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RESUMEN

La produccién de carne bovina ejerce una fuerte presion ambiental y genera impactos que pueden
afectar a sus grupos de interés. Lo anterior, plantea un desafio a la sociedad para lograr la seguridad
alimentaria sin comprometer la resiliencia del planeta y el bienestar social. En esta tesis se propone
como objetivo general, identificar los impactos ambientales mas significativos de los sistemas
productivos ganaderos del tropico mexicano, particularmente en la biodiversidad y el cambio
climético, asi como los impactos sociales desde la perspectiva de Andlisis de Ciclo de Vida (ACV),
con el proposito de que los resultados apoyen al establecimiento de politicas publicas que
contribuyan al cumplimiento de los Objetivos de Desarrollo Sostenible de la Agenda 2030 de las
Naciones Unidas. La investigacion considerd la produccion de becerros para engorda, la Unidad
Funcional analizada fue 1 kg de peso vivo de becerro y se enfocé en tres sistemas productivos:
silvopastoril nativo (SPN), silvopastoril intensivo (SPI) y monocultivo (MC). El Analisis de Ciclo
de Vida Social (ACV Social) evalué 18 indicadores de relevancia para los sistemas ganaderos,
agrupados en las categorias: derechos humanos, condiciones laborales, salud y seguridad,
repercusiones socioecondémicas y gobernanza, considerando una escala de desempefio de 1 (muy
pobre) a 4 (sobresaliente). Para medir el dafio a la biodiversidad de los sistemas ganaderos, se
estimaron factores de caracterizacion, consistentes en cifras adimensionales que representan el dafo
potencial causado por una unidad de area de suelo de pastoreo (pérdida potencial de especies por
m?). Los factores de caracterizacion se calcularon mediante el modelo relacion especie-area (SAR)
de campo propuesto por la UNEP/SETAC para tres niveles de intensidad de uso de suelo
(minimo/SPN, ligero/SPI e intenso/MC) y para un grupo de invertebrados (Coleoptera:
Scarabaeidae: Scarabaeinae). Las emisiones de metano entérico de los sistemas productivos
estudiados se determinaron mediante la metodologia Tier 2 del IPCC. EI ACV Social mostroé que
existe similitud en el desempefio de los sistemas productivos en el tropico mexicano, revelando un
impacto pobre en los aspectos sociales, lo que evidencia deficiencias institucionales en el monitoreo
y la vigilancia del cumplimiento del marco legal, principalmente hacia los trabajadores,
prevaleciendo la falta de condiciones de trabajo decente y la falta de salarios justos. Los factores de
caracterizacion desarrollados probaron que la metodologia SAR de campo permitiéo proyectar la
pérdida potencial de especies considerando un gradiente de intensidad del uso de suelo de pastoreo.
Los resultados del ACV indican menor impacto ambiental del MC en cuatro de siete categorias
analizadas, destacando la menor contribucion de este sistema al cambio climatico y a la reduccion
en la pérdida de especies (-12% y -68% comparado con el SPN y -7% y -52% con respecto al SPI);
estos resultados se atribuyen a la mayor productividad en menos suelo. Sin embargo, comparado
con el SPN, en el MC se incrementa significativamente el consumo de agua (99%) y la escasez de
recursos fosiles (78%), lo que implica un mayor consumo de insumos externos al sistema como lo
granos usados en la dieta. Para alcanzar una ganaderia sostenible deben considerarse las
compensaciones que pueden surgir en la eleccion de las mejoras ambientales de los sistemas de
produccion ganadera en el tropico mexicano, tanto a nivel de la unidad de produccion, como de los
hogares, la equidad de género, el trabajo decente y la seguridad alimentaria.



ABSTRACT

Beef production exerts strong environmental pressure and generates impacts that can negatively
affect its stakeholders. To reduce these negative effects, society faces the challenge of achieving
food security in a way that does not compromise the planet's resilience or the social wellbeing of its
inhabitants. In this thesis, | aim to identify the most significant environmental impacts of livestock
production systems in the Mexican tropics with particular attention to the impact on biodiversity
and climate. Using Life Cycle Assessments (LCAs), | examine the social impacts of beef
production to produce results that support the establishment of public policies that contribute to the
fulfillment of the United Nations Sustainable Development Goals 2030 Agenda. My research
considers the stage of calf production for fattening using 1 kg live weight of calf as the functional
unit and focuses on three productive systems: native silvopastoral (NSP), intensive silvopastoral
(1SP) and monoculture (MC). Using a social life cycle assessment (Social-LCA), | evaluate 18
relevant social and socioeconomic indicators for livestock systems, grouped into three categories:
human rights, working conditions, health and safety, socio-economic repercussions and governance;
the results are considered on a performance scale from 1 (very poor) to 4 (outstanding). For
projecting the biodiversity damage of land use associated with livestock systems, characterization
factors were estimated, consisting of dimensionless figures that represent the potential for damage
caused per a unit area of pasture land (potential species loss per m?). The characterization factors
were calculated using the countryside species-area relationship (SAR) model proposed by
UNEP/SETAC for three levels of land use intensity (minimal/SPN, light/SPI and intense/MC) and a
group of invertebrates (Coleoptera: Scarabaeidae: Scarabaeinae). Enteric methane emissions from
the production systems studied were determined using the IPCC Tier 2 methodology. The results of
the social LCA showed similarity in the social performance of the productive systems, which
revealed a deficient social impact with scores between 1 (very poor) and 2 (poor) and showed the
structural deficiencies in the monitoring and surveillance of compliance with the legal framework in
livestock, mainly toward workers. The characterization factors developed proved that the
countryside SAR methodology allows projecting the potential loss of species, considering a
gradient of intensity of pasture land use, which constitutes the first effort in the development of
characterization factors for impact measurement of the livestock sector on biodiversity from the
approach of LCA in Mexico. The results of the LCA indicate a lower environmental impact of the
MC in four of the seven categories analyzed, highlighting its lower contribution to climate change
and the reduction in the loss of species (-12% and -68% concerning the NSP and -7% and - 52%
compared to ISP); results are attributable to higher productivity in less soil. However, compared to
the NSP, in the MC, the consumption of water (99%) and the scarcity of fossil fuel resources (78%)
increased due to intensification, which implies greater consumption of external inputs to the system.
To achieve sustainable livestock farming, the compensations that may arise in the choice of
environmental improvements of livestock production systems in the Mexican tropics must be
considered, both at the production unit level, as well as at the household level, economic benefits,
equity gender, decent work, and food security.



INTRODUCCION

El sistema alimentario mundial es un impulsor clave de los impactos antropogénicos en los
ecosistemas naturales (Foley et al. 2011). Dentro del sistema alimentario, la ganaderia bovina es
una de las actividades mas agresivas con el medio ambiente, ya que tiene elevadas demandas de
recursos (e.g., suelo, energia, agua) y resulta en grandes emisiones globales de gases efecto
invernadero (Bowles, Alexander y Hadjikakou, 2019). En el contexto del cambio climatico, la
creciente competencia por los recursos naturales y los requerimientos crecientes de carne estan
presionando al sector ganadero para que obtenga rendimientos mas sostenibles (FAO, 2016). Por
tanto, la evaluacion de los impactos ecologicos y sociales de la produccion de ganado mediante
métodos que permitan identificar sus puntos criticos es de suma importancia para una propuesta

orientada a la sostenibilidad sector pecuario.

Los recursos de tierra y agua actualmente se estan volviendo mas escasos a causa de la degradacion
del suelo, la salinizacion de las areas irrigadas y la competencia por otros usos diferentes a la
produccion de alimentos. Por lo anterior, lograr aumentos en la produccion de carne bovina que
satisfagan la demanda de la poblacion humana, no sera mas facil que en el pasado, incluso puede

ser lo contrario (Alexandratos y Bruinsma, 2012).

Durante las ultimas décadas, el debate sobre el ganado se ha centrado en cémo producir para
alimentar a 9,800 millones de personas para el afno 2050. Sin embargo, la Agenda 2030 de las
Naciones Unidas para el Desarrollo Sostenible (U.N., 2015), con sus 17 Objetivos de Desarrollo
Sostenible (ODS), ha agregado una dimension nueva y mas amplia a la discusion y ha cambiado el
enfogque de fomentar la produccion ganadera sostenible per se, a mejorar la contribucion del sector
al logro de los ODS (FAO, 2018c). Pero ;existe un sistema productivo ganadero que permita
reducir la demanda de recursos naturales, disminuya los impactos ambientales y favorezca el
bienestar de sus grupos interesados de modo tal que mejore la contribucion del sector al logro de los
ODS? Para responder a esta interrogante se deben estudiar y comparar los impactos de los sistemas
actuales de produccion de ganado bovino a través de una metodologia que permita distinguir las

sinergias y compensaciones (trade-offs).

Estado global de 1a ganaderia

A nivel mundial la ganaderia tiene efectos tanto positivos como negativos en la base de los recursos
naturales, la salud publica, la equidad social y el crecimiento economico (World Bank, 2009). En

2014, la participacion del sector ganadero en el producto interno bruto agricola en los paises
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desarrollados representd el 40% y en las economias en desarrollo el 20% (FAO, 2018c) (FAO,
2018c¢). Por lo que los sistemas ganaderos son un activo global significativo con un valor de al
menos $1.4 billones (Thornton, 2010). Tales sistemas estan cada vez mas organizados en largas
cadenas de valor que emplean hasta 1,300 millones de personas en todo el mundo y apoyan
directamente a los medios de vida de 600 millones de pequefios productores en el mundo en
desarrollo (Perry y Sones, 2007; Herrero et al., 2009). Por ello, la ganaderia es una estrategia clave
de reduccion de riesgos para las comunidades vulnerables, y es un importante proveedor de
nutrientes y de traccién para los cultivos en los sistemas de pequefia escala. Los productos
derivados de este sector contribuyen globalmente a la dieta humana con 17% del consumo de
calorias y el 33% del consumo de proteinas (Thornton, 2010; FAO, 2018c).

Se estima que la demanda de productos ganaderos se incrementara en 1.3% anual hasta 2050
(Alexandratos y Bruinsma, 2012); atribuible a una combinacion del crecimiento demografico y a
cambios en los patrones de consumo de alimentos causados por la urbanizacion y el aumento de los
ingresos en los paises en desarrollo (Alexandratos y Bruinsma, 2012; Thornton, 2010; IAASTD,
2009). Para abastecer esta demanda se requerira una gran cantidad de recursos que tendran

diferentes impactos no s6lo ambientales sino también sociales.

Extension de la ganaderia

Uno de los principales impactos ambientales atribuibles a la ganaderia es el uso de amplias
extensiones de suelo por la presion que ejerce sobre la biodiversidad (FAO, 2016). Las tierras
usadas en la ganaderia cubren alrededor del 22% del suelo libre de hielo en la Tierra, el mayor uso
de suelo en el planeta, 18% destinado a pastizales y 4% a cultivos alimentarios para el ganado
(Mottet et al., 2017). Las areas ocupadas, comprenden las tierras mas adecuadas para esta actividad:
gran parte del resto esta cubierta por desiertos, montafias, tundra, ciudades, reservas ecologicas y
otras tierras no aptas para el sector agropecuario (Ellis et al., 2010). En tan solo 20 afios, entre 1985
y 2005, las tierras de cultivo y los pastos del mundo se expandieron alrededor del 3%. El aumento
neto incluy6 una expansion significativa en los tropicos, y pequefios cambios o una disminucién en
las zonas templadas. Ademas, se proyecta que para 2050 la base de tierra requerida para apoyar la
produccion ganadera en los tropicos supere el 30-50% de las areas agricolas actuales (Machovina,
Feeley y Ripple, 2015). El resultado es una redistribucion neta de tierras agropecuarias hacia los

tropicos, con implicaciones para los medios de vida de grupos de la poblacion altamente rezagados



que viven en bosques o selvas, la produccion de alimentos, la seguridad alimentaria® y el medio
ambiente (Foley et al., 2011). Previéndose los mayores aumentos en las presiones ambientales para
las emisiones de gases efecto invernadero (70 a 78% de las emisiones agricolas totales), para la
demanda de uso de suelo, uso de agua azul (10%), asi como la aplicacion de nitrégeno y fosforo (20

a 25% cada uno) (Springmann et al., 2018).

Impactos ambientales de la ganaderia

En general, los impactos ambientales de la ganaderia incluyen los causados por su expansion (i.e.,
cuando las tierras de cultivo y los pastos se extienden a nuevas areas, reemplazando l0s ecosistemas
naturales) y los causados por la intensificacion (i.e., cuando las tierras existentes se manejan para
ser mas productivas, a menudo mediante la concentracion de ganado, el uso de riego, fertilizantes,
biocidas y mecanizacion) (Foley et al.,, 2011). Por una parte, la expansion de la frontera
agropecuaria en los tropicos ha tenido enormes impactos en los habitats, la biodiversidad, el
almacenamiento de carbono y las condiciones del suelo. Esta expansion resulta preocupante, dado
que los bosques tropicales son reservorios importantes de biodiversidad y servicios ecosistémicos
(Foley et al., 2007). Aunado a lo anterior, la tala de bosques tropicales derivada de las actividades
ganaderas, es una fuente importante de emisiones de gases efecto invernadero con alrededor del
12% de las emisiones antropogénicas totales de CO; (Friedlingstein et al., 2010). Por otra parte, la
intensificacion de la ganaderia, que por definicion usa menos tierra por unidad de producto, se
asocia con un mayor uso de insumos (incluyendo servicios externos) y mayores concentraciones de
animales (FAO, 2016; Bebe, Udo y Thorpe, 2002), lo que puede conducir a la contaminacion del
aire y del suelo por nutrientes como la acidificacion y eutrofizacion (por emisiones de nitrogeno y
fésforo) (Machovina, Feeley y Ripple, 2015), a la toxicidad de ecosistemas por productos como los
pesticidas y productos veterinarios (i.e., hormonas, antibioticos y desparasitantes) (Teillard et al.,
2016), asi como el agotamiento de recursos (i.e., agua, suelo) (Steinfeld et al., 2006). Por tanto,
disminuir o detener la expansion de la agricultura en los trépicos, no sélo reducira las emisiones de
carbono y la pérdida de biodiversidad (Foley et al., 2011), sino también contribuira a reducir el

impacto negativo en las poblaciones humanas que habitan en ellos.

! Para la FAO, la seguridad alimentaria existe cuando todas las personas, en todo momento, tienen acceso
fisico y econdmico a alimentos suficientes, seguros y nutritivos que satisfacen sus necesidades dietéticas y
preferencias alimentarias para una vida activa y saludable (FAO, 1996). Las cuatro dimensiones de la
seguridad alimentaria son disponibilidad de alimentos; acceso a los alimentos; utilizacion de alimentos; y
estabilidad del sistema alimentario. Para alcanzar los objetivos de seguridad alimentaria, las cuatro
dimensiones deben cumplirse simultineamente.
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La ganaderia en México

En México, las primeras cabezas de ganado fueron introducidas en la region tropical del sureste con
la llegada de los espafioles. A partir de entonces, el ganado bovino se convirtid en el agente
transformador del territorio mexicano y en un factor determinante de la modificacion del paisaje
agricola y natural (Herndndez, 2001). Actualmente, la ganaderia bovina es una de las actividades
primordiales del sector agropecuario mexicano, con una participacion del 12% del valor total de la
produccion primaria (FIRA, 2018), y un inventario nacional ganadero calculado en 34 millones de
cabezas (SAGARPA, 2014) que ocupa aproximadamente 1.09 millones de km?, equivalente a casi
el 56% del territorio nacional (SEMARNAT, 2008). De este inventario, el 41% se encuentra alojado
en la region tropical del sureste de México (SAGARPA, 2014).

La produccion ganadera en el tréopico mexicano

Los sistemas de produccion ganadera en el mundo estan incluidos en dos amplias agrupaciones, los
sistemas sin tierra (intensivos) y los basados en pastizales (o pastoreo) (Steinfeld et al., 2006). En el
tropico mexicano predominan los sistemas basados en pastizales, con variantes en sus practicas de
gestion (e.g., mecanizacion, irrigacion) y uso de insumos (e.g., concentrados, fertilizantes,
pesticidas). El 78% de la poblacion de ganado en esta region se caracteriza por ser manejado bajo
sistemas de doble propdsito, sistemas destinados a producir carne y leche y que tienen como valor
agregado la generacion de mano de obra (Rojo-Rubio et al., 2009). En el tropico mexicano, existen
diferentes sistemas productivos de ganado basados en pastoreo que, de acuerdo con sus técnicas y
caracteristicas socioecondmicas, se pueden clasificar en: 1) nativo o tradicional, 2) monocultivo, y
3) sistemas silvopastoriles que recientemente se han ido incorporando. En el sistema tradicional o
nativo, el ganado usado esta bien adaptado a las condiciones locales, los animales dependen del
pasto natural y regularmente recorren largas distancias para pastar. En este sistema el productor no
usa alimentos concentrados lo que resulta en un pobre desempeiio del ganado. El sistema de
monocultivo esta especializado inicamente en la produccion ganadera, es decir, no tienen una
producciéon mixta basada en la agricultura y la produccion de animales, como frecuentemente
sucede en los sistemas tradicionales. Bajo este sistema, los ganaderos suelen contar con asistencia
técnica y sus potreros estan integrados de pastos introducidos. En general, los sistemas de
monocultivo utilizan fertilizantes, cuentan con sistemas de riego, tienen un control estricto de la
vegetacion no deseada (“maleza”) a partir de pesticidas, y se caracterizan por tener baja diversidad
en la comunidad de plantas. Su densidad promedio de poblacién animal es notablemente mayor con
respecto a los otros tipos de ganaderia basados en pastizales. Como consecuencia, este sistema

productivo ha favorecido la degradacion ambiental y el cambio climatico porque va en contra de la
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dinamica natural de los ecosistemas forestales tropicales. (Steinfeld et al., 2006; Wassenaar et al.,
2007).

Con la intencion de contribuir a la ganaderia sostenible, los sistemas silvopastoriles han sido
introducidos paulatinamente al trépico mexicano. Estos sistemas son arreglos agroforestales que
combinan intencionalmente plantas forrajeras, como pastos y leguminosas, con arbustos y arboles
para la nutricion animal y usos complementarios. Con base a lo anterior, los sistemas silvopastoriles
permiten la intensificacion de la produccion ganadera basada en procesos naturales. Son
considerados sostenibles ya que promueven interacciones ecologicas beneficiosas que se
manifiestan como un mayor rendimiento por unidad de area comparados con los sistemas donde el
ganado es alimentado con pastos Unicamente, tienen mayor eficiencia en el uso de los recursos,
mejoran el bienestar animal, proporcionan una mayor provision de servicios ambientales al
contribuir a la mitigacion y adaptacion al cambio climatico, y mejoran la seguridad alimentaria

(Chara et al., 2019; Broom, Galindo y Murgueitio, 2013).

La ganaderia es considerada uno de los principales responsables de la destruccion de los bosques
tropicales, con un dafio irreversible para los ecosistemas de esta region, por ello, es calificada como
incompatible con la conservacion de este tipo de habitat (Barrance, Schreckenberg y Gordon, 2009;
Perfecto y Vandermeer, 2010; Murgueitio et al., 2011). Sin embargo, los objetivos de la produccion
ganadera y la conservacion de la naturaleza no son necesariamente antagonicos; el pastoreo se usa
con frecuencia para mejorar 10s servicios ecosistémicos. Por ejemplo, es favorable para mejorar la
conectividad del habitat a través de la dispersion de semillas transportadas en los intestinos y en la
capa de los animales; para prevenir la erosion y degradacion del suelo mediante el pastoreo en
suelos muy pobres en donde se gestiona su manejo con el estado fenologico de las plantas y la
biodiversidad en general; asimismo, en suelos pobres el aporte de la materia organica del estiércol
(ademas del nitrogeno y fosforo), es valioso en el mantenimiento de la estructura del suelo y su
fertilidad (Hoffmann, From y Boerma, 2014). En general, los grupos mas importantes de servicios
de habitat proporcionados por el ganado son aquellos que contribuyen a la creacion de paisajes en
mosaico y mini habitats que sostienen la biodiversidad, aquellos que apoyan el mantenimiento de
los ciclos de vida de las especies y los relacionados con la conexion de habitats como la dispersion

de semillas (Hoffmann, From y Boerma, 2014).

Recientemente, un creciente ntimero de investigaciones ha demostrado que ciertos tipos de
produccion ganadera pueden mantener una parte importante de la biodiversidad nativa al usar

arbustos y arboles nativos en la alimentacion del ganado y en su uso potencial maderable (Broom,
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Galindo y Murgueitio, 2013; Murgueitio et al., 2011). En este sentido, los sistemas silvopastoriles,
los cuales combinan pastizales, arbustos, arboles y cercas vivas, han sido descritos como
importantes reservorios de diversidad y funciones ecosistémicas en paisajes ganaderos tropicales
(Giraldo et al., 2011). La biodiversidad es un concepto multifacético que abarca diferentes niveles
jerarquicos de vida (genes, especies, poblaciones y ecosistemas) y sus diversos atributos
(composicion, funcion y estructura), incluidas dinamicas espaciales y temporales fuertes (MEA,
2005b). A pesar de la fuerte relacion entre la ganaderia y la biodiversidad, muchas evaluaciones ¢
iniciativas sobre el desempefio ambiental del sector ganadero han tenido un fuerte enfoque en las
emisiones de gases efecto invernadero y la evaluacion de la biodiversidad habia sido ignorada; lo
que se atribuye principalmente a la complejidad intrinseca de este concepto, a los problemas de
escala y a los desafios significativos asociados con la reduccion del objetivo de evaluacion de la

biodiversidad (FAO, 2019).

Contribucion de la ganaderia a los Objetivos de Desarrollo Sostenible

Como se menciond previamente, uno de los desafios de la ganaderia, es su contribucion a los ODS
de la Agenda 2030 de la ONU, aunque todos los ODS se consideran relevantes para este sector
(FAO, 2018c), de acuerdo con Tullo et al. (2019) cinco de los 17 son claves: ODS 1 (fin de la
pobreza), ODS 2 (hambre cero), ODS 13 (accién por el clima), ODS 15 (vida de ecosistemas
terrestres) y ODS 17 (alianzas para lograr los objetivos), a los cuales se puede agregar el ODS 12
(produccion y consumo responsables) el cual incluye la participacion de todas las partes interesadas

en el mejor desempefio de la ganaderia.

Todos los sistemas ganaderos son potencialmente vulnerables o sostenibles. Esta variabilidad tiene
sus raices en el sistema agroalimentario mundial, que ha dado lugar a diferencias regionales y
funcionales en todo el mundo, cuyos efectos sociales, economicos y ecoldgicos aun no se han
evaluado ni comparado (IAASTD, 2009). Por lo que, la contribucion de la ganaderia a los ODS
depende de la gestion efectiva de una gama de recursos fisicos y naturales interdependientes (i.e.,
tierra, agua, energia, capital, entre otros), asi como de la internalizacion total de los costos
actualmente externalizados. Encontrar formas de lidiar con los grandes desafios que enfrenta la
ganaderia es un tema de gran controversia: las estrategias difieren porque se basan en diferentes
visiones de la ganaderia, diferentes intereses y valores divergentes (IAASTD, 2009). No obstante,
es importarte evaluar y comparar los sistemas de produccion ganadera existentes en el tropico para

identificar aquel que mejor contribuya a los ODS.
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Dado lo anterior, para estudiar la ganaderia se debe de usar una metodologia que refleje las
preocupaciones ambientales y sociales de la produccion animal, cuyos resultados ayuden a alcanzar
una vision equilibrada de la gestion de los sistemas ganaderos predominantes y sus innovaciones
(Hoffmann, From y Boerma, 2014; Thornton, 2010). En este estudio consideramos la perspectiva de
Analisis de Ciclo de Vida para evaluar los impactos del sector ganadero debido a su vision

sistémica.

Analisis de Ciclo de Vida

El ACV es una metodologia que permite cuantificar los posibles impactos ambientales de un
producto durante su ciclo de vida completo; desde la extraccion de las materias primas hasta la
gestion al final de su vida util (Organizacion Internacional de Normalizacion (ISO), 2006). EI ACV
apoya a identificar los hotspots (i.e., procesos de produccion con impactos particularmente altos) a
lo largo del ciclo de vida de un producto, por lo que permite a los tomadores de decisiones
desarrollar soluciones especificas para reducir los impactos adversos sobre el medio ambiente. De
acuerdo con las normas 1SO 14040/14044, el ACV consta de las siguientes cuatro fases: I.
Definicion del objetivo y alcance, II. Analisis del inventario del ciclo de vida (ICV), III. Evaluacién
del impacto del ciclo de vida (EICV) y IV. Interpretacion (ISO, 2006a; b). En la fase I, se definen la
unidad funcional (i.e., la base de calculo del estudio, la cual es usada como valor de referencia) los
objetivos y el alcance del estudio, incluidas las razones, la aplicacion y la audiencia prevista. En la
fase de ICV, se recopilan los datos para todas las entradas (i.e., materiales y energia) y salidas (i.e.,
emisiones al aire, agua o suelo) del sistema de producto estudiado. En la fase Il (EICV), los datos
del inventario se transfieren a través de modelos de evaluacion a los resultados del indicador de
impacto (e.g., cambio climatico, eutrofizacion, toxicidad) (Huijbregts et al., 2016). En la ultima fase
(IV), los resultados de la fase de EICV, se resumen y discuten como base para dar conclusiones y
recomendaciones, y para la toma de decisiones de acuerdo con la definicion del objetivo y el

alcance.

Evaluacion del impacto ambiental de la ganaderia mediante el ACV

El ACV ha sido ampliamente aceptado para la evaluacion de la ganaderia, sin embargo, es comun
gue en las evaluaciones basadas en esta perspectiva, se investigue un conjunto estrecho de impactos
ambientales para simplificar los resultados dirigidos a los tomadores de decisiones, lo que dificulta
la comprension total de las compensaciones entre 10s impactos ambientales e identificar las
opciones de mitigacion mas relevantes (McClelland et al., 2018). Las categorias de impacto (i.e., los

problemas ambientales de interés a los cuales se pueden asignar los resultados del analisis del
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inventario del ciclo de vida) mas frecuentemente incluidas en los ACVs de los sistemas ganaderos
son el cambio climatico, el agotamiento de recursos, la eutrofizacion, la acidificacion y el uso de
suelo, y escasamente ha sido abordado el estudio de la evaluacion del impacto en la biodiversidad
(Mattsson, Cederberg y Blix, 2000; McClelland et al., 2018), siendo que la ganaderia puede ejercer
presion importante sobre la biodiversidad mediante la conversion de habitats naturales y el cambio

en el uso de suelo (FAO, 2016).

Evaluacion del impacto del uso de suelo en la biodiversidad

La inclusion de la biodiversidad en la evaluacion ambiental, es un 4rea de trabajo emergente que
cada vez cobra mayor relevancia por ser un factor clave para el sector agropecuario y para el
bienestar humano (FAO, 2018a; Alexandratos y Bruinsma, 2012). Sin embargo, es un desafio
incluir este concepto en las evaluaciones ambientales debido principalmente a su complejidad
intrinseca, a problemas de escala y a la dificultad significativa asociada con la reduccion de la
evaluacion de la biodiversidad a una sola medida u objetivo de conservacion. La FAO (2019),
recomend6 el uso de indicadores cuantitativos y métodos de evaluacion, para evaluar la
biodiversidad junto con otros criterios ambientales, los cuales ademas de apoyar al cumplimiento de
los compromisos internacionales sobre la biodiversidad, ayudaran a evitar el riesgo de cambio de
carga entre los criterios ambientales (e.g., reducir las emisiones de CO; pero aumentar la presion

sobre la biodiversidad) o entre diferentes etapas del ciclo de vida de los productos.

Debido a que el uso de suelo es el principal impulsor de la pérdida global de biodiversidad, no se
puede ignorar en la toma de decisiones ambientales (Sala et al., 2000; MEA, 2005b; Alkemade et
al., 2009). Dado que la ganaderia utiliza grandes extensiones de suelo, a la fecha varias iniciativas
han intentado abordar la relacion entre la biodiversidad y la produccion ganadera (FAO, 2019). Por
ejemplo, la Iniciativa de Ciclo de Vida del Programa de las Naciones Unidas para el Medio
Ambiente/Sociedad de Toxicologia y Quimica Ambientales (UNEP/SETAC), trabajé en la
inclusion de los impactos del uso del suelo en la biodiversidad en sus evaluaciones mediante el
ACYV. Otras iniciativas han abordado el tema, a nivel global (e.g., a través de los Indicadores de
Biodiversidad del Convenio para la Diversidad Bioldgica (CDB) para la produccion de productos
basicos, y la Iniciativa Central del Programa Marco de 10 afos de la FAO-UNEP), a nivel regional
(Huella ambiental de productos de la Unidén Europea) y a nivel sectorial (e.g., Cool Farm Tool, la
Plataforma de Iniciativas de Agricultura Sostenible y la Federacion Internacional de Lacteos). En
2019, la Alianza sobre la Evaluacion Ambiental y el Desempeiio Ecologico de la Ganaderia (LEAP,
por sus siglas en inglés), iniciativa conformada por multiples partes con un interés directo en el

desarrollo de guias cientificas, transparentes y pragmaticas para medir y mejorar el desempefio
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ambiental de los productos ganaderos, creada por la FAO, desarrolld los “Principios para la
evaluacion de los impactos de la ganaderia en la biodiversidad” (FAO, 2016). A partir de estos
Principios, se desarrollaron las “Guias para la evaluacion cuantitativa de los impactos de la
ganaderia en la biodiversidad” que recomiendan la metodologia ACV para medir los impactos en la

biodiversidad asociados con la ganaderia (FAO, 2019).

La necesidad de indicadores cuantitativos para medir los impactos sobre la biodiversidad

Hasta el momento se ha alcanzado un consenso metodoldgico sobre como cuantificar las emisiones
de gases efecto invernadero y otros impactos ambientales (e.g., el ciclo de los nutrientes y el agua)
de las cadenas de abasto de ganado (FAO, 2019). La LEAP, ha permitido proponer una serie de
evaluaciones cuantitativas y opciones técnicas y politicas para mitigar la contribucion ganadera al
cambio climatico. En particular, ha sugerido aumentar la eficiencia y la intensidad de la ganaderia
COmo una opcién de mitigacion, ya que los sistemas de produccion mixta mas intensivos con una
parte de la alimentacion de subproductos de cultivo, tienen menos emisiones de gases efecto
invernadero o emisiones de nutrientes por unidad de producto, en comparacion con los sistemas
basados en pastizales (Gerber et al., 2010, 2014). Sin embargo, el cambio de sistemas extensivos a
la intensificacion e insumos altos podria tener un mayor impacto en la biodiversidad debido a 10s
cambios de habitat asociados (e.g., pastos naturales a pastos mejorados, pastizales a terrenos de
cultivo de piensos) y efectos negativos de la extraccion de agua, pesticidas o fertilizantes
inorganicos. Por el contrario, los sistemas basados en grandes extensiones de pastizales pueden
proporcionar habitats de biodiversidad cruciales, pero con mayores emisiones de gases efecto
invernadero por unidad de producto, en comparacion con los sistemas de manejo intensivo, porque
estas unidades de producto generalmente se centran en piensos o proteinas y no tienen en cuenta
otros servicios sociales y ecosistémicos (FAO, 2019). Desentranar las complejidades que significa
el analisis de las compensaciones entre la mejora en el uso de piensos para reducir las emisiones de
metano del ganado, o el uso de pastizales para proporcionar habitats de biodiversidad, es un desafio
del sector ganadero. Por ello, los analisis de todo el sistema y del ciclo de vida que evaluan la gama
completa de costos y beneficios relevantes, se han vuelto cada vez mas importantes para

desentranar estas complejidades (Thornton, 2010).

Para incorporar la biodiversidad a la evaluacion ambiental de la ganaderia, son necesarias las
evaluaciones cuantitativas (Curran et al., 2016; FAO, 2019). Las evaluaciones cuantitativas de la
biodiversidad son relevantes para respaldar los acuerdos internacionales que reconocen la
importancia de su conservacion, como las Metas Aichi para 2020 establecidas por el CDB vy los

ODS, especificamente el nimero 15 “Gestionar de manera sostenible los bosques, combatir la
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desertificacion, detener y revertir la degradacion de la tierra y detener la pérdida de biodiversidad”.
Asi también, después de la decision de la Conferencia sobre Cambio Climéatico de 2017 (COP23),
de abordar la agricultura en el proceso de negociacion (que ayudaréd a los paises a desarrollar y a
implementar nuevas estrategias de adaptacion y mitigacion del cambio climatico (CMNUCC,
2018)) existe un potencial para la integracion y las sinergias entre la biodiversidad, la mitigacion del
cambio climatico y el manejo de nutrientes (e.g., CMNUCC y CDB, ODS 13, 14 y 15) en la
transicion hacia la produccion ganadera sostenible (FAO, 2018c, 2019).

Factores de caracterizacion, necesarios para la evaluacion cuantitativa de los efectos de la

ganaderia en la biodiversidad

En ACV, los impactos en la biodiversidad debido al uso de suelo, son calculados por la
multiplicacién del inventario (i.e., ocupacién de suelo en m? x afio) por los factores de
caracterizacion (FC, i.e., los factores que indican el dafio a la biodiversidad causado por la unidad
de area de un uso de suelo particular) (Chaudhary et al., 2015). EI ACV modela cuantitativamente
los impactos acumulativos a lo largo de las cadenas de causa-efecto? ambiental, utilizando modelos
y factores de caracterizacion (ISO, 2006b). La cadena causa-efecto es la base para proponer
indicadores (denominados indicadores de categoria) cuantitativos medibles y simples a fin de
evaluar los posibles efectos de la produccion ganadera en la biodiversidad (FAO, 2019). El calculo
de las magnitudes de estos indicadores requiere de factores de caracterizacion, que son los valores
utilizados para convertir las emisiones y los recursos del inventario de ciclo de vida en unidades de
impacto comunes para hacerlos comparables (FAO 2016, p. 27), los que a su vez requieren modelos

de caracterizacion para ser derivados.

Actualmente, en ACV, las evaluaciones de la biodiversidad dependen de pocos métodos disponibles
los cuales tienen una serie de restricciones. Por ejemplo, frecuentemente se centran en los impactos
a través del uso de suelo (i.e., no se consideran otros tipos de impactos a través de la contaminacién
o el cambio climatico); consideran amplias clases de uso de suelo (e.g., impacto en la biodiversidad
de los pastizales frente a las tierras de cultivo), y se centran en la riqueza de especies como
indicador de biodiversidad (FAO, 2019). Adicionalmente, los modelos de evaluacion no consideran
la inclusion de indicadores cuantitativos que permitan distinguir el impacto de la intensidad de los

sistemas de produccion ganadera, aspecto que la UNEP/SETAC (2016) ha recomendado que se

2 La cadena conceptual de causa-efecto, o via de impacto, vincula los flujos de inventario asociados con la
produccion ganadera (e.g., uso de la suelo o transformacion de la suelo para pastos y/o produccion de
cultivos) con los impactos resultantes en la biodiversidad (e.g., cambios en la diversidad funcional,
abundancia y composicion de especies) y finalmente a los efectos sobre la estructura y funcion del ecosistema
(FAO, 2019) .
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incorpore a los factores de caracterizacion, lo cual a la fecha sigue siendo un reto. Para evaluar el
impacto de la ganaderia en la riqueza de especies, se ha propuesto un grupo de factores de
caracterizacion usando diferentes modelos ecoldgicos, cobertura taxondmica y resolucion espacial.
Sin embargo, aun no existe un consenso sobre qué factores de caracterizacion reflejan mejor el dafio

infligido a la biodiversidad por este sector.

Importancia de basar el calculo de emisiones del metano entérico en datos especificos

Como se menciono anteriormente, la contribucion de la ganaderia al cambio climatico sera una de
las principales presiones de este sector a partir del incremento de la demanda de carne a nivel
global. Por ello, es pertinente usar datos y metodologias que permitan reflejar de forma precisa las
emisiones de metano entérico, principal contribuyente al cambio climatico de la ganaderia. En
México, la ganaderia bovina se destaca por ser una de las fuentes principales de emision de gases
efecto invernadero, siendo responsable del 10.09% (70,567.60 Gg de CO.e (+4.78%)) del total de
las emisiones (el total fue de 682,959.1 Gg de COz-¢ (£7.68%) en 2015), de esta cantidad el 76%
correspondio a la fermentacion entérica del ganado bovino (53,442.72 Gg de COze [£6.11%]) y el
manejo de excretas representd el 24% de las emisiones con 17,124.88 Gg de COze [£4.96%])
(SEMARNAT/INECC, 2018). Por lo tanto, existe un interés particular en reducir las emisiones de

metano por esta fuente.

Actualmente, los inventarios nacionales de emisiones de CHa proveniente de la fermentacion
entérica del ganado son estimados usando la metodologia Tier 1 del Panel Intergubernamental del
Cambio Climatico (IPCC) (Dong et al., 2006), el cual calcula las emisiones de metano (CH4) por
categoria de animal, multiplicando su poblacién por un factor de emision promedio, asociado con la
categoria animal especifica. En esta metodologia se asume que el peso, edad, sexo y sistemas de
alimentacion son similares dentro de la categoria animal, por lo cual se considera que la estimacion
tiene alta incertidumbre. Mediante el uso de estas estimaciones se determind que el ganado bovino
contabiliza el 87.46% de las emisiones del sector ganadero en México (Secretaria de Medio
Ambiente y Recursos Naturales e Instituto Nacional de Ecologia y Cambio Climatico 2018), lo
cual, a priori, sugiere una sobrestimacion sustancial debido a que la metodologia Tier 1 del IPCC,
utiliza el mismo factor de conversion de metano y no tiene en cuenta las pérdidas de energia de CHs
mas bajas como proporcion de los gases efecto invernadero en dietas de menor calidad, como es el

caso de los animales en condiciones de pastoreo (Ricci et al., 2013).

El IPCC, exhorta a que los paises con un elevado inventario ganadero, como es el caso de México

con 33,918,906 cabezas (9° lugar a nivel mundial; FAOSTAT, 2017), estime sus propios factores de
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emision de metano para obtener inventarios de emisiones mas precisos. Por lo tanto, las emisiones
directas del ganado, como el metano entérico, deben calcularse usando factores de emision locales
basados en datos especificos de la region (Dong et al., 2006), sobre todo en paises donde la
poblacion ganadera es importante y asi evitar el uso de factores por defecto, los cuales pueden
derivar en interpretaciones erroneas de la realidad. Es asi que la generacion de factores de emision
locales para rumiantes es un reto para México (FAO y New Zealand Agricultural Greenhouse Gas
Research Centre, 2017).

Evaluacién del impacto social de la ganaderia mediante el ACV

La ganaderia es una actividad con gran relevancia para apoyar la vertiente social de la
sostenibilidad, principalmente en los paises en desarrollo, sin embargo, los analisis de los sistemas
ganaderos en estos paises, generalmente se centran en sus impactos ambientales y de productividad,
pasando por alto o minimizando sus efectos sociales (Riethmuller, 2003). Diferentes autores,
consideran que el desafio de la evaluacion de los impactos sociales, positivos y negativos de la
ganaderia, consiste en obtener valores que muestren la contribucion del sector ganadero a esta
dimension, basados en principios sélidos (Riethmuller, 2003; de Freitas, de Oliveira y de Oliveira,
2019). Tales principios deben permitir reflejar la responsabilidad social del sector para mejorar su
desempefio social a la par del mejoramiento en el desempefio ambiental y de una rentabilidad
econdmica sostenida, desde la perspectiva de contribuir sensiblemente a un mayor bienestar del ser
humano (UNEP/SETAC, 2009).

Los indicadores de desempefio social, dentro de la responsabilidad social, estan enfocados a proveer
informacién sobre como afectan las actividades, productos y servicios de una organizacion al
sistema social en donde opera, incluyendo el lugar en donde tales productos son fabricados,
utilizados, dispuestos, almacenados y manejados (UNEP/SETAC, 2009). Lo anterior, ha sido
considerado por la UNEP/SETAC en las Directrices para el Analisis del Ciclo de Vida Social de los
productos (ACV Social). EI ACV Social evalta los impactos sociales y socioeconémicos
encontrados a lo largo del ciclo de vida, con datos genéricos y especificos del sitio y se diferencia
de otras técnicas por sus objetos de estudio: productos y servicios, y por su alcance: el ciclo de vida
completo. Los aspectos que evalua el ACV Social pueden estar vinculados al comportamiento de
las empresas, a 10s procesos socioeconémicos o al impacto en el capital social (UNEP/SETAC,

2009). Asimismo, complementa al ACV y puede aplicarse solo o en conjunto con esta metodologia.
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Preguntas de investigacion

Con base en los desafios descritos en la seccion anterior, para evaluar las dimensiones social y
ambiental de la sostenibilidad del sector ganadero del tropico mexicano, esta tesis aborda las

siguientes preguntas de investigacion:

1. (Como influye el nivel de tecnificacion en el desempeiio social de los sistemas

ganaderos establecidos en el tropico mexicano?

2. (Coémo esta asociada la pérdida de biodiversidad con la intensificacion de los sistemas

ganaderos?

3. (Qu¢ efectos tiene la utilizacion de factores de emision estimados con la metodologia
Tier 2 del IPCC en el valor de las emisiones de metano por la fermentacion entérica del
ganado comparadas con el valor calculado mediante los factores predeterminados para

la metodologia Tier 1?

4. ;Qué impactos tiene la intensificacion de los sistemas ganaderos del tropico mexicano

en su desempefio ambiental?
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Objetivos

Objetivo General

El objetivo general de esta tesis es identificar los impactos significativos de los sistemas
productivos ganaderos del tropico mexicano en el ambiente; particularmente en la biodiversidad y
el cambio climatico, asi como en la sociedad, desde la perspectiva de Analisis de Ciclo de Vida, con
el propdsito de que los resultados apoyen al establecimiento de politicas ptiblicas que contribuyan a

los Objetivos de Desarrollo Sostenible de la Agenda 2030 de las Naciones Unidas.

Objetivos especificos

1. Analizar los impactos sociales de los sistemas productivos de ganado bovino del tropico

mexicano desde una perspectiva de ciclo de vida.

2. Generar factores de caracterizacion de ciclo de vida especificos para calcular los impactos de
los sistemas ganaderos del tropico mexicano en la biodiversidad, considerando un gradiente de

intensidad del uso de suelo.

3. Determinar los factores de emision de metano entérico de nivel Tier 2 de acuerdo con el Panel
Intergubernamental sobre Cambio Climatico para los tres sistemas de produccion de ganado
bovino existentes en el tropico mexicano: silvopastoril nativo, silvopastoril intensivo y

monocultivo.

4. Evaluar los impactos ambientales de tres sistemas de produccion de ganado bovino en el

tropico mediante una perspectiva de Analisis de Ciclo de Vida.
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Abstract This study evaluates the social performance of monocultune (MC), intensive silvopastoral
{ISF), and native silvopastoral (MSP) livestock production systems in the tropical region of southeastern
Mexico through a sodal like cycle assessment (SCLA) approach. The methodological framew ork
preposed by the United Nations Environmental Programy/Society of Environmental Texicology and
Chemistry (UNEFYSETAC) (2009) was employed based on a scoring approach with a performance
scale ramging from 1 (very poor) to 4 {outstanding). Twelve livestock ranches for calf production were
evaluated using 18 impact subcategories associated with the categories “human rights”™, “working
comditions”, “health and safeby ", “sodoe conomic epercussions”, and * governance”. The stakeholders
evaluated were workers, the local community, society, and value dhain actors. The ranches had
performance scotes between 178 (very poor) and 2.17 (peor). The overall average performance of the
ranches by production system was 1.98, 1.95, and 1.97 for the MC, ISE and MSI systems, respectively.
The statistical analysis shows that thene is no significant difference in the social performance of the
liveatock production systems This assessment indicates that the cattle ranches analyzed in Mexico
have poor or very poor social performance. The results show that sociceconomic and political contexts
exeTt a greater influence on the social performance of livestock production systems than does their
by pe af technology

Keywords: social sustainability; livestock production systems; social life cycle assessment; tropical
livestock; monoculiure; sibvopastoral

1L Introduction

Animal husbandry s an activity with important positive sodal and economic effects. Livestock
systems contribute 40% to global agricultural GDP [1] and are organized in long market chaing
that employ at least 1.3 billion people globally and dinectly support the livelihoods of 600 millicn
smallholder farmers in the developing warld [2,3]. At the same time, livestock is an important souree
of nourishment  Livestock products contribute 17% to global kilocalorie consumption and 33% to
global protein consumption [2]. Mexico is one of the countries with the highest number of livestock;
in 2017, it accounted for 2.2% of the global population and ranked ninth in the number of livestock
(33,918 906) [4].

In Mexico, animal husbandry is an activity that takes place throughout the country; however,
the tropical negion stands out, having 33% of the population of national cattle [5,6]. In the tropical
region, livestock production is characterized by the use of grazing under two predominant sysbems:
the traditional or native syatem and the monocultume (MC) systemn. Recently, silvopastoral systemes have
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been introduced in this region because they have been shown to be potentially more productive than
the predominant grazing systems, increasing the biological and economic efficiency of livestock [7].

To date, several studies on grazing systems have been conducted, showing and comparing
their environmental impacts [8-12]. However, analyses of livestock systems in developing countries
generally overlook or downplay the social contribution or impacts made by this sector. In this sense,
the social functions of cattle raising are important; in this regard, the problem consists of obtaining
values that show the social contribution made by the livestock sector and that are based on sound
principles [13,14].

Therefore, researchers and policy advisers face the difficulty of agreeing on which social functions
are important. Understanding the social and socioeconomic characteristics of different livestock
production systems are fundamental for the creation of policy and planning instruments that promote
the shift towards sustainable systems [15].

Social life cycle assessment (SLCA) evaluates the sodal impacts of a product or service throughout
its life cycle with the aim of protecting human dignity and well-being [16] and supporting decision
makers in selecting products that are socially acceptable [17]. SLCA is based on the life cycle assessment
(LCA) framework [18,19], and the methodology is holistic, systemic, and rigorous in regard to accessing
information about the potential and real impacts of a product’s life cycle. Thus, this tool is useful for
resulks communication, supporting decision makers in developing public policies, and in selecting
products, inputs, and processes that are socially acceptable [17] and supporting the transition of
production systems tow ards sustainability. Therefore, this methodology is considered an appropriate
framework for evaluating the social performance of livestock. Previously, Revéret et al. [20] and Chen
and Holden [21] analyzed the sociceconomic impacts of the milk production sector in Canada and
Ireland, respectively, using SLCA. In this articke, SLCA is adapted for the first time to the livestock
sector in Mexico.

The main goal of this study is to analyze the three most relevant livestock production systems in
the Mexican tropics through SLCA, for which specific data wene used. Through this study, we seek
to identify the critical points of animal husbandry from the social dimension of sustainability and to
identify which system has the best performance.

2. Materials and Methods

The study involves four steps that were performed in alignment with the SLCA methodology and
followed 150 14040044 [18,19]: (1) the definition of the goal and scope, (2) life cycle inventory analysis,
(3) impact assessment, and (4) interpretation

2.1. Definition of the Goal and Scope

The goal of this SLCA was to assess the sodal implications associated with three livestock
production systems over their life cycle [17].

This paper adopts a SLCA approach without considering a complete cradle-to-grave system.
Importantly, there are different boundaries of SLCA, as found in the systematic review performed by
Petti et al. [22]. Of the 35 papers reviewed, 24% focus on the gate-to-gate approach [23-25], while only
32% evaluate a cradle-to-grave system product. Therefore, in this study, the system boundaries were
from the gate to the gate of the farm and consider the cow-calf system, which includes the reproductive
management of cattle, pregnancy and calving, as well as lactation and the weaning of the calf (Figure 1),
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Figure L. Systern description.

For the purposes of this study, three grazing livestock systems, the monoculture (MC), intensive
silvepastoral (I5P), and native silv opastoral (NSP) systems, were analyzed in bwo stales of the Mexdcan
tropics, Veracruz (V) and Yocatan (Y], with information from 2014 and 2015 collected. This study was
based om 12 private cow-calf ranches: three MC, five ISF, and four MSP ranches.

In the Mexican tropics, calf preduction is characterized by cow-calf herds (Eos indicus » Eos fawris)
maintained on tropical pasture. MNonetheless, thene is considerable variability in the management
strategies of pastune and supplementation. The main characteristics of the livestock systems studied
are mentoned below.

The MC system is characterized by the use of cultivated grasses as the main diet of livestock
plus a commercial supplement. The ISP system inclodes cultivated grasses and kegumes, such as
Leorena lewcocephiala, as the basis of the diet which is also complemented with commercial concentrate.
Finally, the MSF system is characterized by the presence of little infrastructune, and the diet is based on
native vegetation; grazing is cartied out in the forest (Figune 1), The ranches analyzed are consideted
medium-sized producers. The herd is composed of cows, heifers and bulls; om average, the MC, ISF,
aned NSP ranches have 75, 23, and 2, 95, 19, and 2 and 47, 9, and 1 heads pet bype of animal, respectively.
All ranches evaluated producee calves; however, one out of four ISP ranches and two out of five NSP
ranches are dual purpose (ie., produce cabees and milk). The MC, ISE and NSP ranches consist of,
on average, 145, 96, and 74 ha of land, respectively. The average number of workers per aystem is 4,
4, and 3 for the MC, I5F, and NSP systems, respectively The calves produced in the three systems
studied are sold to cattle fattening farms located in different negions of the country.

T collect data on the operation of each livestock system, face-to-face interview s were conducted
with the managers of each of the 12 ranches. Semi-structured face-to-face interviews wene also
conducted with each of the workers present at the time of the visits. In some ranches, it was not
possible to interview all of the workers because they were in remote areas within the ranch or were
on their day off; thus, a tetal of 25 out of 40 workers were interviewed. The total number of workers
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interviewed ab each ranch are presented in Table 52 (see supplementary). Additionally, a total of
508 nesidents of the local commumities wene surveyed.

In this analysis, the nesults are not related to a functional unit becawse thene is me direct
cormelation [26]. However, for communication purposes, 1 kg of live calf is established as the
functicnal unit, which has been used by other authors in LCA studies [11,27]. The assessment took
place in the tropical region of southeastern Mexico in the states of ¥ (in the municipalities of Ursulo
Galvan and San Andres Tuta) and Y ({in the municipalities of Tizimin, Tzocacab, and Merida). V' is
the main cattle-producing state in Mecico, with 11% of the national inventory of cattle [6], while ¥,
over the last five decades, has defonested 29% of its land duoe to the increase in the use of livestock
land [28]. Therefore, prometing sustainable livestock systemns is desined.

12 SLCA Inventory Analysis

The data collection consisted of designing questonnaires and conducting surveys and inberview s,
The questicrnaires were customized for the workers, the local community, the value chain actors
and the managers of the ranches. They nduded closed-ended (yes/ne) questions, multple choice
questicns and open-ended questions through which semigquantitative or quantitative data were
collected. The questionnaines were comipleted through surveys and face-to-face inerviews with
the stakeholders,

Determination of Impact Categories, Subcategories, and Data Sources

This stwdy included 15 impact subcategories associated with five impact categories: “human
rights", “working conditions”, “health and safety”, “sociosconomic repercussions”, and “gov ermance”
(Table 1). Four stakeholder groups wene selected: workers (permanent employees of the ranches),
the Local commumity (people living in the communities closest to the ranches), society (people living in
the states of V and Y), and value chain actors (suppliers of inputs and buyers of calv es from the ranches).

23 Socal Life Cyde Impact Assessmenf

Adter completing the social life cycle inventory data collection, the next step is to determine
whether the data indicate good or poor social performance with regard to the specific social aspect.
According to the United MNations Ervironmental ProgramySodety of Ervironmental Toexdeology and
Chemistry (UMEFSETAC) [17], inventory data can be evaluated and interpreted using a scoring
system. The evaluation of social impacts was based on the scoting approach methed proposed by
Padilla-Rivera et al. [29], to which specific rating criteria were incorperated by subcategory of impact
for the allocation of performance value

To evaluate the social impacts of livestock, social life cycle impact assessment [SLCTA) is the
crilerion for assigning performance values that are specific to each subcategory based on national and
international regulations (see supplementary Table 51). The subcate gories “freedom of association
and collective bargaining”, “social benefits/social security”, “job satisfaction”, and “social acceptance”
wete characterized by estimating the percentages of the values collected for these subcategories and
classifying the percentages as [-33%, 33-66% amd 66-100%: [30]. According to this scoring system,
if the percentage is greater than 8%, then the performance is rated as 3 (acceptable/yellow ).

For semiquantitative indicators with yes/no negponses, the “aceeptable” rating (3) was allocated
when the response values met the established reference value (EV]) (see supplementary Table 51);
a "poor” value (2) was assigned when the BV was not met. If, in addition to not mesting the KV,
the ranch carried out practices (commercial or labor) that ane de ritnenital with respect to the indicator,
then it was assigned the “very poor” value (1). The highest value was allocated when the rancdhes
presented at least one proactive practice with respect to the BV, ne flecting the company s interest in
the indicator.
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24 Sensitivity Analysis

The sensitivity analysis consisted of evaluating four ranches belonging to educational institutions,
called institutional ranches, in which management practices are carried out in accordance with the
lawr. These ranches were used as "controls™ and wene intended to serve as guides for other ranches
in the negion. These ranches allowed ws lo analyze the relabonship between social performance and
formal management.

The Kruskal-Wallis H test (p < 0.05) was used to identify whether thene was a difference bebween
institutional and private (noninstitutional ) ranches based on performance v alues (ranging from 1 to ).
Additionally, multivariate hietarchical clustering was used to analyze whether it was possible o
obtain clusters of the ranches studied. For hisrarchical cluster analysis (HCA), first, the optitmum
number of clusters that should be used in the dassification was oblained through a stability function.
Subsequently, the variables that ane significant for each grouping, that is, those that are statistically
significant for deermining each of the dusters, wene identified.  Finally, analysis of the p-values
for the hierarchical clusters via resampling by multiscale bootstrapping (also known as “pecust™)
was performed to determine whether the groups formed by hierarchical clustering ane statistically
gignificant under a hypothesis kst based on resampling [46].

HCA was based on the inventory data, the Euclidean distance was adopted as the dissimilarity
measufement, and averaging was employed when defining the clusters. The analyses weTe performed
using K statistical seftwarne [47].

In this study, the sensitivity analysis also considered a statistical analysis to determine whether
thene are statistically significant differences in the social performance of the 12 selected private ranches.
Since the performance results are given in whole numbers between 1 and 4 {discre e numerical variables
of ordinal type), the nonparameiric Kruskal-Wallis H test was used.

Ancther analysis developed was the calculation of a global sodal performance index, which,
from the assignment of weights, seeks to identify whether there ane significant differences be e een
private ranches The calculation associates all the indicators established in Table 2 with the indicator
"eantribution toe local employment”, which is considered strategic in the social performance of the
ranches because it contributes to local economic development. This indicator was obtained from
the mumber of employees at each ranch and from the number of pecple employed in the local
community [48]. Based on these data, the percentage of contribution to local employment was
estimated for each system (MC, ISE and M5F) analyzed. The percentage contribution of each system
represents a weight by which each of the evaluated indicators was multiplied (see supplementary
Table 54). The sum of the products genetated the global performance index per system.

Table 2 Desicription of the sodial performance scale.

3
i

Scale Social Performance Rating Crite ria

4 Dubstanding Proactive behav ior in nelation to the nefemnce valme

3 Acptable Meets the pefepncs valoe

Poor [Dovess muivt mesest e nifenenoe v hae

Dloes not meet the eference valoe and operation of the
organization in an unfavorable combext (e, physical,

! \Er_:,r poor Fs}rdﬂlutpnl, m'ae:l.ui'l}rnskq. ar in violation of
human rights)
o Mo data No reporied data

[
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3. Results and Discussion

A.1. Sodal Impact Assessmenl by Stafe

Table 3 shows the data inventory and social performance of the 12 private ranches in five oul
of 18 subcategories of impact analyzed Data inventory of all impact subcategories is available as
supplementary material (see supplementary Table 56). Figure 2 illustrates the average performance
scole of the ranches for each producton system and state (¥ and Y). This figure shows that in W,
all systems have the same social performance level (LE9). In Y, the MC system is best (203], while
the ISP system is the worst (1.98). Comparing the three livestock production systems between stabes,
we find that those in % have a bebler score. Un the other hand, the average performance of ranches
by stakeholders showed that workers have the lowest performance level (L73) companed to the
stakeholders in the local community (2.31), society (2000, and the value chain (2.00).

As shown in Figure 2, ranches located in the state of Y had betler social performance than those
located in V, which can be attributed to the social and sociosconomnic conditions of each of the study sites.
W has a GDF of 2.3, while Y has a GDFP of 3.2 Another determinant of this result could be the Human
Development Index (HDT), which combines life expectancy at birth, education, and GDF per capita;
this value is higher for Y, having a value of 0.82, than for ¥, having a value of (.78 (see supplementary
Table 53). This result could indicate that, at a general level, the positive sodal impacts of livestock
gystems ane higher when they are found in better social, sodoeconomic, and geographic contexts.

V-MC V5P V-KSF ¥-MC ¥-HSP
Livestock systems

4.00

Perfarmances level
ha Ll
B 8

8

0,00

:FiE;u.m 2 Cﬂrnpmﬁve result of the average F-er.ﬁ.lnnm‘.n: of vestock srstens by state. WV = Veracn,
¥ = Yocatan, MC = monoculuae; ISP = mtu'uh'e:&hfupa:tumJ;NEP= native :Elhfl.rpa:tural Perdormancs
level 0= nodata, 1 = wvery poot 1= poog 3=.::nuph.bh,mdl1.= outstanding.
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11 Analysis by Impad Cafegory

321, Human Rights

The comparizon of the average normalized values of the subcategories nduded in the human
rights catepory ("child labor”, “equal opportunities and discrimination”, and “freedom of association
and collective bargaining™) among the ranches evaluated showed that all ranches have a very pooT
performance level (1 in Table 3) (Figure 3).
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Figuee 3. Comparison of the social performance of noninstitutional ranches by impact category.

Pedormance kel 0= no data, 1 = very poor, 2 = poor, 3 = acerptable, and 4 = cubstanding
Child Labor

The law forbids the emnployment of children under 15 years of age, and these over this age can
provide their services within the limitations established by law [21, 39). In the current study, child labor
was identified at bwo ranches during the pericd evaluated; the working children were the children of
the farm owners. The law indicates that child labor will be allowed only in productive family activities
for self-consumpton [39], which dees not apply in this case because the production is also intended
for sale; thetefone, these ranches are violating the law.

Child labor was identified in WMC1, where the owner nequines his son, under 15, to work at
the ranch becaumse the owner considers that, in this way, his son will grow as a man. At YNSP4,
the two children of the owner work during their school vacation periods; they are & and 12 years old.
The participation of children in some types of work, such as helping at home or in a family business,
can be bereficial for personal training since it gives children the possibility of acquiring skills for
adulthesd [49]; however, activities in the field represent a physical risk for children Although there
wele no feported work-related accidents invalving childnen in the period studied, we believe that child
labor should not be allowed simce more than 21% of accidents in feld activities involve dhildren and
practically all accidents in field activities imvolve family members [50].

Freedom of Association and Collective Bargaining

The International Labor Organizaton (1LY [35] stakes that “Workers and employers have the tight
to establish and, subject only to the stattes of the cormesponding organization, to join organizations
of their wn choosing without prior authorization”. In this study, restrictions on workers" fresdom
of association wete not found; howaver, at none of the ranches wene workers associated with a
labor union, which may be due to ignorance of their rights, as notked in the interviews. The lack of
workers' assoclations is a commeon characteristic of rural employment in Latin American negions, and it
strongly limits the protection of workers' rights [51], facilitating the existence of precarious working
conditions that, in turn, cause discontent and scecial dissatsfaction that can lead to the abandonment of
the coumibryside.
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In the present analysis, no incidents of discrimination by employers or workers were identified;
however, none of the ranches met the BV for this subcategory becanse the participation of wolmen
in the work of the ranches was almost nil and only one working woman was identified at one of the
ranches (YNSP4). The low particdpation of wormen in agricultural work is understandable becanse
the work is hard and those responsible prefer to hine male labor, as was mentioned by scme of the
ranch owners. This result is similar to that found by Chen and Haolden [21] in Irish dairy famms, where
labor is also dominated by men. Brandth [52] considers that this phenomenon may be elated to family
structunes and property; at the ranches, there is discriminaticn by employers against women since
employers prefer to hire men due to their greater capacity to put forth physical effort, which redwoes
the chances for women to work and becorme independent.

The pesults identified the low participation of rural women inwage labor as an example of the
few opportunities that exist for women's development and as an example of women's economic
dependence on men. In Latin America, the cultural assignment of differentiated social roles, where
men ane providers and women are responsible for eproduction, the childrearing, and housework,
has caused the lake incorporation of women into work. This conoept is the bagis of moch discrimnination
againstwomen, especially in rural areas [53]. These issues emphasize the need to close the pander gap
to include rural women in wage labor, which is contained in the fifth Sustainable Development Goal
conceTming gender equality [52].

3.22 Health and Safety

The “health and safety” category was evaluated through the subeabegories “health and safety™
and “safe and healthy living conditions”. To assess the “health and safety” subcatezory, o inventory
indicators were used: the "number of work accidents” and "pressnce of a formal policy conoermirg,
health and safety”. Although only four of the 12 noninstitutional ranches reported work accidemnts
during the study period, none had an acceptable level of social performance in this subeategory sines
all of them lacked a formal policy for health and safety according to the standards established in by
lanwr [39].

The agricultural sector is considered one of the three most dangerous sectors in the world [33,55];
thenefore, the edstence of a formal policy concerning health and safety in organizations is a requirement
established by law. It is necessary for ivestock organizations to meet legal nequirements to prevent
accidents at work since they can result in setious injuries [56] with negative effects on family income by
reducing the employee’s physical capacity to work or through job dismissal. Tt s necessary to establish
monitoring plans regarding health and safeby that rely on external representatives who are not ranch
workers and who visit the ranches to monitor legal compliamoe.

The main impact on hurman health generated by livestock is direct; that is, it is on the workers.
In this negard, no complaints were identified by the community; however, in the "healthy living
conditions” subcategory, the ranches obtained poor social performance scotes (performance level = 2)
because they do not include programs that contribute to the prevention of diseases in the conumumniky.

3.2.3. Working Conditions

The "working conditions™ category included the subcategories "fair salary”, "working hours",
"forced labor”, "social benefitsfsocial security”, and "job satisfaction”. Figure 3 shows that thiree
ranches had a poor performance level and that nine had a very poor level. This result differs from
that obtained by Chen and Holden [21], who obtained favorable results in most of the indicators for
worker stakeholders.
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Fair Salary

According to the nventory data (Table 3), the workers with the highest per capita incomne and the
only workers who are above the income poverty line are from ranch YMC2 Those with the lowest
imcoane work at ranch YINSPS (2,50 wa, 0.94 USDYA). That is, in 92% of the ranches, the workers have
an income that places them in a situation of exireme poverty. This result is in line with the findings
reported by Hurse [35]. Some of the characteristics of the payment of salaries include the lack of
payment of overtime at all the ranches and payment in kind with the milk produced; these practices
violate labor rights [39].

Working Hours

In the “working hours" subcategory, only bwo randhes (YMC3 and YISP2) met the BV (performance
level 3 in Table 3), three ranches (VNSPL, VISP], and YNSP3) has poor performamnce (2 in Table 3), and
the remaining ranches had very poor performance (1 in Table 3).

Four ranches (WVINSFP2, YISP3, YNSP4, and YMNSPS) had a very poor performance level {1 in Table 3)
because they presented conditions of underemployment (under 42 h per week). Underernployment is
frequently chserved in the agricultural sector and is an important cause of poverty for workers in this
s clar [57).

The average number of waorking hours per week per worker in the evaluated ranches is in the
range of 32 to 63, but we found that at a ranch, employees can work up to 345 h per week (Table 3).
The excess number of working hours identified in this study coincides with other actvities of the
agricultural sector in Latin America, as reported by Franze and Ciroth [51] in regard to the production
of roses in Ecuador. This study observed that the distribution of workers by weekly working hours
is as follows: only 28% work the number of hours established by law, 24% work bebween 48 and
5 h, another 24% are underemployed, and the remaining 24% work more than 57 h; that is, 72%
of workers are in precarious conditions of work in nelation to the “working hours” subcategory.
Thewerkers did not mention conflicks at work and expressed a good relationship with their employers;
however, a geneTal disagreement about work schedules was identified. The mumber of working hours
is recognized as a fundamental factor in the well-being of workers and their families; thepe fore, it is
important to have effective monitering of legal compliance regarding this issue. The ideal is to achieve
the full employment of people, with workers achieving high productivity and being able to develop
their skills [58] witheut affecting their well-being and that of their families. Achieving this ideal would
contribute to achieving Sustainable Development Goal 8 (decent work and ecomomic grow th)y [52].

Forced Labor

In the imterviews with the workers, forced labor was not identified; thos, the performance of
the ramches with pespect to this subcalegory was acceptable (3 in Table 3). This result coincides with
that reported by Franze and Ciroth [51] in an SLCA carried cut in Ecuador, a country in which the
conditions of preduction in the field are similar to those prevalent in Mexdico.

Hewever, the working conditions present at some ranches (VMO and YISPZ) showed viclations
of both legal and human rights, e g, prolonged working hours without overtime payment and a lack
of provision of, or the conditioning of, days off. Although the aforementioned practices do not coincide
with the ILO definition of forced labor, they show clear features of abuse amd the mhumane e atmwent
of waorkers,

Social Benefits/Social Security
In this subcategory, 100% of the ranches fail to meet the BV The lack of social benefits in

employment is common in rural areas in developing countries [57], which coincides with the report
of Franze and Ciroth [51] but contradicts the report of Chen and Holden [21] regarding Ineland and
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the Netherlands, whene social benefits ane granted. Thenefone, the intervention of national agencies is
important to ensure compliance with national and intermational laws in this regard.

Although workers in the livestock sector are formally categorized under the national law [39]
as "field workers” with specific rights, this group of workers is truly unprotected sine: the laws and
regulations regarding socdal benefits do not apply in the ranches analyzed because at these ranches,
work is performed under informal conditions. The benefits granted to the workers at the evaluated
ranches are as follow s 77% meceive a Christras bonus; 52% reecive days off. 44% neeive vacation,
but the number of days granted is less than what is established by law; and 12% neceive social security.

Regarding worker training, only two ranches, YMC2 and YNSPS, provide this bemefit. Therefome,
the posaibility that a workeT can gain acoess to a better salary as a skilled laborer does net exdst, which
corfirmes that rural poverty is related to unskilled labor, a common characteristic of work in the Mexdican
countryside [57]. Through the interviews, it was identified that some workers have trained on their
oW indtiative because they want to acarss jobs with betler ncomes and know that iraining is a tool for
job grow th

Working conditions must be necorded in written contracts [39]; however, in this SLOA, none of
the private ranches analyzed met the BV, In Mexico, there are usually few writken contracts in the
agTicultural sector; verbal agreements prevail, but they leave workers, who do not knew their rights
and do not have an organization to support them, at a clear disadvantage [57).

Job Satisfaction

Job satisfaction is understood as "the Eeling of well-being derived from working conditions,
the performance of tasks, belonging to an organization and achieving professional goals and
achievements” [539], which is considered to be closely linked to company productivity; therefone,
a lower intention to change jobs shows greater job satisfaction [60] To determine job satisfaction,
workers were asked about their desite to change jolbs. Forty-six percent answered that they would
change jobs, motivated by better waorking conditicns and better remuneration. The results of the
evaluation shoaw that only five ranches met the BV, two ranches had a poor performance level, and
five ranches had very poor performance. Job satisfaction increases commitment and loyalky to an
organization; therefone, thete is a low desire to change jobs, which was not found in the context of the
livestock ramches evaluated [61].

324 Governanoe

The four impact subcategories included in the category “govermance” {“commumity engagement”,
“public commitments tosustainability issues”, “fair compe tition”, and “promoting social responsibility™)
reached a performance level equal bo 2, equivalent to a poor rating (Figure 3).

Commumnity Engagement

An important feature of organizations in the community is recognizing and taking inte account
the imterests and legal rights of their stakeholders and responding to @cpressions of their concetns,
in addition to evaluating and taking into account the relative capacity of stakeholders to contact,
participate in, and indfleence the organization [40,41]. Due to the lack of formal mechanisms for
including the opinion of the community in the decisions made by the ranches, the 12 private ranches
analyzed had a poor perfformance level (equivalent to 2) in this subcategory (Figune 3).

Public Commitments to Sustainability Issues

In this subcategory, all the ranches had poor performance (equivalent to 2) becanse they lack
agreements and of reporis regarding their environmental, social, and economic performance. In Mexico,
it is diffienlt for this type of practice to be carried out in livestock ofganizations such as those that were
evaluated since informality is a characteristic that prev ails in these syatems.
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Fair Competition and Promotion of Sodal Responsibility

Both "fair competition” and “promotion of social responsibility”™ are subecategories associated
with value chain actors. Addiionally, they are framed in principle 2 of the UN Global Compact [3Z],
which stipulates that companies mustensure that they ane not sccomplices in the viclation of the human
rights of interested parties, either by an act or by omission, which ocours more oflen in aneas with weak
governance In relation to ™ fair competition”, the ranches do not have policies or strategies bo avoid
the inw olvement of the company in anticompetitive practices. Furthermote, among the suppliers of the
ranches of the buyers of their products, thene is no ecplicit code of conduct that protects the human
rights of workers. Therefore, the livestock ranches analyzed in this shudy do not meet the RV

315 Socioeconomic Repereuasions

The social performance of the ranches in the ” sodoeconomic Feperoussions” calegoTy Was pooT
(Figune 3). The subcaterories evaluated in this impact category wene “acoess o material resources”,
“access o Immakerial resources”, “local employment”, and “social acceptance”; of these subcabe goTies,
only the “local employment” subcategory achieved a rating of 4 for all ranches, and the "socal
acceplance” subcategory met the BV at two ranches,

Access o Material Besources and Acoess to Immaterial Besources

The performarce of the ranches in the subcategpories “access o material rescunes” and “access to
immaterial rescurces"” was poot (performance level = 2) because the ranches do not have programs,
formal or informal, that alm to support education, create nfrastrcture, or mprove the health of local
communities. Participation in the improvement of the community both in infrastructune and in the
development of residents is part of corporate social responsibility [40]. The decision of the organizations
o positively contribute to the improvement of the local community is a voluntary decision that means
an cpportunity to support the protection of human rights in socially underdev eloped compunities [22].
The owners of the ranches could improve their social perfformance by supporting improvements in
the commumity.

Social Acceptance

The behavior of the ranches towards local commumities is reflected in the “social acceptanoe”
subcategory, which was evaluated by asking local residents whether they consider the existence of the
ranches to be positive for the community. In this subcategory, only bwo ranches (16.6%) meet the EY.
It was identified that there is a perception that the owners of the ranches are concermed about only
their own intetests, that they cause deforestation and pollution and that the jobs they offer are scaree
and pootly paid. However some interviewees (WVMCL, VISP], VINSP], and NSP2) considened that the
existence of the ranches is favorable because they are a source of employment, promote agriculiune,
sometimes support traditional festivals, and sell lecally produced food.

Lescal Employment

The generation of local employment by companies is considened a generator of economic
development. In this shody, the 12 ranches analyzed had an cutstanding performance in the “ local
employment” subcatepory because 1005 of their employees belong o rearby communities. However,
the jobs offered by the ramches ate scarce; thus, the positive impact of this subcategory is low.
3.3, Sensifivity Analysis
331 Institutional Ramches

The results obtained from the sensitivity analysis for the institutional ranches showed that
management is the most relevant variable that influences the social performamce of ranches in the
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Mexican tropics since the institutional ramches presenied better performance than the private ranches
in four out of five impact categories evaluated (Figume 4). This result is in line with Siebett et al. [6Z],
who state that the social implications ane associated with the conduct of the organizations along the
lifee cycle
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Figare 4. Comparison of the sodal performance of the institutional and nominstitutional ranches

by impact category. Performance level 0= no data, 1 = very poor, 2 = poog 3 = accepiable, and
4 = putstanding

However, the institutional ranches achieved acceptable performance only in the category “human
rights". In the categories "health and safety ", "working conditions”, “governance”, and "sociceconomic
repercussions”, they showed poor performance.

The best performance of the instituticnal ranches was in the "human rights” category singe the
workers ane affiliated with a union and no child labor was identified during the evaluated period.
Hewever, in the “equal opportunities/discrimination” subcategory, no working women wete identified
in three of the institutional ranches; thenefone, they had a very poor performance rating,

Fegarding the “health and safety” category, all institutional ranches met the BV, how ever, in the
"safe and healthy living conditions” subcategory, their performance was poor.  In the "working
conditions” impact category, the institntional ranches met the BV of the "foreed labor”, "sodal
bere fits/social security™”, and "job satisfaction” subcategories; however, in the “fair salary™ category,
nohe of the Tanches met the BV, and in the “working hours” category, only bvo ranches met he BV

In the “fair salary” subcategory, none of the institational ramches met the BV, The ranches comply
with paying workers the minimum wage established by law; however, this salary is not above the
poverty line established in this study as a KM Educational instituticns are obliged to pay only the
current minimum wage established by law, a salary that does not guarantes that workers and their
families can cover their basic needs. However, the institutional ranches in this subcategory have a
higher average performance value than do the noninstitutional ranches (1.5 va. 11}

In the "working hours" subcategory, during the evaluated period, two of the institutional ranches
(I-VMCT and I-VMCZ) had very poor performance because of the existence of underemployment due
to few working hours.

In the “socioeconomic TepeToussions” cabegory, the institutional ranches did not reach an acceptable
performance level because only bwo cut of four impact subcate goties ("access o immaterial resources”
and “local employment™) met the BV

The dendrogram obtained by the HCA wsing the pvclust package (95%) (cluster analysis) shows
the agzlomeration of the 16 ranches in three groups (Figune 5). This grouping has a probability greater
than 95%, as indicated by the AU p-values in the dendrogram. Cluster A groups the four institnional
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ranches; Cluster B includes five ranches, two with the ISP system, and three with the NSP system; and
Cluster C includes the seven emaining ranches: thmee ranches with the MC system, thmee with the ISP
gysbem, and one with the NSP system (all noninstilutional ). According to the cutreevar funchon of the
"ClustOivar” method, an K package for the clustering of wariables, the similarity variables of Clusier A
ane the “labor bemefits™ and "Fair salary™ subeatepories, as these ranches had the best performance
value in these subcategories; in Cluster B, the similarity variables ane “working hours™ and “socal
acceptance”; and in Cluster C, the similarity featune is “job satisfaction”.
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Figure 5. Hierarchical chistering toes of the 16 ranches (nstiiutional {T) and noninstitebional). The vertical
axis represents the distance in similsrity between ranches. Valwes at branches ae AL pvahes (left) B
vahwes (right], and chaster labels (bottom)

The reason for the best performance of the institubional ranches with respect o noninstitntonal
reaches is that these ranches ane obliged by a labor contract to comply with the law, especially with
regard to the workers.

In accordance with the above results, diverse sociceconomic conditions act on workers in a way
that favors abuse by employers, including the lack of legal orientation, the lack of education and the
ignorance of their labor rights, such that they do not find effective ways to negotiate better labor and
galary conditions, which is in line with the findings reported by Contreras [56] This phenomencon is
exacerbated by sociceconomic situations of poverty that lead to the acceplance of unfavorable and
unfair working condiions [63]

Ome relevant factor that makes posaible the poor social performance of the livestock preduction
gy stems studied is the lack of vigilance in compliance with legal frameworks regarding social matters,
which is why establishing adequate monitoring instruments is necessary. Doing so will mean the
development of local norms that cover the particular requiremernits of te economic activities of the
field and the creation of a monitoring agency (governmental or civil) that supervises and receives
complaink concerning noncompliance with laws regarding social matters and that has the abilities
to intervene to rectify viclations by the randhes. The above will support improving the working
conditions of workers and, in general, improve the welfare of all stakeholders in livestock systems.

Additionally, it would be appropriate to implement social agriculture programs to increase the
empowerment of women, provide social assistance to children, and promote the recovery of the dignity
of the rural worker, practices that are widespread in Europe and that should be applied in developing
countries such as Mexico.

The sensitivity analysis shows that evenw hen institutional ranches comply with legal requirements,
they do not achieve acceptable social performance because the EVs for evaluating the impact
subcategories established in this study were based not enly on compliance with kegal requirements but
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also on human rights. Therefone, it is necessary to reformulate the laws negarding socdal matters by
considering the basic well-being requinements of people based on lecal secal and culbural situatiens.

Establishing local standards will support obtaining more accurate results through the wse of
SLCA, achieving better coverage when evaluating social impacts. Such results will reflect the points of
opportunily to raise the quality of life of stakeholders and thus promote human dignity and well-being.

3.32. Privake Eanches

The results of the Kruskal-Wallis H test showed that thete is no significant difference {p > (.05} in
the social performance of the 12 noninsttutional or private ranches.

The results of the global performance index caleulated from the contribution to local employmsent
did not allow s to distinguish significant differences in social aspects bebween the systems analyzed.
However, the results of this analysis are considered "inconclusive” since it is not unlike by that there
wotlld be an important imjpact (e 95% confidence interval across the threshold for what s considersd
to be an important effect). The social performance scones were 0L30, 0,35, and (.35 for the MC, I3 and
M5F systems, respectively (see supplementary Tables 54 and 55). The reason may be that the social
performance of livestock activities is the nesult of a complex interaction of the social, economic, and
political factors invaolved in the region. Thus, the results for the livestock systems evaluated can mainty
be explained by their social context and not by the type of agricultural preduction system.

Fegarding the socal context, southeastern Mexice is the region with the lowest economic
development in the country, with an average annual growth in GDF of 1.3% (5% less than the
rest of the country, which is above 3%) [$4]. Furthermone, this region has the largest naticnal
indigenows population (56.26%:) [65], which is considered a vulnerable group due to condiions of
social marginalization (e g, high levels of illiteracy, lack of access to social security, and lack of acoess
to food) [&5] (Inaddition, lower levels of education in the employed population are present in this
region [57]. This context leads farmers to provide unfaverable working conditions and precariows
salaries to theit emnployees and to show indifferenee bo or littke interest in contributing to improsing
local sodal well-being. Cur results are in line with those of Dumont and Bamet [57], who note that
the sociceconemic and political context, history, work orientation, and sociocultural heritage exert a
greater influence on producers’ working conditions than does their degree of mechanization.

At the same me, the agricultural sector has conditions of econommic lag compared to other seclors,
Its participation in the generation of jobs is the lowest, and it contributes enly 11°% of the employed
Ppopulation, while the services, secondary, and commerdial sectors show percentages of employment of
4%, 25%, and 18%, respectively [57] Additionally, the labor markets, particularly the agriculiural
markets, tend to be informal [52,68], which favors legal noncompliance.

From the perspective of the sustainability of the sector, the above nesulls ane worrisome since
the informality of these produers (most of themn ane small) prevents them from accessing financing,
programs for the acquisition of echnological tools, infrastructume, or specialized advice, perpetuating
low econemic growth, In addition, the precarious werking conditions of the agricultural sector have
caused the abandonment of agriculture and have increased nonagricultural rural work (e g., small
shops and transport services), kading to, among other things, the ransformation of societies in rural
areas and the less of their cultural identity [£9].

4. Conclusions and Recommendations

The results shown in this work can contribute to both the livestock and SLCA fields because the
data proevided present real case studies that move towards a full SLCA . Althcugh this work is net a
full SLCA, it can be considened an innovative social sustainability evaluation, and there fore, it can be
considensd a tool for achieving the sustainable development of livestock production.

The scoring approach methedelegy with a life opcle perspective allowed us to objectively evaluale
the socdal performance of ranches using three tropical livestock systems in Mexico, Based on the resulls,
in the social context, the ISP system does not have a better social impact than the MC and MSF systems.
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The average value of performance of the noninstitutional or private ranches with the MC system
was better in the impact subcategories “health and safety”, “social benefils”, and “social acceptanme”;
the ranches with the ISP systemn had betler performance in “child labor”; and those with the NSP
gystem had better performance in the subcategory “equal opportunites) discrimination”. Nonetheleas,
all these ranches had poor performance.

The results showed that there is no relationship between social performance and the produoction
gystern Rather, it depends on the management practices of each ranch and on complex sociceconomic
Processes. We sugpest that the behavior of livestock ranches is a reflection of the sodal, economic,
and cultural nealities in the study sites. With more research and mone documentation drawing from
practice, whene the uneertainty in SCLA mostly comes from will become dearer. For the moment,
one idea would be to qualitatively docurnent uncertainty at the unit promess level and according to
which type of data collection is used and how the data are agpregated. Additionally, a stochastic
analysis should be implemented to ecplone the entire feasible weight space using probabilistic weights.

The nesults obtained in this SLCA have high precision since the data used were oldained at the
farm level, that is, at the local level, and were specific to e livestock sector. In this study, rigorous
E¥ s weTe used to rate the performance of the ranches; thetefore, because rural economic activities in
Mexico are usually informal, it is understandable that the social performance levels of the rancdhes
weTe poot. However, the completeness and rigor of the methedology used allowed us to understand
the reality of the performance of ranches in southeasten Mexico.

This study showed unfavorable nesults for a sector with a strategic function to reduce rural
powerty and ensure food security in Mexico; therefore, in condusion, the livestock randhes evaluated
are not sustainable from the social perspective. To improve the sodal impacts of livestock ranching,
institutional involvement in monitoring legal compliance and in developing and implementing
sirategies that support the transition to sustainable livestock systems is essential A coordinated e ffort
that addresses a wide vatiely of economic, social, cultural, and legal problems is nequired to prevent
abuse of workers, to reduce theit vulnerability, and to generate greater positive social impacts. ¥ithin
the possibilities for improving this sector that exist, labor inspection is essential to guarantes that labor
legislation is applied. The participation of ranches in improving the well-being of local communities
and in including their opinicns and concerns in decision making within the ranches is also essential.
Additionally, it is necessary to reformulate laws regarding social matters by considering the basic
well-being nequiremernits of people based on local social and cultural sitnations.

To have a complete SLCA, future work should include consumer intenest groups. Additionally,
it is necessary bo incorporate indicators that include cultural, social, and economic conlexts and to
analyze institutional performance and its impact on the livestock sector.

Finally, further research is needed, and thete is room for mprovement. This paper shows that thete
are limitations and challenges to developing SLCA in light of secial sustainability. We identified four
main challenges thos conceming genetalization (this research is based on case studies, and therefone,
the results canmot be applied for local or regional decision making), data uncertainty, extension of the
indicators used, and the lack of measurement of positive impacts.
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Table S1. Inventory indicators with reference values and evaluation criteria.

Subcategories Inventory indicator Reference value i-r:()j/ﬁ:zgr Determination of the indicator values
4 =There is a formal policy to prevent child labor
. Number of people under 15 3 =0 people under 15 working
Child labor (W) working 0 Q 2 = There is 1 person under 15 working
1 = There is more than one person under 15 working
- 4 = 0 incidents due to discrimination and more than 50% of employees are
N_um_be( of _|nC|dents of 0 Q women
Egsgltunities/discri discrimination 3 = 0 incidents of discrimination and 50% of employees are women
S 2 =0 incident due to discrimination and less than 1 to 50% of employees are
mination (W) .
Percentage of working women 50 Q women
1 =1 or more incidents of discrimination and / or 0% of women working
Freedom of 4 = There is a formal policy to integrate workers into a labor union
association and Percentage of workers who are 100 Q 3 =66 to 100 of the workers are members of a labor union
collective members of a labor union 2 =33 to 66% of the workers are members of a labor union
bargaining (W) 1 =0 to 33% of the workers are members of a labor union
4 =There is an internal or external representative of health and safety
Number of work accidents 0 Q 3 = There are no work accidents and there is a formal policy regarding health
Health and safety and safety . . .
W) ] 2= There are 1 or more accidents at work or there is no formal policy
Presence of a formal policy Yes s concerning health and safety
concerning health and safety 1 = There are 1 or more accidents at work and there is no formal policy
regarding health and safety
Poverty line= 4 =The per capita income of the household is greater than the poverty line
Fair salary (W) Average household income per 4 UsD/ 3 = The per capita income of the household is equal to the poverty line
capita from the income of the Extreme poverty Q 2 = Per capita income is less than the poverty line and higher than the extreme
worker line= poverty line
2.5 USD/d 1 = Per capita income is equal to or less than the extreme poverty line
4 = There are formal agreements between employer and workers to establish
. working hours according to the type of activity
\(I\\//\;))rkmg hours vAv\éflzaeg?V\r/‘:emkber of hours 42-48 Q 3 = Average / weekly work hour_s are between 42 and 48
2 = Average work hours / week is longer than 48 and less than 57
1 = Average work hours / week is longer than 57 and / or less than 42
4 =There is a formal policy against forced labor
Forced labor (W) Number of hours of forced labor 0 Q 3 = 0 number of hours of forced labor
identified during the study period 2 =1 or more hours of forced labor
1 =t is a common practice to subject workers to forced labor
Social Average percentage of workers 100 Q 4 = Meets more than the minimum social benefits established by law
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Subcategories

Inventory indicator

Reference value

Type of

Determination of the indicator values

indicator
benefits/social who receive the minimum social 3 =66 to 100% of the minimum social benefits established by law
security (W) benefits established by law 2 = 33 to 66% of the minimum social benefits established by law
(vacation, days off, Christmas 1 =0 to 33% of the minimum social benefits established by law
bonus, social security, flexible
hours; written contract and,
training)
4 =There is a high positive commitment of the worker so they would not leave
. . their job
tob slisaction | Percentage of workers who 0 Q | 3=01033% would change their job
2 = 33 to 66% would change their job
1 =66 to 100% would change their job
) 4 = There is a formal policy of support for community infrastructure
Access to material Number of programs that aim to 3 = There is a program to support the community infrastructure
resources (Lc) create infrastructure for the 1 Q 2 = There is no program to support the infrastructure of the community
mutual benefit of the . 1 = The ranch has practices that obviously affect the infrastructure of the
organization and the community community (damage to roads, etc.)
4 = There is a formal policy of support and promotion of community education
Access to Number of education programs 3 f There !s 1 program of support for commu_nity educa_ltion
immaterial f . 1 Q 2 = There is no support program for community education
or the community _ SRR P - . .
resources (Lc) 1 = Organization disparages and avoids involvement in community education
activities
4 =There is a support program to improve the health or safety of the community
3 = There is 1 program of support to improve the health or safety of the
Safe and healthy Number of programs to improve EOT%un'tY N o] the health fetv of th
living conditions the health or safety of the 1 Q co_mmuerrl?t)lls No support program to 1mprove the health or satety of the
(L) community 1 = The organization disparages
and prevents the involvement of its workers in activities to promote health or
safety
4 =+ 90% of the workers belong to the local community
Local employment | Percentage of workers belonging 90 Q 3 =90% of the workers belong to the local community
(Lc) to local communities 2 = 89-50% of the workers belong to the local community
1 = - 50% of the workers belong to the local community
4 = There is more than one formal mechanism to consider the opinion of the
Community Exis_tence ofa mt_achanism to community in the decisions of the ranch
receive and take into account the Yes S 3 = Complies with the reference value

engagement (Lc)

opinion of the community

2 = Does not meet the reference value
1 = Complaints and / or opinions of the community are not attended
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Subcategories

Inventory indicator

Reference value

Type of

Determination of the indicator values

indicator
4 = 100% of respondents consider the presence of the ranch positive and this is a
Social acceptance Percgntage of rgspondents who reference value for community decis?on making -
(Lo) consider the existence of ranches 100 Q 3 =66 to 100 % of respondents consider the presence of ranches positive
to be positive for the community 2 = 33 to 66% of respondents consider the presence of ranches positive
1 =0 to 33% of respondents consider the presence of ranches positive
4 = There is more than one agreement on programs related to sustainability in
the community
Public Presence of documents of 3 = There is a program or event aimed at the participation of the community
commitments to agreements concerning Yes Q and/or there is the presence of documents of agreements on sustainability issues
sustainability sustainability issues available to 2 = There is no program or event aimed at community participation and / or
issues (S) the public there is no document of agreements on sustainability issues
1 =There is a disregard for involvement in programs related to sustainability in
the community
Documented declaration or _ - - . - . .
. - procedures (policies, strategies, 4 = Thereis a pol_lc_y of repor_tlng a}ntl-compe_tltlve pra_ctlces
Fair competition etc.) to avoid becoming involved Yes s 3 = There are policies to avoid anti-competitive practices
(Ve) or Being accomplices in 2 = There are no policies to avoid anti-competitive practices
- o - 1 =They allow and / or encourage anti-competitive practices
anticompetitive behavior
4 = The organization promotes the protection of workers' human rights among
suppliers
Among suppliers, presence of an 3 = There is a code of conduct that protects the human rights of workers among
Promoting social explicit code of conduct that Yes s suppliers

responsibility (Vc)

protects the human rights of
workers

2 = There is no code of conduct that protects the human rights of workers
among suppliers

1 = The organization promotes practices that violate workers' human rights
among suppliers

S= semi-quantitative, Q= quantitative.

W= workers, S= society, Lc= local community, Vc= value chain actors

V= Veracruz, Y= Yucatan, MC= monoculture, ISP= intensive silvopastoral NSP= native silvopastoral.
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Annex B

Table S2. Characteristics of the ranches analyzed, total number of workers interviewed at each ranch, and local inhabitants surveyed.

Ram_:h' Production system Production Type Land use Number of cattle Total number of To.tal of yvorkers Local inhabitants
Abbreviation (ha) heads workers interviewed surveyed
VMC1 Monoculture Calves 40 46 2 2 44
YMC2 Monoculture Calves 350 133 6 4 36
YMC3 Monoculture Calves 46 46 4 1 63
VISP1 Intensive silvopastoral Calves 160 250 2 1 40
YISP2 Intensive silvopastoral Calves 123 42 1 1 52
YISP3 Intensive silvopastoral Calves 24 50 3 3 27
YISP4 Intensive silvopastoral Dual purpose 77 40 8 1 43
VNSP1 Native silvopastoral Dual purpose 43 27 2 2 44
VNSP2 Native silvopastoral Dual purpose 48 31 1 1 54
YNSP3 Native silvopastoral Calves 200 137 4 3 27
YNSP4 Native silvopastoral Dual purpose 45 11 5 5 23
YNSP5 Native silvopastoral Calves 32 29 2 1 55
TOTAL S 40 25 508

V= Veracruz, Y= Yucatan; MC= monoculture; ISP= intensive silvopastoral; NSP= native silvopastoral.
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Table S3. Socioeconomic data of the sites where the ranches are located.

GDP?

. . . Near Number of Occupied Number of
1 1 3
State Population Occupied population Averag(zz%eorg?gcti%(; change HDI Ranch community inhabitants’ population * respondents
Nueva
Victoria 1705 571 23
MC-1 Costa de Oro 501 171 13
HPIaya 354 123 8
ermosa
Veracruz 8,112,505.00 2,830,405.00 2.3 0.78 I1SP-1 NUEVi.i 1705 571 40
Victoria
NSP-1 Ursulo Galvan 5259 2035 44
2 de Abril 259 78 40
NSP-2
Revolucion 148 45 14
San Luis
MC-2 Tzuctuk 237 79 36
MC-3 Tzucacab 9967 3307 63
ISP-2 Dzonot 2184 622 52
ISP-3 Tzucacab 9967 3307 27
Yucatan 2,097,175.00 851,345.00 3.2 0.82 ISP-4 San Jose Tzal 3543 1251 43
NSP-3 San Pedro 268 78 27
Juarez
NSP-4 Catmis 933 327 23
Yaxnic 794 282 38
NSP-5
Dzununcan 1802 599 17

'INEGI, 2015. Encuesta Intercensal 2015. https://www.inegi.org.mx/programas/intercensal/2015/default.ntml (accessed 2 February 2019)

2GDP (Gross Domestic Product) (PNUD, 2016. Informe sobre Desarrollo Humano México 2016. Programa de las Naciones Unidas para el Desarrollo. México, D.F. Available at:

http://Aww.mx.undp.org/)
3HDI (Human Development Index) (PNUD, 2016. Informe sobre Desarrollo Humano México 2016. Programa de las Naciones Unidas para el Desarrollo. México, D.F. Available
at: http://www.mx.undp.org/)

4INEGI, 2010. Censo de poblacién y vivienda 2010. https://www.inegi.org.mx/programas/ccpv/2010/ (accessed 2 February 2019).
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Table S4. Score for the subcategories of impact and global social performance index at each ranch.
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Table S5. Weight associated with the contribution to local employment by livestock system.

System C(«)amglboﬁggnﬁco(fﬁ ():al Weight
MC 0.089 0.30
ISP 0.104 0.35
NSP 0.104 0.35

MC= monoculture; ISP= intensive silvopastoral; NSP= native silvopastoral
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Annex C

Table S6. Data inventory by indicator for each of the cases studied.

Subcategory/Inventory indicator VMC1 YMC2 YMC3 VISP1  YISP2  YISP3  YISP4 VNSP1 VNSP2 YNSP3 YNSP4 YNSP5

Freedom of association and collective bargaining (W)

Percentage of workers who are

mbers of  labor dnion 0.00(1) 0.00(1) 0.00(l) 0.00(1) 0.00(l) 0.00(1) 0.00(1) 0.00(1) 0.00(L) 0.00(1) 0.00(1) 0.00 (1)

Child labor (W)
Number of people under 15 working 1.00(2) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 2.00(1) 0.00(3)
Fair salary (W)

Average household income per capita

from the income of the worker 1.25(1) 250(2) 159(1) 1.97(1) 1.74(1) 166(1) 151(1) 1.89(1) 1.00(1) 213(1) 0095(1) 0.94 (1)

Working hours (W)
Average number of hours worked/week 63 (1) 64 (1) 44 (3) 52 (2) 63 (1) 36 (1) 48 (3) 49 (2) 40 (1) 57(2) 3150(1) 35(1)

Forced labor (W)

Number of hours of forced labor

identified during the study period 0.00(3) 0.00(3) 0.00(3) 0.00(3) 0.00(3) 000(3) 000(3) 000(3) 000(3) 000(3) 0.00(3) 0.00(3)

Equal opportunities/discrimination

W) () @ ) () ) ) @) ) ) @ O] @

Number of incidents of discrimination 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Percentage of working women 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 2000  0.00

Health and safety (W) O] O] @ @) ) ) 2 @ ) 2 @ @
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Subcategory/Inventory indicator VMC1 YMC2 YMC3 VISP1 YISP2 YISP3  YISP4 VNSP1 VNSP2 YNSP3 YNSP4 YNSP5

Number of work accidents 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00

Presence of a formal policy concerning

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
health and safety

Social benefits/social security (W)

Average percentage of workers who
receive the minimum social benefits
established by law (vacation, days off,
Christmas bonus, social security,
flexible hours, written contract and
training)

29(1) 61(2) 28(1) 14(1) 29(1) 43(2) 38(2) 43(2) 29(1) 52(2 14(1) 29(1)

Inventory subindicators

Percentage of workers receiving

. 0 100 66 0 0 33 0 50 0 100 0 0
vacation
Percentage of V\{orkers who receive 0 50 100 0 0 66 100 50 100 66 0 0
days off according to the law
P f work ivi
ercentage of workers receiving a 100 100 33 100 100 100 66 100 0 100 0 100
Christmas bonus
Percentage of workers receiving social
. 0 50 0 0 0 0 0 0 0 33 0 0
security
P f work hoh
ercentage of workers who have 100 100 0 0 100 100 100 100 100 66 100 0
flexibility in working hours
Percentage of workers YVhO have a 0 0 0 0 0 0 0 0 0 0 0 0
documented work relationship
Perc_entage c_>f_workers who have 0 25 0 0 0 0 0 0 0 0 0 100
received training
Job satisfaction (W)
Percentage of workers who would 50(2) 100(1) 100(1) 100(1) 0.00(3) 67(1) 000(3) 50(2) 100(1) 0.00(3) 0.00(3) 0.00(3)
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Subcategory/Inventory indicator

VMC1

YMC2

YMC3

VISP1

YISP2

YISP3

YISP4

VNSP1

VNSP2

YNSP3

YNSP4

YNSP5

change jobs

Access to material resources (Lc)

Number of programs that aim to create
infrastructure for the mutual benefit of
the organization and the community

Access to immaterial resources (Lc)

Number of education programs for the
community

Safe and healthy living conditions (Lc)

Number of programs to improve the
health or safety of the community

Local employment (Lc)

Percentage of workers belonging to
local communities

Community engagement (Lc)

Existence of a mechanism to receive
and take into account the opinion of the
community

Social acceptance (Lc)

Percentage of respondents who
consider the existence of ranches to be
positive for the community

No (2)

No (2)

No (2)

100 (4)

No (2)

64 (2)

No (2)

No (2)

No (2)

100 (4)

No (2)

773)

No (2)

No (2)

No (2)

100 (4)

No (2)

54 (2)

No (2)

No (2)

No (2)

100 (4)

No (2)

65 (2)

No (2)

No (2)

No (2)

100 (4)

No (2)

59 (2)
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No (2)

No (2)

No (2)

100 (4)

No (2)

54 (2)

No (2)

No (2)

No (2)

100 (4)

No (2)

30 (1)

No (2)

No (2)

No (2)

100 (4)

No (2)

24 (1)

No (2)

No (2)

No (2)

100 (4)

No (2)

25 (1)

No (2)

No (2)

No (2)

100 (4)

No (2)

80 (3)

No (2)

No (2)

No (2)

100 (4)

No (2)

60 (2)

No (2)

No (2)

No (2)

100 (4)

No (2)

30 (1)



Subcategory/Inventory indicator VMC1

Public commitments to sustainability issues (S)

Presence of documents of agreements
concerning sustainability issues No (2)
available to the public

Fair competition (\VVc)

Documented declaration or procedures

(policies, strategies, etc.) to avoid

becoming involved or being No (2)
accomplices in anticompetitive

behavior

Promoting social responsibility (Vc)

Among suppliers, the presence of an
explicit code of conduct that protects No (2)
the human rights of workers

V= Veracruz, Y= Yucatan, MC= monoculture, ISP= intensive silvopastoral, NSP= native silvopastoral, W= workers, Lc= local community, S= society, VVc= value chain
actors. The numbers in parentheses indicate the performance level: 0= no data, 1= very poor, 2= poor, 3= acceptable and 4= outstanding.
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Abstract

Life Cycle Assessment (LCA) enables the evaluation of the pressure that a certain production
process places on the environment. LCA has been widely used to assess the environmental
problems of livestock derived from the use of resources and the emission of pollutants; however,
rarely has been considered to assess the impacts of this activity on biodiversity due to the
complexity that its entail. Filling this gap is critical because the increase of the livestock area is
threatening the global biodiversity, with particular emphasis in the tropical regions. Therefore, in
this study the method proposed by Chaudhary and Brooks (2018) is applied to develop
characterization factors (potential species loss per m?) that allow the assessment of how the
livestock land wuse impacts biodiversity, considering the Mexican tropics. We derive
characterization factors for projecting potential species losses of coleoptera (Scarabaeidae family).
We carried out field surveys in pasturelands of varied intensity of utilization combined with
information from previous studies to assess the species richness of dung beetles in these areas. We
then used characterization factors to calculate the potential damage to biodiversity from producing 1
kg of live calf in the Mexican tropics and demonstrate that land use intensity-specific
characterization factors are able to differentiate the impacts on species loss according to the
intensity of land use, which was not possible using previous characterization factors with the SAR
model. Our results indicate that pasturelands with a higher intensity of use produce less impact on
species richness than do those with a lower intensity of use. Although our results show that the
method presented in this study is applicable on a regional level, more research is required to clarify

the effects of management practices on species richness in livestock-dominated landscapes.
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Keywords: biodiversity, characterization factors, livestock, pastureland, potential species loss.

1. Introduction

The conversion of natural areas to agricultural lands has increased dramatically in the last 50 years,
especially in tropical and subtropical regions (MEA, 2005). Pastureland is one of the dominant land
uses in the Anthropocene and is considered a major driver of biodiversity loss (MEA, 2005).
Pinpointing the pressures on biodiversity is an essential task to biodiversity conservation, which is
best addressed using holistic models such as Life Cycle Assessment (LCA) (Thornton 2010; Souza
et al., 2015; FAO 2019).

LCA is a tool that allows quantifying the potential environmental impacts of a product over its full
life cycle, from raw material extraction to end-of-life management (ISO, 2006a; b), and its results
are increasingly used for decision making, including in environmental accreditation policies and
schemes for food products (FAO, 2016). According to the ISO standards 14040/14044, an LCA
comprises four phases: I. Definition of the goal and scope, Il. Life Cycle Inventory analysis (LCI),
I11. Life Cycle Impact Assessment (LCIA) and IV. Interpretation (1SO, 2006a; b). In the LCI phase,
data is collected on the most relevant inputs and outputs of the studied product system. In the LCIA
phase, the inventory flows are associated with potential environmental impacts. The inventory data
are transferred via impact assessment models into midpoint impact indicator results for a specific
category (e.g., the absolute amount of greenhouse gases emitted by the analyzed product system is
translated into kg carbon dioxide equivalents (kg COz-eq)) to express the contribution of the
product system to the midpoint impact category “climate change”. Indicator results at the midpoint
level can be translated additionally via impact assessment models into endpoint impact indicator
results (e.g., potential disappeared fraction) for a specific endpoint category (e.g., ecosystem
health). In this way, impacts are assessed along an impact pathway, i.e., a series of effects from
inventory data to midpoint impact result and from that to endpoint impact result (Winter et al.,
2017). Pressures on biodiversity (e.g., land use) can be represented as midpoint impact categories,
whereas biodiversity, is an endpoint category, expressed as ecosystem health. Research into the
integration of biodiversity in LCA has been ongoing for more than 20 years. Thus far, most
attempts to include biodiversity in LCA has been made to incorporate the impacts of land use as

pressure on biodiversity (Winter et al., 2017; Lindgvist, Palme and Lindner, 2016).

Calculations of the midpoint or endpoint impacts are performed using different characterization
models that result in characterization factors (CFs). These factors are then multiplied by the

quantified environmental load in order to assess the contribution from that load to the type of
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environmental impact in question. Different characterization models have been proposed to evaluate
distinct metrics on biodiversity, for example, several models are based on compositional aspects
(i.e., species richness and abundance) (de Baan, Alkemade and Koellner, 2013; de Baan et al., 2015;
De Schryver et al., 2010; Koellner and Scholz, 2008; Lindeijer, 2000; Geyer et al., 2010) while
other models are based on functional diversity (Souza et al., 2013; Lindeijer, 2000; Michelsen,
2008) or habitat quality (Brentrup et al., 2002; Geyer et al., 2010).

The UNEP-SETAC Life Cycle Initiative (UNEP/SETAC, 2016) recommends using the method
suggested by Chaudhary et al. (2015), which contains an impact route that includes three levels of
concern in relation to the conservation values of biodiversity: impacts on habitat structure, impacts
on ecosystems and impacts on species. The method calculates CFs by taxa and by ecoregions
globally, both by use and by transformation for five taxa and six land use types (FAO, 2019).
However, in livestock production systems, biodiversity is primarily impacted by the nature and
intensity of the management to which forest and, to a large extent rangelands (FAO, 2019), are
subjected. The model proposed by Chaudhary et al. (2015) is limited by its inability to differentiate
variation in impact across different intensity levels of land use. In 2009, the Livestock
Environmental Assessment and Performance (LEAP) Partnership (FAO, 2019) suggested that
LCIA-based approaches should strive to link land use and land use change with effects on
biodiversity through metrics, such as species-area relationships, functional diversity and extinction

risk indicators.

Species-area relationship (SAR) models can be used to explain the dependency of species richness
on the intensity of land use, and they have been one of the main models used for predicting regional
and global biodiversity loss due to land use. However, the classic SAR model has been criticized
because it assumes that all natural areas converted to human-dominated areas become completely
hostile to biodiversity. Although the matrix SAR model offers some benefits over the classic SAR
model, it also predicts 100% species loss if no natural habitat remains within a region.
Alternatively, the countryside SAR model accounts for the differential use of habitats by species
and predicts that species adapted to human-modified habitats also survive in the absence of their
natural habitat (Chaudhary et al., 2015; Pereira, Ziv and Miranda, 2014).

Chaudhary and Brooks (2018) propose a model to develop CFs that can distinguish the impact on
biodiversity among three levels of land use intensity (i.e., minimal, light and intense use). This is
the main life cycle impact assessment model recommended by the Guidelines of the LEAP

Partnership (FAO, 2019), which uses the potentially disappeared fraction (i.e., impact on species
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richness) as an indicator. It is based on the countryside SAR model linked to vulnerability scores
based on IUCN data that is geographically explicit to ecoregions. This approach was used to project
the potential species losses of five taxa (i.e., mammals, birds, amphibians, reptiles and plants) for
five broad land use types (i.e., managed forests, plantations, pasturelands, croplands and urban

areas) under different intensity levels.

The choice of biodiversity indicator depends primarily on the object of the study (Noss, 1990;
Jeanneret et al., 2014). In the monitoring of agricultural lands, a good indicator of species diversity
must be sensitive to management. It must make it possible to estimate the impact of agricultural
activity at plot and farm level because biodiversity in the cultivated landscape is influenced by local
(e.g., crop management methods) and landscape (e.g., nhumber of semi-natural habitats) factors
(Jeanneret et al., 2014). Invertebrates are relatively easy to monitor, and they provide relevant
information on general environmental conditions (including emblematic species) and react quickly
to environmental changes (Herzog et al., 2012). In the tropics, Scarabaeinae are the main group of
insects that use manure, carrion and even decaying fruits as a source of food and reproduction,
which makes them very important elements in the dynamics of tropical ecosystems (Favila, 2004;
Barlow et al., 2010). They are also particularly suitable for examining habitat modifications, even
subtle disturbances, because they are stenotopic and thus intrinsically sensitive to alterations in
environmental conditions (Bicknell et al., 2014), making Scarabaeinae a very well-defined guild,
both functionally and taxonomic. Dung beetles have therefore been proposed as an indicator group
that allows the estimation of the effect of fragmentation on populations, species and guilds to assess
the conservation status of tropical zones and to monitor changes in species over time (Favila, 2004;
Bicknell et al., 2014). Thus, we selected dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae) to

evaluate the impact of pastureland and cropland on biodiversity.

The purpose of this study was to test the method developed by Chaudhary and Brooks (2018), an
updated version of the method proposed by Chaudhary et al. (2015), which suggests calculating
specific CFs to measure the potential impact of different intensity levels of land use types at the
ecoregion level. In this study we calculate specific CFs to assess the impact of livestock systems on
biodiversity, with respect to their applicability at a regional level in the Mexican tropics. The

present research is the first to use this approach to measure the loss of invertebrate species.

The present study is structured as follows: Firstly, we describe the sampling design to obtain species
richness of studied taxon (dung beetles); secondly, we developed the countryside SAR model and

its parameters; thirdly, we calculated the projected species loss for the species group in the selected
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ecoregion; fourthly, we derived CFs to calculate the direct impacts on relative species richness of
two land use types under different grazing livestock systems; and finally, we applied the derived
CFs derived to Mexican tropics to prove the applicability of the method and to illustrate its practical

implications.

2. Methodology
Chaudhary and Brooks (2018) suggest the measurement of the potential impact on biodiversity
depending on the different intensity levels of land use types at the ecoregion level. In this study, we
focus on Yucatan state, a subregion of the Yucatan Peninsula, in Mexico. Our design included the
two most representative land use types (pastureland and cropland) in this state and we selected dung
beetles as the biodiversity indicator species (Coleoptera: Scarabaeidae: Scarabaeinae). We derived
regional CFs using species richness data that were obtained through a field survey in the analyzed
ecoregion and from a literature review. The reference situation of the habitat was the species
richness in forest sites (natural habitat). The relative area of land occupation by management type

was documented from official sources in Mexico and specialized literature.

2.1.Study area and sampling design

We chose an ecoregion delineated by the World Wildlife Fund (WWF) as a spatial unit for
calculating species loss caused by land use. The ecoregion chosen was the Yucatan Peninsula in
Mexico (WWF ecoregion code: NTO0235), which belongs to the tropical and subtropical dry
broadleaf forests category (WWF, 2006, Olson et al. 2001). This ecoregion was chosen because its
dry forests have been extensively cut due to agricultural and livestock pressures. Extensive areas of
this type of habitat have been replaced by secondary communities that currently arise from the
intense grazing of cattle. This ecoregion is classified in the category of critical/endangered status
(WWEF, 2006).

To obtain the species richness of dung beetles, we conducted fieldwork during the months of July to
October 2017 in three-municipalities in the Yucatan Peninsula in Mexico (20°58'01" N, 89°37'28"
W (Merida); 20°04'19” N, 89°03'01"” W (Tzucacab), and 21°08'36"N, 88°09'07" W (Tizimin))
(Figure 1). In this region, agricultural practices were traditionally based on complex techniques,
such as “milpa,” a technique that involves dividing fields into spaces destined for a large number of
crops that are harvested sequentially. Milpa is an example of sustainable land use and it constitutes
a significant part of the subsistence of more than one and a half million people of Mayan origin
(Bautista, Maldonado and Zink, 2012). Although milpa is still practiced in fields, land-use changes

during the 19th and 20th centuries have created a heterogeneous landscape that comprises forest
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fragments of differing size surrounded by large annual crops and extensive cattle pastures; cattle
pastures are the dominant form of land use across much of the Yucatan Peninsula (Busch 2006;
Alvarado et al., 2019). In this region, the climate is warm and sub-humid with a mean annual
temperature of 26 °C and mean annual rainfall of 1100mm located at 10-31 m.a.s.l. altitude
(INEGI, 2017).

Eight plots (1 km?) were placed within three livestock production systems of different cattle
densities (mean + SD). The livestock production systems include the following: (1) three native
silvopastoral ranches (minimal use) (0.7 cows ha™ year* + 0.4) with pastures, as well as grazed
primary and secondary vegetation (defined as the vegetation existent where there has been the total
or partial replacement of the original (primary) vegetation community, either by natural or induced
causes where recovery is currently evident of the vegetal community, in some of the successional
stages of vegetation (Meneses, 2009)); (2) two intensive silvopastoral ranches (light use) (1.6 cows
ha? year! £ 1.5) that included a mix of pastures and banks of protein-rich legumes, such as
Leucaena leucocephala; and (3) three monoculture ranches (intensive use) (2.2. cows ha™ year™* +
2.0) with improved and irrigated pastures and intensive cattle management.

We also conducted nine semi-structured interviews to identify the practices with the type of cattle
management. Interviews were held with ranch managers to estimate the yield of each system (kg
live weight of calf (LWC)/m?). Animals are dewormed with macrocyclic lactones (such as
ivermectin) in all systems. In monoculture systems, chemical fertilizers are applied only in one of
the three ranches and to none of the intensive silvopastoral or native silvopastoral ranches (Table 1,
Supplementary material). Insecticides are applied to the soil in all ranches. To evaluate the LCIA
for 1 kg of calf produced, we included the impact of the production of feed (grains). We assumed

that grain production is regional, so we used the CFs for cropland derived from this study.
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Figure 1. Map over Yucatan, with locations of the livestock ranches included in the study.

2.2.Dung beetles field survey

To assess the species richness and abundance of dung beetles, samples were collected using baited
pitfall traps (1,000 cm?® plastic containers buried flush with the soil and a quarter filled with a
solution of water and salt, - saturated solution 1,000 mg/20 liters-). Each trap was baited with 30 ml
of human excrement placed in a container with a capacity of 35 ml and suspended over the trap.
Dung beetles were sampled once at each site during the rainy season when they are more active and
abundant in the region (Basto-Estrella et al., 2014). We distributed 20 pitfall traps across each plot,
with a distance of 200 m between traps to minimize interference (Silva and Hernandez, 2015) (40
traps in a native silvopastoral system, 40 traps in intensive silvopastoral system and 60 traps in
monoculture system for a total of 140 traps). Traps remained in place for 48 hours. Captured beetles
were placed in 70% alcohol for later identification. The identification of beetles was carried out at
the species level in the Ecoetology Network of the Institute of Ecology A.C. (INECOL), Mexico.
Specimens were collected under the permit Num/SGPA/DGVS/10503, SEMARNAT granted to

Federico Escobar (INECOL). We also measured the abundance of dung beetles.
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2.3. Application of Countryside SAR model. Projected Species Loss

In this study, we used the countryside SAR model because it accounts for the differential use of
habitats by species and predicts that species adapted to human-modified habitats also survive in the
absence of their natural habitat (Pereira, Ziv and Miranda, 2014; Chaudhary et al., 2015). We
calculated the projected species 10ss (Sioss,g,j) by means of the countryside SAR model to obtain the

land occupation CFs.

The projected species 10ss (Siess,g) Of dung beetles taxon (g) due to the land use accumulated in
Yucatan Peninsula eco-region (j) was calculated through Equation 1 (Chaudhary and Brooks, 2018).
This equation calculates the total number of species lost after the conversion of the natural pristine

habitat to the current land use mix.

n Zj
Anew,j+ Xieq hg,i,j*Ai,j) ]
Aorg,j

Stoss,g,j = Sorg,g.j [1 - (

1)

where Sorggj iS the total number of species occurring in an ecoregion’s area (Aorg;) before any
human intervention. Anew; is the natural habitat area currently in the ecoregion (in m?), Ai; is the
current area of land use type i (i = 1:3; three land use intensity levels in m?), z; (z-value) is the SAR
exponent for the ecoregion describing how rapidly species are lost as habitat is lost and hg;; is the
affinity of the taxon g to the land use type i in ecoregion j. The model parameters and the data

source are described in Table 1.

To calculate the areas of different land use types and their intensity classes in the ecoregion studied,
we followed the two-step approach according to Chaudhary and Brooks (2018). First, we estimated
the areas of broad land use types (Aﬁ’j"ad) in the sub-region analyzed, that is, the main types of

human land use. The total area (Aorg), the area or remaining natural habitat (Anew), and the areas of
four broad human land use types (secondary vegetation, pastureland, cropland and urban land) were
obtained from Mexican statistics and available regional studies of land use (Table 1). The total area
of Yucatan state is 39,120.00 km? (SIAP, 2018; SNIARN, 2014) and the area of remaining
vegetation in that region is 3.5% (equivalent to 1,382 km?) (Meneses-Mosquera et al., 2018). The
land comprises pastureland (13,212.0 km?, equivalent to 33.8%), cropland (1,382.3 km?, 4.1%) and

urban land (730.3 km?, 1.9%). We assumed that the remaining area of the sub-region is occupied by
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secondary vegetation i.e. 22,201 km? (equivalent to 56.7% of total area), an area very close to that
estimated by Meneses-Mosquera et al. (2018), 26,430 km?2. We only considered pasture land and

cropland to calculate Sioss,gj. The area of secondary vegetation was not considered as a human land

use type.

The second step was to calculate the areas of broad land use types under different intensity levels.

intensity

To derive the proportion of intensity levels (p; i ) of broad land use types for pasture land and

cropland, we used the land use intensity information from Ramirez-Cancino and Rivera-Lorca
(2010), Bacab et al. (2013) and the Mexican Agrifood and Fisheries Information Service (SIAP,

2018) (Table 1). The area of a particular broad land use type (A}7°*%) under a particular intensity

level in the sub-region (Ai;) was calculated as

.. — Abroad intensity
Al]—Al] XD 2)

Intense land use included pastureland with a high input of fertilizer or pesticide and with high stock
density (high enough to cause significant disturbance or to stop regeneration of vegetation)
(Chaudhary and Brooks, 2018). Light land use included pastureland with minimal input of fertilizer
or pesticide (not high enough to cause significant disturbance or to stop regeneration of vegetation),
and it included a mixture of pastures and banks of protein-rich legumes. Minimal land use included
grazing in forests with no input of fertilizers and with a minimum or no input of pesticide (not high
enough to cause significant disturbance or to stop regeneration of vegetation). Intensity levels of
cropland were defined according to available information in Mexican statistics (Mexican Agrifood
and Fisheries Information Service (SIAP). We classified crops produced in Yucatan state, as
follows: intense use (grains, i.e. maize, soybean and sorghum) equivalent to 79% of cropland and

light use (all other crops) equivalent to 21% of cropland (Table 1).

2.4. Taxon affinity calculation

Affinity can be interpreted as the proportion of area of habitat (j) that is usable by functional group
i. The taxon affinity for the natural habitat is assumed to be equal to 1, so that 0 < hg;j< 1 (when h =
0, i.e., the converted land use is totally hostile and assumed to host no species) (Pereira, Ziv and
Miranda, 2014). Following the suggestion of Chaudhary and Brooks (2018), we calculated the
taxon affinity through two steps: 1) calculating the taxon affinity to broad land use type and 2)

calculating the taxon affinity to land use intensity type.
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2.4.1. Taxon affinity to broad land use type

The affinity of the dung beetles to broad land use types (hJ7%*%) (i.e., affinity to pasture and

cropland) was calculated as the proportion of all species that can survive in it (fractional species
richness, rg,i;), raised to the power 1/z (Pereira et al. 2014) (Equation 3). Species richness in the
livestock habitat (Syrg4,:;) Was the number of species observed in the field survey (Table 2,
Supplementary material). We assumed the same species richness for the cultivation habitat as for
the pastureland habitat because there was no information available on the richness of beetle species
for crops in general. Species richness of plots in a zero-yielding forest taken from Alvarado et al.

(2018b) served as reference sites for calculating the species richness (Syrg g,;) Of dung beetles.

S -\ 1 / 1
broad _ 0rg.9,t.] P /zj
hgij™" = <—5wq y Z = (rgij)

@)

2.4.2. Taxon affinity to land use intensity type

To derive the taxon affinity to land use intensity type for pasture land and cropland (hg;) (Equation
4) we combined the calculated affinity to broad land use type (hgfif}-“d) with species richness (dung
beetles) contained in the database of species collected in the study sites. This database contains the
species richness of dung beetles of three intensity levels of pastureland use (i.e., intense, light and
minimal use) obtained by means of field surveys. In Equation 4, according to Chaudhary and
Brooks (2018), fractional relative richness (frr,g,i) is the quotient of the local species richness in a
land use intensity type divided by average local species richness in a broad land use type (i.e.,
pastureland and cropland) which is raised to the power 1/z. In this study, the local species richness
was the absolute species richness obtained in the field survey. To derive the taxon affinity for
intense cropland use, we used the species richness of maize farms taken from Alvarado et al.
(2018b), and for light cropland land use, we assumed the species richness registered in the grassland
cover according to field surveys (Table 2, Supplementary material). Finally, due to the lack of
species richness information in cropland, we assumed the same species richness for broad cropland

and for broad pastureland.

_ pbroad . (fRR,g,i)l/Zj

h g..j

g.L.j

(4)

66



2.5.Model parametrization

To calculate the projected species 10ss (Siess,gj) for the selected ecoregion, calculated land use areas
(Aij) and the taxon affinities estimates (hg,i;) were fed into the countryside SAR model (Equation 1).

Table 1 shows the data sources of all parameters.

Table 1. Model Parameters and their sources

pa'r\gr%dei:ers Definition Value for this study Data source
Species richness per ecoregion
Soraai Total number of species occurring in an 30 Alvarado et al.
ore.8) ecoregion’s area (Aorg,j) before any (2018b)
human intervention
Total ecoregion area Meneses-Mosauera et
Aorg,j (Yucatan sub-ecoregion of Peninsula 39,120.00 km? L2 1q
Yucatan) al. (2018)
- . Meneses-Mosquera et
. 2
Anew,j Remaining natural habitat area 1382.34 km al. (2018)
Avrea of broad land use type in the SNIARN
broad 2
Ai,,r'oa ecoregion. Pasture land use 13,212.67 km (2014)
Avrea of broad land use type in the 2 SIAP
ecoregion. Cropland use 1,594.81 km (2018)
minimal use=
H 2
s e e o RamiseCaino g
N intensity level 2 km? Rivera-Lorca, (2010)
(minimal, light or intense use) intense use= Bacab etal. (2013)
12024 km?

Proportion of total broad land use area . _
h - - light use= SIAP
(cropland use) under a particular intensity 5
level (light or intense use) 338 km (2018)
intense use= 1257 km?

2.6. Calculation of characterization factors for regional species loss

CFs giving potential biodiversity damage per m? for different land use in different ecoregions was
calculated. This regional damage (Siossg,ij) Was then allocated to the individual land use types i
based on their area share and the taxon affinity to them through an allocation factor (aij, such that 0

<aj<landY;, a;; = 1), which is calculated with Equation 6.

S A;j(1—hg;;)
L
TR A (1= Ry ) (6)
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Sloss,g,i,j = Sloss,g,j X Qi,j )

Equation 6 thus, can be used to calculate which land use type or land use intensity in a particular
ecoregion is responsible for a given number of species extinctions (Chaudhary and Brooks, 2018).
The land occupation CFs represent the number of regional species loss (called regional CFs, CFeg)
that are calculated as projected extinctions that can be attributed to an unit area of a land use type i
(i.e., pasture and cropland use). The CFry values are given as the quotient of the projected species
loss of the taxon g (dung beetles) to the land use type i in the ecoregion j (Siessg,ij) and the area of a
particular broad land use type in an ecoregion j (Ai;) (Equation 8). The numerical value of CFq is
between 0 and 1 (which represents a detrimental impact on biodiversity), but a negative value that
will denote a beneficial impact is possible (grasslands play an essential role as a habitat for wildlife
by maintaining fauna, e.g., grasslands contain 11 percent of the world’s endemic bird areas,
contributing to the maintenance of pollinators and other insects that have important regulating
functions) (Hoffmann, From and Boerma, 2014).

CF _ Sioss,g,j * @i j,
reg,g,i,j — A -
L

(8)

2.7. Application of regional characterization factors

To test the applicability of the CFreg, we conducted a comparative study of the potential biodiversity
damage caused by 1 kg LWC produced under three intensity regimes in Yucatan state (sub-region
of the Yucatan Peninsula) in Mexico. Nine case studies were selected, representing the three
management types: three native silvopastoral ranches, three intensive silvopastoral, and three
monoculture; the case studies included the impact of feed on the diet of animals. To calculate the
potential biodiversity damage (PBD) of each livestock system (potential species loss per m?), the
regional CFs were multiplied by the inventory flow of occupation, that is, the land requirements of a
product given in square meters per year(Chaudhary et al., 2015) (m%kg LWC). The land occupation
by 1 kg LWC was calculated by dividing the area of pastureland by the amount of kg LWC

produced each year.
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3. Results

3.1.Species richness

We recorded a total of 25,001 dung beetles, belonging to 29 species (Table 2, Supplementary
material), 25 of those were shared by the three grazing systems. The number of species obtained per
production type was 29 in the monoculture system, 28 in the native silvopastoral system and 25 in
the intensive silvopastoral system. Nevertheless, in the monoculture system, the number of dung
beetle species with one (singletons) and two (doubletons) individuals was greater than in the

intensive silvopastoral and native silvopastoral systems (21, 12 and 11%, respectively).

Average species richness was 19.33, 19.50 and 19.00 for pasturelands in the native silvopastoral,
the intensive silvopastoral and monoculture systems, respectively, corresponding to the average

number of species found in the ranches sampled by production system.

Total abundance was greatest in the native silvopastrol system (11,793 individuals (47%)), followed
by the monoculture (7,379 (29.8%)) and intensive silvopastoral systems (5,829 (23.6%)). The most
abundant species were Canthon leechi (31%) and Onthophagus landolti (22%) (Table 2,
Supplementary material), and in the intensive silvopastoral system, these species were dominant at
36% each. Meanwhile, four species accounted for 69% both in native silvopastoral and monoculture
systems (Table 2, Supplementary material). Average abundance of dung beetles per ranch for each
system was 3931, 2915 and 2460 in native silvopastoral, intensive silvopastoral and monoculture
systems, respectively. Average biomass for each system was 0.0234 g, 0.022 g and 0.0143 for

intensive silvopastoral, native silvopastoral and monoculture systems, respectively.

Out of the 29 collected species, Dichotomius maya is the only species classified within the least
concern category in the Red List of the IUCN of 2018 (Table 2, Supplementary material).
Additionally, in accordance with the databases by the Mexican Commission for the Knowledge and
Use of Biodiversity (CONABIO, 2018), none of the collected dung beetles species is classified as

endemic.

3.2. Affinity of the dung beetles to pasture land

Table 2 shows the affinity of dung beetles to pastureland use intensity classes (hg,i;j) (Equation 4),
(i.e., native silvopastoral, intensive silvopastoral and monoculture) in the ecoregion NT0235. The
taxon affinity to land use intensity are based on the affinity of dung beetles for pastureland use

(hg_rif}“dz 0.8732) (Equation 3) and the fractional relative richness (fggg,; ;). We observed that the
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affinity of dung beetles for the intensive silvopastoral system was the lowest of the three pasture

land systems, but it was higher than the taxon affinity for cropland intensity types.

Table 2 Fractional relative richness (frr) and taxon affinity (hg,;) of dung beetles to different land
use intensity levels in Yucatan (sub-region of the Yucatan Peninsula in Mexico).

frR, i j % area of

Broad land use Land use intensity types gbl .T_axon N broad land
type affinity (hg,) Use
Minimal use (NSP) 0.966 0.759 8.98
Pasture land Light use (ISP) 0.862 0.482 0.02
Intense use (MC) 1.000 0.873 91.0
Light use (other crops) 0.793 0.345 0.2

Cropland .

Intense use (grains) 0.759 0.290 0.8

3.3.Characterization factors

Table 3 presents the calculated land occupation CFs for dung beetles for each land use intensity
type (potential species loss per m?, Equation 5). This table also provides the allocation factors (aij)
and the projected species 10ss (Sioss,g,ij) OF beetles (g), according to the level intensity of pasture and
cropland use in the Yucatan Peninsula (j). The results indicate that the intensive silvopastoral

system is responsible for more species loss than native silvopastoral and monoculture systems.

Table 3. Regional land occupation characterization factors for dung beetles for Yucatan (sub-region
of the Yucatan Peninsula in Mexico) using Countryside SAR model (Unit — Potential species
|OSS/m2 'PSLreg/mz).

Broad land Characterization

Use Land use intensity types aij Stossg.i factors
PSLreg/m?

Minimal use 0.0978 0.734 6.19E-10
(native silvopastoral)
Light use

Pasture land (intensive silvopastoral) 0.0004 0.003 1.33E-09
Intense use 0.5210 3.910 3.25E-10
(monoculture)
Light use (other crops) 0.3053 0.567 1.68E-09

Cropland
Intense use (maize) 0.0755 2.292 1.82E-10
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3.4. Application

Table 4 registers yield, inventory flows for land occupation and potential species loss per kg LWC

for each livestock production system.

Table 4 Yield, land occupation and potential species loss (PSL) per kg of live weight of calf per
each livestock production system.

Inventory flows

Yields (kg for land Potential
Broad land use Management type 9 - 2 species loss per
LWC/m?) occupation (m kg LWC
year per kg LWC) g
Minimal use (native silvopastoral) 0.0045 204.38 1.26E-07
Pasture land Light use (intensive silvopastoral) 0.012 108.36 1.44E-07
Intense use (monoculture) 0.017 105.75 3.44E-08
Yields (kg Invefrgf Ir;/ngows Potential
Broad land use Management type 2 - 2 species loss per
crop/m?) occupation (m k
g crop
year per kg crop)
Light use (other crops) 81.07 0.012 2.10E-11
Cropland
Intense use (grains) 0.21 4.84 8.82E-09

LWC= Live Weight of Calf

Figure 2 compares the impact on species richness of the three intensity levels of pastureland and the
sum of the impact of pastureland and cropland by 1 kg of LWC in the Yucatan Peninsula, using the
CFs obtained in this study. This figure shows that species loss due to the production of 1 kg LWC
had the same tendency to cause damage regardless of whether we included cropland production of
feed (i.e., maize and soy) with the impact caused by pastureland or not. (Figure 2). This indicates
that of the intensive silvopastoral system has greater impact on species richness than either native

silvopastoral or monoculture systems.

The estimated average quantity of feed (maize/soybean) to obtain 1 kg of calf per production
system, was 1.76, 1.67 and 0.72 kg of maize/kg LWC for monoculture, intensive silvopastoral and
native silvopastoral systems, respectively; and 0.12, 0.06 and 0.09 kg of soybean/kg LWC for

monoculture, intensive silvopastoral and native silvopastoral systems, respectively.
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Figure 2. Biodiversity damage caused by 1 kg of live weight of calf. NSP: Native silvopastoral; ISP:

Intensive silvopastoral; MC: Monoculture; NSP+feed, ISP+feed, MC+feed

Discussion

Despite the complexity involved, there is value to conservation initiatives from calculating the
impacts of human activities on biodiversity using a life cycle approach. In this study, we made first
attempt using field-based surveys to quantify the impact of pastureland systems on biodiversity in
the Mexican tropics. Our results showed that the countryside SAR model suggested by Chaudhary
and Brooks (2018) can be used to effectively to calculate land use intensity-specific CFs to project
potential species losses of dung beetles in livestock systems. This model has been used by
Chaudhary and Brooks (2018) to measure the impact of different land uses on mammals,
amphibians, birds, reptiles and plants. Here, we present the first study using this method to evaluate
the impact of land use on invertebrates.

Our results showed positive values for all CFs, meaning that the three production systems evaluated
experience a negative effect on the species richness of dung beetle species. These results suggest, as
documented by Martinez-Hernandez et al. (2012), that the introduction of exotic mammals (as cattle
livestock) to dry forest areas can indirectly and negatively affect dung beetle assemblies. CFs
showed that an intensive silvopastoral system (light use) has more potential species loss than native
silvopastoral and monoculture systems. This results may be explained by the fact that an intensive

silvopastoral system offers a useful landscape management tool that may contribute to the
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conservation of biodiversity and the stability of ecological processes (Giraldo et al., 2011).
Intensive silvopastoral systems are considered to have a favorable impact on dung beetles because a
large part of the land's structure is retained and consequently the invertebrates of the land develop to
a greater extent than in lands that include only grazing plants (Chara et al., 2019; Broom, Galindo
and Murgueitio, 2013). Furthermore, high-yield systems, such as monocultures, are associated with
high externalities, e.g., removal of nutrients and contaminating substances (Balmford et al., 2018),
which could affect the dung beetle community. Consequently, we could expect to see greater

species loss in monoculture system.

One explanation for these results is that dung beetles may experience negative impacts of habitat
disturbances across different attributes of the community. For example, our results showed that
although absolute species richness was higher under intense use, other characteristics of the
community were negatively affected at this intensity level, i.e., average biomass and abundance
were reduced. Depending on the aspects of the community that are considered most important, the
monoculture system could be considered to have a higher negative impact than other systems on the
ecological function of dung beetles (e.g., dung removal function) because the depletion of beetle
abundance combined with reduction in their average body mass in converted forests is likely to
have detrimental consequences for the maintenance of dung beetle-mediated ecosystem services in
these habitats (Gardner et al., 2008; Alvarado, Dattilo and Escobar, 2019). Our results showed that
native and intensive silvopastoral systems had the highest biomass and abundance measures. This
could reflect the high similarity of these habitats (e.g., vegetation structure and microclimate)
compared with open areas (Shahabuddin et al., 2010). Although the results of the field surveys did
not show a significant difference in average species richness among the livestock systems (19, 19.5
and 19.3 in intense, light and minimal land uses, respectively), the value of CFs calculated showed a
notable difference among the different intensity levels of land use (Table 3). This indicates that the
countryside SAR model is a suitable model for distinguishing changes due to the intensity of land

use.

The results of the application of the CFs to calculate the impact on the species richness of the three
productive systems by obtaining 1 kg LWC showed that the monoculture, system with higher yields
(production per unit of area) (Table 4), had greater potential to restrict the impacts of livestock on
biodiversity (Figure 2). This is consistent with other studies that suggest the convenience of limiting
agricultural production to systems with high yields to save large areas of intact habitat (Alvarado et
al., 2018a; Phalan et al., 2011; Balmford, Green and Phalan, 2015; Williams et al., 2017). However,

even though the intensive silvopastoral system is more efficient (kg per unit of land) than the native
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silvopastoral system, it showed greater species loss per kg LWC. This is due to the fact that the CF
of the intensive silvopastoral system showed greater potential for impact on biodiversity than did
the native silvopastoral system. Clearly, more studies are required to elucidate the complex

relationships that exist between dung beetles and livestock intensification.

Alternatively, Figure 2 shows that damage to biodiversity caused by the production of 1 kg LWC
under minimal, light and intense land use has the same tendency when the CFs of cropland are
included. Nevertheless, the percentage increase in the potential for species loss is greater in the
monoculture systems, followed by intensive silvopastoral and the native silvopastoral systemas.
This because monoculture system (system with a higher yield) use a greater amount of concentrate

feeds than the systems with less yield (i.e., systems with light use and minimal land use).

The calculation of CFs based on the countryside SAR model allowed us to make an approximation
of the biodiversity damage caused by livestock management intensity level, which is very valuable
within LCA. However, the result was not strong enough to assess the environmental damage of
closely related activities.

The results of this study indicate that the degree of intensity of land use considerably contributes to
the impact on resident wildlife and should be considered with closer measurement in areas with
high human intervention, such as the Yucatan Peninsula. Because the response of species to land
use depends on management practices and land use intensity, some grazing regimes may be more
suitable than others for plants and animals (Jeanneret et al., 2014) (e.g., grazing on monoculture
lands often requires pesticides to control groups of species considered as pests) (Kessler et al.,
2009; Flohre et al., 2011). Hence, trends are likely to vary depending on the type and quantity of

inputs included in the comparative analysis of production systems.

In the context of LCA, it is clearly recognized that species loss is a simple metric of the total
quality of the ecosystem; however, evaluating biodiversity is highly complex. Hence the use of
species richness as an indicator in a Life Cycle Impact Assessment is helpful for recognizing that
the loss of representative groups of species is seen as indicative of a general decrease in biodiversity
and the potential loss of resilience in ecosystems (Crenna, Sinkko and Sala, 2019; Callesen, 2016).
Data availability is one of the main challenges associated with life cycle impact assessment methods
as a tool to assess species loss. To calculate the impacts of land use on species richness most
accurately, we would need to have specific data for each region worldwide, allowing the
development of specific CFs for each region (Koellner and Scholz, 2008). This study using field

surveys may be considered an example of a the transparency needed to obtain results with greater
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certainty compared with those that use databases of generic information (Chaudhary and Brooks,
2018; Koellner and Scholz, 2008).

We consider that to measure the species loss through the LCA it is preferable to collect primary
data. Using average secondary data (available in many databases) to measure the state of
biodiversity significantly reduces the accuracy of the results. However, collecting primary data
usually requires a great deal of time, economic resources and effort because it is measured in person
and on site (Winter et al., 2017). In line with this, to find an optimal representation of the impacts of
land use on the taxon studied, in addition to the species richness indicator, other metrics, such as
functional traits should be used (de Baan, Alkemade and Koellner, 2013; Souza et al., 2013).

Ideally, these metrics should be incorporated into the calculated regional CFs.

According to study results, dung beetles could be used as a representative group of the biodiversity
in the Mexican tropics because in addition to being a species that is widely distributed in this
region, it showed sensitivity to the management of livestock systems. The model proposed by
Chaudhary and Brooks (2018) allows for the calculation of species loss by ecoregion because one
of the characteristics of biodiversity is its variability. Their model also allows researchers to
distinguish the impact of different intensity classes of agricultural land use. We consider, therefore,
that the model used in this study is useful for making evaluations at the ecoregion level; however, at
wider spatial scales (e.g., at the country or biome level) uncertainty increases (Wiens et al., 2008).

The results of this study may be useful to support decision making aimed at the establishment of
livestock production systems that reduce the potential for species loss. However, it is important to
mention some of the limitations of the study. The scope of the CFs obtained is only applicable to
the evaluated ecoregion and only reflects the impact on the analyzed taxon, and thus, ongoing
studies are necessary to establish a complete database of the different habitats of the region fora

variety of taxa.

The results of this study indicate that the evaluation of the impact of land use on biodiversity using
LCIA models based on species richness should be complemented by the inclusion and interpretation
of other attributes of this species (e.g., biomass and abundance) and functional diversity (e.g., rate
of dung removal). More research is needed to elucidate the relationship of dung beetles with
tropical landscapes that are dominated by livestock because there remains considerable uncertainty

about the consequences of their survival amidst livestock intensification.
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Conclusions

The CFs calculated in this study proved to be useful for differentiating the impact on species
richness of different pastureland intensity levels in the Mexican tropics. The results of the
application of the CFs in the case studies investigated here showed that the monoculture system, the
system with the highest yield, had the least potential impact on the loss of dung beetle species to
obtain 1 kg LWC compared with intensive and native silvopastoral systems. Nevertheless, studies
should be continued to corroborate the data obtained in this investigation. For the moment, the
results obtained should be interpreted as a trend of the impacts caused by the livestock management
systems studied.

The calculation of CFs by transformation was not addressed here due to the lack of reliable data on
the regeneration of ecosystems. Linking land use with impacts on biodiversity through other
metrics, such as function diversity, is particularly important in livestock systems. It is necessary to
continue developing CFs with the countryside species-area relationship method based on specific
data from Mexico in order to measure the impact of pastureland on a variety of taxa and in other
ecoregions to calculate a more comprehensive understanding of the impact of pastureland on
biodiversity.

Results could help to improve the understanding of the effect of livestock rearing on biodiversity
and help the development of sustainable agricultural development plans. Thus, regionalization
mechanisms could be established in livestock activities, responding to particular needs and

environmental characteristics, promoting the implementation of solutions based on nature.
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Table 1. Characteristics of the sampled ranches, including the type of feeding, use of

fertilizers, pesticides and dewormers.

Annual Use of
. Area production Use of » .
System Site (ha)! # Heads (kg Live weight of  dewormer fertlllziedrzlpestlc
calf)

Monoculture  Tizimin, Yuc 350 83 16430 Y N/Y
Monoculture  Tzucacab, Yuc 45 46 4695 Y Yy
Monoculture  Merida, Yuc 18 57 6466 Y N/Y
Intensive Y NFY

. Tizimin, Yuc 105 42 4593
Silvopastoral
Intensive Merida Yuc 30 40 3623 Y NFY
Silvopastoral
Native L Y N/Y
Silvopastoral Tizimin, Yuc 200 137 9831
Native Tzucacab, Yuc 43 11 1020 Y NFY
Silvopastoral
Native Merida, Yue 32 29 1987 Y N/N

Silvopastoral

*Area includes use of livestock land, in addition to other types of land use (e.g., natural vegetation
land and forest land).
Y=Yes, N=No

83



Table 2. Species richness of dung beetles collected in each ranch according to three classes

of intensity of pasture land use in the Yucatan Peninsula ecoregion in Mexico.

Land use management

Species
NSP-1  NSP-2  NSP-3 ISP-1 ISP-2 MC-1 MC-2 MC-3 Total

Ateuchus perezvelai
(Kohlmann 2000)

Canthidium
pseudopuncticolle (Solis 212 335 16 103 214 8 18 355 1245
& Kohlmann 2003)

Canthon cyanellus

46 6 55 0 41 8 19 8 128

(LeConte 1860) 454 19 13 38 26 22 42 222 823
Canthon euryscelis (Bates 993 62 1 20 59 17 160 456 997
1887)

Canthon indigaceus

chevrolati (Harold 1868) 3 1282 48 9 262 143 2 586 2287
Canthon leechi (Halffter

& Halffter 1969) 2201 1201 20 94 2025 123 136 2035 7815
Copris incertus (Say

1835) 47 7 0 34 17 0 10 2 117
Copris lugubris (Boheman

1858) 6 0 0 0 6 4 0 0 16
Copris laeviceps (Harold

1869) 34 0 0 0 0 23 0 0 57
Deltochilum carrilloi

(Gonzalez-Alvarado & 0 4 0 0 16 0 0 5 25
Vaz de Mello, 2014)

Deltochilum lobipes

(Bates 1887) 4 2 8 19 3 9 3 0 40
Deltochilum

scabr!usculum 0 4 0 1 5 1 0 1 12
scabriusculum (Bates

1887)

Dichotomius amplicollis

(Harold 1869) 2 0 0 o ot 1t 0o 13
Dichotomius maya

(Peraza & Deloya 2006) 0 12 0 3 2 1 0 0 18
e

Digitonthophagus gazella

(Fabricius 1787) 6 0 0 25 1 1 0 0 33
Eurysternus mexicanus

(Harold 1869) 1 0 ! ! ot 0o 0 3
Malagoniella astyanax 3 5 1 0 1 2 1 0 12

yucateca (Harold, 1863)
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Land use management

Species

P NSP-1  NSP-2  NSP-3 ISP-1 ISP-2 MC-1 MC-2 MC-3 Total
Onthophagus batesi
(Howden & Cartwright 1 0 1 23 1 0 4 1 30
1963)
Onthophagus crinitus
(Harold, 1869) 0 0 22 o o o 3 0 3
Onthophagus
cyclographus (Bates 1887) 551 0 10 3 0 56 5 0 615
Onthophagus landolti
(Harold 1880) 1348 613 15 117 1967 136 29 1264 5474
Onthophagus sp . 0 10 15 0 2 0 0 101 113
Onthophagus longimanus
(Bates 1887) 1386 0 3 17 0 5 1 0 1409
Phanaeus endymion
(Harold 1863) 0 0 0 oo o 1 0 1
Phanaeus pilatei (Harold
1863) 4 27 0 0 3 5 0 1 40
Pseudocanthon perplexus
(LeConte 1847) 146 11 10 122 194 74 224 188 959
Sysiphus mexicanus
(Harold, 1863) 173 91 1 0 15 417 4 28 728
Uroxys chichanich
(Delgado & Kohlmann, 876 114 0 55 276 93 0 181 1595
2007)
Uroxys deavilai (Delgado
& Kohlmann, 2007) 0 0 21 0 0 0 132 0 132
Number of individuals 7727 3805 261 693 5136 1150 795 5434 24740
Species richness 22 18 18 18 21 22 19 16

Classified in the IUCN= @ Least concern; ) Unclassified; NSP= Native silvopastoral; ISP=
Intensive silvopastoral; MC= Monoculture
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Abstract

The objective of this study was to calculate the emission factors (EFs) of enteric methane in several
livestock production systems of the Mexican tropics using the Tier 2 methodology of the IPCC and
the methane vyield value (Ym= g CH4/kg DM consumed) based on rumen methane emission data
measured by Ku-Vera et al. (2018), named Tier 2MX. The estimates were compared with the
default enteric EFs for the Tier 1 methodology and with the EFs estimated for the IPCC Tier 2
methodology, using IPCC default values. To calculate EFs and Ym using Tier 2, different models of
meat production in the tropics were selected: monoculture system (MC, 6 ranches), intensive
silvopastoral system (ISP, 6 ranches) and native silvopastoral system (NSP, 6 ranches), 12 were
destined to dual purpose (meat and milk production) and 6 to calves production. In this study, the
amount of methane produced by livestock, known as the emission factor was estimated by two main
steps: 1) classifying livestock into subcategories: bulls, lactating cows, dry cows and replacement
heifers, and 2) calculating the gross energy (MJ d-1) intake (GEI) as indicated by the Chapter 10,
Volume 4 of IPCC. The results showed that the average EFs of the Tier 1 methodology (56 kg CH.
head-1 year-1) is 20.06% higher than those generated by the Tier 2 methodology (44.77 kg CHa
head-1 year-1) and 27.25% higher than those calculated using the Tier 2MX methodology (40.74 kg
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CH. head-1 year-1). The data corroborate the low discriminatory power of Tier 1 between livestock
subcategories and confirms that Tier 2 methodologies could enhance the differences when they
exist. Also, these results show that the EFs estimated according to Tier 2MX for each type of cattle,
are lower than those calculated with Tier 2 and those used for Tier 1. The results emphasize that it is

advisable to use methane yields determined for a particular country or region.

Keywords: Beef, climate change, emission factors, Mexican tropics, pasture

1. Introduction

Mexico has shown a notable interest in reducing methane emissions from livestock sources, as is
reflected by the six National Communications (1997, 2001, 2006, 2010, 2012 and 2018) submitted
at the United Nations Framework Convention on Climate Change (UNFCCC). The communications
included the National Inventory of Emissions of Gases and Greenhouse Effect Compounds
(INEGYCEI) by sector, which highlights bovine livestock for being one of the main sources of
emission (SEMARNAT/INECC 2018).

In Mexico, livestock is responsible for 10% (70,567.60 Gg of CO.e (+ 4.78%)) of the total
greenhouse gas (GHG) emissions (the total was 682,959.1 Gg of COz-e (+ 7.68%) in 2015), 76% of
which corresponded to enteric fermentation of cattle (53,442.72 Gg of CO.e [+ 6.11%]) and manure
management represented 24% of the emissions of the category with 17,124.88 Gg of CO.e [+
4.96%]) (SEMARNAT, 2018) .

Currently, national inventories of CH4 emissions from enteric fermentation of cattle are estimated
using the Tier 1 methodology of the Intergovernmental Panel on Climate Change (IPCC), which
calculates methane (CH.) emissions per animal category (i.e., cattle, buffalo and sheep) by
multiplying the animal population by the average emission factor, associated with the specific
animal category (Dong et al., 2006). For example, the emission factor (kg CH, yr-1) using Tier 1 is
56 for the beef cattle based on grazing in Latin America (Dong et al., 2006). In this methodology, it
is assumed that the weight, age, sex and feeding systems are similar within the animal category, so
it is considered to have high uncertainty in the estimate reliable value (Mach et al., 2017).Using
these estimates, it was determined that cattle account for 87.46% of the emissions of the livestock
sector in Mexico (SEMARNAT/INECC 2018), which a priori suggests a substantial overestimation
due to IPCC Tier 1 does not account for the lower losses of CH,4 energy as a proportion of GEI in

lower quality diets as is the case from animals under grazing conditions (Ricci et al., 2013).
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A more complex approach that requires detailed country-specific data on gross energy intake and
methane conversion factors for specific livestock categories is Tier 2. This method should be used if
enteric fermentation is a key source category for the animal category that represents a large portion
of the country’s total emissions. That is why the IPCC (Dong et al., 2006) urges that countries with
a high livestock inventory, as is the case in Mexico with 33,918,906 heads (9th place worldwide;
FAOSTAT, 2017) estimate their emission factors (EFs) to obtain more accurate emission
inventories. Therefore the generation of local methane EFs for ruminants is a challenge for Mexico
(FAO and New Zealand Agricultural Greenhouse Gas Research Centre, 2017). CH4 emission data
from enteric fermentation recently determined by Ku-Vera et al. (2018) suggest that the estimated
methane emissions inventory can be improved. Ku-Vera et al. (2018) determined the production of
ruminal methane (CH,) in crossbred cattle fed with a typical tropic diet in Mexico (tropical grasses
as basal ration and at least 20% of the dry matter (DM) ration of a commercial concentrate), using
open-circuit respiration chambers. The respiration chamber technique is considered the most
accurate for the measurement of enteric methane in ruminants (Hammond et al., 2016). The authors
relate the production of methane with the consumption of DM and with the consumption of raw
energy. The study concludes that CH. performance (18.07 g CH./kg DM consumed), predicted by
the regression of the intake of DM (kg/day) against methane production (g/day), represents a
reliable value for the estimation of enteric CH,4 inventories of grazing cattle in the tropical region of
Mexico. The percentage of the raw energy consumed lost as methane (Ym), corresponding to this
value is 5.92%, which is less than the value suggested by default by the IPCC (Dong et al., 2006) of
6.5%.

Different research groups in the world are making efforts to accurately determine enteric methane
emissions in cattle to reduce the uncertainty of methane inventories in several countries (Charmley
et al., 2015; Escobar-Bahamondes et al., 2017; Hristov et al., 2018; Eugéne et al., 2019).

The objective of this study was to estimate the EFs of enteric methane in several livestock
production systems of the Mexican tropics using the Tier 2 methodology of the IPCC (Dong et al.,
2006) and the methane yield value (g CHs/kg DM consumed) based on rumen methane emission
data measured by Ku-Vera et al. (2018), named Tier 2MX. The estimates were compared with the
EFs for the Tier 1 methodology and with the EFs estimated with the IPCC Tier 2 methodology,
using IPCC default values.
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2. Materials and methods

To calculate EFs and Y using Tier 2, different models of meat production in the tropics were
selected: a) Monoculture system (MC, 6 ranches), b) Intensive silvopastoral system (ISP, 6 ranches)
and c¢) Native silvopastoral system (NSP, 6 ranches) of the tropics in Mexico. The calculation of the
EFs is based on information obtained of a series of interview with owners from a total of 18 cattle

ranches, 12 of which were destined to dual purpose and 6 to calves production.

a) MC ranches are characterized by mainly using the Brachiaria decumbens, Brachiaria
brizantha, Cynodon nlemfuensis, Cynodon dactylon, Panicum maximum, Pennisetum purpureum as

the main food source, providing a commercial concentrate supplement based on corn and soy.

b) The ranches of the ISP, in addition to grasses Brachiaria decumbens, Brachiaria
brizantha, Cynodon nlemfuensis, Cynodon dactylon, use legumes such as Leucaena leucocephala
(L. leucocephala) and Arachis pintoi as the basis of the diet. Animals were also supplemented with

commercial concentrate.

c) The NSP system is associated with a diet based on native vegetation and to a lesser
extent to the grasses Brachiaria decumbens, Brachiaria brizantha, Cynodon nlemfuensis, Cynodon

dactylon, Digitaria decumbens, Panicum maximum and Paspalum notatum

All ranches were located in the tropical region of southern Mexico the States of Yucatan
(municipalities of Merida, Tzucacab and Tizimin) and Veracruz, (municipalities of Martinez de la

Torre, Ursulo Galvan and San Andres Tuxtla).
2.1. Methane Emission Factors

To determine the amount of methane produced by livestock, known as the emission factor (Ominski
et al., 2011) we first classified livestock into subcategories and then we calculated the gross energy
intake (GEI) as indicated by the Chapter 10, Volume 4 of IPCC (Dong et al., 2006).

2.1.1. Classification of cattle in subcategories

The cattle was divided into (heads/% of the total population): a) Bulls (33/2.2%), which refers
exclusively to male animals destined to reproduction, age over one year old, b) Lactating cows
(737/47.9%) corresponding to females that are intended for breeding, or have already had a calf or
are breastfeeding, c¢) Dry cows (469/30.45%), which includes females destined for breeding that

have had at least one calf or calving and were not breastfeeding at the time of the study, finally, d)
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Replacement heifers (300/19.48%) are females from weaning onwards, older than one year,

destined for breeding and that have not yet had a calf or calving.
2.1.2. Calculation of energy intake by animals

The calculation of EFs using the IPCC Tier 2 methodology (Dong et al., 2006) requires data on
food intake (kg DM/head/day) for a representative animal of each subcategory. In general, food
intake is measured in terms of gross energy (GE) (e.g. MJ d1) or dry matter (DM) (kg/d) (Dong et

al., 2006), in this study it was calculated in GE terms.

The net energy required for maintenance (NEm) was estimated from the input data: net energy for
growth (NEjg), net energy for the activity carried out (NEz), net energy for pregnancy (NE;) and net
energy for milk production (NE;). The equations used are described in Table 1. The input data in
this study were the average body weight of the animals, the daily weight gain, the mature weight,
food situation, daily average milk production, the fat content of the milk, percentage of females that
calve at one year and the emission of ruminal methane specific to the region taken from IPCC
(Dong et al., 2006).

The energy calculation was made for one year. To calculate the NE; in the dual-purpose units a
milking period between six and 10 months was considered and in the calf-producing ranches the
corresponding period from birth to weaning of the calf was considered between four and eight
months; therefore, the rest of the year this energy data was not applied in the group of lactating
females. Besides, the GE content of the food ingested considering 17 MJ/kg DM for tropical forage
was used (Castelan-Ortega, Ku-Vera and Estrada-Flores, 2014).

Enteric EFs were estimated using equation 10.21 of the IPCC (Dong et al., 2006):
EF = [GE x (Ym/100) * 365) /55.65]

where,
EF = Emission factor (kg CH4 head™ year™),
GE = GE intake, MJ head* day?,
Ym = Methane conversion factor, percentage of GE intake and converted to methane,

55.65 (MJ kg™ CH.) corresponds to the GE content of methane.
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The methane conversion factor (Ym) applied to the Tier 2 methodology from the region-specific

ruminal emission data (hereinafter referred to as Tier 2MX) was estimated using the equation;
Ym (% GE intake) = (CHs MJ d* (MJ/DMI d) * 100)/GE consumed in MJ d*!
where,

GE is the GE consumed in MJ d-1 obtained from equation 10.16 (Table 1),

CH; MJ d was determined by Ku-Vera et al. (2018), which was equivalent to 18.07 g kg
DMIL,

The estimates were compared with the default EFs for the Tier 1, which correspond to other cattle
in the Latin American region suggested in Table 10.11 of the IPCC (Dong et al., 2006) that includes

beef cows, bulls, and young.
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Table 1. Equations used to calculate Tier 2 emission factors, based on the IPCC (Dong et al., 2006).

Metabolic function and
other estimates

Equation

Data

Net energy for maintenance
(NEm) MJ day™.
Equation 10.3

NEm = Cfi x (weight)®7®
NEm= Net energy for maintenance
Cfi= coefficient that varies for each animal category.
Table 10.4 (Dong et al., 2006)
Weight= Animal body weight

Cfi= Lactating cows= 0.386;
non-lactating cows = 0.322;
Bulls= 0.370

The body weight was that
reported by farmers = Bulls=
400 - 700 kg; Cows= 400 -
550 kg; Heifers= 260 - 460 kg

Net energy for activity (NEa)
MJ day.
Equation 10.4

NEa = Ca X NEm
NEa= net energy for animal activity MJ day*
Ca= coefficient corresponding to animals feeding
situation. Table 10.5 (Dong et al., 2006)

Ca=0.17 in MC and SP; 0.36
in NSP

Net energy for growth (NEg)
MJ day™.
Equation 10.6

NEg = 22.02 x (BW/C x MW)075 x WGL087
BW-= average live body weight in the population, kg
C= coefficient: 0.8 for females, 1.0 for castrates and 1.2
for bulls (taken from NRC, 1996; (Dong et al., 2006)
MW= the mature live body weight of an adult animal in
moderate body condition, kg
WG-= the average daily weight gain of the animals in
the population, kg day-!

BW-= The body weight
reported by farmers. Bulls=
between 400 - 700 kg; Cows=
between 400-550 kg;
Heifers= between 260-460 kg
MW= Heifers=350 kg;
Cows= 520 kg; Bull=650 kg
WG= Bulls= 0.2 kg day;
Cows= 0.3 kg day*; Heifers =
0.4 kg day*

Net energy for lactation (NEi)
MJ day!
Equation 10.8. Not applicable
in heifers

NEi = milk x (1.47 + 0.40 x fat)
NE= net energy for lactation MJ day!
milk= kg of milk day
fat= fat content of milk % by weight

The amount of milk produced
t reported by farmers:
between 6 - 10 kg day™?; Fat=
3.48% (Juarez et al., 2016)

Net energy for pregnancy
(NEp) MJ day?
Equation 10.13

NEp = CPregnancy X NEm
NEp= net energy required for pregnancy, MJ day*
Chregnancy. Table 10.7 (Dong et al., 2006)

Pregnancy coefficient in
heifers = 0.10. It was not
applied in lactating cows

Ratio of net energy available
in diet for maintenance to
digestible energy consumed
(REM) MJ day™.

Equation 10.14

REM =[1.123 - (4.092 x 103 x DE%) + [1.126 x 105
X (DE%)?] - (25.4/DE%)]
REM= Ratio of net energy available in diet for
maintenance to digestible energy consumed
DE%-= digestible energy expressed as a % of GE

DE%= 65 in MC and SP; 55
NSP (Table 10.2 Dong et al.
(20063)

Ratio of net energy available
for growth in a diet to
digestible energy consumed
(REG) MJ day.

Equation 10.15

REG =[1.164 - (5.160 x 10-* x DE%) + [1.308 x 105 x
(DE%)?] - (37.4/DE%]

REG= ratio of net energy available for growth in a diet

to digestible energy consumed

DE%-= digestible energy expressed as a percentage of

gross energy

DE%= 65 In MC and SP; 55
NSP (Table 10.2,Dong et al.
(20063)

Gross energy (GE) MJ day2.
Equation 10.16

GE = [(NEm + NEa + NEI + NEmob + NEp/ REM) +
(NEg/REG)/ (DE%/100)]
GE= gross energy intake, MJ head! day*

CHa emission factors for
enteric fermentation, kg CHa
head year?

Equation 10.21

EF= [GE x (Ym/100)*365)/55.65]
EF= FE kg CHa4 head* year!
GE= gross energy intake, MJ head! day*
Ym= Methane conversion factor, GE % of methane
converted food.
55.65 (MJ kgt CHa) is the energy content of methane

Ym=Tier 2= 6.5% (Table
10.12), Tier 2MX=5.92
(calculated based on Ku-Vera
etal., 2018)
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3. Results and discussion

The average EFs developed for the three production systems using the evaluated methodologies are
compared in Figure 1. This graph shows that the average value of the EFs of the Tier 1
methodology (56 kg CHs head? year?) is 20.06% higher than those generated by the Tier 2
methodology (44.77 kg CH4 head? year?) and 27.25% higher than those calculated using the Tier
2MX methodology (40.74 kg CH4 head? year?). The highest value of Tier 1 than Tier 2 and Tier
2MX is attributed to the fact that the EFs predetermined by the IPCC Tierl, are based on diet
management characteristics applicable to a region that involves uncertainty associated with the
expert judgments considered in the IPCC and in (Mach et al., 2017; Parra and Mora-Delgado,
2017). In this same sense, the equations to estimate the NEn could be biased (overestimating) given
that there are differences in the needs of net energy for maintenance between Bos indicus and Bos
taurus cattle, as well as between the crosses derived from them (Vercoe, 1970).

These results can be explained because Tier 2 and Tier 2 MX methodologies allow for the inclusion
of information other than population data, including feeding strategies, as well as duration of time
in a given production environment (Ominski et al., 2011). The results of this study are consistent
with Ricci et al. (2013), who observed that the use of an improved model to predict methane has an
impact on the final carbon budget of the entire farm, decreasing predicted enteric CH4 by 10 to
17%, depending on the type of system. Similarly, it is explained that the average value of Tier 2
FEs was higher than Tier 2MX, since in the first, the FEs were calculated based on methane yield
value proposed of the IPCC and in the second, the FEs were estimated based on the specific
methane emission from the Mexican tropics as explained in Section 2.1.2. According to these
results, we consider that the EFs Tier 2MX have lower uncertainty than Tier 1 and Tier 2 EFs, and
that the inclusion of specific data on livestock production allows the development of more precise

EF for each region.
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Figure 1. Average methane emission factors for cattle in the Mexican tropics, using three

calculation methodologies.

In Figure 2 the EFs by production system were compared. It shows that the EFs of Tier 1 are the
same for the three production systems, while in Tier 2 and Tier 2MX it is possible to differentiate
by the type of production. Our results show that the native silvopastoral system has a higher
methane emission potential from enteric fermentation with the Tier 2 and Tier 2MX methodologies
compared to the monoculture system and the intensive silvopastoral system. This could be
explained by the amount of gross energy per day that animals require under the native silvopastoral
system, which is incorporated into the Tier 2 model by the value of the activity coefficient (Ca).
The Ca of the native silvopastoral system is 111% higher than the Ca of the intensive silvopastoral
and monoculture systems (i.e., 0.36 for animals on large grazing areas vs 0.17 for animals on
pasture, Eg. 10.4, Table 10.5, Dong et al. (2006)). Likewise, it was observed that there is no
significant difference between the MC and SP systems with the Tier 2 and Tier 2MX
methodologies, however, the emission values with the Tier 2MX methodology are lower for both

systems.
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Figure 2. Comparison of emission factors by methodology and by productive system.

Figure 3 shows the comparative results of emission factors by animal subcategory. The data
corroborate the null discriminatory power of Tier 1 and confirms that Tier 2 methodologies could
enhance the differences when they exist. Also, these results show that the EFs estimated, according
to Tier 2MX for each type of cattle, are lower than those calculated with Tier 2 and those used for
Tier 1. The above emphasizes the assertion of Nemecek et al. (2016) and Charmley et al. (2015) in
the sense that it is advisable to use methane yields estimated for a particular country or region.
These authors found that by recalculating their inventories with nationally estimated values, a
significant reduction in the volumes of methane emissions previously estimated was obtained.
According to Liu et al. (2017), the energy digestibility of feed and energy intake level of cattle are
two significant factors that affect their enteric CH, emissions. Therefore, the quality and animal diet
composition, such as, the forage-to-concentrate ratio of feed and the geographic region for grazing
cattle could both be related to feed digestibility (Hook, Wright and McBride, 2010), therefore, could

have an effect on enteric methane emissions.
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Figure 3. Comparison of methane emission factors by enteric fermentation using three
methodologies based on the IPCC (Dong et al., 2006).

Our results showed that EFs Tier 2MX, calculated with Ym value based on Mexican tropics specific
data were lower than EFs calculated with Tier 1 and Tier 2. The comparison by productive systems
(Figure 2) indicate that the native silvopastoral has a higher enteric methane emission potential than
the intensive and monoculture silvopastoral systems, which have similar EFs. It is important to
mention that for intensive silvopastoral system, a differentiated estimation of the methane emission
from the inclusion of L. leucocephala in the diet was not made. Because it was not possible to
calculate with accuracy the percentage of inclusion of this legume. The foregoing is relevant, as it
has been shown the mitigation of methane emissions related to the inclusion of this legume, which
could support the mitigation potential in the intensive silvopastoral systems (Pificiro-Vazquez et al.,
2018; Harrison et al., 2015). We consider that the estimates of the contribution of legumes in the
emission reduction of CH, would allow identifying the importance of the mitigation measures
adopted specifically by the livestock sector. Additionally, the above would give greater robustness

and reduce uncertainty to the estimated EFs.

According to IPCC, each item of information used in the characterization of cattle population for
Tier 2 methodology has associated uncertainty, the level of which depends on the method of
collection. Uncertainties in the Tier 2 estimates presented in this study may be associated with
population data, animal body weight, management practices, ingredient, digestibility and chemical

composition of the diets, feeding strategy, and performance data (e.g., milk production and body
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weight gain). But, dry matter intake is key for accurate prediction of livestock enteric CHa
emissions (Hristov et al., 2018; Ominski et al., 2011; Lassey, 2007). In Mexico prediction of dry
matter intake continues to be a challenge due to prevailing grazing conditions, such as the
variability in nutritional characteristics of the pasture with the climatic seasons and variability in

grazing time.

We recognized that using the predetermined values of digestible energy of the food, proposed by
the IPCC (Dong et al., 2006) (Table 10.2), and not the specific values of the diet consumed locally
by the cattle, influences the robustness of the EFs estimated by the Tier 2 and Tier 2MX
methodology. Despite it is considered that the EFs estimated by Tier 2MX represent a progress of
great relevance in terms of estimating emissions in the livestock sector in Mexico. Some studies that
developed EFs with the IPCC Tier 2 methodology mention that the estimated EFs reduce
uncertainty compared with EFs Tier 1, however, they do not specify uncertainty their estimates
(Parra and Mora-Delgado, 2017; Ominski et al., 2011).

The authors recommend that to obtain more precise GHG emissions inventories for Mexico, work
continues the measurement of methane emissions at the regional level. Since Mexico has a wide
distribution of cattle throughout its territory, so having specific information from each region would
support climate decision making. This would be in line with the Group Il (Impact, vulnerability, and
adaptation) of the Mexican Climate Change Report (Gay and Clemente, 2015), which mentions that
the emissions inventory must be sensitive to different local and regional knowledge and contexts. In
that way, the emission inventories will serve as the basis for the application of appropriate measures
to reduce enteric methane emissions in accordance with the Paris Agreement within the UNFCCC

and the Sustainable Development Goals.

Enteric CH, emissions due to ruminal fermentation represent a loss of diet energy, thus, it is
important to reduce enteric methane emissions to promote economic development in the sector. In
this regard, although there is an opportunity to reduce the carbon impacts of livestock production
throughout the supply chain, increasing productivity and feed efficiency represents the best
opportunity to mitigate CH, emissions per unit of livestock product (Liu et al., 2017). Different
works present empirical evidence that GHG emissions per unit of animal product are reduced as a
result of higher production efficiency and improved dietary composition (Chara et al., 2019). In
animals with higher nutrient quality diets in silvopastoral systems, the amount of enteric CHs
emitted per kg of dry matter consumed (and per kg of product) is reduced (Barahona, 2014).

Thornton and Herrero (2010) when modeling potential measures to reduce GHG emissions in the
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tropics, estimated that the emissions per unit of milk and meat produced could be reduced by 57%
and 73% respectively when concentrates and part of the basal diet were replaced by Leucaena

leucocephala.

The above indicates that there are great efforts to reduce the emissions of GHG of grazing livestock
systems in the tropics, just improving grazing management (Picasso et al., 2014). Nevertheless,
uncritical adoption of Tier 1 EFs over successive years has not allowed capturing emission trends
that result from increasing productivity or change to feeding practices (Lassey, 2007). Efforts by
Mexican livestock producers must be adequately measured to be recognized, so the development
and use of emission factors specific to the tropical region is an adequate practice to accurately
calculate methane emission from enteric fermentation. Based on this approach, farm and national
carbon budgets will be more accurate, contributing to reduced uncertainty in assessing mitigation

options at the farm and national level (Ricci et al., 2013).

4. Conclusions

The methane EFs Tier 2MX, estimated using the Y, based on methane yield determined in Mexican
tropics, were found to be lower than the default enteric EFs for the Tier 1 methodology and the EFs
estimated for the IPCC Tier 2methodology. This could be explained by the fact that the default Yn
value used in the Tier 2 does not correspond to the reality of the tropics in Mexico as explained in
this study. Thus, it is important to generate basic information that allows having better calculations
of EFs and inventories at the local level. The foregoing will reduce the current uncertainty of the
reported national inventories and monitor the mitigation practices established in the livestock

sector.
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Resumen

El pastoreo es una practica comun en la industria del ganado bovino en México, principalmente en
la region del tropico. El objetivo de este estudio fue evaluar los impactos ambientales de tres
sistemas de produccion de becerros en el tropico mexicano desde un enfoque de Analisis de Ciclo
de Vida. Se evaluaron seis categorias de impacto: 1) cambio climatico, 2) acidificacion terrestre, 3)
eutrofizacion de agua dulce, 4) uso de suelo, 5) escasez de recursos fosiles, y 6) consumo de agua,
incluidas en el método ReCiPe 2016. También se calcul6 la contribucion de esta actividad a la
pérdida de biodiversidad mediante factores de caracterizacion especificos de la intensidad del uso
de suelo, calculados con el modelo relacion especie-area de campo propuesto por la UNEP/SETAC
(2016) y modificado por Chaudhary y Brooks (2018). Los sistemas evaluados son: monocultivo,
silvopastoril intensivo y silvopastoril nativo. Los resultados apuntan a que el sistema de
monocultivo tiene los menores impactos en cambio climatico y en pérdida de especies, en
comparacion con los sistemas silvopastoril nativo. Estos resultados pueden explicarse por la
inclusion mas alta de concentrado y forrajes de mejor calidad nutricional en la dieta, asi como por la
mayor productividad del sistema. El estudio evidencié que con la disminucion del 43% del uso de
suelo para obtener 1 kg de P.V. de becerro mediante el sistema de monocultivo, con respecto al
silvopastoril nativo, la pérdida de especies se redujo en 52%. Pero el impacto en consumo de agua
se incremento en 99% Yy en 78% la escasez de recursos fosiles. De acuerdo con lo anterior, debe

ponerse especial atencion a la eficiencia productiva del ganado para reducir los impactos en cambio
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climatico y la pérdida de biodiversidad, y debe reducirse el uso de insumos externos al sistema para

disminuir el impacto el uso de recursos.

Palabras clave: Analisis de Ciclo de Vida, impacto ambiental, ganaderia tropical, México

1. Introduccion

La produccion de carne de rumiantes es un impulsor clave de la transgresion de la humanidad a los
limites del planeta (Bowles, Alexander y Hadjikakou, 2019; Steffen et al., 2015). Se estima que el
sector ganadero puede transgredir el espacio operativo seguro de la humanidad en dominios como el
cambio climatico, flujos bioquimicos y cambio en el sistema terrestre, y se prevé que tales impactos
aumenten para el afio 2050 debido al crecimiento demografico y al aumento en la urbanizacion
(Bowles, Alexander y Hadjikakou, 2019; Alexandratos y Bruinsma, 2012; IAASTD, 2009;
Thornton, 2010). Por tal razon, la medicion del desempefio ambiental de la ganaderia es
fundamental para tomar decisiones hacia la mitigacion de sus impactos y el uso eficiente de los
recursos naturales, como el suelo, el agua y el aire, principalmente en paises con alta poblacion

ganadera, como México.

Numerosos trabajos confirman que la produccion primaria (i.e., las etapas de crianza, desarrollo y
engorda de los animales en granja) es la fase con mayor contribucion al impacto ambiental de las
cadenas de produccion de alimentos de origen animal (Roy et al., 2009; Foley et al., 2011; Steffen
et al., 2015). Rivera-Huerta et al. (2016), comprobaron mediante un Analisis de Ciclo de Vida
(ACV), que la cadena carnica bovina en México tiene la misma tendencia. Los resultados de ese
estudio mostraron que la produccion primaria tuvo el mayor impacto ambiental en las doce
categorias evaluadas, sin embargo, la crianza fue el mayor contribuyente al impacto en indicadores
de gran preocupacion ambiental, como el cambio climatico, el uso de suelo, la acidificacion
terrestre y la eutrofizacion. Lo anterior, coincide con otros ACVs realizados a la produccion de
carne bovina en diferentes partes del mundo (Willers et al., 2017; Picasso et al., 2014; Pelletier,

Pirog y Rasmussen, 2010; Tichenor et al., 2017).

El ACV, permite evaluar la presion que un determinado proceso (de produccion) ejerce sobre el
medio ambiente. La evaluacion comprende todas las fases necesarias para producir y usar un
producto, desde el desarrollo inicial hasta el tratamiento de los desechos (i.e., el ciclo de vida total).
El objetivo del ACV es, comparar alternativas o identificar fases en el proceso de produccion que
ejercen un nivel relativamente alto de presion sobre el medio ambiente. Con base a este

conocimiento, los procesos de produccion pueden optimizarse (Huijbregts et al., 2016).
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Con el objetivo de identificar y reducir los impactos ambientales de la crianza del ganado, varios
estudios han evaluado esta etapa de produccion de la cadena carnica bovina utilizando el ACV.
Ogino et al. (2007), identificaron que acortar los intervalos de parto en un mes reduciria en casi 6%
el impacto en varias categorias ambientales. Por su parte, Morel et al. (2016), demostré que la
mayor productividad animal de un sistema de crianza basado en forrajes cosechados, permitio usar
13% menos de tierra y reducir 12% la emision de metano entérico, comparado con un sistema de
pastoreo de temporal. Asimismo, Oishi et al. (2013) encontraron que el aumento en la edad de
sacrificio de las vacas reproductivas hasta la novena paricién, disminuyo6 el impacto ambiental y
aument6 el beneficio econdmico, lo que indica que la seleccion de la paridad de sacrificio
econdémicamente Optima podria hacer que el sistema de produccion de becerros sea preferible para
el medio ambiente. Por estas y otras evidencias, se presume que la mejora en el desempefio
ambiental de la etapa de crianza puede contribuir a reducir importantemente los impactos

ambientales de la cadena cérnica bovina.

Bajo condiciones tropicales, como principalmente se lleva a cabo la produccién de carne bovina en
México, y con un hato basado en la raza cebt o la mezcla de razas cebu-europea, existen variantes
en el manejo productivo del ganado con impactos ambientales diversos. En la region del tropico
mexicano, la expansion de la frontera agropecuaria ha tenido enormes impactos en los habitats, la
biodiversidad, el almacenamiento de carbono y las condiciones del suelo. Esta expansion resulta
preocupante, dado que los bosques tropicales son reservorios importantes de biodiversidad y
servicios ecosistémicos (Foley et al., 2007). Ademas, la ganaderia tiene efectos causados por el
manejo de las tierras para obtener mayor productividad mediante la concentracion del ganado, el

uso de riego, fertilizantes, biocidas y mecanizacion (Foley et al., 2011).

El objetivo del presente estudio fue comparar el desempefio ambiental de tres sistemas de
produccion de ganado bovino en el tropico mexicano desde un enfoque de Analisis de Ciclo de
Vida con el propoésito de identificar los puntos criticos de cada sistema. El estudio se limita a la
etapa de crianza de la cadena carnica de res, etapa cuyo proposito es la produccion de becerros para
engorda. El analisis, se llevo a cabo para siete categorias de impacto: 1) cambio climatico, 2)
acidificacion terrestre, 3) eutrofizacion de agua dulce, 4) uso de suelo, 5) escasez de recursos

fosiles, 6) consumo de agua y 7) pérdida de biodiversidad.
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2. Metodologia

En este estudio se utilizo un enfoque de Analisis de Ciclo de Vida conforme a la norma ISO
14040/44 (2006) (ISO, 2006a; b), considerando un alcance de “puerta a puerta”, para comparar el
impacto ambiental asociado a tres sistemas de produccion de ganado en el trépico mexicano:
monocultivo, silvopastoril intensivo y silvopastoril nativo. La principal funciéon econémica del

sistema fue la produccion de becerros para la obtencion de carne.

2.1.Descripcion del sistema

En nuestro estudio de caso, el hato bajo el sistema monocultivo (MC) comprende un promedio de
106 vacas, 27 vaquillas y 2 toros. La edad de destete de los becerros es de 226 dias y son vendidos
con un peso promedio de 170 kg. La dieta esta basada en pastos mejorados introducidos, es decir,
especies forrajeras mayormente gramineas y leguminosas, que no son nativas pero que estan bien
adaptadas a las condiciones agroecologicas prevalentes en el terreno Yy que manejadas
adecuadamente, muestran una alta produccion de biomasa forrajera y buena calidad nutritiva,
caracteristicas que contribuyen a lograr una productividad animal alta (Pezo, 2018). Asimismo, se
suplementa a los animales con concentrado alimenticio, compuesto de granos de maiz, soya, sorgo

y minerales. Este sistema cuenta con métodos de riego artificial.

En el sistema silvopastoril intensivo (SPI), el rebafio esta comprendido por 60 vacas, 1 toro y 16
vaquillas. El destete se lleva a cabo a los 181 dias y son vendidos con un peso de 170 kg. La
alimentacion incluye una mezcla de pasturas y bancos de leguminosas como Leucaena
leucocephala, y un suplemento alimenticio basado en maiz, soya y minerales. Este modelo de

produccion también cuenta con Sistemas de riego.

El sistema silvopastoril nativo (SPN) es un sistema tradicional, que report6 un inventario promedio
de 60 vacas, 1 toro y 1 vaquilla. Solo dos de los tres ranchos analizados tienen sementales propios y
el tercero pide prestado un semental en la temporada de reproduccion. El destete se lleva a cabo a
los 202 dias y son vendidos con un peso promedio de 170 kg. Este sistema se caracteriza en que la
alimentacion consiste en vegetacion primaria y secundaria y Se proporciona al ganado un
suplemento de concentrado compuesto por maiz y soya en muy bajas cantidades. Los ranchos

clasificados en este modelo no cuentan con sistema de riego.

En los tres tipos de produccion, los toros entran al sistema provenientes de granjas locales y
alcanzan un peso promedio de 600 kg en la edad adulta. Un esquema de los sistemas evaluados se

ilustra en la Figura 1.
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2.2.Unidad Funcional

La Unidad Funcional (UF) fue definida como un 1 kg de peso vivo (P.V.) de becerro destetado

puesto a la puerta de la granja, producido en un periodo de un afio en Yucatan, México.

2.3.Limites del sistema

El presente analisis se realiz6 en la Peninsula de Yucatan, México, region que pertenece a la
categoria de bosques tropicales y subtropicales de hoja ancha (WWF, 2006, Olson et al., 2001).
Esta region fue elegida porque sus bosques secos se han reducido drésticamente debido a las
presiones agricolas y ganaderas. En donde areas amplias de este tipo de habitat han sido
reemplazadas por comunidades secundarias que actualmente surgen del intenso pastoreo de ganado.
Por lo que esta region se clasifica en la categoria de estado critico/en peligro por la World Wildlife
Fund (WWF, 2006).

Las entradas consideradas en el analisis fueron obtenidas de nueve ranchos ganaderos, e incluyen
insumos para la dieta, la electricidad usada en los sistemas de riego de pastizales, herbicidas,
fertilizantes, el area de suelo y el agua para riego. Las salidas incluidas son las emisiones de metano
por la fermentacion entérica y por el manejo del estiércol del ganado, las emisiones de dioxido de
nitrégeno, fosfatos y amoniaco, tanto por la gestion del estiércol como por el uso de fertilizantes.
No se tomaron en cuenta, tanto el uso de recursos, como las emisiones asociadas con la produccion
y el mantenimiento de los bienes de capital, tampoco se consideraron los desparasitantes,

antibioticos y el agua de bebida del ganado.

2.4.Procedimiento de asignacion

En los sistemas de multiples productos se requiere hacer un procedimiento de asignacion para
distribuir el uso de recursos y las emisiones entre los coproductos. La produccion de becerros en el
tropico mexicano se lleva a cabo predominantemente en sistemas de doble proposito, esquemas en
donde se producen leche y becerros para engorda, con dominio de alguno de los productos con
relacion al precio, la estacionalidad climatica, la genética, el manejo del pastoreo y de la
alimentacion, entre otros (Palma, 2014). En el presente estudio, la asignacion de impactos de estos
productos, cuando fue necesaria, fue de tipo econdomico, tomando en cuenta su valor en el mercado.
El precio por litro de leche fue de 0.41 dolares y por kilogramo de peso vivo de becerro fue de 2.65
dolares. El porcentaje de asignacion para leche/carne (L/C) por sistema fue de: 67/33 para MC,
48/52 para SP1 y 41/59 para SPN.
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2.5. Inventario de Ciclo de Vida (ICV)

El inventario fue obtenido mediante entrevistas semiestructuradas a propietarios o administradores
de nueve ranchos en Yucatan, México, durante los meses de agosto a septiembre de 2015. Tres
ranchos por cada sistema productivo. Dado que los sistemas estan basados en una alimentacion en
pastoreo, se asumid un consumo de materia seca (MS) del 3% del peso vivo en los toros y vaquillas
de reemplazo, en concordancia con Ku-Vera et al. (2018) y Lyons et al. (1999). El consumo de
alimento de las vacas lactantes, en base MS, se calculé de acuerdo con Rivera-Huerta et al. (2016).
Las emisiones de CHs provenientes de la fermentacion entérica y de la gestion del estiércol, las
emisiones de N,O de los suelos gestionados y las emisiones al aire de NHs;, fueron estimadas
conforme a los Capitulos 10 y 11, Vol. 4 de las Directrices del Panel Intergubernamental sobre
Cambio Climatico (IPCC) (Dong et al., 2006). Las emisiones de metano entérico se calcularon
usando factores de emision (FEs) estimados con la metodologia Tier 2 del IPCC (Dong et al.,
2006), especificos de cada sistema y subcategoria de animal (toros, hembras, vaquillas). Para
calcular las emisiones de fosfatos al suelo se llevé a cabo un balance de masa de las entradas de
fosforo a través del alimento. Se considero el area de suelo de pastoreo (pastizales o area de
vegetacion nativa) y el suelo para siembra de forrajes para corte. El inventario solo toma en cuenta
el agua azul proveniente de agua subterranea, utilizada para el riego de los pastizales. Debido a que
unicamente uno de los cuatro ranchos que utilizan sistema de riego disponia de datos de consumo
de agua por esta actividad, sus datos fueron utilizados como base para calcular el consumo de este
recurso en los otros tres ranchos que realizan esta practica agricola. Para ello, se considero el area
de suelo irrigada, nimero de horas de riego por dia, nimero de dias por semana y nimero de meses
del ano en que se irriga. No se incluy6 el agua de bebida del ganado. El consumo de electricidad
para riego se documentd de recibos de consumo. En el Cuadro 1, se presenta el inventario de
entradas y salidas por sistema de produccion, que corresponde al promedio de los ranchos

entrevistados por cada sistema.
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Limite del sistema
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Figura 1. Limite del sistema para evaluar la produccion de 1 kg de peso vivo de becerro destetado.
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Cuadro 1. Inventario de entradas/salidas para la produccion de 1 kg de peso vivo de becerro

Sistema
Unidad Monocultivo Sl_lvopa§torll Sllvop'astorll
intensivo nativo
Entradas de la naturaleza y la tecndsfera
Cultivo de pastos
Suelo ocupado m? 105.75 108.35 204.37
Electricidad (riego) kwh 5.00 3.52 0.00
Agua (riego) m? 4.31 3.52 0.00
Fertilizantes
N 18% kg 0.00 0.05 0.00
Fosforo P205 kg
(44%) 0.39 0.13 0.00
Pesticidas
2-4-D kg 0.01 0.010 0.0048
Glifosato kg 0.00 0.0005 0.00
Alimento
Maiz kg 1.76 1.67 0.72
Soya kg 0.12 0.06 0.09
Sorgo kg 0.05 0.00 0.0
Salvado de trigo kg 0.96 0.24 0.04
Minerales kg 0.02 0.01 0.02
Melaza kg 1.18 0.39 0.01
Heno kg 0.85 0.91 1.44
Ensilado kg 0.00 2.32 0.00
Pollinaza kg 0.54 0.92 0.77
Céascara de soya kg 0.02 0.00 0.00
Forraje fresco kg 198.51 246.81 277.14
Salidas
Emisiones directas
Metano biogénico, kg
fermentacion 0.37 0.45 0.64
entérica
Metano biogénico, kg 0.013 0.014 0.016
gestlon estlercol
Oxido nitroso, kg 0.025 0.029 0.030
gestion estiércol
Amoniaco, gestion kg 0.192 0.220 0.222
de estiércol ' ' '
Fosfatos kg 0.364 0.947 0.545
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2.6.Evaluacién del impacto del ciclo de vida (EICV)

La evaluacion del impacto implica calcular las contribuciones de las entradas y salidas de materiales
y energia registradas en la fase de ICV a un conjunto de categorias de impacto ambiental
(Huijbregts et al., 2016) mediante factores de caracterizacion (FC). En el presente analisis se
consideraron siete categorias de impacto, Seis de las cuales suelen ser las que se analizan con mayor
frecuencia en los ACVs del ganado (McClelland et al., 2018), tres relacionadas con emisiones:
cambio climatico (CC), acidificacion terrestre (TA) y eutrofizacion de agua dulce (EAD); y tres
relacionadas con el uso de recursos: uso de suelo (OSA), consumo de agua (CA) y escasez de
recursos fosiles (ERF), utilizando factores de caracterizacion del método ReCiPe 2016 desde una
perspectiva jerarquica (H) v. 1.03 (Huijbregts et al., 2016) (Cuadro 2). Ademas, se consider6 la
categoria pérdida de biodiversidad (PB) que, por su complejidad, es de los impactos menos
analizados, pero cuya relevancia obliga a considerarse en este estudio, pues la ganaderia representa

una amenaza a las especies de la region (Foley et al., 2011).

Para estimar la pérdida de biodiversidad se us6 el modelo relacion especie-area (SAR) de campo, el
cual predice la pérdida de especies después de la pérdida de habitat en una region. Los factores de
caracterizacion (FCs) usados, especificos de la intensidad del uso de suelo en la region del tropico
mexicano, estan basados en un grupo de invertebrados (Coleoptera: Scarabaeidae: Scarabaeinae).
Los FCs fueron estimados por Rivera-Huerta et al (en proceso) a partir del método propuesto por
Chaudhary y Brooks (2018), version actualizada del modelo propuesto por la UNEP/SETAC
(2016). Estos factores se estimaron para dos tipos de uso de suelo (pastoreo y cultivo) bajo

diferentes intensidades de uso de suelo (minimo, ligero e intenso).

Las categorias de impacto seleccionadas se consideraron relevantes a nivel global en la produccion
de ganado y concuerdan con aquellas utilizadas por otros autores (Gerber et al., 2015; Tullo, Finzi
and Guarino, 2019; McClelland et al., 2018; Willers et al., 2017). Los impactos fueron calculados
con el software SimaPro v. 9 (Pré-Sustainability, 2019).
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Cuadro 2. Categorias de impacto evaluadas, nivel de impacto, factor de caracterizacion y unidad
(Goedkoop et al., 2009).

Categoria de Modelo Impacto

impacto Abrev. Unidad Factor de caracterizacion de Ciclo de Vida
Cambio climatico | CC | kg COzeq Potencial de calentamiento IPCC, 2006
global
Acidificacion AT | kgSOzeq Potencial de acidificacion ReCiPe 2016
terrestre
Eutrofizacion de Potencial de eutrofizacion de ReCiPe 2016
EAD kgPeq

agua dulce agua dulce

o . ., ReCiPe 2016
Uso de suelo OSA m X afio suelo de Potenmal’de ocupacion de

cultivoanual eq | suelo agricola
Escasez de . Potencial de agotamiento de ReCiPe 2016
- ECF kg petrdleo eq , .
recursos fosiles recursos fosiles
Consumo de . Potencial de agotamiento de ReCiPe 2016
CA miagua eq

agua agua
Pérdida de PB eshecies X aiio Potencial de pérdida de Chaudhary y
biodiversidad P especies Brooks (2018)

3. Resultados y discusion

3.1. Impacto ambiental por kg de becerro destetado en Yucatan, México

El Cuadro 3 contiene los valores de impacto totales por categoria y sistema de produccion para la
obtencion de 1 kg P.V. de becerro. El sistema MC registrdé el impacto mas alto en dos de las
categorias de agotamiento de recursos (escasez de recursos fosiles y consumo de agua), el sistema
SPI mostr6 mayor impacto en dos categorias de emision de contaminantes (acidificacion terrestre y
eutrofizacion de agua dulce), mientras que el SPN tuvo el mayor impacto en los indicadores cambio
climatico y uso de suelo. La Figura 2, ilustra la comparacion de las categorias de impacto

normalizadas porcentualmente de acuerdo con el sistema que presenta mayor impacto ambiental.

La participacion porcentual de las entradas y salidas para cada categoria de impacto, se resumen en
el Cuadro 3. Los resultados mostraron que los principales contribuyentes al impacto ambiental para
la produccion de 1 kg P.V. de becerro corresponden a un nimero reducido de entradas y salidas: la

fermentacion entérica, el manejo del estiércol, el cultivo de pastizales, el riego y la ocupacion de
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suelo directa del ganado. Asimismo, las fuentes principales de impacto son las mismas para los tres
sistemas ganaderos, con excepcion de la electricidad, y el agua subterranea, recursos utilizados en

operaciones de irrigacion en los sistemas MC y SPI, pero no en el SPN.

Cuadro 3. Resultados de la evaluacion de los indicadores en la produccion de 1 kg P.V. de becerro
destetado en Yucatan, México.

Categoria de impacto Unidad MC SPI SPN
Cambio climatico kg CO2 eq 30.15 32.51 34.12
Acidificacion terrestre kg SO; eq 0.43 0.49 0.45
Eutrofizacion de agua dulce kg P eq 0.02 0.04 0.02

m?2x afio suelo 66.57 66.59 116.20
Uso de suelo .

de cultivo eq
Escasez de recursos fosiles kg petroleo eq 2.41 2.04 0.55
Consumo de agua méagua eq 4.63 3.7 0.06
Pérdida de biodiversidad especies X afio 5.1E-08 1.6E-07 | 1.3E-07

100 95100

88 89
90
80
70
60
50
4
3
2
1

0
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Figura 2. Comparacion de las categorias de impacto normalizadas, de acuerdo con el sistema con
mayor valor de impacto. CC= cambio climatico, AT= Acidificacion terrestre; EAD = Eutrofizacion
de agua dulce; OSA= Uso de suelo; ECF= Escasez de recursos fosiles; CA= Consumo de agua;
PB= Pérdida de biodiversidad.
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Cambio climatico (CC)

Los resultados muestran que el sistema SPN, registro el mayor impacto en CC (34.12 kg CO; eq/ kg
P.V. de becerro) comparado con los sistemas SPI (32.51 kg CO- eq/ kg P.V. de becerro) y MC
(30.15 kg CO; eq/ kg P.V. de becerro) (Cuadro 2). Las fuentes de impacto relevantes en los tres
sistemas son las emisiones de CH, por la fermentacion entérica y las emisiones de N2O y CH,
provenientes del estiércol. Estas emisiones en conjunto contribuyen al impacto con 93%, 76%, y
69%, para los sistemas SPN, SPI, MC, respectivamente. Resultados semejantes han sido obtenidos
en diferentes estudios (Tichenor et al., 2017; Ruviaro et al., 2015; Bragaglio et al., 2018; Picasso et
al., 2014). Otras fuentes de impacto fueron poco significativas en el SPN. Sin embargo, como se
muestra en el Cuadro 3, en los sistemas SPlI y MC hay otros contribuyentes relevantes en este
indicador, como la electricidad usada en el riego (6.8 % y 10.3 %, respectivamente) y el uso de
equipo para el cultivo de pastos (9.2% y 8.4%, respectivamente). Lo anterior, debido a que los
sistemas MC y SPI usan riego artificial e incluyen mayor cantidad de concentrado en la dieta que el
SPN. El uso de factores de emision Tier 2 permitio distinguir las emisiones de metano, generadas
por la fermentacion ruminal en los diferentes sistemas de pastoreo en el tropico. Los resultados
muestran que el MC puede ahorrar 12% de las emisiones contribuyentes al CC por 1 kg de P.V. de
becerro con respecto al SPN, y del 7% con respecto al SPI. Se sugiere que para reducir los impactos
en CC por la produccion de carne de res, los sistemas productivos en el tropico deben mejorar su
eficiencia productiva a partir del uso de alimentos con mayor aporte nutricional y vegetacion
adaptada a la region que contribuya a la mitigaciéon de emisiones de metano entérico,

particularmente el sistema SPN (Harrison et al., 2015).

Acidificacion terrestre (AT)

El SPI tuvo una tasa de impacto moderadamente mas alta (0.49 kg SO, eqg/kg P.V. de becerro) en la
categoria de impacto acidificacion terrestre que el SPN (0.45 kg SO: eg/kg P.V. de becerro) y el
MC (0.43 kg SO: eqg/kg P.V. de becerro). El principal contribuyente es el estiércol, a partir de las
deposiciones en el terreno por parte del ganado, estas equivalen al 88, 90 y 96% en el SPN, SPI y
MC, respectivamente, y se deben al contenido de amoniaco, resultado de la descomposicion de la
urea, que es la principal forma de excrecion de nitrogeno en el ganado. Los resultados del presente
estudio son similares a los obtenidos por Nguyen et al. (2010) en el que el principal contribuyente
fueron las emisiones de amoniaco provenientes del estiércol, pero difieren de lo reportado por
Willers et al. (2017), en donde la contribucion de los fertilizantes para el cultivo de pastos es del
82%, a través de la liberacion de amoniaco y éxido nitroso. En nuestro estudio este contribuyente

no es relevante como se puede ver en el inventario de entradas y salidas (Cuadro 1). Conjuntamente
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el maiz, salvado, melaza, cultivo de pastos y la electricidad contribuyen con 11, 7.6 y 2.4% en los
sistemas MC, SPI, y SPN, respectivamente. De lo anterior, se observa que los flujos provenientes de

fuentes externas que contribuyen a la AT son mayores en el sistema MC que en el SPl y SPN.

Eutrofizacion de agua dulce (EAD)

La EAD por kg P.V. de becerro producida en el tropico mexicano tuvo un valor entre 0.02 - 0.04 kg
P eq. El valor mas alto lo registré el SPI, mientras el valor de impacto fue igual para el MC y el
SPN. El contribuyente mas importante en esta categoria fueron las emisiones directas del ganado,
derivadas de la lixiviacion de nitratos y fosfatos al suelo (64, 83 y 88% para MC, SPI y SPN,
respectivamente) (Cuadro 3). El cultivo de pastizales también contribuy6é de manera significativa
con 14.4, 9.0 y 6.8% para MC, SPI y SPN (Cuadro 3). Este contribuyente fue mayor en MC y SPI
debido a que utilizan mas pastos introducidos que el SPN, ademas de que aplican fertilizantes.
Adicionalmente, la electricidad usada en el riego es un contribuyente que destaca en los sistemas
MC (7.5%) y SPI (2.7%) con respecto al SPN (0.0%).

Uso de suelo (OSA)

El impacto OSA se refiere al area de tierra que se esta utilizando para alguna actividad y, por lo
tanto, no esta disponible temporalmente para otros fines. Los resultados en el Cuadro 2, muestran
que la produccién de 1 kg P.V. de becerro en el tropico en México requiere entre 66.6 y 116 m? x
afio suelo de cultivo eq. Se observd que no existe diferencia en el uso de suelo entre los sistemas
MC y SPI, siendo el SPN el sistema que requiere mayor area de suelo para producir 1 kg P.V. de
becerro. El impacto mas relevante en la ocupacion de suelo deriva del uso directo para el pastoreo
en pastos mejorados en los sistemas MC y SPI, y el area de vegetacion nativa en el SPN. La porcion
de suelo para el cultivo de granos (maiz, soya y sorgo) no es significativa. El porcentaje del uso
directo de suelo fue de 87.36%, 89.52 y 96.82% para MC, SPIl y SPN, respectivamente; mientras
que el uso de suelo en la produccion de maiz fue de 8.4% para el MC, 7.9% para el SPI, y 2% para

SPN, los insumos restantes de la dieta son poco relevantes para esta categoria de impacto.

Escasez de recursos fésiles (ECF)

Esta categoria de impacto es un indicador importante de la sostenibilidad de los sistemas de
produccion de alimentos. Ya que el uso de recursos fosiles (energia no renovable) proviene de
recursos finitos que eventualmente se agotaran mas alla del nivel que puede extraerse. EI MC
mostré mayor requerimiento de recursos fosiles con 2.47 kg petroleo eq/kg P.V. de becerro, seguido

por el SPI (2.0 kg petréleo eq/kg P.V. de becerro) y SPN (0.55 kg petrdleo eq/kg P.V. de becerro).
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Como se muestra en el Cuadro 3, el mayor contribuyente al potencial de agotamiento de recursos
fosiles es la electricidad en los sistemas MC y SPI que representa el 38 y 33% respectivamente,
asociado al riego de pastizales. El cultivo de pastizales, mostro ser otro contribuyente importante
debido al uso de combustible para las labores del campo, con 54, 35y 23% para MC, SPly SPN. La
producciéon de maiz representd una fuente relevante en el consumo de recursos fosiles,
principalmente para el SPN con una participacion de 22% del total del impacto vs 14 y 12% para
para MC, SPI. De lo anterior se observa que existe un ahorro en el uso de recursos fosiles de 78 y

17% de los sistemas SPN y SPI con respecto al MC.

Consumo de agua (CA)

El consumo de agua, en la produccion de 1 kg P.V. de becerro en este estudio, al igual que la
categoria escasez de recursos fosiles, esta estrechamente vinculado al riego de pastizales. En la
Figura 2, se observa que el MC requiere 4.63 m® agua eqg/kg P.V. becerro, que representa un 20%
mas de consumo de agua que el SPI % (3.71 m® agua eq/kg P.V. becerro) y 99% mas que el SPN
(0.006 m® agua eq/kg P.V. becerro), debido a que este ltimo sistema no usa sistemas de riego. En
el SPN, la contribucion principal esta dada por el uso de maiz (72%), sin embargo, como se observo
en el inventario (Cuadro 1) de los tres sistemas es el que menor inclusion de maiz tiene en la dieta,

por ello aparece como el insumo con mayor impacto en el uso de agua del SPN.
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Cuadro 3. Impacto porcentual por entrada/salida y por categoria por la produccion de 1 kg P.V. de becerro destetado en Yucatan, Méx. El impacto

de los sistemas se muestra mediante el codigo de color. Rojo= impacto mas alto, amarillo= impacto medio y verde= impacto mas bajo.

Categorfa | Sistema a::ii:)(ia
CcC MC
CcC SPI
CcC SPN
AT MC
AT SPI
AT SPN
EAD MC
EAD SPI
EAD SPN
uUs MC
uUs SPI
uUs SPN
ECF MC
ECF SPI
ECF SPN
CA MC
CA SPI
CA SPN

Agua
subterr

Ferm.
entérica

Gest.
Estiére

27.76

Prod. Difosfato 24- . Cascarilla| ~,.
Maiz | Soya | Salvado | Melaza . Heno de . Sorgo | Ensilado Glifosato | Electr
pastizal amonio dichlorofenol de soya
5.61 376 203 7.85  1.42 1.35 10.14
4.94 0.88  0.62 9.06 1.39 0.93
203 0.6 0.14  0.02 353 210 - !
4,94 - 188 095 217  0.72 0.23 _ 0.12
4.20 055  0.28 242  0.68 0.16 g 152
193 0.01 010 0.01 106 1.15 - 0.02
6.98- 362 251 1425 091 0.17 0.10 0.22- 0.10- 7.45
3.33 043 042 891 048 0.06 0.05- 0.32_ 2.68
2.66 0.00 0.13  0.02 6.76  1.42 0.05
8.37 163 110 1.22 0.00
7.94 041  0.36 1.30 0.00
1.96 004  0.01 1.18 0.00
124 0.10 920 512 2.49 7.85 0.67
14.2 337 205 3.19 7.06 0.81
230 034 210 020 5404 1886 151
237 0.02 091  3.01 031 0.06
281 001 044 124 049 0.08-
1.22 442 191 1197 7.8

CC= cambio climatico, AT= Acidificacion terrestre; EAD = Eutrofizacion de agua dulce; OSA= Uso de suelo; ECF= Escasez de recursos fosiles; CA= Consumo de agua.
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Pérdida de biodiversidad (PB)

La pérdida de biodiversidad asociada al uso de suelo, representada con el indicador pérdida de
especies, fue menor en el sistema MC (5.1E-08 especies x afio/kg P.V. de becerro) que en el SPN y
el SPI (1.6 EO7 y 1.3 E-07 especies x afio/kg P.V. de becerro, respectivamente). La pérdida de
especies por la produccion de 1 kg de becerro se distribuye entre el suelo de pastoreo y el suelo de
cultivo (i.e., uso de suelo para producir maiz, soya y sorgo), siendo el uso de suelo para pastoreo el
contribuyente mas relevante (Figura 3). La participacion del cultivo de granos a la pérdida de
especies fue mayor en el MC y el SPI comparado con el SPN, debido a que estos sistemas requieren
mayor cantidad de estos insumos por unidad funcional. La contribucién a la pérdida de especies por
el suelo de cultivo en MC equivale a 32% del impacto por kg de becerro vs el 10% para SP1'y 5%
para SPN. De acuerdo con la Figura 2, la disminucion del 57% del uso de suelo del MC, con

respecto al SPN, redujo la pérdida de especies en 68%.

especies x afo 1.26E-07 7.1437E-09
Silvopastoril nativo .
1.44E-07 1.5257E-08
Silvopastoril intensivo -
3.44E-08 1.7021E-08
0% 20% 40% 60% 80% 100%
OSuelo de pastoreo M Suelo de cultivo

Figura 3. Contribucion relativa a la pérdida de especies por el uso de suelo para la produccion de 1
kg P.V. de becerro destetado bajo tres sistemas productivos de ganado bovino en Yucatan, México.

En este estudio se utilizaron factores de caracterizacion especificos de la region para calcular el
impacto sobre la biodiversidad por el uso de suelo, lo que da mayor certidumbre a los resultados
obtenidos. No obstante, en el contexto de ACV, se reconoce que la pérdida de especies como
métrica de la calidad total del ecosistema, es simple, ya que la biodiversidad es un tema altamente
complejo, sin embargo, el hecho de usar este indicador en la EICV se debe a que la pérdida de
grupos representativos de especies es vista como indicativo de una disminucion general de la
biodiversidad y de la pérdida potencial de resiliencia en los ecosistemas (Crenna, Sinkko y Sala,

2019; Callesen, 2016). En el presente estudio se utilizo como grupo representativo a los escarabajos

117



del estiércol (Coleoptera: familia Scarabaeidae), grupo taxonémico con alta presencia en el tropico
mexicano, que se considera puede ser afectado sustancialmente por las actividades ganaderas

debido a las amplias extensiones de suelo que ocupa.

Consideramos que, para reducir el impacto en la pérdida de especies de escarabajos del estiércol por
la produccion de 1 kg P.V. de becerro en el trépico mexicano, los esfuerzos deben apuntar a
disminuir el area de suelo de uso directo de la ganaderia, ya que es el principal contribuyente a este

indicador, en comparacion con el uso de suelo indirecto (i.e., a partir de concentrados).

4. Conclusiones

La reduccion de los impactos ambientales generados por la ganaderia es un tema pendiente por
resolver entre sus diversos grupos de interés. La evaluacion de los impactos ecoldgicos de tres
sistemas de produccion de becerros desde un enfoque de ACV, permitio identificar los puntos
criticos de esta actividad. Las emisiones entéricas y de los desechos del ganado, el consumo de
electricidad para el riego de los pastizales y el uso de suelo directo del ganado en pastoreo en la
pérdida de biodiversidad, se identificaron como los puntos criticos de los sistemas de produccion de
ganado analizado. El uso de factores de emision especificos para estimar las emisiones de metano
entérico Yy de factores de caracterizacion especificos para estimar el impacto en la biodiversidad por
uso de suelo ganadero en el tropico disminuyen la incertidumbre en los resultados de estos dos
indicadores, altamente relevantes a nivel global. No obstante, se reconoce que los resultados
obtenidos en la pérdida de biodiversidad mediante el enfoque de Analisis de Ciclo de Vida tienen
ciertas limitaciones, por lo que sus resultados pueden ser inciertos o tener limitaciones para su
aplicacion. Algunas medidas encaminadas a la mejora en los sistemas de alimentacion y a los
parametros reproductivos puede contribuir considerablemente a la reduccion de los impactos
ambientales de estos sistemas de produccion. En consecuencia, las modificaciones respectivas

deben considerarse en futuros estudios.
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DISCUSION

En este proyecto de investigacion se evaluaron los efectos de los sistemas de produccion de ganado
bovino en el tropico mexicano sobre el bienestar humano y el medioambiente, con énfasis en el
cambio climatico y la pérdida de biodiversidad a nivel de especies. Se evaluaron los sistemas
silvopastoril nativo o tradicional, silvopastoril intensivo y monocultivo mediante el enfoque de
Anélisis de Ciclo de Vida (ACV). Los datos usados fueron especificos del sitio, recolectados en dos
estados del sureste de México, Yucatan y Veracruz; de esta forma se garantizd que los datos
reflejaran la relacion del sector ganadero de la region con sus grupos de interés social y el

medioambiente.

El analisis social comparativo, basado en las Directrices de la UNEP/SETAC (UNEP/SETAC,
2009), que incluy6 la evaluacion de una amplia gama de subcategorias de impacto agrupadas en las
categorias derechos humanos, condiciones de trabajo, salud y seguridad, repercusiones
socioeconémicas y gobernanza, cubrieron casi todos los posibles aspectos sociales asociados a la
actividad ganadera, lo que permitié un examen integral de la gestion de los sistemas de produccion
seleccionados. Los resultados evidenciaron que los sistemas ganaderos operan en un contexto
desfavorable, con calificaciones de desempefio tendientes a “pobre” o “muy pobre”, o que significa
gue no cumplen con los valores de referencia establecidos como criterios de calificacion, mismos
que estan basados en convenciones y leyes nacionales e internacionales, sin encontrar diferencias
significativas entre ellos. Dichos resultados muestran que el impacto social de los sistemas
estudiados no esta asociado con la intensificacion y la causa hay que encontrarla en la propia
gestion de las empresas pecuarias. Esta conclusion esta basada en los resultados del analisis de
sensibilidad que muestran que las unidades de produccion institucionales evaluadas,
independientemente del sistema productivo, tienen mejor desempefio que 10s ranchos privados.
Tales resultados son atribuibles al vinculo que las unidades institucionales tienen con el gobierno, lo

gue las obliga a cumplir con las leyes (OIT, 2018).

La consecuencia del desempefio deficiente de los sistemas productivos es que se generan impactos
negativos en el bienestar de los grupos interesados, primordialmente en los trabajadores, ya que este
grupo recibe el impacto de las decisiones de las organizaciones de forma directa (Neugebauer et al.,
2014). Los resultados del desempefio social de los sistemas agropecuarios son explicados
principalmente por su contexto socioeconomico y politico; particularmente, en el rubro de
condiciones laborales, la historia, la orientacion laboral e incluso el patrimonio sociocultural de los

trabajadores, son criterios que tienen mas influencia en los resultados que el grado de mecanizacion,
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debido a sus valores culturales (Dumont y Baret, 2017). Los resultados del presente estudio
confirman lo anterior, pues se evidencié que en las relaciones entre trabajadores y unidades de
produccion no median acuerdos contractuales, los trabajadores carecen de proteccidon social, de
derechos en el trabajo y de condiciones de trabajo decentes. Ademas de los aspectos en materia
laboral, los derechos humanos tampoco son respetados pues se identificod trabajo infantil, carencia
de practicas de equidad de género y la falta de sindicatos o asociaciones que velen por los derechos
de los trabajadores. Esto ultimo, favorece la precariedad en las condiciones laborales (OIT, 2017)
(e.g., subempleo por deficiencia de horas, exceso de horas laborales y la falta de un salario justo), lo

que perpetua las condiciones de marginacion de los trabajadores rurales.

El estudio evidencio que los sistemas ganaderos evaluados operan bajo la informalidad y que es
claro que la falta de nexos con el gobierno impacta de forma negativa en los grupos de interés, asi
como en el desarrollo de empresas ganaderas sostenibles (OIT, 2018). Los resultados sefialan la
falta de responsabilidad de las unidades de produccion hacia los grupos interesados y las
deficiencias estructurales institucionales en el monitoreo y la vigilancia del cumplimiento del marco
legal en el sector agropecuario (FAO-SAGARPA, 2012).

Si nuestros resultados del ACV Social se contextualizan en un entorno con otros productos
agropecuarios de paises emergentes los resultados son muy similares (Neugebauer et al., 2014; Du
et al., 2018; Franze y Ciroth, 2011; Correia, 2019; Yildirim, 2014). En contraste, en estudios de
productos fabricados en paises desarrollados, los impactos sociales son positivos para los actores de
la cadena de valor y la sociedad, y los impactos hacia los trabajadores y la comunidad local son
predominantemente positivos (Franze y Ciroth, 2011; Chen y Holden, 2017). Es claro que esto
demuestra que el contexto socioecondmico es determinante en el desempefio social de los sistemas

ganaderos.

El ACV Social mostro robustez para evaluar de forma sistematizada los impactos sociales asociados
a la ganaderia. Dada la claridad con la que la metodologia muestra los impactos de l0s sistemas con
cada grupo de interés, puede ser clave en el disefio de politicas publicas especificas al sector
pecuario a nivel local y regional, contribuyendo al bienestar de sus grupos interesados (Siebert et
al., 2018; Delcour et al., 2015). Lo anterior, puede apoyar al cumplimiento de los Obijetivos de
Desarrollo Sostenible (ODS), en la reduccion de la pobreza (ODS 1), mejorar la seguridad
alimentaria rural (ODS 2), promover el crecimiento econdmico inclusivo y sostenible, promover el
trabajo decente (ODS 8) y reducir la desigualdad del pais (ODS 10) (FAO, 2018b).

En materia ambiental, los factores de caracterizacion desarrollados para calcular el impacto de los

sistemas ganaderos en la biodiversidad mediante el modelo relacion especie-area (SAR) de campo
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(Chaudhary y Brooks, 2018), basados en datos geograficamente explicitos de la Peninsula de
Yucatan, permiticron proyectar la pérdida potencial de especies de escarabajos del estiércol
considerando un gradiente de intensidad del uso de suelo de pastoreo. Lo anterior, no es factible con
la mayoria de los métodos de evaluacion de biodiversidad en ACV, debido a que unicamente
pueden distinguir entre diferentes tipos de uso de suelo general (e.g., suelos de cultivo, forestal,
urbano y pastoreo) (Maier, Lindner y Francisco, 2019). Por lo tanto, los resultados obtenidos
mediante los factores de caracterizacion calculados en este estudio son relevantes como apoyo en la

toma de decisiones que reduzcan los impactos de la ganaderia en el tropico mexicano.

Uno de los resultados mas reveladores fue que en los sistemas considerados integrales y sostenibles,
como son los silvopastoril intensivo, ocurre el mayor potencial de pérdida de especies. Estudios
realizados bajo modelos de conservacion y ecologia (campos que no son del ACV), han demostrado
que el sistema silvopastoril intensivo tiene mejor desempeno hacia la conservacion de la
biodiversidad, atribuible, en el caso de los escarabajos del estiércol, a que gran parte de la estructura
del suelo se retiene y, consecuentemente, se desarrollan mejor que en suelos que incluyen sélo
plantas para pastoreo (Chara et al., 2019; Broom, Galindo y Murgueitio, 2013). Sin embargo, en
este estudio se observd un menor impacto a la biodiversidad, en los paisajes de monocultivo. Lo
anterior, puede atribuirse a las dinamicas compensatorias que tienen estos invertebrados, que ante
cambios al habitat natural de bosque se desplazan de acuerdo con su capacidad de adaptacion, por
ejemplo, las especies de escarabajos de cuerpo grande prefieren el bosque, mientras que las de
cuerpo pequefio pueden adaptarse a paisajes con menor vegetacion, existiendo en algunos casos,
hiperabundancia de especies de cuerpo pequefo en sitios de pastizales (Alvarado, Escobar, et al.,
2018).

En linea con esto, se observd que en las unidades productivas con sistemas silvopastoriles, la
abundancia y biomasa promedio de escarabajos del estiércol fueron mas altos comparados con los
valores observados en las unidades de monocultivo, valores que pueden indicar mejor funcion
ecologica y calidad de la biodiversidad en los sistemas silvopastoriles (Alvarado, Dattilo y Escobar,
2019). A la luz de estos hallazgos, se reconoce que utilizar la riqueza de especies como medida
unica del cambio en la biodiversidad por el uso de suelo tiene limitaciones, debido a que dicho
parametro por si solo, ofrece insuficiente informacion sobre cual de los componentes que subyacen
a esta métrica cambiaron realmente (es decir, si cambia el nimero de especies raras, el nimero de

individuos o toda la distribucion de abundancia de especies) (Hillebrand et al., 2018).

También, el estudio evidencio6 la falta de disponibilidad de datos, a nivel regional y global, de la

riqueza de especies de escarabajos del estiércol en suelos de cultivo, indispensables para calcular
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los factores de caracterizacion por la produccion de concentrados (e.g., maiz y Sorgo),
particularmente importantes en la dieta del ganado en sistemas de monocultivo. Esta limitante se
presenta en la mayoria de los métodos de evaluacion de biodiversidad en ACV porque los datos
disponibles cubren solo regiones especificas (Winter et al., 2017). No obstante, las limitaciones
mencionadas, los resultados presentan una oportunidad valiosa para estudiar la inclusion de otros
indicadores que complementen los modelos de caracterizacion existentes para evaluar la pérdida de

biodiversidad en el marco de ACV.

El calculo del impacto en cambio climatico con factores de emision Tier 2, basados en valores de
produccion de metano medidos experimentalmente en camaras de respiracion en ganado alimentado
con dietas tipicas del tropico mexicano (Ku-Vera et al., 2018), dan mayor certeza a los resultados al
permitir la inclusiéon de informacion especifica de alimentacién. Tier 2 mostro una reduccion
significativa en sus factores de emision con respecto a los valores predeterminados para Tier 1, lo
que implica una sobreestimacion de las emisiones de metano entérico del ganado en el Inventario
Nacional de Emisiones de Gases y Compuestos de Efecto Invernadero de México a partir del
ganado del tropico mexicano (Ricci et al., 2013; Ominski et al., 2011). Los resultados evidencian la
importancia de contar con datos sélidos nacionales y especificos de las dietas de los sistemas
productivos para calcular con mayor precision las emisiones de metano entérico, lo que permitira
identificar las practicas de produccion de carne bovina que favorezcan la mitigacion del cambio

climatico (Hristov et al., 2018).

El calculo de emisiones de metano por fermentacion entérica demostré que el sistema de
monocultivo tiene menor potencial de impacto comparado con sistemas de menor intensificacion
(silvopastoril nativo y silvopastoril intensivo). Estos resultados son similares a los reportados por
otros estudios (Balmford et al. 2018; Rivera-Huerta, Giiereca, y Rubio 2016; Ruviaro et al., 2015).

Es recomendable que en el desarrollo de futuros calculos de factores de emision, se incorpore la
contribucion de las leguminosas incluidas en la dieta (e.g., Leucaena leucocephala) a la mitigacion
de la emision de metano entérico, lo cual permitira distinguir y reconocer el esfuerzo realizado por
los sistemas silvopastoriles intensivos en favor de la mitigacion del cambio climatico por la
produccion de carne bovina (Harrison et al., 2015). Lo anterior, no fue considerado en el presente

estudio debido a la falta de precision en el consumo de este forraje por parte del ganado.

El analisis ambiental, demostrd que las emisiones de metano entérico, los granos, los fertilizantes
sintéticos, los plaguicidas, el agua y la energia eléctrica, son los principales contribuyentes al
impacto de los sistemas ganaderos, lo cual coincide con diversos estudios (Tichenor et al., 2017,

Ruviaro et al., 2015; Bragaglio et al., 2018; Picasso et al., 2014; Nguyen, Hermansen y Mogensen,
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2010). Sin embargo, nuestros resultados demuestran que la eficiencia en el uso de los recursos, la
carga animal por unidad de suelo y la productividad del sistema, son determinantes en el impacto
ambiental por 1 kg de P.V. de becerro producido en el tropico mexicano (Balmford et al., 2018;
Bragaglio et al., 2018). Por lo anterior, para mitigar los impactos ambientales de los sistemas
ganaderos es relevante poner especial atenciéon a su productividad, pero deben considerarse las
compensaciones que pueden surgir en la eleccion de las mejoras ambientales de los sistemas
ganaderos, tanto a nivel de la unidad productiva como a nivel de los hogares, la equidad de género,
el trabajo decente y la seguridad alimentaria (Salmon et al., 2018). Los resultados del presente
trabajo muestran el beneficio potencial, ambiental y social, de usar la metodologia Analisis de Ciclo
de Vida (Lindner et al., 2019) en la identificacion de los puntos criticos de la ganaderia,

particularmente a partir del uso de datos especificos.

CONCLUSIONES

Este trabajo doctoral abarca el estudio de los impactos que la ganaderia tropical ejerce sobre los
aspectos sociales, ambientales y la biodiversidad. Dicha investigacion es la primera en su clase para
documentar el efecto que la ganaderia tiene en su entorno social y constata el primer esfuerzo en el
desarrollo de factores de caracterizacion para medir el impacto del sector ganadero en la

biodiversidad desde el enfoque de Analisis de Ciclo de Vida en México.

El estudio muestra el desempefio social deficiente de los sistemas de pastoreo en el tropico
mexicano. Asimismo, los resultados arrojan informacion importante sobre los impactos ambientales
de distintos sistemas productivos, siendo el monocultivo el que tiene una mayor observancia por la

biodiversidad y el menor impacto en cambio climatico.

Como conclusion del trabajo se obtiene que el desempefio social de los sistemas ganaderos en el
tropico mexicano no esta asociado a la tecnologia 0 mecanizacion, sino a la gestion de las unidades
productivas. Dicha gestion es llevada a cabo deficientemente en las unidades ganaderas por falta de
estructuras institucionales competentes para el monitoreo y la vigilancia del cumplimiento del
marco legal en el sector agropecuario, lo que representa un riesgo para los grupos de interés,
particularmente para los trabajadores. En este grupo de interés las areas potenciales de mejora

primordiales son condiciones de trabajo y derechos humanos.
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Como se menciond, los sistemas ganaderos impulsan la pérdida de especies y para medir su impacto
se desarrollaron factores de caracterizacion regionales, valores que representan el potencial impacto
a la biodiversidad causado por una unidad de area de suelo de pastoreo, dentro del marco del
Analisis de Ciclo de Vida. Estos factores prueban la efectividad del modelo relacion especie-area de
campo considerando un gradiente de intensidad del uso de suelo. Los resultados obtenidos mediante
la aplicacion de los factores derivados son relevantes como apoyo en la toma de decisiones que

reduzcan los impactos de la ganaderia en el tropico de acuerdo con la intensidad de manejo.

Las estimaciones de metano entérico liberado, basados en factores de emision calculados con la
metodologia Tier 2, sugieren que existe una sobrevaloracion de las emisiones de metano del ganado
bovino del tropico mexicano cuando se utilizan factores Tier 1. Resulta crucial calcular factores de
emision tomando en consideracion las caracteristicas especificas de alimentacion y productividad
regionales con el fin de obtener inventarios de emisiones de metano que tengan una mejor
aproximacion a las emisiones reales y permitan identificar las practicas mas eficientes para producir

carne bovina.

En resumen, la identificacion del riesgo social de los trabajadores bajo las formas actuales de
gestion informal de los sistemas de produccion de ganado del tropico mexicano, asi como la
importancia de la eficiencia productiva en el impacto ambiental, permite generar futuras lineas de
investigacion. Estas lineas deben dirigirse al desarrollo de modelos de caracterizacion para derivar
factores que mejoren las evaluaciones del impacto de la ganaderia en la biodiversidad en México
dentro del marco de Analisis de Ciclo de Vida. Tales modelos deben incluir ademas de la riqueza de
especies, otros atributos de la biodiversidad como la abundancia y la funcion ecologica. Asimismo,
se requiere evaluar la dimension economica de la ganaderia y proponer alternativas productivas de
ganado que garanticen un mejor desempeno social y ambiental, teniendo como desafio eliminar la
informalidad en el trabajo e incrementar la productividad, sin rebasar los limites ecologicos del
planeta, tomando en consideracion las metas enmarcadas en los Objetivos de Desarrollo Sostenible

de la Agenda 2030 de las Naciones Unidas.
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SUADVMARY

Background. In the firhwe, the produchon of cattle wall be mereasmgly affected by the reduchion of natural resources,
particularly land and water, and by the competiion between food and feed, therefore, the evaluation of the sustaina-
bility of production systems, 15 Increasingly mportant. Objectve. The objectve of this study was to 1dentify the
strengths and weaknessas of the Sustamaibty of Food and Amncultoa] Systems (SAFA) and Lifes Crele Assessment
(LCA) methodologes, as tools to assess the sustamaality of cattle produchon svetems. Methodology. The SAFA and
LCA methodolomes were theoretically evaluated and apphed to three production systems for grazmg cattle 1 the
Mearcan tropics. Results. The results show that the advantages of SAFA with respect to LCA are: having a fnendher
and more aple format and not requurin g expert evaluators for it menzrement, however, 1t has the disadvantzze that ot
does not allew for acowate identification, withm 21 topies that 1t evaluates, of the results of each mdicator (116 m
totzl). Thbem:]dhmfﬂ'ﬂ:e;rﬂpﬁalufmemahmm‘m‘eﬂmpﬂfme of the systerns. Whale LCA 15 2 meth-
odology by winch clyective, detailed and standardized evaluations are camed out, but the disadvantages of this focl
are that 1f requures experts and can be more expensive than SATA due to the we of specialized sofiware. Implications.
The resalts of this study help to identify the strensths and weaknesses of SAFA and LCA methodologies, allowing
evaluators of the sustaimable performemes of Irrestock systems to decide winch methodology suts ther mterests. Con-
cluzion. It 15 concluded that both tools are usefial for evaluating the sustamakality of Investock systerns but with different
objectives and scopes. Likewise, the vabdity of the results m both methodologies depends on the quality, veractty and
transparency of the data used.

Kevywords: Livestock mustamabbity; LCA: SAFA: Meoco: tools fo assess sustamabality.

RESUMEN
Contexts, En el fuhmo, la produceion de ganade bovmo se vera cada vez mas afectada por 1a reducaon de recurseos
nanmrales, partcularnmteu&n}agm, ¢ por 12 competenma enfre almentos v prensos, por lo que la evaluaoon de [z
mbﬂldaidelmmm&wuducumﬁmﬁwzmm Ojetivo. El oiyetive de este estudio fue
idenfificar las fortalezas v delnhidades de las metodologias Sosternbihdad de los Sistemnas Almentanos ¥ Agricolas
(SAFA) v Analiziz da Ciclo de Vida {ACV), como herrzmentas para svahiar la sosternbihidzad de los sistemas da
producoon bovina. Metodologia, Las metodologias SAFA v ACV se evaluaron de forma tedrica v se aphearon a tres
sistemnas de produccion de ganado bovino en pastorec en el ropice mesacano. Resultados. Los resultades muestran
qmlaﬁx‘mﬁjaz&ﬁﬂfﬁ.cmrﬂpactualﬁucvm contar con um formato mas amugsble v agllvnurequenrde
evaluadores expertos para s manejo, sin anbargo, tene la desventaja de que no permite identificar con precizion los
resultades de cads mdicader (116 en total), dentro de los 21 temas que evaliz. Lo antenor, podria difionltar proponer
medidas para mejorar el desempetio de los sistemas. Por su parte el ACW, mﬂﬁh‘uﬂﬂuﬂamtodnlnguquepamre
hacer evaluaciones obyefivas, detalladas v estandanzadas, pero requers expartos v puede ser mas costosa que SAFA
delnde al uso de software espemalizades. Implicaciones. Los resultados de este estudio contmbuyen a identficar las
fortalezas ¥ las debihidades de las metodologias SAFA v ACV, panutendo a los evaluadores del desempetio sostentble
de los sistemas gamaderos a decidir que metodologia se adapta mas a sus miereses. Concluzion. Se conduye que las
dos herrarmentas sen wiles para evaluar 13 sostembnhidad de los sistemas ganaderos, pero fienen diferentes olyetives v

¥ Swbmisted March 28, 2019 - Accepted Jfuly 23, 2020, This wedk is icansed undara CC-BY 4.0 Intarnations] Licanss.
ISEN: 1§T0-D442.

147



Tropical and Subdropical Agroscosystmess 23 (2020): 288

Riwara-Fwarta st al, 2020

aleaneces. Asmusmo, 1z valider de los resubtades en ambas metodologias depende de 1a calidad, veracidad v transpa-

rencia de los datos uihzades.

Palabras clave: Sostembibidad pecuaria; ACV: SAFA; Meéoco; heramentas para evaluar 1a sostenabibidad.

INTRODUCCION

Diesde la decada de los 705 el consumo de almentos de
origen animal, especialmente de came, ha tenidowm in-
cremento mmpartanfe alrededor del mmmde (FAO,
20097, El arecmmuento de la demanda de este alimento
ha supuesto wna gran oporhmidad de desarollo para
cerca de mil nullones de personas que dependen de la
ganaderia ¥ la produccion de carne, parhicularmente de
res; sm embargo, esta demanda se ha asocado a 1m-
pactos negatives en el clima, fimdsmentalmente por las
enmsiones de gases de efecto mvermadero, 1z defores-
tac1on, la erosion de suelos v el deteriore de cusrpos de
apua (Stemfeld er al., 2006; FAOQ, 2009; Havero aral.,
20000, lamagnmddelmmnpacmsdelagnadmas&
debe a que aprocomadamente 31.5 millones de km®* de
suslo (20-30% de 1a superficie total del planeta) se ufi-
lizan parz el pastores. Una tercera parte de 1z superficie
bajo cultivo agricola se utiliza como complemento ali-
menficio del ganade; v, ademds e requieren aprosc-
madamente 16000 fros de agua por cada klosramo
de came producida. Tambien esta acovidad es fuente
prmana de nitrogens reactvo en el aire v agua a parto
del estiéreol del zanado (Hewero ar al, 200%; Janzen,
2011).

En Ménaeo, la ganaderia omupa caca de 1.1 mullones
de Jan® (56% de la superficie del temitorio nacional),
stendo los trdpicos la zona de maver produccion gana-
dera (35.4% del mventano nacionzl) vla de mayor ex-
mhﬂmﬂhﬂehr@mdﬂmdﬂ
pais. En las nltmas decadas, estas zonas se han con-
Terhdnmp_lp'm'eedmpmmpalthbmﬂmspmz-
gorda en earrales nacionales ¥ de came en canal para
el abasto a nivel nactonal (INECG, 2016). Por afios, v
con el proposito de optomizar 1a productmadad zana-
dera en los wopicos, se han 1do moplementando siste-
mas pastonles a base de monocultive. El sistemna de
monocultive reduce la divernidad zenética vegetal v
pruplmla:hgadaum:hl suslo, ademas de que m-
crempents la demanda de innumes etames (agum de
nego, farhlizantes, plapuadas, entre ofros). Ante tal
evidencia, han swmdo altanativas como &l modelo sil-
vopastor] que ofrece 1ma mavor wiabihdad sonal eco-
lagiea v productiva (Broom eral., 2013). En wn estudic
reciente mediante ACY realizado en Colombia, en el
que s& camparan los impactos ambientales de la pro-
duceon lechera en dos sistemas productives, wmo si1l-
wvapastorl] v ofro tradicional (menocultive), los resul-
tados mmestran que el sistema silvopaston! genera me-
nos enisiones que el comvenciomal (2.05 v 234 kg
Cz-eq) ¥ ademas usa menos energia (3.64 conta 5 81
kg M-1) par htro de leche produnids (Biverz of al,
2016).
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Evaluar los modelos de produccion es primardial, por
lo que entre los Objetivos del Desamrollo Sostenible as-
tablecidos en el afio 2015 por la Asamblea General de
las Naciones Umdas (0L (U, 2015), se mchrve el
desarrollo de m meétodo de anabims (cualitative vo
mmiamu}mmnhnn.ﬁquelmpmhsmhmﬁmla
acimdad ganadera v que inde un soporte en la toma
de demsiones para mejorar los sistemas de produccion
que permutan su transito a modelos sostembles.

Actualmente exaste una gran vanedad de hemanmentas
encammadas a Iz evalnacion del desempetio de la sos-
tembilhidad de los sistemas agropecuanos, entre ellas:
RISE (Response Induemy Sustamababity Exvaluztion),
IDEA (Indicaterrs de Chyabilité des Explostahons
Ammcolas), MESMIS (Marco para 1a Evaluacion de
Sistemas de Manejo de Recuwrsos Natmales Incorpo-
rando Indicadores de Sostenibilidad), SAFA (Sustama-
ity Assessment of Food and Agnenlhne Systems) v
ACW (Analiziz da Ciclo de Vida) (de Olde e al , 2016;
de Olde er al , "'[I'ITI':I esta nlima ]:IlEt-I:dJJIIJEJE no es
especifica para sistemas agropecuarios perc tene 1m
ampho potencial de uso en este sector.

Feoentemente vanes estudies ban hecho revisiones
tedricas de las metodologias SAFA vy ACY compa-
rando sus mdicadores ¥ sus aleances v han evaluado la
sostembibidad del campo mexcano (Rivera-Huerta o
al., 2016; Pérez-Lombardim, 2017; Tenclh v Farrer,
2018). El objetive de este articule fue contrastar las deos
metodologias, una euanfitativa v obra cuahfativa, a tra-
ves de m amalbims teanco ¥ apheado a tres astemas
productives de ganade en el sureste de Meésaco. Los re-
sultados mchuyven 1z identficacion de fortalezas v de-
tbdades identificadas para cada metodologia.

Descripeion tedrica del ACT ¥ SAFA
Analiziz de ciclo de vida (ACV)

El Andlizi= de Ciclo de Vida s umz hemsrmenta que
permmte evaluar de forma objetnva, sasténuea v clenti-
fica los impactos ambientales de productos o servicios
durante su ciclo de wida. En el anahsis se consideran
las etapas de extracoidn v procesado de las materias
primas, produccion, fransporte, use ¥ disposicion final
(IS0, 2006a).

ACY Ambiental. La Neawa IS0 14040 (Geshion am-
hental - Exvaluamon del ciclo de vida - Panoapos ¥
mareo de referencia) (IS0, 20062) define ol ACV
comyo unz metodologia que evahia el desempetio am-
hentzl 3 lo larzo del acls de wida de 1m producto o
sarviclo, mediante 1a recopilacion de 1m mventano de
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las enfradas (matenas pnmas, recursos v energia) ¥ sa-
bdzs del astemna (emmsiones a la atmosfera, agua v
suslo} (MeDougzall of al | 200]1; Giiareca af al., 2006;
IS0, 2006a). Se evalia el potencial de impacto ambien-
nl&h;wnductusnm1mm d.eam:.&rdncmca.tegcrm
(por eemplo, cambio climatico, eutrofizacion, toxc-
dad humana)) v se mierpretan los resultados para cada
etapa del ciclo de vida del products con relacion a los
objetrves del estudio planteads. E1 ACV consta de ena-
o etapas: (a2} definicion de objetivo ¥ alcance, (b) n-
ventano de cicle de vida, () Eﬁlum:hllmpacme
{d) mterpretzcion del aclo de vida. Las cuatro efapas
estan representadas en la Fimma 1 v se explican breve-
menfe a confinuacion.

Etapas del Andlisis de Ciclo de Vida

Defincion del objetivo M=

eE nee

1

Invenitania del Gclo de

1

Evaluacin del mpacis

Iepretacin

Figura 1. Estructura del Analisis de Cielo de Vida
(150 14040, 2008).

El obyetive v el alcance del estudio se definen en la pri-
mer3 etapa. en alla se documentan los motvos para lle-
var a cabo el estudio, Iz aplicacion prevista del ACV ¥
el publico objetivo. En la etapa de defimaon de ohe-
trve v alcance tambien se establecen los lnmtes del sis-
terma para aclarar que se mehryve en el estudio v qué sa
excluve Fnalmente, se define la wmudad fimetonal, 1z
aulprwmmahﬁnummmalpmmhbem
plir. La se;mmda etapa es el mventano de aclo devada
(ICV) que s refiere a la recopilacion de datos. En esta
etapa todos los procescs dentro de los limstes del =is-
terna se identifican v cuantifican en témimes de entra-
das v salidas. El imventario de ciclo de vida es wma co-
lecoron de todas las entradas v sahdzas que mehoven to-
des los flpos de matenal v fujos de energia del pro-
ducto a lo largo del ciclo de vida, todo en relacion con
lz midad fimeional defimida Los insumes se relacio-
nan con el consumo de reciEses: recursos energeticos,
recursos munarales v recursos renovables. Las salidas
se relacionan con las emmsiones de sustancias del =1s-
temma del producto al ame, al agua v al swelo. El resul-
tade final es 1ma compilacion de todas las enfradas v
salidas La tercera fase es la evalacion del mopacto del
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ciclo de vidareal en la cual el ICV esta conectado z los
mmpactos ambentales. Paz todas las enfradas v szh-
das, los efectos ambientales se recopilan v clasifican
en categorias de inpacto. La ulfima etapa es 1a inter-
pretacion del ciclo de vida, los resultados de las tres
primeras etapas se evalian enrelacon con Iz meta v el
aleznee con el obyjetrvo de llegar a conclusniones v re-
comendzciones (150, 20063). En la etapa de mberpre-
tacion se deben identificar los primeipales contribuyen-
tes a los mmpactos ambientales que se encuentran en la
etapa de evaluacion del mpacto. Tambien en 1z alhma
se deben formomlar las conclusiones v recomendaciones
del estudio (150, 20062, 2006k van der Maer, 20150

ACY Social. La metodelogia ACV, ademas de apovar
en la evaluzcon de impactos ambientales, también per-
mute evaluzr los impactos sociales v socloeconommeos
de wn producto ¢ senicie mediante la metodologia
Analizaz de Ciclo de Vida Somal (ACWY somal), la cual
signe el mareo general ACV ambiental basada en las
efapas desontas por la [90 14040/ 14044 (Gestron am-
hentzl - Evaluacion del ciclo de vida - Requsitos v
directiices) (150, 2006a; 20060). El ACV somal esta
definido en las gnLlDTEPSEI'AC{UI{EP‘SETAC
2009 e ncluye cinco grupos de mberés: trabajadores,
commmidad local, sociedad, conmumdores v actores de
la cadena de valor, 51 como se1s categorias de impacto
e zharcan 3] mdicadores en fotal (tambasn dencam-
nades subcatezorias). Las categorias de mmpacto 1den-
tificadas son:- 1) dereches limanes, 2) condiciones da
trabajo, 3) salud ¥ sepuridad. 4) patrimonso colteral, 5
gobernanza v §) repercusiones socloecondmmcas. Bl
ACV socal, utiliza el marco metodologico del ACY;
sin embarge, Jm 0o & encuentz estandanzada la
forma de evalnacion de los mdicadores, sendo el en-
foque de desempefio la forma mas comm de evalua-
cion. En esta forma de svaluacion se pueden uhhzar
datos cualitatives o semnonantitatves va traves deuna
escala nommal se obhenen mvelss de desemmefio. de-
finidos con el cumplimeento o Inommplimiento de de-
terminades criterios denonmnades valores de referen-
ci1a. La subgetiiadad de esta evalumcon puede reducirse
al comparar los datos con nomativas o estandares na-
cionzles e internacionales aphicables al caso (Franze v
Crooth, 2011).

Los “mmpactos soctales™ sa definen en ACW socal
como las consecuencias de las mterscciones sociales
teidas en el confestto de una actividad (fe., produc-
clon, consumo o disposicion) wo generadas par ella
Los mpactos sociales estan asociados a fres camsas
(UNER/SETAC, 2009): 1. comportammentos: es dear,
una decision (s.g., pmhihnalcﬁanpleadmﬁ:lmarﬂn-
dicatos); 2. proceses soclcecondmuoos: se considera

Immdﬁmﬂamde&tﬁﬁnﬁld&hsd&
clslones socicecondmicas a nivel macro v micro (8.2,
madmun:hmﬁ'aﬁmmmpmamm:

infizestruchna en wna commmdad) v, capitales (hu-
mzne, social, culhwal): los mpactos socales pusden
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generarse a partir del contexto onigmal, es dectr de atn-
Tutes poseides por i indnaduo, 1m grupe o 1ma socte-
dad (e z., el nrvel de educacion) ¥ pueden ser postinvos
o negativos.

En resumen, v de amerdo con sus caracterishicas, el
ACVY e 1ma haramenta metodolomica que apova en
lz identificacion de los puntos arificos del ciclo devida
de wmn producto o savicie con la fnalidad de aleanzar
mejoras ambientales v soiales. Ademas pamtemm
parar los imapactos de productos o servacios, siempre ¥
m&:@gﬁnhmﬁmﬂnluq&maluﬁ
nmdanmmalznhmevsuualmtem aceptables,
estableciendo un critenio general haeia la produccion
de hienes v serviclos que favorercan la sostembnhdad

Sostentbilidad de los Sistemnas Alimentarios v Agri-
colas (SAFA)

La metodologia SAFA fiue desarvollada por 1z Orgam-
zacion de las Naciones Umdas para la Almentacion v
la Azriculhma (FAQ) con el ohjetive de summentar el
entendmmento de la sostenibihdad en el sactor produc-
e de almmentos. Estz herammenta pammte evaluar
una o mas entidades que forman parte de 1ma cadena
de valor relaconada con la agrienlhora, los bosques, 1la
pesca o la acwenlnwa (Enfidad es uhlizadz en SAFA
para referrse a = wmdad de analisis, 1a cual puede ser
tanto 1ma pequetia o gran empresa (g.g., rancho, granja,
plantas de trensfomacion de ahmentos o puntos de
ventz). SAFA se presenta en forma de mma plataforma
mformatica de acceso granuto que permite temer mma
evaluacion holishea o miegral del desempatio sosten-
ble que las enhdades econtmucas (grandes o pequetias
compatias de productores, distibwdores, enfre ofros.}
t1enen desde el lnzar donde realizan 1a producocn pr-
mana hasta donde realizan la venta de los productos
finales. El método consta de cuatro efapas, que son el
mapes, la contextuabizacion, 13 evaluacion de mdica-
dores v el reporte. El mstrumento mtegra las cuatro di-
mensiones de 1a sostemibnlidad: la mtepridad ambien-
tal, la resiliencia econcmica, el benestar somal v la
buena gobarnanza (FAC, '?Ifl'll-) En SAFA las domen-
stones de la soctenibilidad se asoclan a 21 temas que
reflejan el desempenio de 58 subtemas mtegrados por
un total de 116 mdicadores. Los temas evaluados de
zcuerdo a las cuztro dmensiones de la sostembilidad
son: Buena Gobamanza (Etica corparativa, Contzbili-
dad, Participacion, Estado de devecho., Manejo holis-
tico), Integridad Ambiental {Atmosfera, Az, Tiers,
Matenales v energia, Biodiversidad v Bienestar am-
mal), Resiliencia Econdmica (Ioversion, Vulnerabh-
dad, Informaeién ¥ Calidad de producto, Econcinia lo-
cal) v Bienestar Social (Cahdad de vida digna, Comer-
1o uste, Derecho laboral Equidad Segaridad y salud
humana v Diversidad cultural). La valoracion e hace
a partr de datos cuabtatrvos v cuanhfatives cuyos re-
sultades pueden ser representados por colores basados
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en 1ma escala porcentual para medir el rendinuento de
la actividad: maceptable {rojo/l) -20%5), limitade (na-
ranja20-40%), moderado (amanlle/40-60%) buene
(verde clare/80-807%) o 1deal (verde oscuro’B0-100%:).
Loz resultades se presentan mediante el “polizono de
la sostembibidad” (Fizwa ). el cual representa el
desempefic de cada mo de los 21 temas asocados a las
cuatre dimensiones de la sosterambidad evaluadas. Es
impaortante mencronar que en las evaluamones realiza-
das mediante SAFA ol papel del asesor o exparto que
desarrolle el diagnostico es determunante. deludo a que
alolargo de la evaluacion tendra que aplicar sucntenc
(Tonolli v Fazer, 2018). Para el uso de SAFA &l ex-
perto debera elezir o proponer los Indicadores mas re-
levantes del estudio de acuerdo con el tipo de actradad
que s2 evaluara, después se recolectaran los datos de
las mejores fuentes dispombles v finzlmente se califi-
caran los mdicadores de manera objetiva v precavida.
Adema: SAFA recommenda al exparto consultar a
otros expertos en diferentes areas. Para levar acabola
calificacion de los mdicadores, SAFA presenta los va-
lores extremes de cada mdicador, es decr, los valores
corespondiantes al mejor desempenio v al maceptable.
Los valores de los nmveles intermedios (ueno, mode-
rado, limitado) deberan ser establecidos por el experto,
quien fendra que contextualrar cads mdicador de
acuerdo con la mfrmacdn dispomble en la remion o
de la mdustria para asi establecer los umbrales apro-
pladamente.

MATERIALES ¥ METODO

El estudio s 1m anih=is comparative de SAFA v ACV
que consistio en fres pasos: el analimis tednco de las
metodologias dentificando mus fortaleras v delalida-
des, postenormente se aplicaron las dos herrammentas
metodologicas a fres sistemas de produccion de ganado
en México v finalmente se hizo el analiss comparativo
de los resultados Estos pasos son explicados a confi-
nuECIon.

Amaliziz tedrico de fortalezaz v debilidades de
SAFA y ACV

Las Mormas IS0 14040 e ISO14044 (ACY Ambien-
tal), las Drectrices de la UNEP/SETAC para ol ACY
Somal, a5 como las directrices v & manual de mdica-
dores de SAFA (IS0, 2006a; IS0, 2006k, TNEP/SE-
TAC, 2009; FAQ, 2013) son el marco tedrico para
contrastar ambas metodologias. Este paso del estudio
mchrye: el enfoque vel aleance de las evaluzciones lle-
vadas a cabo con las dos henanuentas metodologicas,
las dimen=zones de la sostembibdad que evaltan, el
tipe de indicadores, las herrarmentas mformaticas de
ﬂaluammmmlmbm,dpaﬁldalusuannaqmﬂn
estan dingmdas, =1 los resultzdos permiten el analizs
objetive de desempesio v =1 parmiten la reahizamon de
comparaclones con ofres estudics (Interpretacion v co-
mmicacion de resultades).
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Figura 2. Polizono de 13 sostembihidad SAFA (FAO, 2013).

Aplicacion de SAFA y ACV en tres sistemas de pro-
duccion de ganado en Meéxico.

Las metodologias SAFA v ACV fueran aplicadas atres
sistemas de produccion de ganado bovino en pastoreo:
monocultivo (Me), sitvopastonl mtensivo (SI) y silvo-
pastonil nativo o monte (SN} en Yucatan, México. El
sistema de Me se caracteriza por bazar la alimentacion
del ganado en cultivos forrajeros en potreros. El SI
combina vanos estratos de vegetacion como base de la
alimentacion, wmn estrato herbaceo (zrammeas y legu-
minosas). un estrato arbustivo de alta densidad con
Leucanea leucocsphala v un tercer estrato de arboles
para la produccion de madera o frutas y palmas. El sis-
tema SN e asocia a una alimentacicn basadz en vege-
tacion nativa. De los tres sistemas productivos, el SN
se caracteniza por tener la menor mversion en tecnolo-
gia e matalaciones.

Para la aplicacion de las metodologias, se selecciona-
ron un total de nueve unidades de produccion pecuana
(UPP), tres par cadauno de los sistemas de produccion
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evaluados~La fimcidn zootécnica de las UPPs analiza-
das, es la produccion de becexros o el doble propoaito.
En Iz Tabla 1 se describen las caracteristicas de cada
una UPPs mchadas en el estudio.

El ACV y SAFA fueron aplicados a cada una de las
UPPs. La evaluacion incluyo: a) el disafio de los ins-
trumentos para la recoleccion de mformacion: b) el le-
vantamiento de datos: ¥ ¢) el analiais de la informa-
cion. Por lo que. en esta etapa del estudio, se disefiaron
cuestionanos especificos para los ganaderos. los traba-
Jadmesyparalacammdadlmllamcdemdeh
mnformacicn se hizo mediante enfrevistas semuestruc-
turadas alos ganaderos v a los trabajadores de las UPPs
v mediante encuestas a la coommdad local El anahizis
de los datos mediante el ACV se hizo con &l software
SimzPro Pré Consultants version 3.1.1, y para SAFA
se utilizo la version beta 2.1.50 de esta plataformaz. La
comparacion de las metodologias se baso en el analias
de las domen=iones ambiental y social del ACV yen las
cuatro dimensiones que evalua SAFA (mtegridad am-
biental, resiliencia economica. bienestar social v buena
gobemanza).
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Tahla 1. Descripeion de laz unidades de produccion pecnaria esmdiadas.

Superficie MNumers de

Sistema de pastores Produccion P[:a:l' hembras en Uhicacion A umicipio
produccion

Monocultivo Becaros 700 53 Tizomin, Yucatan
Monocultivo Becarros 46 46 Tzucacab, Tucatin
Monocultivo Doble Propésito | 57 Menda, Yucatan
Silvopastar] mtensrio Becarros 123 42 Tizmin, Yucatan
Silvopastori] mtensro Becaros 32 48 Tzucacab, Yucatan
Silvopastor] mtenarg Dioble proposito 100 40 Menida, Yucatan
Silvopastar] natreo Becarros 200 137 Tizmin, Yueatan
Silvopastor] natmvo Dioble proposito 43 11 Tzucacab, Tucatin
Silvopastar] natreo Becaros 32 49 Manda, Yucatan

La superficie reportada, ademas del uso de suelo ganadero, inchye otros tipos de uso de melo (2.5, sualo de vegeta-

cion nahwal v suelo forestal maderable).

Analizi comparative de resultados

En este paso se compararon v discubiaon los resulta-
dos de la apheacion de las metodologias SATA v el
ACV. Los resultzdos del anahs=is de las evaluaciones
de la soctenibilidad mediante SAFA estin basados en
Perez-Lombardim (2017}, quen evalud tres mstemas
de produccion ganadera con esta heramments. Men-
fras que los resultados del ACY ublhizados en este es-
tudio, fueron caloulades especificaments para este ana-
hisis comparativo.

RESULTADOS Y DISCUSION

El resultado del anahsis tecnieo de las metodolosias
SAFA v ACV, con base en se1s caractenisticas, se des-
cribe 3 confmu@cion:

Enfoque ¥ aleance. El ACV es 1m procedimmento s1s-
tematico ¥ holistico, cuvo oljetivo es evaluar el aclo
de vida de enes o seracios. Estz metodologia esta
fimdamentada en wna noms mtemaconal (150 14040,
2006) que utiliza come unidad de caleulo la “ymadad
fimcronal”, elemento camactenishco del ACV que per-
mltemmpamrmalqlmupudeblmnsmmuque
fengan uma funcon equvalente. Por oo lado, SAFA
es 1na hemammenta disefiada especificamente para la
evaluacion de entdades que formen parte del sector
productive de los almmentos v que parmte el analizs
de cadenas de producaon completas o solo alpmo de
los procescs que las conformen va que los ineanmientes

152

de e=ta metodologia no obligan a susjecumon desde un
enforue de ciclo de vida

DHimensiones de la sostendbibidad evaluadas, Las -
mensiones de la sosterubibidad que son fachbles de
evaar vhhrando o] marco metodolomeo de ACV son
las donensiones ambiental (ACV ambiental), sowmal
(ACV somal) v econcmca (ACV econdmmes). Mien-
tras que SAFA esta diseniada para evaluar cuatro di-
mensiones: “buena gd:emmm “intesridad ambien-
tal”, “resihencia economuca”™ v hemﬂtar soctal”. Por
lnmu_ SAFA fiene un espectro mas amplio que &l
ACV para la evaluacion de la sostendbilidad,

Tipo de mdicadores. Las dos herramientas uhhizan m-
dicadores para la evaluacon de vanas domensiones de
la sostembihdad pero presentan diferencias en m
calenlo, evaluzcion v forma de mterpretacion. Tanto el
ACV como SAFA permten selecarenar los mdicado-
res que & mchuran en s evaluacion de acuerdo a la
relevancia del caso. En ACW, las categorias de mipacto
amhental o social gque se mehmran en el anahiss deben
ser esperificadas v jushficadas en la primera etapa de
la metodolezia {objetive v alcance). Por su parte, e
SAFA se pueden elegir los temms & médicadores que e
uftlizaran, paro debe justificarse la comsion de aquellos
que no s mehuran.

Con relacon a los mdieadores sociales, el ACV social
mwmuﬂmad-xaparmdusalmuuhzadusmlas
dimenziones “blensstar social” v “buena gobemanza”
de SAFA En cuanto a la evaluacion aminental SAFA
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planfea tres fipos de mdicadores para Iz dimen=ion “In-
temidad ambental™ 1) mdieadores basados en el
desempenio; 2} mdicadores basades en la practica e 3)
mdicadares basados en metas. Los mdicadores basades
en el desempetio v los indicadores basados en 1a prac-
tica son muanttatives, ¥ los indicadores basados en me-
tas son cualitatives. En contraste, en el ACY ambien-
tal, todos los mdicadores (denommados categorias de
mmpacto, £.g., cambio climatico, eutrofizacion, toxie:-
dad himena), son de tipo uanttative.

Es mmpatante destacar que los mdicadores en ol ACY
ambients], se erpresan en midades de las sustancias de
referencia, repwesentativas para cada categoria Esto
parmte la comparacon de los mmpactes 2 lo largos de
las etapas del cicle de vada de los bienes o semacos
evaluades & meluso permite la comparacion con ofros
extuchios realizzdos con esta usma heramenta. Mien-
tras que en SAFA los resultzdos de los indicadores se
mtegran en la evaluacion general del fema al que co-
mwespondan, en 1ma escala de desempenio parcentual ¥

asociados 3 un color.

Herramientas informaticas de evaluacion. Pam el
analizis de datos mediante el ACV, sehan disefiadova-
nios soffwares especiabizades, los mas unbzados son
Umnberto, (GaBi y SimaPro, que para su mansjo es ne-
cesano el entrenammento por parte de expartos, por lo
que &5 indispensable considerar el fiempo para la capa-
citacion dal evaluador cuzndo se deses hacer im ACW.
Estos programas henen 1 costo econdmmioes que puads
ser alto. Mientas que en SATA el analizs esta basade
en 1ma plateforma amigable para su maneyo par lo que
no requere personal capacitado para su ejecucicn ¥
tiene 13 ventaja de sar de acceso libre, no representands
un gasto adicional para las enhidades mteresadas en co-
nocer su desempedio en sostembilidad.

Perfil del usuario. En cuanto al perfil del wsuario w
operador al que estz duimids cads heramments metodo-
logica, existe ma diferencia pnneopal. El ACW re-
quiere la asesoria de expertos pues el ratanmento de los
datos parz Ia conformamon del inventano de ccle de
wida &5 de tipo cusmhtzhve ¥ requers tanto precision
para su calcule como conocinmento en el manejo de los
softwares para la evaluacon del impacto. En confraste,
el analims mediante SAFA puede ser reahizado por In-
teresades no especializados (& g, agneultores, empre-
sanios o tomadores de decisiones) en el manejo de la
bherammenta, va que esta metodolegia offece m maree
mury flexable de acerde con el contexto ¥ con el ac-
coso a la infrmacion. S embargo, 13 Hohdad en el
SAFA tambien puedan ser constnudos v evaluados con
datos oy precisos obtemides por epertos ¥ clentifi-

L

153

Rivara-flwarta stal., 2020

Interpretacion v comumicacion de resultades. El
upothrmﬂmdmmgmadmde ambas herarmentas es
diferente. En ACV e obfienen valores cuanfitatmvos,
expresades en wmidades de medida de cada categoria
de mmpacto, por ejemplo: kg C0: eq, para cambio chi-
mztes o kg 50 eq parz andificacion terestre. Esta
forma de expresion pamute la mterpretacion objetria
de los resultados, asi como la comparacion con ofros
estudios de productes con 1z muoma fimmon, Adicio-
nzabmente los soffwares uhhizades en ACV, estan pro-
sramados para desagregar el valor de los mpactos por
proceses a lo large del ccle de wida de los bienes o
servicios, lo que facilita en wm analisis preciso de los
impactes. For mu parte, los resultados obtenidos me-
diznte SAFA son presentados en 1ma escala porcentual
de desempetio, que esta asonizda a una escala de color,
esta escala esta clasificada en 1deal {color verde os-
cura), bueno (color verde clara), moderado (solor ama-
nlle), bwtado (color navanja} e maceptable {color
rojo). Las cabficacones de desempefic son anignadas
a cada mo de los temas evaluados (ie., 21 calificacio-
nes corespondientes a los 21 termas anahizados) v para
la commmicacion de los resultados SAFA usa graficos
dencminados “poligones de la sostemihidad”, que sir-
ven como unza hemammenta eficazr de conmmicacon
para visualizar el desempefio de todos los temas de
forma explicata (Figura ). Mientras que para mostrar
los resultados del ACV se whiizan tablas o graficoes (Fi-
surz 4) que pueden ser dificiles de comprender por lo
que deben ser expheados con elandad Mo obstante. los
valores resultantes dal ACV ayndan a la commmicacion
de resultados especificos a los grupos mteresados voo
solo transouten mformacion de forma global De
acuerde con lo anterior, los poligonos de la sostenaba-
lidzd mediante el mal representa sus resultados SAFA
ez altamente armgzhle. mueantras que en ACW los resul-
tades son mencs comprensibles para gnupos o nfere-
sados v van enfocados a objetivos especificos.

Damado de 1z evaluacion de las caracterishicas men-
clonadas, se resume que SAFA es una herramientz pu-
b].itﬁq‘llEE‘L?ll.E las cuatro dimensiones de la sostend-
mhidad en ma plataforms de uso facil especifica del
sector productrvs de ahmentes v agricela, expresandes
la sostemabalidad de forma grafica v accesible. SAFA
es oy ufl en la comparacicn mterma de una empresa
a lolargo de evaluaciones consecutrivas; ademas, poses
la ventz)z de obtener de memera rapida v facil datos
para la toma de decisiones en enpresas que reqmeran
de calendad Por ofro lado, 1z principal fortaleza del
ACW radica en que es uma metodologia estandanzada
bajo lzs novmas mtemacionales IS0 14040044 (IS0,
2006z}, obyetiva v sistematica, basada en un 1mventa-
1o de entradas v salidas relaconade 3 ma wmedad fim-
cional defimda lo cual le da 1z ventaja de poder com-
parar los resultades con ofros estudios y productos con
la mi=ma fimeron.
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Tabla 2. Matriz comparativa de los temas de SATA v las categorias de impacto del ACV seleccionados en la evaluacion de tres sistemas ganaderos.
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Figura 3. Bjemplo del “poligono de 13 sosterihdad” obtemido mediante 1z plataforma SAFA | en donde se mmeshan
los resultades de 1ma 1midad productiva de Me (Figma tomada de Parez-Lombardima, 2017, con permiso del autor). E1
desempetio de la midad de produccion se representa por colores: 1deal (color verde osouro), bueno (color verde clarc),
moderade (eolor amarlle), mitado (color naranga) e maceptable (color rojo), de acuerdo con FAQ (2013).

Por otra parte, las dmmensiones de la sostemubalidad
comparadas al aplicar las dos herramientas metodals-
gicas en las UPPs seleccionadas permifieron hacer wma
matnz comparztiva de mdicadores (Tabla 2). En esta
miatiz, se confrastan 21 temas v 100 mdicadares que
pﬁﬂeﬂmalﬁmﬁn&m&hmwl
daiqlemihnﬂAFAf'ﬁElhma 7, “hae-
nestar social”, ambientzl” v buena gober-
mm’)j?fmﬂlmhm&lﬂﬂf{?ﬂmdmmfnﬁm—
mesponden al ACV social v aineo al ACV ambnental).
La matnz comparativa de indicadores pamte identifi-
car que 15 mdicadores del ACWY social comaden con
siete temas de las dimensiones “bienestar social” v “re-
shencia econdmica” de SAFA muwenfras que solo
exste 1ma coincldencia en los mdicadores de ACV am-
bental ¥ la dimension de “mntegridad ambiental” de
SAFA De esta forma se ejemplifica que aum cuando
las dos metodelogias evalian la sostembilidad basan-
dose en indicadores, éstos no coinciden al 100%%. En
este caso existe 1na comeidenca de tan solo el 54% en
los mdiczdaores whlbizados por las dos metoedologias.

Con base en la comadenca de mdicadores 1denhifi-
cada mediante la Tabla 2, se luzo |3 comparacion de
los resultados de SAFA (Figura 3; Tabla 3) vel ACV
{(Fizuma 4). Los resultados de la evaluacion de las UPPs

155

con SAFA seilustran en Fisra 3. Esta fimra es el “po-
ligono de la sostenmbidad” de una de las UPP de Me
evalnada en el estudio, en 1z cual se observa la cahfi-
cacion de cada fema de acnerdo con la escala de colo-
res. Los resultados de todas las UFPs considerando
tmicamente los indicadores que conciden en ACY v
SAFA se presenfan en la Tabla 3. La comparacion de
resultades de la aplicacion del ACW v SAFA =e des-
cnbe a confmuacion.

Di - ial

En la evahmoon de la dimenszion social, mediante
SAFA se obhmo que en el fema “wida digna” (dimen-
mﬁmmﬁmwhﬁm
“salanio justo”™ ¥ “desamrollo de capacidades”, todas las
UPPs fueron valorados con desempetios “moderades”
o “lmitados™ (Tabla 3) lo que mplica que las condi-
clones en que viven los frabajadores no son las desea-
bles.

Bespecto al ACV social es relevante aclarar que, en el
presente estudio, b evzluacion de los indicadores se
basd en wm enfoque de desempetio (Padilla-Frvera ar
al, 2016}, que compara los datos del mventano social
con valares de referencia, denommados valores meta
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{Ciroth v Franze, 2011). Por ejemplo, para evaluar la
categoria “salano dizne” se ufthzo como valor meta el
salano minmmo establecido por 1a ley mexicana. Los
datos recolectados fiueron evaluades con uma escala de
0 a 1. Esta escala se asoma 2 ma escala de color, en
donde el verde (1 en la escala) mdica wm rendmmiento
soctal sobresaliente v se asigna a un comportamiento
proactive en relanidn con el valar de referencia; el
amanlle (.75 en 1z escala) caresponde a wm rend:-
muente socal aceptzble que se asigna a 1ma organiza-
cidn que cumple con el estaindar mimmie definide en
los pumtes de referencia; el azul (0,50 en la escalz)
aphea a wm rendmmento social pobre v es asignado a
1na orgAnzacion que no cumple con &l valor de refe-
renciz; el rejo (025 en la escala) denota mm rend:-
miento social mry pobre ¥ coresponde a la organiza-
cldn que operz en um contexto desfrvorable (bajo nes-
goe fisicos, pacaldsicos o de semmidad, o en violacidn
de derechos humanes. Por alfime, &l gris (0 en la es-
cala) aplica suando no hav dates reportados pam eva-
Inar el mdicador.

Riverafwarta et al, 2020

Se observo que los resultades del ACY socal cona-
den con los resultades que evalng SAFA en la dimen-
som secial. Mediante el ACV socal se idenhifico que
los tres sistemas ganaderes finaeron 1m desempenio so-
bresahiente {(verde) en “salane digmo”™ ¥ “desarrollo
profesional v capacttacian” debido 3 que E'lpazudela_.
TUPPs a los trabajadores supara el valor meta estable-
cido (salano mumme establecido por 1a lev). Mo obs-
tante que el desempedio fiue calificado como sobresa-
hente, la siizc1on salanal de los trabajadores se con-
sidera desfavorable, pues su mereso escasamente es
1.7 weces ol valor de refevencia o meta, cantidad que
no & sufictente para proporcionar henestar a los fra-
bajadores v a sus fammbas. Es importante destacar que
SAFA emite los resultados por temas v no por indica-
dores, por lo cual no es factible identificar Iz califica-
cion por mdicadores especifico, a diferencia del ACY
soclal, que pamite evaliar mdvaduabmente las cate
gorias evaluadas. Con relacion a “desarrollo profesio-
nzl v capacitacion”, categoria del ACV somal, selo en
una UPPs se identifics &l otorganuento parcial de este
derecho, por lo que de manera global todes los siste-
mas tvieron i desempedio pobre.

Tabla . Eesumen del desempetio de las unidades de produccion pecuaria analizadas con SAFA. La tabla in-
cluye unicamente los temas que coindicen con los indicadores gue evalaa el ACY (social v ambiental). Los m-
meros en las eeldas corresponden a la cantidad de UPPs que fueron calificadas con el desemmpetio indicado en la
parte superior de la tabla. Con datos de Perez-Lombarding (2017).
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Lee indicadores “trabajo forzose”, “trabajo infanh]™ v
“hibre asomacon colectiva” mtegrados en el tema “de-
recho lzboral” de SAFA mestraron desempetios ma-
yoritanamente “uencs” en los sistemas Me v 5N (en
des de las tres UFPs de cada sstema), muentras que el
sistemna 5] mostrd i desempeio bueno en solouna de
las tres UPPs evaluadas. En estos mdicadores, la cah-
ficacion de SAFA asigmada al sastema de Me difiere de
los resultados con ACY soctal, 1a cual califics a estos
mdicadares con m desempefic predomnantemente
pobre. Este resultado puede ambuirse a que 1z desagre-
gacion de mdicadores mediante el ACV social fvore-
10 la identificacion de pumtes cnficos mmsersos dentro
de todo el tema de “derecho laboral”.

En lo concermiente, al temz “sepwridad v sahnd hu-
mama”, mediante SAFA se identificaron dos UPPs
(del sistemz SN} con desempefio “tueno’ dado que se
considers que estas UPPs son las que provesn mejores
condicrones laborales, vun ambente limmo v saluda-
blE.Lc-anIei-:rdi.ﬁHEcmlm hallazgos 1dentificados
en la categoria de “salud v sepundad” a waves del ACY
un desempedio mury pobre (.25, colar rojo) al no cum-
plir con el valor meta estableado, amwble 2 que en
nmpma PP easte wma polibica o estatezia formal
concarmiente 3 salud v sepundad, m tanpoco cusntan
ron medidas preventivas ¥ protocoles de emergencia
con relacion @ accidentes, mmcamente la UPPs gestio-
nada por uma mstitucon educativa (sistema de Me)
cuentz con wm botiquin de primeros awealics v segun-
dad soc1al para sus trabajadiores.

En resumen. en la domension social de la sostembah-
dad, los resultados de ambas metodologias van en la
mizma dweccacn, selo que SAFA es 1ma henammenta
que paamite 1ma evaluacion mas agl, amaue por no
presentar &l resultado de los mdicadores desagregados

Silvopaston imensivo
a 4. Comparacion del mmpacto en cambio cimatico de los sistemas de produccion de ganado mediante Anabias
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la mterpretacion no es precisa. Mientras que ol ACY
social, al presentar el resultzdo de los mdicadores de
maners mdridual, es mas precisa, pero necesita mas
tiempo para poder ser ejecutada.

DHimmension ambiental

En la dimen=ion ambiental solo existe un mdicador en
connm en ambas heramentas (Tabkla 2). Por conm-
Fmentfe, 1micamente se compard la categoria de im-
pacto “cambio climateo” del ACV ambiental, con el
tema equivalente en SAFA denomumado “atmosfera”,
en el cual se evaluo la emumon de gases de efecto -
vemadaro (GED) v las practcas mmplementadas para
mufigar su hberacion en cada wna de las UPPs.

Mediante SAFA se idenhficd que todas las UPPs pre-
sentaron evaluaciones de desempefio con un nivel “hi-
mutade” o “maceptable”, debido a que no tenen metas
claras respects a la reducodn de confarvmantes m al
establacimento de medidas de mutgacion de emusion
de GEL Especificamente el sistema de Me en las tes
UPPs anabzadas, tno un desempefio “maceptabla”,
esta cahificacion esta asociada con la uhlizacion de ma-
vor cantidad de maqunana comparada con los siste-
mas 5] v SM. Los hallazgos anteniores difieren con lo
plasmzdo en la Fizwra 4 que representa los resultzdos
del ACY ambiental. En esta figra se observa que en
la cateporia camhio climatico, el sistema de Me fiens
el mejor desempefio semudo por el sistema SM vel s1s-
temna 51 es el que mavor mpacts musstra por kilogra-
mos de peso vive de becerro (257, 282 v 201 kg
COvea'ky PV becerto). Seidentfics que el mavor con-
tmbuyente al cambio chmatico en el 5P es 1a formen-
tacion enterica del zanado (50.6%%), el manejo del es-
tigrcal (30.0%) ¥ el uso de elecmcidad ubhzado para
el sisterma de nege (4%). En Iz misma Figma 4 5=
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puede observar que no existe wma diferencia sigmfica-
trva entre los mmpactes al cambio clmaheo de los sis-
temmas 5 v el 51 identificado como el sistema con ma-
var impacto al cambio cimatco, la diferencia fae de
solo el 1%.

CONCLUSIONES

El amabmis tecnico comparative de las heramentss
SATA v ACV, combinade con wm analisis practco a
nivel de las mmidades de producsion pecuana, permitic
identificar de forma mtegral las fortalezas v debilida-
des de ambas metodologias. SAFA ofrece una evalua-
cion de |3 soctemibibidad en v formato mas ammgable
vazl que el ACV va que no necesita ser manejada por
evaluadores expertos, sin embargo, no panmte identi-
ficar los resultades de forma desagyegada para cada m-
dicador dentro de los temas. Mienfras que el ACV, e
una hemamienta que permite llevar a cabo evalnacio-
nes objetivas, detalladas, centificaments robustas v es-
tandanizadas, pao requisre de expertos, miplica mas
ump}mmemmm}pﬂeﬂmawmmﬁ-
tosa. Demvado de este estudio, se conchoye que tamfo
SAFA como ACV perrmten evahizr la sostenibalidad
de los sistemnas pecuanios a mvel de mmidades de pro-
duceron, pudiends uhlrarse =ws resultados en la toma
de decisiones. Sm embargo, a valider de los resultados
en ambas metodologias depende de la calidad. verac-
dad v transparencia de los datos utihrados.
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