly ruminants, occupy 80% of anthropogenic land use (Stehfest, 2009) and 

consume about 35% of agricultural crops (Foley et al., 2011), so they are in direct 

competition with production of crops for human consumption, and with alternative 

land uses with great potential for the production of bioenergetic crops and nature 

conservation, in addition to being responsible for a significant percentage of the 

EGHG (Smith et al., 2010). 

As of the year 2000, the EGHG directly related to animal production have 

increased by around 1.1%. Also, since the 1960's the intensity of the EGHG of 

animal production, that is, the emissions generated on the farm per kilo of meat 

or per liter of milk produced, has decreased significantly (38% to 76% for different 

livestock products). However, it is expected that the demand for food of animal 

origin will continue to increase in the coming decades, requiring a greater 

reduction in the intensity of expression of these emissions, to reduce the 

environmental burden generated by products of animal origin and thereby 

guarantee enough supply of high-quality food. Intensive systems tend to generate 

higher total GHG emissions, but less intensity when compared to extensive low-

performance systems. The gap between producers of high and low emission 

intensity is indicative of the significant mitigation opportunities that exist (GRA & 

SAI, 2015). 

Of the GHG other than CO2, methane is the most abundant and has the potential 

for faster reductions in radioactive forcing, since it has a shorter atmospheric life, 

approximately 9 years, compared to CO2. There are several important 

anthropogenic sources of CH4 emission: ruminants, fossil fuel industry, landfills, 

biomass burning and rice production (Figure 4). However, ruminants stand out for 

four reasons: a) ruminant production is the largest source of anthropogenic 

emissions of CH4 and occupies more land area than any other use; b) the relative 

negligence of this source of GHG suggests that the importance given to it has 

been underestimated; c) reductions in the number of ruminants and the 
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production of ruminant meat would simultaneously benefit world food security, 

human health and environmental conservation, and finally d) decreases in 

ruminant populations throughout the world could be achieved quickly and 

relatively cheaply throughout the right policies (Ripple et al., 2013). 

 

Figure 4. Estimated annual anthropogenic emissions from major sources of 
methane in recent years. Error bars represent 1 standard deviation. 
(Source: Ripple et al., 2013) 

 
Ruminants are herbivores that consume and digest plants through the process of 

enteric fermentation in a stomach of multiple cameras. In rumen, methane is 

produced as a byproduct of microbial digestive processes. Monogastric animals, 

such as pigs and poultry, have a single chamber stomach to digest food, and their 

methane emissions are negligible compared to ruminants. There are no available 

estimates of the number of wild ruminants, but it is likely that domestic ruminants 

greatly exceed the wild population and on average, 25 million domestic ruminants 

add each year to the planet, with 2 million per month in the last 50 years (Ripple 

et al., 2013). 

4.4. Water footprint (WF) 

Water covers approximately three quarters of the earth's surface, however, less 

than 2.5% is fresh water, accessible to meet human needs (Liu et al., 2015). Both 

water resources and the range of ecosystem services it provides, promote poverty 
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reduction, stimulate economic growth and enhance environmental protection 

(WWAP, 2006; Hu et al., 2016). Therefore, water is considered the main axis for 

sustainable development (Gao et al., 2014; Malghan, 2010). 

Although the water flow seems constant, the anthropic intervention has altered its 

global cycle, mainly modifying its speeds and residence times in the different 

reservoirs (Haddeland et al., 2014; Hanasaki et al., 2013; Nilsson & Pettersson, 

2015). One of the main reasons why water is extracted from reservoirs is food 

production (Konar et al., 2011). Indeed, agricultural withdrawals represent 70% of 

total water directly (WWAP, 2006). By 2050, it has been proposed that the 

demand for water for agriculture be increased by 55%, particularly in developing 

countries and with emerging economies (Gray & Sadoff, 2007; Wang et al., 2016). 

In these countries it is a priority to implement a consensual water policy, since the 

lack of water resource management, the expansion of irrigation agriculture and 

climate change, have significantly deteriorated this natural resource (Fulton et al., 

2014; Hu et al., 2016; Wang et al., 2016). Therefore, it is essential to evaluate the 

resource through indicators such as the water footprint (De Miguel et al., 2015; 

Hoekstra et al., 2015; Martínez-Austria, 2013). 

The concept of WF was introduced by Hoekstra and Hung in 2002 and represents 

a useful indicator to estimate the consumption of water invested in the production 

of goods or associated with the different sectors of economic activity (Hoekstra & 

Hung, 2005; Allan, 2006). In addition, it has been proposed as a tool that identifies 

the effects of agricultural production, providing information and possible solutions 

for decision-making, thus contributing to efficiently manage water resources 

(Cazcarro et al., 2015; Hoekstra, 2010a, b; Hoekstra, 2013). The WF as an 

integral indicator of the direct and indirect use of freshwater resources, recognizes 

the importance of surface and groundwater freshwater, as main components of 

the environment and society (Chapagain & Orr, 2009; Falkenmark & Rockström, 

2004, 2006; Rodríguez-Casado et al., 2009). The WF can be calculated and 

applied for a process, product, consumer, in a country, basin or geographic area, 
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measured in terms of volume of water used and(or) contaminated (Hoekstra et 

al., 2016). 

Traditionally, WF as an indicator of sustainability, was calculated using the same 

input values, independent of the extent of the area or its seasonal variability 

(Hoekstra & Hung, 2005). However, recently, more complexity is included in the 

models, when estimating the limits on water consumption (Mekonnen et al., 2011; 

Nana et al., 2014). To calculate the WF values, water balance variables are used 

in different time resolutions and spatial scales, so they vary in complexity and in 

the data input (Mekonnen et al., 2015; Liu, 2009; Liu et al., 2012; Siebert & Döll, 

2010). 

4.4.1. Water footprint from the livestock industry 

The livestock sector is attributed a very important part of the WF generated by 

agriculture, it has been estimated that approximately 30% of the WF of agriculture 

is directly related to the livestock sector (Mekonnen & Hoekstra, 2012; Schlink et 

al., 2010). In this way, numerous researchers have reported the volume of water 

consumed and/or contaminated by various livestock production systems, 

identifying in all of them that the production of fodder for livestock feed is one of 

the activities with the greatest impact, highlighting the reports by Chapagain and 

Hoekstra, 2003; Gerbens-Leenes et al., 2013, 2011; Hoekstra, 2010c; Mekonnen 

and Hoekstra, 2012; Ridoutt et al., 2012a; Ridoutt et al., 2010; among many 

others. According to FAO (2019), during 2012, 37% of the cereals produced in 

the world were destined for livestock feed. 

In this sense, the livestock sector is an important user of natural resources such 

as soil and water, estimating that it uses about 35% of the total farmland and 

about 20% of the blue water for forage production (Opium et al., 2011). In addition, 

it has been estimated that this sector uses an equivalent of 11,900 km³ per year 

of fresh water, which is approximately 10% of the global annual water flow, 

estimated at 111,000 km³ (Deutsch et al., 2010). For the year 2010, the green 

water allocated for forage production was 2,290 km3 (Weindl et al., 2017). A 
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comparison between the results of different models confirmed that the use of 

green water in world crop production is 4 to 5 times higher than the human 

consumption of blue water. The above demands that of all available options and 

resources for green-blue water management in food production (Hoff et al., 2010). 

Given the demand and competition between users, sectors and uses of available 

water, it is essential to understand the distribution and demand of fresh water in 

livestock production (Busscher, 2012; Hoekstra et al., 2012; Ridoutt et al., 2014). 

The use of water for the livestock sector should be considered as an integral part 

of the management of agricultural water resources, considering the type of 

production system (pasture cultivation, mixed crop-livestock systems) and the 

scale (intensive or extensive), the species and breeds of cattle and the social and 

cultural aspects of livestock (Schlink et al., 2010). For example, for every liter of 

milk produced, a cow needs at least three liters of drinking water (Krauß et al., 

2016).   

For high performance cows, the water requirement corresponds to 150 liters of 

water per day, and the reduction in the amount of water consumed is directly 

correlated with a reduction in milk production. Water intake is mainly related to 

the size of the animal, age, diet (type of food, dry matter content, etc.), activity, 

productivity and temperature, among other factors. Livestock production is a 

complex process, characterized by a wide variety of practices and production 

systems, some of which depend on a wide range of inputs to function (FAO, 

2018). 

4.4.2. Water footprint from the ruminant production 

Globally, ruminants play a crucial role in food production, since they make use of 

plant resources, such as pastures, from which humans can obtain little nutritional 

value (Guyader et al., 2016). Besides, the intensive production of ruminants uses 

water for drinking, growing food or fodder, eliminating waste, cleaning in general 

(Legesse, et al., 2017). The quantification of the water footprint of anthropogenic 

activities that involve the production of ruminants is a relatively new research field, 
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in which methodologies are still being developed (Legesse, et al., 2017). Interest 

in the use of water for the production of food of animal origin has increased in the 

last two decades, in part, in response to consumer concerns about the 

environmental impacts of food production (Hoekstra, 2012; Ridoutt et al., 2012a). 

The expected increase in demand for livestock products and the increase in the 

number of animals will put an increased pressure on freshwater resources. In 

some arid areas where crop production is not viable due to scarcity and unequal 

distribution of water, grazing cattle, mainly ruminants, may be the only viable 

means to make use of erratic rain for production of grassland and shrubs that 

would not otherwise have been used (Cook et al., 2009). Therefore, quantifying 

the use of water associated with the production of ruminants and their products is 

crucial to identify strategies for the sustainable use of available water resources 

and prevent the expansion of desertification (Legesse, et al., 2017). 

In tables 2 and 3, the use of water associated with the production of bovine and 

sheep meat and bovine milk is compared. The variation in water use estimations 

reflects the differences in the methods, the assumptions assumed, the scale of 

the analysis, as well as the functional units used. In general, water use estimates 

from life cycle assessment (LCA) studies are generally lower than those obtained 

with livestock water productivity (LWP). This could be a consequence of the 

exclusion of green and gray waters and the exclusion of blue water based on the 

local water shortage with the LCA approach (Legesse, et al., 2017). There are 

regional differences in water consumption associated with livestock products, as 

a result of differences in production systems and their productivity (Mekonnen & 

Moekstra, 2012; Gerbens-Leenes et al., 2013; Sultana et al., 2015).
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Table 2. Some water utilization values associated with the production of beef, milk and sheep meat reported as an 
assessment of the water footprint 

Product Funcional unit1 
Region/ 
country 

Estimate 
Source Blue Green Gray Total 

Milk 

l H2O kg-1 Germany 3.94 - - 3.94 Drastig et al., 2010. 

l H2O kg-1 World - - - 990 Hoekstra & Chapagain, 2007. 

l H2O kg-1 World 86 863 72 1,021 Mekonnen & Hoekstra, 2012. 

l kg (ECM2)-1 World 121 1,466 106 1,693 Sultana et al., 2014. 

l H2O kg 

(FPCM3)-1 

New 

Zealand 
- - - 945 and 1,084 

Zonderland-Thomassen & 

Ledgard, 2012.4 

Beef 

l H2O kg-1 England 67 14,900 2,690 17,657 EBLEX, 2010. 

l H2O kg-1 World - - - 15,497 Hoekstra & Chapagain, 2007. 

l H2O kg-1 World 550 14,414 451 15,415 Mekonnen & Hoekstra, 2012. 

Sheep 

meat 

l H2O kg-1 England 49 55,800 1,910 57,759 EBLEX, 2010.5 

l H2O kg-1 World - - - 6,143 Hoekstra & Chapagain, 2007. 

l H2O kg-1 World 522 9,813 76 10,412 Mekonnen & Hoekstra, 2012. 

l H2O kg (LW6)-1 Chile 193 6,034 151 6,378 Toro-Mujica et al., 2016. 
1Unless specified, the functional unit is a kilogram of the respective product.  
2ECM = energy-corrected milk. 
3FPCM = fat–protein–corrected milk. 
4Investigated dairy operations in 2 contrasting regions. 
6Green water estimate in this study includes rainfall used to produce all feed crop biomass (including pasture) at the place 
where it falls. 
6LW = live weight. 
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Table 3. A comparison of water use values associated with beef, milk, and sheep meat production from various approach 

Product Funcional unit Estimate Region/country Approach Source 

Milk 

l H2O kg (FPCM1)-1 66 The Netherlands LCA2 De Boer et al., 2013. 
l H2O kg-1 1,000 Ethiopia LWP3 Gebreselassie et al., 2009. 

l (H2O-eq4) kg FPCM-1 461 California, United States LCA Huang et al., 2014. 
l H2O-eq kg FPCM-1 11 China LCA Huang et al., 2014. 
l H2O-eq kg FPCM-1 0.01 New Zealand LCA Huang et al., 2014. 

kg (FCM5) m-3 1.0-1.7 Germany LWP Krauß et al., 2015. 
l H2O kg (TMSW6)-1 108.0 Australia LCA Ridoutt et al., 2010. 
l H2O kg (TMSS7)-1 15.8 Australia LCA Ridoutt et al., 2010. 

l H2O-eq kg TMSW-1 14.4 Australia LCA Ridoutt et al., 2010. 
l H2O-eq kg FPCM-1 0.011-11.1 New Zealand LCA Zonderland-Thomassen & Ledgard, 2012. 

Beef 

l H2O kg boneless beef-1 3,682 United States  Beckett & Oltjen, 1993. 
l H2O kg beef carcass-1 1,763 United States  Capper, 2011. 

l H2O kg (LW8)-1 9,818-12,855 Australia LCA Eady et al., 2011. 
l H2O kg meat-1 11,500 Ethiopia LWP Gebreselassie et al., 2009. 

l H2O kg (HSCW9)-1 18-540 Australia Hybrid LCA Peters et al., 2010. 
l H2O kg beef-1 43,000 United States  Pimentel et al., 2004. 
l H2O kg beef-1 105,400 United States  Pimentel et al., 1997. 

l H2O-eq kg LW-1 3.3-221 Australia LCA Ridoutt et al., 2011. 
l H2O kg LW-1 24.7-234 Australia LCA Ridoutt et al., 2012b. 
l H2O kg beef-1 200,000 United States  Thomas, 1987. 

l H2O-eq kg LW-1 0.37 New Zealand LCA Zonderland-Thomassen et al., 2014. 
l H2O-eq kg beef-1 15.1-20.0 United Kingdom LCA Zonderland-Thomassen et al., 2014. 

Sheep 
meat 

l H2O kg LW-1 58.1-238.9 Australia LCA Wiedemann et al., 2016. 
l H2O-eq kg meat-1 0.26 New Zealand LCA Zonderland-Thomassen et al., 2014. 
l H2O-eq kg meat-1 8.4-23.1 United Kingdom LCA Zonderland-Thomassen et al., 2014. 

1FPCM = fat–protein–corrected milk. 4H2O-eq = water equivalent. 7TMSS = total milk solids in skim milk. 
2LCA = life cycle assessment. 5FCM = fat corrected milk. 8LW = live weight. 
3LWP = livestock water productivity. 6TMSW = total milk solids in whole milk. 9HSCW = hot standard carcass weight. 
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Likewise, as with the EGHG, in the present study, an international price of the 

cubic meter of water has been established, in order to calculate the impact of the 

estimates made on the use of water, from an economic approach. For this 

economic quantification of WF, the average price per cubic meter of water was 

considered in some countries of the European Union (Denmark, Germany, the 

Netherlands, Belgium and France, among others), as reported by Kjellsson and 

Liu (2012) of € 3.5 m-3 (59.81 MXP). 

4.5. Livestock production 

4.5.1. Livestock production in the world 

Livestock occupies more than 3,900 million hectares that represent about 30% of 

the land area, of these, 500 million are intensively cultivated, 1,400 million are 

relatively high-productivity pastures and 2,000 million are extensive-use pastures, 

with relatively low productivity (Pérez-Espejo, 2008). In Latin America, the 

expansion of grazing lands is a very important factor for deforestation: 70% of arid 

and semi-arid grazing lands are degraded, mainly due to intensive grazing, soil 

compaction and erosion caused by the cattle (FAO, 2006). Another of the most 

notable effects of grazing is the gradual substitution of native vegetation with 

monocultures which threatens biodiversity (García & Jurado, 2008). It is estimated 

that in the last 100 years the extinction of species has increased at rates 1,000 

times higher than that recorded in the entire history of mankind; there are well-

documented extinctions of birds, mammals and amphibians (MEA, 2005) and at 

least 15 of 24 ecosystems are in decline (Steinfeld et al., 2009). 

However, globally, cattle contribute to the diet of 7,000 million people; this 

contribution is very complex and multidimensional (Smith et al., 2013). This 

multidimensionality increases when faced with one of the most pressing 

challenges, which is to feed the world's poor, due to the growth of the human 

population and, consequently, to the increasing pressure they exert on natural 

resources. In this sense, livestock has an important function, since it provides high 

quality protein to consumers and middle income to producers (FAO, 2011). 
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In addition, foods of animal origin are preferred by many people in various 

societies, as they add flavor, texture and variety to the diet. The products of the 

livestock sector represent about 13% of the energy and 28% of the protein 

consumed worldwide; in developed countries, this rises to 20% and 48%, 

respectively (FAO, 2009). Globally, around 17 billion cattle are produced in three 

types main production systems: a) intensive or confined systems, b) mixed 

systems crop-livestock, c) extensive grazing (Herrero et al, 2013, 2012). 

Despite the above and considering that there is a general agreement on the 

potential benefits of animal foods, there are no global guidelines that provide an 

ideal level of consumption of these products for an individual. Excessive or 

inappropriate consumption of livestock products is risky and harmful to health; a 

high consumption of red meat can increase the risk of colon cancer, while a high 

intake of saturated fats and cholesterol from meat, dairy products and eggs can 

increase the risk of chronic non-infectious diseases such as cardiovascular 

diseases (SCN, 2005). 

However, the consumption of food of animal origin depends not only on 

availability, but also on the volume of production and the trade balance of exports 

and imports (FAO, 2011). During the last decades, the production of meat, eggs, 

milk and honey experienced a constant growth. This growth being significant, 

especially in the production of poultry meat, which was multiplied by 10.32, that 

of eggs by 4.62 and that of pork by 3.54 (Table 4). In addition, in the decade 

between 1995 and 2005, the global growth rate of meat and milk consumption 

and production presented an average of 3.5% and 4.0%, respectively, 

representing twice the growth rate of the main staple crops during the same period 

(FAO, 2012).
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Table 4. Changes in global livestock production total and per person 1967 to 2017 

Item 
Production (Mt)  Production per person (kg) GPV  

(B€; BMXP)1 1967 2017 2017/1967  1967 2017 2017/1967 

Pig meat 33.86 119.89 354%  9.73 15.88 163% 0.034; 0.750 

Beef meat 35.27 66.25 188%  10.14 8.77 87% 0.255; 5.550 

Poultry meat 10.57 109.1 1,032%  3.04 14.44 476% 0.182; 3.966 

Sheep and goat meat 6.49 15.35 236%  1.87 2.03 109% 0.073; 1.583 

Eggs, primary 17.32 80.09 462%  4.98 10.61 213% 0.089; 1.931 

Milk, total 381.80 827.9 217%  109.74 109.65 100% 0.291; 6.336 

Natural honey 0.75 1.861 247%  0.22 0.25 114% 0.006; 0.132 
1GPV (B€; BMXP) = Gross Production Value (current billion of euros; current billion of Mexican 

pesos) in 2016. 

Source: FAO, 2019.  

Considering, the availability of economic information, which comes from different sources and in different currencies, table 

5, presents the equivalences previously used and in the subsequent of all this thesis. 

Table 5. Exchange rates used in the current thesis-dissertation 

Year* 
Coin 

Mexican pesos (MXP) United States dollars (USD) Euros (€) 

2014 17.9182 1.2155 1.00 
2015 18.7873 1.0892 1.00 
2016 21.7741 1.0560 1.00 
2017 23.5729 1.1989 1.00 
2018 22.4643 1.1432 1.00 

*Value reported on the last eligible day of each year 
Source: Banxico, 2019. 
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From 1970 to 1990, meat consumption in developing countries increased by 70 

million tons, representing almost three times the increase observed in developed 

countries (Delgado et al., 2001). Likewise, by 2020 it is expected that developing 

countries have a consumption of 107 million tons more than what was consumed 

at the end of the nineties (Delgado, 2003). This increase in consumption has 

caused an accelerated livestock growth. Certainly, Latin America has become the 

largest exporter of beef and poultry in the world, representing about 45% of gross 

domestic product (GDP) agriculture of the region (FAO, 2017). 

These increases in meat production, has also caused a growing concern to 

achieve sustainable food production, the ideal would be that the contribution of 

livestock to such sustainability was, at least neutral. The conversion of natural 

resources into food for human consumption should be as efficiently as possible, 

the foregoing, having as one of the purposes to ensure that the present and future 

world population have the possibility of consuming a diversified diet that includes 

products of animal origin. However, globally, this situation does not arise, 

suggesting a possible negative trend, considering that an annual consumption of 

77 million tons of vegetable proteins is estimated to produce 58 million tons of 

animal proteins (Steinfeld et al., 2006). 

4.5.2. Livestock production in Mexico 

In Mexico, for 2017, the GDP of primary activities closed with a growth of 3.4%, 

highlighting agriculture with 3.9%; in the first quarter of 2018 the GDP of primary 

activities grew to 5.2%. The balance of the food trade balance in 2017 recorded 

a surplus of 4,394.21 M€ (103,584.16 MMXP), representing an increase of 65.9% 

over 2016 and the highest since 1993. This trend continued in the first quarter of 

2018, where the surplus balance was 3,672.68 M€ (86,575.75 MMXP), 14% 

higher than the surplus recorded in 2017 in the same period (SAGARPA, 2018). 

In 2012, primary activities had a 3.4% participation in total GDP, where agriculture 

stood out with 66%, followed by livestock with almost 30% participation (Table 6). 

Undoubtedly, these activities are of great relevance for Mexico, since they 
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produce the basic foods that Mexicans consume and in rural areas they inhabit 

about a quarter of the country's total population (DOF, 2013). 

Table 6. Participation of primary activities in Mexico 

Activity Participation in GDP in 2012 (%) 

Agriculture 65.9% 

Livestock 28.8% 

Forestry 2.6% 

Fishing, hunting and capture 1.5% 

Services related to agricultural 

and forestry activities 
1.2% 

Source: DOF, 2013. 

 

In 2017, Mexico ranked 11th place as a world producer of food, agricultural crops 

and livestock primary; in the case of fisheries and aquaculture, Mexico occupied 

the 17th place. Livestock in Mexico plays a key economic role; livestock production 

(meat, milk, egg, honey, fish), contributes 7.4% (21 million tons) of food 

production, but such production contributes 41.6% to the income of the agri-food 

sector. In the same way, livestock activities generated labor activities for 776,722 

people, which represented 11% of primary sector workers, below agricultural 

activities (6,006,521 people, 85%), and above fishing activities (171,829 people, 

2%) and some other unspecified primary activities (101,672 people, 1%) (SIAP, 

2018). 

In Mexico, for 2017, 21.6 million hectares were cultivated, in contrast to the 109.8 

million hectares dedicated to livestock. The total number of people who raised 

and/or fed the cattle herd, shown in table 7, amounted to 786,000 (SIAP, 2018). 
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Table 7. Composition of the cattle herd in Mexico (2017) 

Item Quantity (millions of heads) 

Poultry 560.00 

Bovine 34.30 

Pig 17.20 

Sheep 8.90 

Goat 8.70 

Hives* 1.90 

*Millions of hives 

Source: SIAP, 2018. 

According to INEGI (2016), in its results of the update of the agricultural census 

framework, there are around 9.3 million rural lands that represent around 97% of 

the territory of the country and occupy an area of 190.3 million hectares (76.3% 

social property and 20.9% private property). Large producers have an average of 

94 hectares, while medium and small producers have an average of 13 hectares. 

Of these, 1 million 66 thousand rural lands, report having to livestock as main 

activity, representing cattle 77.9%, 7.1% poultry, pigs, sheep, goats and hives, 

and the remaining 15% reported other species. Four entities have a rural area of 

more than 10 million hectares: Chihuahua 24.3 million, Sonora 17.8 million, 

Coahuila 14.7 million and Durango 12.1 million hectares (INEGI, 2016). 

The livestock areas of Mexico are divided mainly by the climatic characteristics 

and the ecology of the places, since it has a great diversity of soils, topographies, 

vegetation and climates. Due to the different climatic characteristics and the soil-

plant-animal relationship, the Mexican geography has been divided into five large 

regions, which were described by Jaramillo-Villalobos (1994), the main 

characteristics being the following: 

1.- Arid. It circumscribes 28% of the national surface with an area of 55.7 million 

hectares. It is located in the states of: Baja California, Baja California Sur, Sonora, 

Chihuahua, Coahuila, Nuevo León, Sinaloa, Durango, Zacatecas and San Luis 

Potosi. General characteristics: It has at least 7 dry months per year, rainfall less 

than 350 mm per year, average annual temperature between 15°C and 25°C. 
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With a vegetation cover less than 70% and is dominated mainly by xerophytic 

species. The study area is located within this region. 

2.- Semi-arid. It contains 20% of the national surface with an area of 39.2 million 

hectares. It is located in the states of: Sonora, Durango, Coahuila, Nuevo Leon, 

Zacatecas, San Luis Potosi, Tamaulipas, Sinaloa, Guanajuato, Jalisco, Hidalgo, 

Puebla, Queretaro, Mexico, Oaxaca, Aguascalientes, Michoacan, Tlaxcala and 

Veracruz. General characteristics: They have 6 to 8 dry months per year, rainfall 

between 350 mm and 600 mm per year, average annual temperature between 

18°C and 25°C. With a vegetation cover greater than 70% and is mainly 

dominated by thickets and grasslands. 

3.- Tempered. It represents 24% of the national surface with an area of 46 million 

hectares. It is located in the states of: Baja California, Chihuahua, Durango, 

Jalisco, Puebla, Chiapas, Oaxaca, Michoacan, Guerrero and Mexico. General 

characteristics: In this region there is a diversity of climates with rainfall ranging 

from 500 to 2,500 mm, for dry climates it can descend to 200 mm and for hot 

climates it can increase to 4,000 mm. The average temperature can vary between 

12°C and 22°C, being able to descend to 6°C in temperate climates and reach 

24°C in dry ones. The vegetation that predominates in this region are the oak 

forests. 

4.- Dry Tropic. It constitutes 16% of the national surface with an area of 31.7 

million hectares. It is located in the states of: Sinaloa, Jalisco, Nayarit, Sonora, 

Tamaulipas, Veracruz, Michoacan, Guerrero, Oaxaca, Chiapas, Yucatan and 

Campeche. General characteristics: In this region there are rainfalls ranging from 

600 mm to 1,300 mm per year, with an average annual temperature of around 

18°C. The vegetation that predominates in this region is the deciduous forest and 

subcaducifolia. 

5.- Humid tropics. It makes up 12.2% of the national surface with an area of 24 

million hectares. It is located in the states of: Veracruz, Puebla, San Luis Potosi, 

Nayarit, Oaxaca, Chiapas, Tabasco, Campeche, Quintana Roo, Yucatan and 
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Michoacán. General characteristics: In this region there is an annual rainfall of 

more than 1,300 mm, and an average annual temperature of 20°C. The 

vegetation that predominates are evergreen and sub-evergreen jungles. 

In each region different production systems are carried out, with different use of 

technologies and different production market or purpose according to ecological 

conditions, which has contributed to the growth in production in Mexico in recent 

years (Table 8). 

Table 8. National summary of livestock production in Mexico, over the years 
(2014-2018) 

Item/Year 2014 2015 2016 2017 2018 

Milk* 11,285.44 11,553.55 11,767.73 11,969.88 12,171.89 

    Bovine 11,129.92 11,394.66 11,607.49 11,807.56 12,008.24 

    Caprine 155.52 158.89 160.24 162.32 163.65 

Meat** 6,114.63 6,263.32 6,449.95 6,690.89 6,910.64 

    Bovine 1,827.32 1,850.13 1,879.32 1,925.36 1,980.21 

    Porcine 1,290.48 1,322.51 1,376.10 1,439.93 1,501.22 

    Caprine 58.29 59.40 60.36 61.60 62.94 

    Ovine 39.75 39.36 39.53 39.66 39.85 

    Chicken*** 2,879.56 2,972.96 3,077.87 3,207.35 3,309.34 

    Guajolote 19.24 18.97 16.76 16.99 17.08 

Other 

products** 
2,626.88 2,714.17 2,775.83 2,876.05 2,993.91 

    Egg 2,567.18 2,652.29 2,720.74 2,825.06 2,931.59 

    Honey 59.69 61.88 55.08 51.00 62.32 

* In millions of liters 
** In thousands of tons 
*** Refers to chicken, light and heavy hen that has finished its productive cycle. 

Source: SIAP, 2019. 

 

4.5.3. Livestock production in the Comarca Lagunera 

The CL is located in the central part of northern United Mexican States, between 

the meridians 102° 22' and 104° 47' west longitude, and the parallel 24° 22' and 
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26° 23' north latitude. The average altitude above sea level is 1,139 meters. It has 

a mountainous extension and a flat surface where agricultural areas are located, 

as well as urban areas (SAGARPA, 2014). According to the Köppen climate 

classification modified by García (1973), the climate of the CL is of the desert type 

with low atmospheric humidity and average annual rainfall of 240 mm; the rain 

period lasts from May to September, concentrating 70% of the precipitation. Most 

of the region shows an annual evaporation of 2.600 mm and an average 

temperature of 20°C (De la Cruz et al., 2003). 

The region has a total area of 4.79 million hectares, which include mountain, 

agricultural and livestock areas, as well as urban areas. The agricultural area 

under the irrigation modality represents 3.62% of the total extension, while the 

surface under the temporary modality only reaches 1.10% of said extension. It 

should be noted that the irrigation mode includes both pumping and gravity 

irrigation. Surface´s sown, the ejido sector accounted for 57% and industry small 

property remaining 43%, however, most of the ejido sector´s production is leased 

by the private sector, specialty for the production of fodder. The area sown by 

pumping is mostly concentrated by the private sector (64%); 91.70% of the 

territory of the CL (4.39 million hectares), presents livestock-forestry aptitude 

(SAGARPA, 2014). 

The Comarca Lagunera is made up of 10 municipalities in the state of Durango 

and 5 in the state of Coahuila (Figure 5). 
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Figure 5. Location of the Comarca Lagunera 

(Source: Prepared with information from the SAGARPA, 2014). 

In relation to the total livestock activity of the CL, in 2018 it is observed a growth 

rate below the average national growth but exceeding the growth of the 

agricultural sector of the region, and even of the region itself. In an historical 

analysis considering five years (2014-2018), while the country showed an 

increase of 6.55%, the CL decreased 2.65%; the agricultural sector of the CL had 

a 7.72% increase and the livestock subsector decreased by 11.49%. Please note 

that such decreasing trend was observed when converting Mexican pesos to 

euros, as shown in Table 9 (INEGI, 2019; SIAP, 2019).
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Table 9. Evolution of regional growth (millions of current euros), over the years (2014-2018) 

GDP* 2018** 2017** 2016** 2015** 2014** % var. 18/17 

National 1,090,351.41 

(24,493,981.10) 

970,355.53 

(22,874,093.90) 

981,089.40 

(21,362,338.80) 

1,027,935.22 

(19,312,127.30) 

1,020,440.01 

(18,284,448.20) 

12.37% 

(7.08%) 

Comarca Lagunera (CL) 9,889.66 

(222,164.35) 

8,979.83 

(211,680.55) 

9,102.74 

(198,204.05) 

10,199.31 

(191,617.55) 

10,158.88 

(182,028.80) 

10.13% 

(4.95%) 

CL Agro-livestock sector 1,902.42 

(42,736.61) 

1,732.84 

(40,848.16) 

1,897.47 

(41,315.71) 

2,044.07 

(38,402.52) 

2,061.52 

(36,938.71) 

9.79% 

(4.62%) 

CL Livestock subsector 1,515.47 

(34,044.08) 

1,369.54 

(32,283.96) 

1,504.15 

(32,751.49) 

1,707.51 

(32,079.59) 

1,712.16 

(30,678.91) 

10.66% 

(5.45%) 

*GDP : Gross Domestic Product 
**GDP in millions of current euros (millions of Mexican pesos) 
Source: Prepared with information from the INEGI, 2019; SIAP, 2019. 

 

The livestock sector of the CL-Durango, in 2018 contributed 60.3% of the income generated by the sector, and despite the 

fact that the different production systems that compose it, had a mixed performance; while some systems increased, others 

decreased, yet, the general balance in the CL reported a growth rate of 10.66%, compared to 2017. However, it is worth 

mentioning the goat production system, which presented a negative behavior for meat production (-17.95%), but positive for 

the case of milk (11.48%) (Table 10) (SIAP, 2019).
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In 2018, the meat-milk cattle production system in the CL contributed 59.81% to 

the income generated by livestock, and although the number of animals 

slaughtered and therefore the meat production decreased, the value of the milk-

meat bovine production increased 13.19 % over the previous year, reflecting the 

improvement in market conditions and prices. Regarding bovine milk production, 

despite its major contribution to the agricultural GDP of the CL (37.52%) it only 

grew by 11.83 %, a lower value presented by the production of beef and pork from 

18.52% and 25.60%, respectively (Table 10) (SIAP, 2019). 

An analysis of the period (2014-2018) shown in Table 10, reveals that the only 

branches that showed economic growth during this period were: bovine meat 

(83.86%), sheep meat (8.18%) and goat meat (12.65%). Meanwhile, the three 

branches livestock which recorded the highest decrement were: Beeswax (-

63.75%), honey bee (-43.16%) and egg production (-42.82%). The economic 

importance of ruminants in the CL, is clearly evidenced because it is a family of 

domestic livestock, which in 2018, it represented a 61.08% of the income of the 

livestock sector, 48.66% of the income of the agricultural sector and 9.36% of total 

income in the CL (Tables 9 and 10). 
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Table 10. Livestock production in the Comarca Lagunera, over the years (2014-2018) 

Item 
Coah. Lag. 

2018 
Dgo. Lag. 

2018 

Comarca Lagunera total % var. 
18/17 

% 
RTEV** 2018 2017 2016 2015 2014 

Milk/Bovine 
Inventory (K) 242.30 248.58 490.88 468.00 493.14 490.09 443.53 4.89% 

47.10% 
Exploded heads (K) 126.82 108.59 235.41 230.80 227.14 225.22 242.33 2.00% 
Production (Ml) 1,321.85 1,126.31 2,448.16 2,371.92 2,386.96 2,412.33 2,260.12 3.21% 
Value (M€; (MMXP))* 

 
385.70 

(8,664.46) 
328.069 

(7,370.21) 
713.78 

(16,034.67) 
638.25 

(15,045.41) 
707.68 

(15,409.09) 
834.78 

(15,683.33) 
814.60 

(14,596.21) 
11.83% 
(6.58%) 

Milk/Goat 
Inventory (K) 158.70 81.77 240.46 239.00 224.37 234.24 280.18 0.61% 

0.86% 
Exploded heads (K) 70.94 43.93 114.87 126.30 151.38 156.73 154.27 -9.04% 
Production (Ml) 32.89 22.45 55.34 55.90 56.39 58.51 61.68 -1.01% 
Value (M€; (MMXP))* 

 
7.69 

(172.65) 
5.33 

(119.66) 
13.01 

(292.31) 
11.67 

(275.14) 
11.60 

(252.58) 
13.29 

(249.61) 
15.38 

(275.53) 
11.48% 
(6.24%) 

Meat/Bovine 
Inventory (K) 80.61 351.10 431.71 310.41 287.69 285.49 154.67 39.08% 

12.71% 
Slaughtered heads (K) 85.97 461.74 547.71 761.94 748.06 344.07) 377.05 -28.12% 
Production (Kt) 15.51 65.75 81.26 89.81 89.04 66.60) 61.72 -9.53% 
Value (M€; (MMXP))* 

 
31.37 

(704.73) 
161.29 

(3,623.18) 
192.66 

(4,327.91) 
162.55 

(3,831.75) 
166.98 

(3,635.93) 
132.08 

(2,481.37) 
104.79 

(1,877.58) 
18.52% 

(12.95%) 

Meat/Goat 
Slaughtered heads (K) 95.40 33.65 129.06 166.60 184.07 195.47 164.96 -22.54% 

0.39% 
Production (Kt) 1.81 0.65 2.46 2.69 2.68 2.72 3.11 -8.65% 
Value (M€; (MMXP))* 

 
4.25 

(95.42) 
1.64 

(36.93) 
5.89 

(132.35) 
7.18 

(169.26) 
6.49 

(141.37) 
7.88 

(148.04) 
6.56 

(117.48) 
-17.95% 

(-21.81%) 

Meat/Pig 
Inventory (K) 27.85 5.71 33.56 46.25 42.11 43.30 56.03 -27.43% 

0.62% 
Slaughtered heads (K) 47.92 7.42 55.35 65.99 100.81 103.35 112.97 -16.13% 
Production (Kt) 3.82 0.77 4.59 4.55 7.31 7.51 7.94 0.72% 
Value (M€; (MMXP))* 

 
7.81 

(175.50) 
1.52 

(34.03) 
9.33 

(209.53) 
7.43 

(175.06) 
12.92 

(281.38) 
15.70 

(295.01) 
15.45 

(276.83) 
25.60% 

(19.69%) 
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Table 10 continued 

Item 
Coah. Lag. 

2018 
Dgo. Lag. 

2018 

Comarca Lagunera total % var. 
18/17 

% 
RTEV** 2018 2017 2016 2015 2014 

 
Meat/Sheep 

Inventory (K) 3.41 5.77 9.18 15.85 16.14 15.14 14.92 -42.09% 

0.02% 
Slaughtered heads (K) 1.69 4.23 5.92 7.80 7.95 7.43 7.10 -24.10% 
Production (t) 37 89 126 158 161 151 154 -20.25% 
Value (M€; (MMXP))* 
 

0.11 
(2.38) 

0.26 
(5.78) 

0.36 
(8.15) 

0.33 
(7.70) 

0.35 
(7.64) 

0.38 
(7.22) 

0.34 
(6.01) 

11.17% 
(5.94%) 

 
Meat/Chicken 

Inventory (M of heads) 10.47 25.10 35.56 32.19 38.87 39.11 38.58 10.47% 

33.37% 
Slaughtered heads (M) 53.33 138.05 191.38 185.86 199.19 199.23 208.37 2.97% 
Production (Kt) 103.99 265.06 369.04 365.28 389.95 392.21 392.57 1.03% 
Value (M€; (MMXP))* 

 
141.18 

(3,171.58) 
364.59 

(8,190.24) 
505.77 

(11,361.82) 
470.23 

(11,084.67) 
495.98 

(10,799.55) 
579.24 

(10,882.38) 
624.44 

(11,188.76) 
7.56% 

(2.50%) 

Egg/Hen 
Inventory (M of heads) 1.96 3.38 5.34 5.71 6.95 6.00 5.50 -6.58% 

4.90% 
Exploded hens (M) 1.78 3.37 5.15 5.34 6.95 7.35 7.26 -3.49% 
Production (Kt) 30.75 60.22 90.97 91.09 119.46 125.50 124.47 -0.13% 
Value (M€; (MMXP))* 

 
23.27 

(522.70) 
50.94 

(1,144.24) 
74.20 

(1,666.94) 
71.38 

(1,682.52) 
101.55 

(2,211.22) 
123.38 

(2,317.92) 
1229.77 

(2,325.25) 
3.96% 

(-0.93%) 

Honey/Bees 
Inventory (K) 4.21 2.01 6.23 6.06 7.33 7.68 8.46 2.77% 

0.03% 
Exploded beehives (K) 4.21 2.01 6.23 5.97 6.07 7.68 6.82 4.32% 
Production (t) 141 55 196 192 202 292 260 2.08% 
Value (M€; (MMXP))* 

 
0.31 

(6.93) 
0.12 

(2.65) 
0.43 

(9.58) 
0.49 

(11.52) 
0.54 

(11.82) 
0.71 

(13.37) 
0.75 

(13.44) 
-12.79% 

(-16.90%) 

Wax/Bees 
Production (t) 8 3 11 12 12 18 26 -8.33% 

0.00% Value (M€; (MMXP))* 

 
0.03 

(0.59) 
0.01 

(0.23) 
0.04 

(0.82) 
0.04 

(0.93) 
0.04 

(0.92) 
0.07 

(1.35) 
0.10 

(1.81) 
-6.72% 

(-11.11%) 
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Table 10 continued 

Item 
Coah. Lag. 

2018 
Dgo. Lag. 

2018 

Comarca Lagunera total % var. 
18/17 

% 
RTEV** 2018 2017 2016 2015 2014 

Total value of livestock production 
Value (M€; (MMXP))* 
 

601.71 
(13,516.9) 

913.77 
(20,527.1) 

1,515.47 
(34,044.1) 

1,369.54 
(32,284.0) 

1,504.15 
(32,751.5) 

1,707.51 
(32,079.6) 

1,712.16 
(30,678.9) 

10.66% 
(5.45%) 100.00% 

*Value (M€; (MMXP)) = Value of production in millions of current euros (millions of current mexican pesos) 
**% RTEV Respect to the Total Economic Value of the livestock sector in 2018 
Source: Prepared with information from the SIAP, 2019. 

 

As mentioned in our study, the CL has its foundations in ruminant livestock. From the ruminant production systems reported 

for the study area, the milk-meat production system stands out for its importance, both for cattle and goats and the meat 

production system, and to a much lesser extent the meat production sheep. Indeed, due to its economic and social 

importance, as well as the size of the herd, during 2018 highlighted its economic importance the dairy cattle production 

system with a share of 47.10% of the livestock GDP, the 77.11% of the ruminant GDP and 41.88% of the ruminant inventory. 

Another important system is the beef cattle fattening production system which represented 12.71% of livestock GDP, 20.81% 

of the ruminant GDP and 20.51% of ruminant inventory. In third place is the goat meat-milk production system, on which 

reported a stake of 1.25% of the livestock in the CL, 2.04% of ruminant GDP and 36.83% of the ruminant inventory. Finally, 

inside ruminant system, the sheep meat production system represented a stake of 0.02% of the livestock GDP, 0.04% of 

ruminant GDP and 0.78% of the ruminant inventory.
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For these reasons, the present study focuses its analyses on the first three 

production systems observed in the CL; bovine milk production, bovine meat 

production and milk-meat goat production, which all together represent 99.96% of 

ruminant livestock GDP and 99.22% of ruminant inventory. The sheep meat 

production system will not be considered for its limited participation from an 

inventory, production and economic value stand point throughout the years. 

The first study of this dissertation corresponds to the bovine milk production 

system, which aims to make a comparative analysis between the direct economic 

benefits of bovine milk production and the economic costs of GHG emissions and 

the WF of this activity in the CL. In order to measure and transform the 

environmental impact to economic value, so that in turn, it may serve as a basis 

for the generation of mitigation policies and actions. The working hypothesis that 

was raised n this first study is that the EI and EcI of the WF and the CF, generated 

by the production of bovine milk in the CL is greater than the EV that this activity 

generates in the region. 

The second study analyzes the beef-fattening production system, which has a 

similar objective to the previous one, by measuring and transforming the EGHG 

and the WF generated by this activity into economic value, and comparing it with 

its economic benefits, to contribute to the generation and adoption of mitigation 

measures both regarding the CF, as well as the WF. The working hypothesis of 

this second study is that the EI and EcI of the WF and CF, generated by the 

production of meat bovine CL is greater than the economic spill that this activity 

generates in the region. 

Finally, the third study corresponds to the analyses of the goat meat-milk 

production system, with the same bases as the previous ones, but in this case 

highlighting the social importance of this system, since the previous two are 

mostly private farms and the case of the goats are based in the families of the 

social sector. Therefore, the aim is to measure the EI, EcI and SI of the meat-milk 

goat production system in the CL; our working hypothesis proposes that the EI, 

evaluated as the EV of CF and WF generated by the goat production system is 
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less than the EV that this activity generates in the region and that its SI is 

preponderant in the development of human well-being in rural communities. 
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economic sustainability of goats under a marginal-extensive production 
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Based on the available scientific information, which point to a higher EI in animal 

foods production, especially those from ruminant species, one of the most 

common strategies proposed to reduce the CF and WF, is without a doubt, to 

reduce the consumption of food of animal origin (Hoekstra, 2012; Legesse, et al., 

2017; Mekonnen & Hoekstra, 2012; Vanham et al., 2013). Another strategy 

related and directed to consumers is to select products of animal origin based on 

their EF (Ercin et al., 2012). Due to differences in feed conversion efficiencies, the 

EGHG and water use blue per kilogram is generally higher for beef cattle than for 

poultry or pork (Gerbens-Leenes et al., 2013). 

Such differences of conversion are not applicable to all ruminant species, 

because, for example, in Middle East and Africa, animal protein goats require 

considerably less water than a mixture of maize and pea (Damerau et al., 2016). 

A similar situation is observed in the CL when comparing with the protein of bovine 

origin. Besides, in many regions of the world and the CL, goat production seems 

to be the only sustainable livestock activity due to climatic, edaphological and 

socioeconomic factors. Nonetheless, we need to take into account both pros and 

conts of every livestock activity in a defined region to take the best productive 

options. If we do not recognize the specific situation of different animal production 

systems, in special their eological and socioeconomical footprint, can lead to 

unsustainable and counterproductive results (Legesse, et al., 2017). 

6.1. Carbon footprint 

The proposed strategies to reduce the EI of livestock production should be based 

on technologies and practices that help improve herd-level efficiency. There is a 

growing demand to produce livestock products more efficiently per unit of 

methane, as well as per liter of water. In the case of CL, it is proposed to include 

the use of better-quality balanced foods, in such a way that they help to reduce 

the EGHG at the enteric level and at the manure management level (Herrero et 

al., 2012; Gerber et al., 2013; Moate et al., 2016). In this sense, would help the 

adoption of management practices manure ensured both the recovery and the 

recycling of nutrients and energy, parallel to improving the efficiency of energy 
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use along the chain of supplements, Previously, it would help to potentiate the 

mitigation efforts of the CF of ruminant cattle in CL (Gerber et al., 2013). 

Some other technologies applicable in the CL, are the improvement of the quality 

of the forages and the use of food additives that include bioactive compounds, 

fats, ionophores/antibiotics, propionate reinforcements, archaebacterial inhibitors, 

nitrates and sulfate supplements, along with vaccine development and genetic 

selection methods. Because all the above has a great potential to reduce EGHG 

and, therefore, should be considered as viable options as short-term mitigation 

strategies (Herrero et al., 2012; Gerber et al., 2013;Moate et al., 2016; Smith et 

al., 2014). 

Other mitigation strategies, applicable to CL, include the use of genetically 

improved animals that have a higher production efficiency with a lower EGHG per 

unit of product, or those with a better potential to reduce enteric fermentation 

emissions. Microbial technologies to develop vaccines, methanotrophic 

microorganisms, rumen defaunation, bacteriophages and the use of probiotics to 

improve reproductive efficiency are medium-term options to expand mitigation 

schemes (Smith et al., 2014). Genomic selection aligned with direct 

measurements of methane emissions, as well as with the efficiency of food 

conversion, would promote reductions with respect to the intensity of methane 

emissions (Herrero et al., 2012; Moate et al., 2016). In addition, to reduce the 

emissions of N2O, in the ruminants in the CL, apply the strategies proposed by 

Smith et al. (2014) that include dietary manipulation to decrease fecal N, dietary 

nitrification inhibitors, urease inhibitors, the best selection of fertilizers and the use 

of best manure management practices incorporated into floors. Likewise, and 

although not yet tested for CL, it is proposed achieve up to 30% reduction of 

emissions from manure through the adoption of technologies manure 

management, generated and validated in Europe (Oenema et al., 2007). In 

addition, policy makers and professionals involved in the agricultural management 

sector must be able to implement different strategies to mitigate the impact on 

ecosystem services (De Groot et al., 2002). When considering strategies to 
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mitigate the EGHG by ruminant production systems, bioenergy is an interesting 

alternative, however, it is important to consider different issues such as the 

implementation of practices to improve sustainability, as well as the efficiency of 

bioenergy systems (Smith et al., 2014). 

In the case of CL, the technology currently used in many ruminant production units 

is the use of biodigesters, which is an integral technology, since it contributes to 

reducing EGHG, produces bioenergy and organic biofertilizers while helping to 

clean the waters gray. However, special attention should be given to the biological 

treatment that is given to the microbial population and, consequently, to the C/N 

ratio, which will help to improve the treatment of wastewater, to mitigate the wear 

and function of the biodigester membrane, as demonstrated by Sepehri and 

Sarrafzadeh (2018). 

6.2. Water footprint 

It should be recognized that in the CL, several parts of the rural and urban sectors 

depend economically, directly or indirectly, on both dairy and beef cattle 

production systems. That is why instead of proposing radical actions to reduce or 

even eliminate these economically important production systems, smart 

alternatives should be proposed to reduce the EI generated by them. 

Considering that ruminant livestock farming in the CL is carried out in extremely 

arid conditions, with an annual rainfall <240 mm, the search for technological 

protocols and regulatory policies to promote rational water use should be 

considered. As the major impact of ruminant production systems is due to the 

production and handling of animal feed, it seems plausible, as a short-term 

strategy, to stimulate the stratification of the links in the ruminant production 

chains; this could easily be done by promoting the production of fodder and grain 

in a more appropriate geographical region to sustain said production without 

compromising its hydrological balance. In addition, it is of particularly importance 

to promote the use of more technified and efficient irrigation systems in the 

agricultural area of the CL. 
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It is of utmost importance to stop the environmental deterioration of the Durango 

mountain range by proposing a healthy, efficient and sensible management of the 

upper Nazas river basin, because it is the main source of fluid and underground 

water supply, for the development of agricultural activities in the CL. Said WF 

mitigation strategy should favor management practices to promote the supply of 

a larger volume of water to the lower river basin located in the CL. In addition to 

this strategy, payment promotion should be seriously considered. For 

environmental services to the inhabitants of the upper basin, not only to stop the 

deterioration of the forest, but also to support its conservation and improve the 

collection of water and carbon sequestration, which will not only mitigate the WF 

but in parallel the CF. 

Another proposal for mitigation of WF, applicable to CL, is the use of other animal 

genotypes, which are more efficient in terms of the use of energy and water with 

reasonably favorable results for the dairy and meat industry. Despite a possible 

reduction in the volume of production, the use of these genotypes can 

compensate for the losses that occur with this strategy due to the increase in the 

total solid content of solid milk and a greater daily weight gain, especially in fat 

and protein content. 

Without a doubt, such potential mitigation proposals would only be viable with the 

participation and commitment of the different entities involved in these complex 

production systems, especially the producers themselves. Certainly, both 

methodologies and logistics must be carefully planned to achieve these objectives 

to mitigate the impacts of the animal industry on both the environment and natural 

resources. For this reason, the information generated and presented in this thesis 

report must be useful for decision-making bodies, whose main objective should 

be to maintain the overall sustainability of agricultural activity in a harmonious 

balance with the productive, economic, biological sectors and social aspects of 

CL (Rios-Flores et al., 2018). 
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In order to homogenize the analysis periods, the required calculations to 

determine the EI of the dairy cattle production system in the CL, were 

economically quantified during the period from 1994 to 2018 (Appendix 1). When 

comparing the EI with the EV of the milk production, a zero profitability of the 

system is observed since the EV of the milk production represented only 4.96% 

of the environmental costs. Undoubtedly, the dairy cattle industry is responsible 

for a significant anthropogenic EI in CL. The highest environmental and economic 

cost of the bovine milk production system in the CL is generated by the water 

footprint. Water is an extremely limited and scarce natural resource in this warm-

arid region, coupled with the presence of an endorheic basin, which presents an 

alarming water deficit. 

Regarding beef cattle, our study demonstrates a clear and long-term information 

base (1994-2018) that the EI and EcI WF and CF generated by the system of 

intensive fattening cattle in the CL it is significantly greater than and EV generated 

by this activity in the region. Contrasting the EI with EV of intensive meat bovine, 

the result is a null return; EV meat production bovine represented only 3.67% of 

environmental costs (Appendix 1). Like the production of bovine milk, the main 

environmental and economic cost was that associated with WF. Without a doubt, 

the trends observed in the last 25 years require an immediate application of 

measures and policies aimed at mitigating the EF of this production system. 

Therefore, it is fundamental and essential to promote actions that foster a bovine 

fattening system based on a responsibility, not only environmental but also social, 

in order to form a more efficient, rational and sustainable production process, 

which at the same time reduces the anthropogenic impact. 

On the other hand, the results obtained in the case of the goat meat-milk 

production system in the CL clearly demonstrate that the long-term economic 

benefit (1994-2018) is greater than its EI. Because its EV is 275.72% higher, than 

the EVEI (Appendix 1). The results show that it is an eco-efficient system when 

comparing its results with those observed worldwide, both for CF and for the 

transformation of blue water into animal protein with an indisputable biological 
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value. The need for measures to improve the availability and quality of products 

and services for the benefit not only of goats, but also of the goat keepers and his 

family is emphasized. In addition, to promote the sustainability of goat production 

will contribute to improving the socioeconomic conditions of the people involved 

in this livestock. In the same way, it was shown that the greater the economic and 

productive system efficiency goat production, the better the socioeconomic 

conditions of farmers and their families, with a concomitant decrease in both the 

index and the degree of marginalization of families and municipalities where this 

activity takes place. 

By adding the EV of the EI of the systems analyzed here and by contrasting them 

with the EV generated by them in the CL, it is clearly demonstrated that the 

economic benefit in the years studied (1994-2018) of these systems is less than 

their EI. However, it is essential to highlight the exception that represents the goat 

meat-milk production system, where this relationship shows an inverse trend. 

However, by adding the values obtained, the EV of ruminant livestock in the CL, 

represents only 4.85%, with respect to the EV of its EI. So same, the EV of CF 

represent only 2.77% of environmental costs, while the remaining 97.23% of 

those costs to WF (Appendix 1). 

The implementation of mitigation measures should prioritize the rational use of 

resources, employment generation and regional economic benefits as part of a 

more efficient and sustainable production process. A very strict policy to mitigate 

this impact would be the establishment of a differential or tax payment scheme. 

This could be done considering both the amount of water used and the amount of 

GHG emitted, where the proposal would be to consider international prices for 

both tracks. Future studies are required complementary to quantify the social and 

economic benefit of ruminant production systems in the CL where different 

mitigation strategies are evaluated. 

Finally, ignoring this complex situation endangers the viability and sustainability 

of not only ruminant production systems, but also works against productive, 

economic, biological and social sustainability of the CL itself. In addition, the 
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multidimensional nature of the sustainability of goat production in marginal 

contexts should be considered, because its refined and sophisticated ethological, 

adaptive and physiological plasticity was demonstrated. Certainly, not all 

ruminants were created equal. 
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Appendix 1. Annual average economic value of greenhouse gas emissions 

(GHGE) and blue water footprint (BWF) and the value milk-meat production (M€ 

year-1) generated by A: Dairy Cow Production Systems, B: Intensive Beef Cattle 

Fattening Industry and C: Goat Milk-meat Production System in the Comarca 

Lagunera, Mexico, across years (1994 - 2018). 

306.81 

9,254.56 

474.19 

20.29 

2,344.01 

86.74 3.61 2.48 18.17 
0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

1 2 3

330.71 

(5,972.42 MMXP) 

      A          B          C                                 A          B        C                                    A        B         C   

Value of GHGE                         Value of BWF                     Value of production 

M
€

 y
e

a
r-1

 

11,601.05 
(209,508.00 MMXP) 

 

 

651.41 

(10,458.20 MMXP) 


	C TESIS PDF DOCTORADO C NAVARRETE-MOLINA
	d14faf1b3e216dd03e3d969018d3580ed1e57f3fe8b88fd36c5be815adc1ea99.pdf

