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Abstract 

Evaluating greenhouse gas (GHG) emissions at farm level is an important tool to mitigate climate change. 
Livestock account for 80% of the total GHG emissions in Uruguay, and beef cow-calf systems are possibly the 
largest contributors. In cow-calf grazing systems, optimizing forage allowance and grazing intensity may 
increase pasture productivity, reproductive performance, beef productivity, and possibly reduce GHG emissions. 
This study estimated GHG emissions per kg of live weight gain (LWG) and per hectare from 20 cow-calf 
systems in Uruguay, with different management practices. The GHG emissions were on average 20.8 kg 
CO2-e.kg LWG-1, ranging from 11.4 to 32.2. Beef productivity and reproductive efficiency were the main 
determinants of GHG emissions. Five farm clusters were identified with different productive and environmental 
efficiency by numerical classification of relevant variables. Improving grazing efficiency by optimizing the 
stocking rate and forage production can increase beef productivity by 22% and reduce GHG emissions per kg 
LWG by 28% compared to “low performance” management. Further improvements in reproductive efficiency 
can increase productivity by 41% and reduce GHG emissions per kg LWG by 23%, resulting in a “carbon smart” 
strategy. However, the most intensified farms with highest stocking rate and beef productivity, did not reduce 
GHG emissions per kg LWG, while increased GHG emissions per ha compared to the carbon smart. This 
analysis showed that it is possible to simultaneously reduce carbon footprint per kg and per ha, by optimizing 
grazing management. This study demonstrated that there is high potential to reduce cow-calf GHG emissions 
through improved grazing management. 

Keywords: carbon footprint, methane, grazing management, nitrous oxide 

1. Introduction 

International concerns about climate change and greenhouse gas (GHG) emissions have grown in the last 
decades (Intergovernmental Panel on Climate Change [IPCC], 2013). The livestock sector accounts for 14.5% of 
the global GHG emissions, and close to half of this is due to the beef sector which accounts for 6% of the global 
GHG emissions (Gerber et al., 2013). There is a high potential for reducing GHG emissions, and thereby the 
carbon footprint, in beef systems worldwide. Carbon footprint is the sum of greenhouse gas emissions 
throughout the life cycle of a product or a system. It is usually expressed from the standpoint of the consumer, as 
kg of CO2 equivalent per unit of a product (De Vries & de Boer, 2010). It can also be expressed from the 
standpoint of the producer, as kg of CO2 equivalent per unit of area of the production system (Reisinger & 
Ledgard, 2013). Adequate estimation and analyses of carbon footprint are crucial for identifying opportunities to 
reduce GHG emissions, especially in countries with large livestock production such as Uruguay, Brazil, New 
Zealand, or Canada (Modernel, Astigarraga, & Picasso, 2013; Ruviaro, de Léis, Lampert, Barcellos, & Dewes, 
2014; Beauchemin, Janzen, Little, McAllister, & McGinn, 2010). 

In beef production systems, the cow-calf phase may account for 63% to 80% of the total carbon footprint 
(Pelletier, Pirog, & Rasmussen, 2010; Beachmin et al., 2010). Several studies highlight the importance of feed 
quantity and quality to reduce livestock GHG emissions (Pelletier et al., 2010; Beauchmin et al., 2010; Ogino, 
Orito, Shimada, & Hirooka, 2007). Furthermore, in cow-calf systems reproductive improvements that enhance 
productivity of the herd (such as increasing calving rate) may have a major mitigation impact (Beauchemin, 
Janzen, Little, McAllister, & McGinn, 2011).  
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Livestock grazing management involves managing animal stocking rate, forage allowance, grazing intensity, and 
type of grazing system. Several studies highlight the central role of grazing management in maximizing forage, 
animal, and economic productivity at the farm level (Bransby & Maclaurin, 2000; Sollenberger, Moore, Allen, & 
Pedreira, 2005; Stuedemann & Franzluebbers, 2007). Recent experimental evidence in Uruguay, confirmed that 
optimizing forage allowance and grazing intensity increased pasture productivity, reproductive performance and 
beef productivity in cow-calf systems (Carriquiry et al., 2012). A research challenge that still remains is how to 
analyze and integrate information from variables managed at the field or patch level (e.g., forage allowance), 
technological variables managed at the farm level (e.g., % of area in improved pastures) and farm performance 
variables (e.g., beef productivity or carbon footprint). This paper aims to address this challenge. 

Most of the carbon footprint studies are based on model systems defined from average production parameters 
(Beauchmin et al., 2010) or typical systems identified by consultation with specialists (Modernel et al., 2013; 
Ruviaro, et al., 2014; Pelletier et al., 2010; Veysset, Lherm, & Bébin, 2010; Stewart, Little, Ominski, Wittenberg, 
& Janzen, 2009). However, estimations from actual livestock systems, taking into account the complex 
interactions between forage management and reproductive performance that occur in real farms are scarce in the 
literature (e.g. for lamb and beef: Edwards-Jones, Plassmann, & Harris, 2009, Ogino et al., 2007; Casey & 
Holden, 2006; for dairy: Lizarralde, Picasso, Cadenazzi, Rotz, & Astigarraga, 2014). Therefore, to assess 
practical mitigation options at the farm level, studies of carbon footprint on real farms are needed.  

Our hypothesis was that cow-calf systems with optimized grazing management could improve animal 
performance and reduce the carbon footprint. Therefore, the objectives of our study were: (i) to quantify the 
greenhouse gases emissions for a set of real cow-calf grazing farms in Uruguay, (ii) to identify technological 
variables more closely associated with carbon footprint in these systems, and (iii) to identify a typology of 
technological strategies that could lead to reductions in carbon footprint per kg and per ha. 

2. Method 

2.1 System Boundaries and Functional Units 

The on-farm GHG sources considered in this study were: CH4 emissions from cattle enteric fermentation and 
excreta, N2O direct emissions from manure and urine in soils, N2O indirect emissions from N leaching, run-off 
and volatilization, and CO2 emissions from energy used in sowing, fertilization, and other agriculture activities. 
There is no animal housing involved, and only relevant infrastructure is wire fencing, so it was assumed that CO2 
emissions from infrastructure were negligible following IPCC (2006) recommendations. The off-farm GHG 
sources considered were energy used for herbicide manufacturing and transporting, seed production, and 
nitrogen and phosphorus fertilizer manufacturing and transporting. Manure in pasture is allowed to lie as is (it is 
not managed according to IPCC definitions, IPCC, 2006), therefore no direct N2O emissions were accounted for 
it (only indirect emissions from the soil, see below). 

Greenhouse gas emissions were expressed in CO2 equivalent units to account for global warming potential of 
each gas in accordance with IPCC (2006) assuming a 100-year time horizon (25 for CH4, 298 for N2O and 1 for 
CO2). The functional unit was kg of live weight gain produced on farm. Cow-calf systems were assumed to be 
stabilized in terms of animal stock (i.e., the average stock value between beginning and end of year was used for 
the calculations). Cull cows were included in the analysis. In order to avoid variability in results due to climate 
or economic conditions that would confound technological variability among farms, data from one fiscal year 
was used (2010-11) which can be considered a typical climatic year, with annual rainfall similar to the long-term 
average (1200 mm). 

2.2 Data Collection and Description of Case Study Farms 

In Uruguayan beef cow-calf systems, animals graze year-round mostly on natural grasslands and pastures. 
Natural grasslands belong to the Campos ecosystem (grasslands of Uruguay and southern Brazil), similar to the 
Pampas grasslands in Argentina (Royo Pallares, Berretta, & Maraschin, 2005). Under traditional continuous 
grazing (and usually less than 5% of forage allowance) grasslands quantity and quality limits livestock 
production. Therefore, other forage sources are introduced by farmers: “improved pastures” (natural grasslands 
oversown with legumes and fertilized with Phosphorous) and “seeded pastures” (where the original vegetation is 
replaced with C3 grasses like Fescue and legumes like Lotus and Clovers, and fertilized with a mix of N and P, 
tipially lasting 3 to 4 years). The cattle is predominantly Hereford, Aberdeen Angus, and cross breeds of these 
two. Heifers first mating (i.e., first serving) is at around 2.5 years of age. Cows calve mostly in early spring 
(September-October), and calves are weaned in the fall, at around 6 months of age, and 130 to 150 kg of live 
weight. No animal housing is needed, cattle is grazing open air year round. Usually less than 1% of intake of 
concentrates or hay are fed to cattle. The national average weaning rate for 2011 was 68% (Ministerio de 
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Ganadería, Agricultura y Pesca [MGAP, Ministry of Livestock, Agriculture, and Fisheries], 2012).  

In this study, data was collected from 20 actual beef farms located northern and eastern Uruguay. Farms were not 
randomly selected so they were not necessarily a representative sample of the country (our aim was to identify 
enough diversity of farms, rather than estimating a country average). The beef farms analyzed were studied by 
the Instituto Plan Agropecuario (IPA, Agriculture Planning Institute), a Uruguayan institution of agriculture 
extension. The farms selected for the study had a history of good record keeping with the use of professional 
technical assistance. Therefore, quality data was a criterion for including these farms in the study. The 
information collected was for fiscal year 2010-2011. Data collected included farm land area, animal stocks, 
animals sold, and weight of each animal category (calves, heifers, cows, etc.) and inputs used on rearing 
activities. On average these cow-calf systems had 602 ha, 16% of improved pasture area, 76% weaning rate, beef 
cattle stocking rate of 0.61 LU.ha-1, and produced 78 kg of beef LWG.ha-1 (Molina, 2012).  

On-farm available information included animal stocking by categories. Animal weights were reported at the 
beginning and end of the year. It was assumed that the animals were fed exclusively on the farm native 
grasslands, improved and sown pastures, and annual winter crops for grazing (supplements were consider 
negligible, because it was less than 1% dry matter intake). Feed intake quality (% digestibility and % crude 
protein) was predicted considering land-use on each farm and forage dry matter production, assuming equal 
forage utilization for all pastures. Diet digestibility and crude protein of each pasture type was obtained from 
published national research (Mieres, 2004; Table 2). Dry matter production was estimated for each farm from 
satellite monitoring of pastures provided by the IPA through the LART project (University of Buenos Aires 
[UBA], nd). This monitoring system of forage productivity based on Normalized Vegetation Index provides 
detailed information of pasture productivity at paddock level in the farm. The system uses satellite information 
translated into forage production taking into account different types of pasture, weather conditions and 
eco-physiological factors (Grigera, Oesterheld, & Pacín, 2007). 

 

Table 1. Mean, coefficient of variation (CV), minimum (Min), and maximum (Max), for farm variables 
describing land use, stocking rates, production performance, forage production and quality of 20 livestock 
cow-calf systems in Uruguay analyzed in this study. All areas listed are measures as proportions (%) of the total 
area under cattle grazing 

Farm variable Unit Mean CV (%)  Min Max

Total area under cattle grazing Ha 451 77 100 1306

Average paddock size %  12 69 3 33 

Soil productivity index 1 -- 81 27 43 114 

Grasslands (native) area % 79.5 34 0.0 100.0

Pastures (sown) area % 1.2 336 0.0 18.4 

Grasslands oversown with legumes area % 14.9 136 0.0 85.5 

Fertilized grasslands % 3.1 396 0.0 55.0 

Annual winter forage area % 1.2 172 0.0 6.8 

Improved pastures area 2  % 20.5 132 0.0 100.0

Estimated diet digestibility % 56.5 2 55.4 59.9 

Estimated diet crude protein % 10.4 11 9.4 13.7 

Forage dry matter production  kgDM.ha-1.y-1 4427 19 3250 6932

Sheep to cattle (ratio in LU) 3 -- 0.5 118 0.0 2.5 

Beef cattle stocking rate LU.ha-1 0.55 32 0.19 0.94 

Sheep stocking rate LU.ha-1 0.20 75 <.01 0.50 

Livestock stocking rate LU.ha-1 0.77 15 0.53 0.98 

Average cow weight kgLWG 377 4 350 410 

Forage production allowance 4 % kgDM.kgLWG-1 4.2 24 2.9 7.1 

Calf weaning rate 5 % 76 17 46 95 
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Calf weaning weight kgLWG 157 10 140 190 

Calf weaned weight per served cow 6 kgLWG 115 18 69 155 

Served cows per ha cow.ha-1 0.35 37 0.14 0.63 

Stock efficiency 7 % 0.76 9 0.61 0.87 

Calf weaned weight per female stock 8 kgLWG 88 21 51 127 

Calf weaned weight per area kgLWG.ha-1 62 30 35 98 

Beef live weight productivity 9 kgLWG.ha-1 104.7 33 59.6 168.2
1 Soil productivity index is a relative economic index of historic land productivity of beef, lamb, and wool for each 
soil type in the country. Average national index is 100 (Ministerio de Ganadería, Agricultura y Pesca [MGAP], nd). 
2 Calculated as the sum of native pastures oversown with legumes, seeded pastures, and annual winter crops for 
grazing. 
3 One livestock unit (LU) equals one cow of 380 kg LWG (live weight) producing one calf per year. 
4 Amount of forage dry matter production (kg) per 100 kg of animal live weight per day. Calculated as forage dry 
matter production [kg.ha-1.yr-1] *1/(365 [days.yr-1])*100/(380 [kg.LU-1]*Livestock stocking rate [LU.ha-1]). This 
variable integrates the forage production and stocking rate, but is not exactly the same as “forage allowance” 
sensu Sollenberger, et al. (2005): kg of forage DM available per kg of animal live weight at a moment in time. 
5 Calculated as the number of weaning calves divided by the number of served (i.e., matted) cows. 
6 Calculated as weaning rate*weaning weight/100. 
7 Calculated as the number of served (i.e, matted) cows divided by the number of females older than 1 year 
(heifers and cows). 
8 Calculated as weaning weight per matted cow multiplied by stock efficiency.  
9 Calculated as the sum of total animal live weight sold minus bought, plus the difference in stocks (changes in 
animal categories), minus kg consumed on farm, in the year.  

 

Table 2. Net energy concentration (NEma), digestibility (Dig), and crude protein (CP), and number of samples 
analyzed (n) for four typical forages used in livestock systems in Uruguay (from Mieres, 2004). Values are overall 
means across the country and seasons 

Forages  

NEma 

(Mcal.kg DM-1) 

Dig 

(% DM) 

CP 

(% DM) 

N 

Grasslands (native) 1.33 55.4 9.4 940 

Grasslands oversown with legumes 1.44 59.7 13.4 520 

Pastures (sown, mixed grass and legumes) 1.55 63.0 18.1 300 

Annual winter forage (oats and ryegrass) 1.59 64.8 16.4 450 

 

2.3 Coefficients and Equations for GHG Emissions 

Coefficients and equations for IPCC tier 2 protocols were used to assess GHG emissions (IPCC, 2006). There 
were no available data on specific emission factors for Uruguay therefore IPCC default values were used (Table 
3). The amounts of nutrients required for the animal stock were calculated following IPCC (2006) guidelines 
according with Agricultural and Food Research Council [AFRC] (1993) and National Research Council [NRC] 
(1996). Net energy requirements for cattle in each category were estimated from the energy levels needed for 
maintenance, activity, growth, pregnancy, and lactation. For maintenance requirements weight was assumed to 
change linearly between the beginning and the end of the year, except for breeding bulls and cows whose weight 
was considered constant and equal to the average between beginning and end of the year. Activity coefficients 
corresponding to each animal feeding situation were IPCC (2006) default values (17% vs 36% for animals 
grazing high vs low forage dry matter available, respectively). Net energy needed for growth was estimated by 
taking into account the average daily weight gain of the animals with the exception of breeding bulls and cows. 
For lactation energy requirements a production of 4 l.cow-1.day-1 was assumed during the lactation period 
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(Franco, Echenagusia, Nuñez, Pereyra, & Riani, 2002). The gross energy intake was estimated by using the 
energy content of the diet (Table 2). In order to cross-check that values were biologically realistic, dry matter 
intake for mature and growing cattle was calculated based on the body weight of the animals (NRC, 1996) and it 
was 2 - 3% of the body weight (which is realistic). 

 

Table 3. Sources of GHG emissions, equation or emission factor used, and reference 

Gas Source Equation/emission factor Reference 

Methane 

 

 

 

Enteric 

Fermentation 

 

CH4Entr=EFe*N 

EFe = (GE*(Ym/100)*Days)/55.65 
IPCC, 2006 

 

Pasture Manure 

CH4Man = EFm * N 

EFm= VS*Days*[Bo*0.67*(MCF/100)*MS] 

VS=[GE*(1-DE/100)+(UE)]*[(1-ASH/18.45)] 

IPCC, 2006 

  

Nitrous  

Oxide 

Direct 

Soil N inputs  

(fertilizer) 
N2OD=[FSN*EF1+FPRP*EF3]*44/28  IPCC, 2006 

 EF1= 0.01 kg N2O- N (kg N)-1  

 EF3=0.02 kg N2O-N/kg N  

Pasture Manure Nex= N intake.* (1- N retention.)  

Nitrous  

Oxide 

Indirect 

Pasture Manure 
N2OATD=[(FSN*FracGasF)+(FPRP*FracGasM)]*EF4 

*(44/28) 
IPCC, 2006 

Volatilization FracGasF=0.1  

 FracGasM=0.2  

 EF4 =0.01 kg N2O- N   

Pasture Manure N2OL = [ (FSN+FPRP)*FracL x EF5] ×44/28  IPCC, 2006 

Leaching FracL=0.3   

 EF5=0.0075 kg N2O- N  

Carbon  

Dioxide 

  

 CO2 = Fuel (l) x EFc IPCC, 2006 

Sowing and input 

application 
EFc =3 kg CO2/kg diesel MGAP, 2013 

N fertilizer 

production and 

transport 

3.18 kg CO2/kg MGAP, 2013 

P fertilizer 

production and 

transport 

1.43 kg CO2/kg MGAP, 2013 

Energy to produce 

herbicide 
18.25 kg CO2/l MGAP, 2013 

Energy to produce 

seed 
0.13-0.38 kg CO2/kg MGAP, 2013 

CH4Ent = total methane emissions from Enteric Fermentation; EFe = CH4 emission factor for enteric fermentation; 
N = number of heads of livestock category; GE = gross energy; Ym = methane conversion factor, per cent of gross 
energy in feed converted to methane; DE = Digestibility; CH4Man = emissions from manure management, for a 
defined population; EFm = CH4 emission factor from manure management; VS = daily volatile solid excreted for 
livestock category (=0.04GE); Bo = maximum methane producing capacity for manure produced by livestock 
category (0.1); MCF = methane conversion factors for each manure management system (1.5%); MS = fraction of 



www.ccsenet.org/sar Sustainable Agriculture Research Vol. 3, No. 2; 2014 

94 
 

livestock category manure handled using manure management system (1); ASH = ash content of manure 
calculated as a fraction of the dry matter feed intake (0.08); UE = urinary energy expressed as fraction of GE 
(UE*GE); N2O D = annual direct N2O–N emissions produced from managed soils; FSN = annual amount of 
synthetic fertilizer N applied to soils; EF1 = emission factor for N2O emissions from N inputs; FPRP = annual 
amount of urine and dung N deposited by grazing animals on pasture, range and paddock; EF3 = emission factor 
for N2O emissions from urine and dung N deposited on pasture, range and paddock by grazing animals; Nex = 
annual average N excretion per head of category; Nintake = the annual N intake per head of animal of category; 
Nretention = fraction of annual N intake that is retained by animal of category; N2OATD = annual amount of N2O–N 
produced from atmospheric deposition of N volatilised from managed soils; FracGasF = fraction of synthetic 
fertiliser N that volatilises as NH3 and NOx; FracGasM = fraction of applied organic N fertilizer materials and of 
urine and dung N deposited by grazing animals that volatilises as NH3 and NOx; EF4 = emission factor for N2O 
emissions from atmospheric deposition of N on soils and water surfaces; FracL= fraction of all N added 
to/mineralised in managed soils in regions where leaching/runoff occurs that is lost through leaching and runoff; 
EF5 = emission factor for N2O emissions from N leaching and runoff; EFc= emission factor for CO2 from fuel 
combustion. 

 

Methane emissions from enteric fermentation were calculated using the methane conversion factor (Ym) which 
is the percent of gross energy (GE) loss by methane, using the average default IPCC value (6.5%), which is 
similar to the Ym measured in Uruguay for dairy cows (Dini et al., 2012). Methane emissions from manure were 
estimated considering pasture management system according to IPCC (2006), that is, manure deposited during 
grazing. Emissions from soils were calculated based on urine and dung deposited on pasture during grazing, and 
synthetic nitrogen fertilizer applied on pasture. Manure nitrogen was estimated taking into account GE intake 
from diet, CP % (6.25 x kg N) and default retention of the animals (0.07 kg N retained.animal-1.year-1) according 
to IPCC (2006). Fertilizer inputs were estimated as 2.7, 6.8, and 90.6 kg N.ha-1.year-1 for grasslands oversown 
with legumes, sown pastures, and annual winter forage respectively, based on local experts’ opinions. Indirect 
emissions from managed soils include leaching and volatilization of applied nitrogen. Biological nitrogen 
fixation has been removed as a direct source of N2O in the IPCC methodology because of the lack of evidence of 
significant emissions arising from the fixation process itself (Rochette & Janzen, 2005). 

Emissions from burning fossil fuels were calculated according to the tier 1 methodology (IPCC, 2006) taking 
into account national emission factor for diesel fuel burning (3.0 kg CO2-e.l-1). Machinery operations on farm 
included: sowing pastures (assuming no tillage, which is the common practice) and applying fertilizer and 
herbicides (7, 2, and 1 l.ha-1, respectively (Cámara Uruguaya de Servicios Agropecuarios [CUSA, Uruguayan 
Chamber of Agricultural Services], 2011). Four fertilizer applications were assumed in eight years in the case of 
grasslands oversown with legumes, one herbicide, and two fertilizer applications in sown pastures, and two 
herbicide applications to prepare soil and one fertilizer application in annual winter forages (also no tillage, 
fertilizer use was averaged over the years). Emissions from infrastructure (such as machinery, equipment or 
buildings) were excluded based on lack of currently available data and because it is assumed that they have no 
significant impact (Frischknecht & Jungbluth, 2007). In addition, electricity and personal transportation did not 
vary significantly between farms and were considered negligible. Equilibrium conditions were assumed in soil 
organic carbon associated with grass-based beef production, and possible CO2 emissions or removal were 
ignored according to IPCC guidelines. There was no land use change from deforestation in any of the cow-calf 
systems. 

2.4 Statistical Analysis 

The correlation matrix was calculated among all variables with two objectives: to identify co-linearity (variables 
that are highly correlated) before performing the multivariate analyses, and to identify which variables were 
more linearly associated to carbon footprint. For the variable with highest correlation, various regression analysis 
were performed to identify the model that best fit the data, using Aikake’s Information Criterion (AIC) to select 
for the best model.  

A Principal Components Multivariate Analysis was performed in order to reduce the number of explanatory 
variables, using variables that were not collinear. Seven variables were included in the analysis: calf weaning 
rate (%), stock efficiency (served cows/females older than 1 year, %), beef live weight productivity 
(kgLWG.ha-1), forage production allowance (% kgDM.kgLWG-1), livestock stocking rate (LU.ha-1), carbon 
footprint per kg of beef (kgCO2e.kgLWG-1), and carbon footprint per ha (kgCO2e.ha-1). A numerical 
classification of farms was then performed using Ward algorithm with Euclidean distances cluster analysis 
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method with the same seven variables. In order to assist in the interpretation of the results from the cluster 
analysis cluster means were reported for some other variables. An analysis of variance using clusters as 
classification variable, followed by contrasts between some of the clusters was performed in order to identify 
differences in the technological changes between clusters. All analyses were conducted by Infostat software 
(2012). 

3. Results 

3.1 GHG Emissions From Cow-Calf Systems 

Carbon footprint (the sum of greenhouse gas emissions throughout the life cycle) per kg of weaned calf LWG, 
per kg of beef production LWG, and per ha showed high variability between farms (Table 4). The difference 
between the minimum and maximum carbon footprint per kg of beef was three fold, while for carbon footprint 
per ha it was two fold. As expected, methane had the largest contribution 75% (68-78% of total), followed by 
nitrous oxide 24% (22-30% of total). As expected, GHG emissions per kg of weaned calf and per kg of beef 
were highly correlated (r = 0.73, P=0.00027). However, GHG emissions per ha was not correlated with carbon 
footprint per kg of beef (P=0.51, Table 5). 

 

Table 4. Mean, coefficient of variation (CV), minimum (Min), maximum (Max), for GHG emissions per kg of 
weaned calf, per kg beef production (LWG) and per hectare from 20 cow-calf systems in Uruguay 

GHG emissions Mean CV (%) Min Max 

kg CO2-e . kg weaned calf-1 34.6 23 21.8 51.0 

kg CO2-e . kg beef LWG-1 20.8 26 11.4 32.2 

kg CO2-e . ha-1 2030 18 1490 2827 

 

3.2 Variables Correlated With Carbon Footprint 

Diet variables were highly correlated (digestibility, crude protein, forage DM production, forage allowance, 
Table 5) and also correlated with the proportions of land type of the total area under cattle grazing (% area in 
grasslands, improved pastures, etc.). Cattle reproductive efficiency variables (weaning rate, weaning weight per 
matted cow and weaning weight per stock efficiency) were also correlated.  

Considered independently, several variables had a significant impact on carbon footprint per kg of beef and per 
ha (Table 5, last two rows). The linear variation in carbon footprint per kg beef was best explained by beef 
productivity (r = -0.85, Table 5). In order to identify the shape of the curves for carbon footprint per kg of beef 
and beef LWG productivity, three models were compared: a linear model, a quadratic model, and a linear model 
with the inverse of the independent variable. The AIC values obtained were: 104.1, 104.7, and 102.3 for the 
linear, quadratic, and inverse model respectively. Therefore, the best model for carbon footprint per kg was the 
inverse model: carbon footprint per kg = 7.02 + 1299 (beef productivity)-1 (Adjusted R2=0.72, p<0.0001, Figure 
1). A similar procedure was conducted for carbon footprint per ha, and the best model was the simple linear 
equation: carbon footprint per ha = 1373 + 6.28 beef productivity (Adjusted R2=0.32, p=0.0051). 
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Table 5. Pearson correlation coefficient (r, below diagonal) and significance level (P, above diagonal) for the 
simple linear correlations between technological, productive, and carbon footprint variables for 20 cow-calf 
systems in Uruguay. Significant correlation values are shown in bold (P<0.05) 

   ACG APS SPI GRA PAS GOL AWF IPA

Area under cattle grazing (ACG)    0.11 0.08 0.26 0.56 0.17 0.68 0.26

Average paddock size (APS) -0.37    0.46 0.09 0.56 0.16 0.27 0.09

Soil productivity index (SPI) -0.4 -0.17    0.35 0.4 0.18 0.59 0.35

Grasslands (native) area (GRA) 0.26 0.38 -0.22    0.35 <.01 0.02 <.01

Pastures (sown) area (PAS) -0.14 -0.14 0.2 -0.22    0.62 <.01 0.35

Grassl. overs. legume area (GOL) -0.32 -0.33 0.31 -0.82 -0.12    0.83 <.01

Annual winter forage area (AWF) -0.1 -0.26 0.13 -0.53 0.78 0.05    0.02

Improved pastures area (IPA) -0.26 -0.38 0.22 -1 0.22 0.82 0.53   

Estimat. diet digestibility (DIG) -0.27 -0.4 0.27 -0.97 0.39 0.76 0.66 0.97

Estimat. diet crude protein (CP) -0.24 -0.41 0.24 -0.99 0.32 0.78 0.62 0.99

Forage dry matter prod. (FDM) -0.17 -0.49 0.23 -0.79 0.26 0.49 0.58 0.79

Forage prod. allowance (FA%) 0.03 -0.55 -0.13 -0.62 0.03 0.38 0.43 0.62

Sheep to cattle (ratio in LU, SCR) -0.22 0.73 -0.31 0.26 -0.23 -0.23 -0.25 -0.26

Beef cattle stocking rate (BSR) 0.05 -0.58 0.39 -0.19 0.5 0.13 0.31 0.19

Sheep stocking rate (SSR) -0.18 0.82 -0.19 0.21 -0.34 -0.15 -0.28 -0.21

Livestock stocking rate (LSR) -0.21 0.27 0.43 0.05 0.32 -0.06 0.08 -0.05

Average cow weight (CoW) 0.03 -0.2 0.19 -0.24 0.15 <.01 0.33 0.24

Calf weaning rate (WR) -0.11 -0.37 0.31 -0.53 0.2 0.41 0.37 0.53

Calf weaning weight (CaW) -0.35 -0.1 0.27 -0.45 0.53 0.3 0.42 0.45

Stock efficiency (SE) -0.12 0.06 -0.3 -0.32 0.14 0.35 0.19 0.32

Calf weaned weight per ha (CWh) -0.53 0.2 0.42 -0.25 0.17 0.3 0.03 0.25

Beef LWG productivity (BP) -0.58 0.11 0.57 -0.17 0.22 0.2 0.07 0.17

Carbon Footprint per kg (CFk) 0.6 0.1 -0.62 0.33 -0.36 -0.33 -0.28 -0.33

Carbon Footprint per ha (CFh) -0.22 0.37 0.17 0.09 -0.22 -0.05 -0.33 -0.09

 
  DIG CP FDM FA% SCR BSR SSR LSR

Area under cattle grazing (ACG) 0.26 0.3 0.48 0.92 0.36 0.82 0.44 0.37

Average paddock size (APS) 0.08 0.07 0.03 0.01 <.01 0.01 <.01 0.24

Soil productivity index (SPI) 0.25 0.32 0.33 0.58 0.18 0.09 0.41 0.06

Grasslands (native) area (GRA) <.01 <.01 <.01 <.01 0.26 0.41 0.38 0.83

Pastures (sown) area (PAS) 0.09 0.17 0.26 0.89 0.34 0.02 0.15 0.16

Grassl. overs. legume area (GOL) <.01 <.01 0.03 0.09 0.33 0.57 0.53 0.79

Annual winter forage area (AWF) <.01 <.01 0.01 0.06 0.29 0.19 0.24 0.73

Improved pastures area (IPA) <.01 <.01 <.01 <.01 0.26 0.41 0.38 0.83

Estimat. diet digestibility (DIG)   <.01 <.01 0.01 0.18 0.19 0.26 0.86

Estimat. diet crude protein (CP) 1   <.01 <.01 0.2 0.26 0.29 0.99

Forage dry matter prod. (FDM) 0.78 0.8   <.01 0.07 0.15 0.1 0.82

Forage prod. allowance (FA%) 0.56 0.6 0.73   0.1 0.92 0.03 <.01
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Sheep to cattle (ratio in LU, SCR) -0.31 -0.3 -0.42 -0.38   <.01 <.01 0.89

Beef cattle stocking rate (BSR) 0.3 0.26 0.34 0.02 -0.8   <.01 0.08

Sheep stocking rate (SSR) -0.26 -0.25 -0.38 -0.48 0.88 -0.76   0.3 

Livestock stocking rate (LSR) 0.04 <.01 0.05 -0.62 0.03 0.4 0.24   

Average cow weight (CoW) 0.23 0.25 0.46 0.25 0.04 0.02 0.08 0.14

Calf weaning rate (WR) 0.54 0.54 0.34 0.3 -0.31 0.22 -0.29 -0.13

Calf weaning weight (CaW) 0.5 0.47 0.45 0.11 -0.25 0.41 -0.19 0.36

Stock efficiency (SE) 0.32 0.31 0.02 0.29 0.18 -0.32 0.07 -0.41

Calf weaned weight per ha (CWh) 0.26 0.25 0.33 -0.13 -0.01 0.21 0.06 0.53

Beef LWG productivity (BP) 0.2 0.17 0.36 -0.15 -0.11 0.29 <.01 0.62

Carbon Footprint per kg (CFk) -0.4 -0.36 -0.39 -0.05 0.37 -0.44 0.31 -0.35

Carbon Footprint per ha (CFh) -0.16 -0.13 0.14 -0.31 0.22 -0.05 0.4 0.61

 
  CoW WR CaW SE CWh BP CFk CFh 

Area under cattle grazing (ACG) 0.9 0.65 0.13 0.62 0.02 0.01 <.01 0.35

Average paddock size (APS) 0.41 0.1 0.68 0.81 0.4 0.65 0.68 0.11

Soil productivity index (SPI) 0.43 0.18 0.24 0.19 0.06 0.01 <.01 0.46

Grasslands (native) area (GRA) 0.31 0.02 0.04 0.16 0.28 0.48 0.16 0.71

Pastures (sown) area (PAS) 0.52 0.4 0.02 0.57 0.47 0.35 0.11 0.35

Grassl. overs. legume area (GOL) 1 0.07 0.19 0.13 0.2 0.4 0.15 0.84

Annual winter forage area (AWF) 0.16 0.11 0.07 0.43 0.92 0.78 0.22 0.16

Improved pastures area (IPA) 0.31 0.02 0.04 0.16 0.28 0.48 0.16 0.71

Estimat. diet digestibility (DIG) 0.32 0.01 0.03 0.17 0.26 0.4 0.08 0.5 

Estimat. diet crude protein (CP) 0.29 0.01 0.04 0.19 0.3 0.47 0.12 0.57

Forage dry matter prod. (FDM) 0.04 0.14 0.05 0.92 0.16 0.12 0.09 0.56

Forage prod. allowance (FA%) 0.28 0.19 0.63 0.22 0.57 0.52 0.84 0.18

Sheep to cattle (ratio in LU, SCR) 0.86 0.18 0.28 0.46 0.96 0.63 0.11 0.34

Beef cattle stocking rate (BSR) 0.93 0.35 0.08 0.18 0.38 0.22 0.05 0.83

Sheep stocking rate (SSR) 0.74 0.21 0.42 0.78 0.8 0.99 0.18 0.08

Livestock stocking rate (LSR) 0.54 0.58 0.12 0.07 0.02 <.01 0.13 <.01

Average cow weight (CoW)   0.42 0.67 0.45 0.73 0.71 0.71 0.26

Calf weaning rate (WR) 0.19   0.93 0.84 0.22 0.43 0.05 0.43

Calf weaning weight (CaW) 0.1 -0.02   0.28 0.11 0.11 0.06 0.55

Stock efficiency (SE) -0.18 0.05 0.26   0.99 0.25 0.77 0.07

Calf weaned weight per ha (CWh) 0.08 0.29 0.37 <.01   <.01 <.01 <.01

Beef LWG productivity (BP) 0.09 0.19 0.37 -0.27 0.74   <.01 0.01

Carbon Footprint per kg (CFk) 0.09 -0.45 -0.43 0.07 -0.61 -0.85   0.51

Carbon Footprint per ha (CFh) 0.26 -0.19 0.14 -0.42 0.64 0.6 -0.16   
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Figure 1. Carbon footprint per kg of LWG beef produced (CFK, left axis, circles) and per hectare (CFH, right 
axis, crosses) against beef productivity (BP, kgLWG.ha-1) for 20 cow-calf farms in Uruguay. Regression lines 

are shown: CFK = 7.02 + 1299 BP-1 (continuous line, R2=0.72, p<0.0001). CFH = 1373 + 6.28 BP (dashed line, 
R2=0.32, p=0.0051) 

 

3.3 Multivariate Analyses 

The first two principal components explained 69.2% of the total variability of the observations (Figure 2). The 
first principal component explained 42.9% of the variability between the farms, and was negatively associated 
with carbon footprint per kg and stock efficiency, and positively highly correlated with stocking rate, beef 
productivity, and carbon footprint per ha. The second principal component explained 26.3% of the variation and 
was positively highly correlated with weaning rate and forage production allowance, and negatively correlated 
with carbon footprint per kg (Table 6). 

 

Table 6. Eigenvalues for the variables in the first two principal components 

Variables e1 e2 

Forage production allowance -0.30 0.42 

Calf weaning rate -0.01 0.58 

Stock efficiency -0.32 0.18 

Beef productivity 0.49 0.32 

Carbon footprint per kg -0.33 -0.55 

Carbon footprint per ha 0.44 -0.16 

Livestock stocking rate 0.51 -0.15 
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Figure 2. Principal Components Analysis graph showing seven variables (white diamonds and lines): carbon 
footprint per kg of beef and per ha, calf weaning rate, stock efficiency, forage production allowance, beef production, 

and livestock stocking rate for 20 cow-calf systems in Uruguay (black dots identified by farm case number) 

 

The cluster analysis performed with the same seven variables as the principal components analysis identified five 
groups (at the point of half or the total Euclidean distance). The five clusters were labelled in decreasing order of 
the carbon footprint per kg, from C 1 (highest carbon footprint) to C 5 (lowest). Means for all variables in each 
cluster are reported in Table 7. According to these variable means, interpretative names were given to each 
cluster. The “low performance farms” (C 1) had the lowest forage production allowance and high stocking rates, 
resulting in poor herd reproductive parameters (lowest weaning rate), and therefore lowest beef productivity, and 
highest carbon footprint per kg and also high carbon footprint per ha. These farms are also located on the poorest 
soils and they have the highest sheep stocking rate. The “inefficient grazing farms” (C 2) also have a high carbon 
footprint per kg, but for a very different reason. These farms have the highest forage production allowance, based 
on the lowest stocking rate that makes an inefficient use of the pasture. Therefore, they obtain good reproductive 
performance, but low beef productivity. The “improved grazing farms” (C 3) have an intermediate stocking rate 
and forage production allowance, resulting in better reproductive performance. However, their stock efficiency is 
low due to a poor heifer raising (or backgrounding, farmers usually prioritize forage allocation to served cows 
rather than growing heifers) or accumulation of more heifers than the replacement rate (farmers who sell 
pregnant heifers). These farms obtain intermediate beef productivity, and carbon footprint per kg. The “most 
intensified farms” (C 4) obtain the highest beef productivity based on better soils and pasture types, and using 
the highest stocking rates even though their reproductive performance is average. These farms obtain low carbon 
footprint per kg, but the highest carbon footprint per ha. Finally, the “carbon smart farms” (C 5) obtain at the 
same time the lowest carbon footprint per kg and low carbon footprint per ha, based on high beef productivity 
and excellent reproductive performance, sustained by high stocking rates on optimal forage production 
allowance. 
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Table 7. Means for relevant farm variables for five farm clusters obtained by numerical classification of 20 
cow-calf systems in Uruguay, and significance values (P) for the analysis of variance for each variable between 
clusters. Variables considered for the clustering algorithm are shown in bold. Means with the same letter are not 
different between groups (Tukey, P<0.05). Clusters interpretative names are: C 1: Low performance, C 2: 
Inefficient grazing, C 3: Improved grazing, C 4: Most intensive, C 5: Carbon smart 

Variable (unit) C 1 C 2 C 3 C 4 C 5 P 

Number of farm cases 4 3 3 4 6 

Carbon Footprint (kgCO2e.kgLWG-1) 28.7 C 23.3 bc 20.8 ab 18.3 ab 16.0 a <.01

Carbon Footprint ha (kgCO2e.ha-1) 2061 Ab 1706 a 1817 a 2551 b 1931 a <.01

Beef productivity (kg LWG.ha-1) 72.8 A 74.5 a 88.9 ab 140.8 c 125.0 bc <.01

Forage prod. allow. (%kgDM.kgLWG-1) 3.4 A 6.2 b 4.2 a 4.0 a 4.0 a <.01

Livestock stocking rate (LU.ha-1) 0.81 B 0.59 a 0.72 ab 0.86 b 0.81 b 0.01

Calf weaning rate (%) 61 A 78 ab 82 b 72 ab 85 b 0.01

Stock efficiency (%) 0.77 Ab 0.81 b 0.68 a 0.72 ab 0.81 b 0.02

Soil productivity index 61  62  91  90  94  0.04

Area under cattle grazing (ha) 1319  715  661  486  319  0.18

Sheep stocking rate (LU.ha-1) 0.36  0.08  0.09  0.21  0.21  0.05

Sheep to cattle (ratio in LU) 1.2  0.2  0.2  0.5  0.4  0.12

Grasslands (native) (% area) 95.3 60.7 93.0 87.9 66.1 0.25

Improved pastures (% area) 4.7 39.3 7.0 12.1 33.9 0.25

Forage dry matter production (kg.ha-1) 3845 5141 4196 4654 4423 0.32

Beef cattle stocking rate (LU.ha-1) 0.43 0.51 0.63 0.59 0.58 0.60

 

4. Discussion 

Results from this study are compared with former relevant studies in Table 8. The cow-calf systems analyzed 
here on average have higher carbon footprint per kg than cow-calf systems based on higher quality seeded 
pastures and hay, and higher reproductive rates in USA or Canada (Beauchmin et al., 2010, Pelletier et al., 2010). 
However, the systems studied in this paper with minimum values are similar to those reported from USA and 
Canada. This suggests that the more efficient grazing systems like the ones in Uruguay have similar carbon 
footprint to those of the USA and Canada. The differences can be explained through quality of the diet as well as 
reproductive performance of the herds. These results were consistent with previous research, which has shown 
that GHG intensity can also be reduced through changes in animal husbandry practices that increase animal 
outputs (e.g., increasing the number of calves weaned, improving forage quality for breeding stock and 
improvements on cow fertility; Beauchmin et al., 2011).  

The GHG emissions were similar to former values for Uruguay 1 895 kg CO2-e.ha-1 and 18.4 kg CO2-e kgLWG-1 
found in a cow-calf system case study (Becoña, Ledgard, & Wedderburn, 2013) with 90% calf weaning rate. 
Compared to the second phase (backgrounding, growing from 150 to 350 kg) and third phase (finishing, growing 
from 350 to 500 kg or slaughter) of grasslands based beef systems from Uruguay (Modernel, et al., 2013), on 
average cow-calf systems have higher carbon footprint, but the ranges overlap. Therefore, improving efficiency 
in cow-calf systems in Uruguay can have a major impact on beef carbon footprint.  

Compared to the systems from southern Brazil, the systems analyzed here are similar to the improved pastures 
ones, and lower than the natural grasslands one (Ruviaro et al., 2014). This suggests that in the region, of the 
systems based on natural grasslands, the systems from Uruguay are more efficient and produce less GHG 
emissions, probably due to the better quality of the temperate pastures compared to the more subtropical ones.  

The wide range of carbon footprint estimations found in individual farms suggests that assuming an average 
carbon footprint value for the country based on these 20 systems would be an oversimplification. The most 
useful carbon footprint comparisons are performed at the farm level, not at the country level.  

There is no clear concensus in the literature as to which is the best way to present GHG intensity in cow-calf 
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systems. Ogino et al. (2007) reported GHG emissions per calf produced in cow-calf systems and did not consider 
the finishing of the beef cows. Pelletier et al. (2010) included the kg of culled cows sent to slaughter in addition 
to the kg of weaned calf. Beauchemin et al. (2010) supported this way of accounting, including cull bulls in 
addition to cull cows and weaned calves. In this study, and in agreement with the last two, as the objective is to 
account for GHG emissions in the entire system, i.e. cow-calf and finishing phase, is necessary to take into 
account sub-products from cow-calf systems such as cull cows. 

 

Table 8. Comparison of grasslands and pasture based beef systems carbon footprint (kg CO2e-.kg LWG-1) from 
various studies 

Beef system Feed base Min Mean Max Country Reference

cow-calf 

Native grasslands and improved 
pastures 

11.4 20.8 32.2 Uruguay This paper

Mixed hay and pasture 
 

10.4
 

Canada 
Beauchmin 
et al., 2010

40% legume pasture, grasss hay, and 
wheat  

10.5
 

USA 
Pelletier et 
al., 2010 

finishing only 
40% legume pasture, brome pasture, 
grass and alfalfa hay  

8.7 
 

USA 
Pelletier et 
al., 2010 

backgrounding- 

finishing 

Natural grasslands 16.7

Uruguay 
Modernel 

et al., 2013
Natural grasslands-seeded pastures 13.0

Seeded pastures 9.5 

pastures and supplements 
 

19.3
 

Australia 
Peters et 
al., 2010 

Natural grass 39.3 42.6 46.5

Brazil 
Ruviaro et 
al., 2014 

Improved natural grass 18.7 20.2 22.0

Natural grass/ryegrass 27.2 29.6 32.6

Improved natural grass/sorghum 21.1 23.4 25.4

Cultivated ryegrass and sorghum 18.3 20.0 21.8

Natural grass suppl. with protein 
mineralised salt 

30.6 33.3 36.6

Natural grass suppl. with protein energy 
mineralised salt 

21.1 23.4 26.1

 

Increasing the stock efficiency, the number of calves weaned and their weight could increase GHG emissions 
through increasing the number of animals in the system; however as our results show, in our case actually 
resulted in lower GHG emissions per kg of calf due to increased system efficiency. Beauchemin et al. (2011) 
found that practices that improved calf survival to weaning reduced GHG emissions by 4% (kg CO2-e.kg beef-1).  

Diet digestibility has a direct effect on reducing CH4 emission intensity and CH4 emissions per kg of dry matter 
intake (e.g. Pinares-Patiño, Waghorn, Hegarty, & Hoskin, 2009). The mitigation effect was to reduce GHG 
emissions by 5% when DM digestibility increased from 55 to 60% with a crude protein from 120-140 g/kg DM 
(Beauchmin, et al., 2011). Eckard, Grainger, & de Klein (2010) reported that when intake of crude protein 
exceeded requirements, the higher ruminal ammonia concentrations increased urea excreted in the urine, 
increasing N2O emissions. However, for native grasslands with average crude protein content of 94 g.kgDM-1 
which represents a nutrient restriction to animal performance, increasing crude protein enhanced animal 
performance, due to balancing the protein-to-energy ratio in the diets and therefore reducing N2O intensity. This 
effect was clear in farms where the area of improved pastures was increased. These results are consistent with 
Beukes, Gregorini, Romera, Levy, & Waghorn (2010) who found that increases in production efficiency may 
result in more production for the same dry matter intake, but not necessarily in net reduction of GHG emissions.  
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The analysis of clusters presented in Figure 3 provides an interpretation of possible pathways of technological 
change to reduce carbon footprints of cow-calf systems. In order to move from C 1 (Low performance farms) to 
C 3 (improved grazing), livestock managers can reduce stocking rate, and therefore increase forage allowance, 
without increasing the area of improved pastures. This can result in a reduction of 28% of carbon footprint per 
kg, and 11% per ha, by increasing 36% calf weaning rate, with an increase in 22% in beef productivity. Similarly, 
to move from C 2 (inefficient grazing) to C 3 (improved grazing), livestock managers can increase the stocking 
rate and reduce forage allowance, which can result in a reduction of 11% in carbon footprint per kg, and an 
increase of 19% in beef productivity. In order to further reduce carbon footprint and move from C 3 (improved 
grazing) to C 5 (carbon smart), larger investments in improved pastures are required, which can allow for an 
increase in stocking rates, stock efficiency, and weaning rate. This can increase beef productivity by 41% and 
reduce carbon footprint per kg by 23%. A further move from C 5 (carbon smart) to C 4 (most intensified) 
requires an increase in stocking rates, that allows for an increase in beef productivity of 12%, but if forage 
allowance is reduced, reproductive performance is affected, and both carbon footprint per kg and per ha can 
increase 14%.  

 

 

Figure 3. Representation of five farm clusters using four relevant variable means: livestock stocking rate 
(LU.ha-1, X axis), calf weaning rate (%, Y axis), carbon footprint per kg (kgCO2e.kgLWG-1, solid circles, 

values in center of circle), beef productivity (kgLWG.ha-1, outer circles, values in top right of circle). Clusters 
are labelled with original numbers (C1 to C5) and interpretative names. Arrows represent potential pathways of 

technological change to improve performance 

 

It should be highlighted that although when carbon footprint per kg of live weight is reduced usually carbon 
footprint per ha is increased, it is empirically possible to reduce at the same time both parameters, like when 
moving from C 1 to C 3 or from C 4 to C 5. It is further relevant to note that in these two examples, the key 
factor is reducing stocking rate (or increasing forage allowance). Therefore, in grazing beef cow-calf systems, 
management schemes that use forage efficiently by optimizing forage allowance, both carbon footprint per kg of 
beef and per ha can be minimized. This is consistent with experimental results from Carriquiry et al. (2012), 
which show that optimizing forage allowance in cow-calf grazing systems reduces energy lost to maintenance 
and maximizes beef weight gain.  

These potential technological trajectories suggest that is possible to reduce carbon footprint without major 
investments, based mainly on the proper forage management and stocking rates. Moreover, this shows that it is 
possible to considerably reduce carbon footprint using available technologies in Uruguay.  

Sustainability in the food supply chain is a significant challenge in an increasingly competitive food sector. In 
order to be better prepared to confront this challenge, further work is needed in countries with large livestock 
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populations to identify systems that can sustainably produce beef considering a holistic perspective, including 
other environmental attributes in addition to GHG emissions. In this paper the focus was on carbon footprint, but 
other environmental impacts of livestock production should be assessed (soil erosion, fossil energy consumption, 
pesticide risk, N and P nutrient balances) in order to make recommendations to farmers and policy makers, 
because trade off among these variables exist (Modernel et al., 2013). In fact, grasslands in Uruguay and 
worldwide are challenged by the expansion of agriculture, and more intensified livestock systems based on 
silage and grains are growing. Although these more intensified systems may have reduced carbon footprint per 
kg of beef, they have other environmental impacts like greater soil erosion, nutrient leaching, and pesticide use 
(Modernel et al., 2013). Land use decisions should be informed by all these environmental variables, and not 
only carbon footprint.  

5. Conclusion 

Our results suggest that grazing cow-calf systems have a wide range of carbon footprint values. If low carbon 
footprint is required in the future as a condition to access high-value beef markets, this study suggests that 
grazing cow-calf systems can significantly improve their competitiveness based on better grazing management 
and pasture quality. In summary, it is possible to reduce cow-calf GHG emissions using existing management 
practices in many countries like Uruguay. As Krausmann et al. (2013) suggest, future improvements in pasture 
productivity and grazing management are needed worldwide, in order to mitigate climate change, and improve 
performance and efficiency of livestock systems.  
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