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Abbreviations used  

CF Carbon Footprint 

CH4 Methane 

CO2 Carbon dioxide 

FU Functional Unit 

GHG Greenhouse Gas 

GWP Global Warming Potential 

LCA Life Cycle Assessment 

LW Live Weight 
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NZ New Zealand 

NRF Nutrient Rich Food Index 

 
 



2 
 

  
 

 

1. Executive Summary 
This short report is a literature review of published studies on the carbon footprint (CF) of beef 
and sheep meat. All studies included an assessment of the CF (total greenhouse gas 
emissions) measured in carbon dioxide equivalents (CO2e), using different system boundaries 
(cradle-to-farm-gate or cradle-to-grave). The studies also explored different functional units 
(FU), such as kg of live weight (LW) and kg of product.  

For the cradle-to-farm-gate analysis (i.e. all stages contributing to the product leaving a farm), 
the average beef footprint was 14.1 kg CO2e /  kg LW, with country averages ranging from 6.7 
(New Zealand dairy beef) to 31 kg CO2e / kg LW (UK). Among the different cattle management 
systems summarised from multiple countries, dairy-beef (i.e. beef derived from dairy cattle) 
showed the lowest CF (average of 10.1 kg CO2e / kg LW). The average lamb footprint was 
14.2 kg CO2e / kg LW, with country averages ranging from 6.0 (NZ) to 23.1 (Spain) kg CO2e /  
kg LW.  

For studies covering the cradle-to-grave (i.e. all stages through to a consumer) system 
boundary, the beef average was 23.1 kg CO2e / kg beef with country averages ranging from 
20.7 (Australia) to 32.7 (USA) kg CO2e / kg beef. The lamb average was 20.4 kg CO2e / kg 
lamb, ranging from 16.1 (Australia) to 26 (Tunisia) kg CO2e / kg lamb.  

Across all studies, there were large differences in methodology (e.g. use of different GHG 
factors for the Global Warming Potential for 100-years [GWP100] from different IPCC 
assessment reports over time), data quality and completeness. To enable a better comparison 
within/between countries, a recalculation of the footprints using the same GWP and allocation 
methods would be necessary. Not all studies cited in this review considered the full life cycle 
of the product. Generally, the three last stages (retail, consumer and waste) are often 
neglected. Thus, care needs to be taken when comparing the results for the “cradle-to-grave” 
analyses. 
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2. Background 
In examining the sustainability of different products, it is important to consider the effects of all 
contributing stages to their production, as well as the impact of the transportation, retail and 
consumer stages. The most appropriate tool to evaluate these aspects is Life Cycle 
Assessment (LCA). LCA provides a holistic approach to evaluate the environmental 
performance of a production system. It can cover the whole life cycle of the product (“cradle-
to-grave” boundary), including all inputs and emissions related to the manufacturing, 
processing, transport, consumption and waste stages of a product, although it is sometimes 
restricted to the farm-gate stage (“cradle-to-farm-gate” boundary). LCA can also be used for 
comparative purposes when, for example, companies would like to compare their product with 
competing products. For this to occur, the same methodology and system boundary need to 
be used to assess both products. The system boundary outlines which part of the life cycle 
will be examined and is used to ensure that the same “products” are being compared. 

LCA studies can account for a range of environmental impacts (including resource depletion, 
water and human health impacts) (JRC 2011). However, given concerns about the effects of 
climate change, many studies focus on the emissions of greenhouse gases (GHGs) and 
express them as “per kg product”. This is commonly referred to as the carbon footprint of the 
product. While this is an appropriate unit when comparing similar products, it is not 
recommended when comparing food options with different nutrient contents. In order to 
provide a fairer comparison, products should be compared considering the functionality they 
provide which, in the case of food, are the essential nutrients. Studies recommend the use of 
“g of proteins” or a nutritional index (Castañé et al., 2017; Hess et al., 2017; McAuliffe et al., 
2018) to provide a proper comparison among alternative foods where the critical constituent 
is protein, or multiple key essential nutrients. 

The purpose of this short report is to provide a summary of information from published LCA 
studies (peer-reviewed) for beef and sheep meat comparing their carbon footprint. This report 
is structured according to the different meats in both cradle-to-gate or cradle-to-grave 
boundaries.  
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3. Method 
We conducted a structured review focusing on the carbon footprint of beef and sheep meat. 
The literature search was performed using “Web of Science”, “Science Direct” and “Google 
Scholar”. The search was carried out using all combinations of the following keywords: “life 
cycle assessment”; “LCA”; “carbon footprint”; “meat”; “beef”; “lamb”; “sheep”;. 
We also screened the references of studies retrieved. There were no restrictions regarding 
the year of the publication. Papers were separated by the meat type and LCA boundary 
(“cradle-to-farm-gate” or “cradle-to-grave”). All studies found were screened for relevance 
based on the title. Relevant titles were then screened by abstract, and the full text was then 
reviewed. Our search resulted in 56 publications (full list available in Appendix 1). Note that in 
some cases, one study assessed more than one farm or management system (e.g. 
conventional versus organic beef) (Table 1).  

 
Table 1: Number of studies and carbon footprint estimates for the different protein sources  
 

Protein source Number of Studies Number of Footprints 
Beef  43 159 
Sheep 13 42 

 
Food systems can produce a mix of products (e.g., a dairy farm producing milk and meat). 
The disaggregation (or allocation) of total environmental emissions between products is a 
common challenge faced by LCA practitioners. The decision of which allocation method to use 
depends on the goal and scope of the project and can be different among the different protein 
sources. Another factor influencing the footprint is the metric used, such as Global Warming 
Potential (GWP). The GWP100 method uses the global warming potential of 28, 265 and 1 for 
CH4, N2O and CO2, respectively, based on the latest IPCC factors (IPCC, 2006). The GWP 
for a 100-year period (GWP100) is a standard metric for comparing emissions of different 
greenhouse gases and is constantly being reviewed and updated (and consequently 
producing changing footprint estimates). Furthermore, all the studies have used GWP100, 
while other options are available for assessing the emissions over different time-frames (e.g. 
Global Temperature Potential [GTP] for 20 years, and more recently GWP* for differentially 
accounting for the short-lived gases, such as methane [CH4]). In this review, we didn’t adjust 
published results for the allocation and GWP factors within/between the different protein 
sources. 

For each publication, a specific study code was assigned. The following characteristics were 
recorded in the database: author, year, country, meat type, allocation method, GWP method, 
functional unit and carbon footprint result. The carbon footprint is commonly expressed in units 
of carbon dioxide equivalents per functional unit (FU) (kg CO2e / FU). The total GHG emissions 
are then typically partitioned according to the various contributing gases in units of CO2e (i.e., 
% of the total footprint related to methane [CH4], nitrous oxide [N2O] and CO2).  
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4. Results and Discussion  

4.1 Beef 
The average beef footprint at the farm-gate was 14.10 kg CO2e / kg LW, with country averages 
ranging from 6.68 (Dairy Beef in NZ) to 31 (UK) kg CO2e / kg LW (Figure 1). The most updated 
CF for NZ beef (weighted average among all farm classes: 8.97 kg CO2e / kg LW – Ledgard 
et al., 2021) is at the low end of the range, with error terms indicating no significant difference 
between the bottom half of the countries in Figure 1. Apart from NZ, the lowest average values 
were found in the Nordic countries (Norway, Denmark and Sweden - Figure 1), which were 
mainly associated with studies analysing “dairy-beef” (i.e., beef from dairy animals) system 
only. The “dairy-beef” CF for NZ is 6.68 kg CO2e / kg LW (Ledgard et al., 2021), being the 
lowest value found in the literature. To further investigate this cattle management system 
effect, we also classified the papers by the cattle management system based on the 
information available in each study. The classifications were: 

 
1) Conventional: mostly grass-based management (included extensive/intensive 

management with/without the use of supplementary feeds) 
 

2) Feedlot: animals are on a feedlot after weaning 
 

3) Organic: organic production systems 
 

4) Dairy-beef: beef derived from dairy animals 
 

5) Crop-livestock rotation system: land is rotated between different crops and pasture 
over time. 

 
Among the different cattle management systems, dairy-beef showed the lowest carbon 
footprint (CF) (average of 10.10 kg CO2e / kg LW), which explains the low CF values 
associated with the Nordic countries (studies related to dairy-beef production). The use of 
dairy animals for beef production could potentially reduce the CF of NZ beef by up to 22% 
(van Selm et al., 2021). As reported in many beef cattle studies (Florindo et al., 2020; Payen 
et al., 2020), CH4 is the most significant GHG using GWP100 (Figure 1), with an average 
contribution of 72% to the total footprint of beef (Figure 1), followed by N2O and CO2 (21% and 
7%, respectively).  
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Figure 1: Cradle-to-farm-gate carbon footprint (kg CO2e per kg LW) for beef production in 
different countries and by different cattle management systems using Live Weight (LW) as a 
functional unit. Error bars denote the standard deviation. Note that there were differences 
between countries in number of reported studies. Blue bars represent where data were not 
available for calculating the greenhouse gas breakdown. 

 
 
For the “cradle-to-grave” boundary, the footprint unit changes from kg LW to kg of meat. The 
average beef footprint for the full life cycle (i.e. cradle-to-grave) was 23.1 kg CO2e / kg beef, 
ranging from 20.70 (Australian beef to USA consumer) to 32.70 (UK) kg CO2e / kg beef (Figure 
2). The most recent CF for NZ products was 21.86 kg CO2e / kg meat (average of beef 
exported to the USA and Japan – Ledgard et al., 2021). The error bars associated with the 
average values indicate no significant differences between studies, although the USA results 
indicated a wider range with some high estimates. As for the GHG contribution analysis, CH4 
was the most important GHG using GWP100, contributing 61% of the total footprint, followed 
by N2O and CO2 at 36% and 3%, respectively (Figure 2). As the farm-gate boundary 
represents a significant share of the total footprint (e.g. 94% for NZ beef to a European 
consumer - Payen et al., 2020), CH4 remains the most relevant GHG in the full life cycle of 
beef production.  
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Figure 2: Cradle-to-grave carbon footprint (kg CO2e per kg beef) for beef production in different 
countries, using kg of beef as a functional unit. Error bars denote the standard deviation. Blue bars 
represent where data were not available for calculating the greenhouse gas breakdown. 
 

4.2 Lamb / sheep meat 
The average lamb/sheep meat footprint at the farm-gate boundary was 14.20 kg CO2e / kg 
LW, with country averages ranging from 6.01 (NZ) to 23.13 (Spain) kg CO2e / kg LW (Figure 
3). The animals were classified into two different categories based on the description from the 
papers reviewed. Generally, “sheep meat” (which includes lamb + mutton) had the lowest 
average CF (8.10 kg CO2e / kg LW), with the average for lamb being higher at 14.20 CO2e / 
kg  LW. This difference in the sheep classes is dependent on the allocation methodology 
applied. Most studies used economic allocation, which assigned a larger proportion of 
emissions on the higher value lamb products. Sheep, like cattle, are ruminants, and therefore 
CH4 (mainly via enteric fermentation) contributed up to 70% of their total footprint (using 
GWP100), followed by N2O and CO2 at 18% and 12%, respectively (Figure 3).  
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Figure 3: Cradle-to-farm-gate carbon footprint (kg CO2e per kg LW) for the sheep production in 
different countries, divided into lamb and sheep meat (including mutton). Error bars denote the 
standard deviation. Blue bars represent where data were not available for calculating the greenhouse 
gas breakdown. 

 

The average lamb footprint for the full life cycle was 20.4 kg CO2e / kg lamb, ranging from 
14.65 (NZ) to 26 (Tunisia) kg CO2e / kg lamb (Figure 4). No data were available for calculating 
the GHG breakdown, but the lamb footprint would likely follow the same pattern as the beef, 
with CH4 as the most important GHG at both the cradle-to-farm-gate and cradle-to-grave 
boundaries.  
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Figure 4: Cradle-to-grave carbon footprint (kg CO2e per kg lamb) for lamb production in 
different countries. 

 

5. Limitations 
 
The various published studies showed considerable differences in the methodologies used 
(GWP factors and allocation) and the completeness of the life cycle. To enable a better 
comparison within/between countries, a recalculation of the footprints using the same GWP 
and allocation methods would be necessary (Mazzetto et al., 2021). This is especially relevant 
for sheep. Recent studies (e.g. Weideman et al., 2015) applied a biophysical allocation method 
between wool and sheep meat that places more emphasis on the wool (and less on meat) 
when compared to economic allocation methods. A similar issue can be found among different 
sheep meat types, because in earlier studies economic allocation was used between meat 
cuts (whereas the current methodology does not distinguish between different meat cuts) 
resulting in lamb having a higher economic value and consequently higher calculated 
emissions per kg than mutton.  
 
The use of different GHG metrics can have a significant impact on the final footprint values, 
especially for the ruminant products. Assessing the results using GTP would result in lower 
calculated footprint values since CH4 is a “short-lived” gas, and has a lower CO2-equivalent 
factor than that currently used for GWP100 (i.e. 4 vs. 28 kg CO2e/kg CH4 for GTP and 
GWP100, respectively). For example, the carbon footprint of NZ lamb to the farm gate would 
decrease by approximately 80% with GTP100. 
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Not all studies cited in this review considered the full life cycle of the product. Generally, the 
three last stages (retail, consumer and waste) are often neglected. Thus, care needs to be 
taken when comparing the results for the “cradle-to-grave” analyses. Additionally, the cradle 
to grave studies varied in the final market where the product was consumed and therefore 
created differences associated with differences in distance of transport to markets as well as 
emissions within market countries (e.g. per unit of electricity used). 
 
 

6. Conclusions 
This study completed a structured review of data relating to the carbon footprint of beef and 
sheep. The most updated NZ footprints for both beef and sheep meat (Ledgard et al., 2021) 
were in the lower range of values found in the literature. The studies reviewed had large 
differences in methodology, system boundaries analysed, and in the quality of the data used. 
Where such comparisons are needed, they should be based on the use of the same functional 
unit and methodology, as done for evaluating the carbon footprint of milk for different input 
managements or comparing results among different countries (Lorenz et al., 2019; Mazzetto 
et al., 2021). 

 

7. Acknowledgements 
We thank Cathy Peck (AgResearch Knowledge Advisor) for her help in the literature search. 



11 
 

  
 

 

8. References  
Castañé S, Antón A 2017. Assessment of the nutritional quality and environmental impact of two food 

diets: A Mediterranean and a vegan diet. Journal of Cleaner Production 167: 929-937. 
Florindo TJ, Bom de Medeiros Florindo GI, Ruviaro CF, Pinto AT 2020. Multicriteria decision-making 

and probabilistic weighing applied to sustainable assessment of beef life cycle. J Clean Prod 
242. 

Hess J, Rao G, Slavin J 2017. The Nutrient Density of Snacks: A Comparison of Nutrient Profiles of 
Popular Snack Foods Using the Nutrient-Rich Foods Index. Glob Pediatr Health 4: 
2333794X17698525. 

IPCC. 2006. IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4:  Agriculture, 
Forestry, and other Land Use. Intergovernmental Panel on Climate Change, Paris, France. 

JRC. 2011. ILCD handbook: International reference life cycle data system - Recommendations for 
Life Cycle Impact Assessment in the European context. Page 159p. Vol. EUR 24571 EN, 
Joint Research Centre, Publications Office of the European Union, Luxemburg.  

Ledgard S, Falconer S, Mazzetto A 2021. Carbon footprint of New Zealand beef and sheep exported 
to different markets. Report for the Meat Industry Association and Beef + Lamb New Zealand. 
76 p. 

Lorenz H, Reinsch T, Hess S, Taube F 2019. Is low-input dairy farming more climate friendly? A 
meta-analysis of the carbon footprints of different production systems. J Clean Prod 211: 161-
170. 

Mazzetto A, Falconer S, Ledgard S 2021. Mapping the carbon footprint of milk for dairy cows. 
AgResearch report to DairyNZ. 21 pp.  

McAuliffe GA, Takahashi T, Lee MRF 2018. Framework for life cycle assessment of livestock 
production systems to account for the nutritional quality of final products. Food Energy Secur 
7(3): e00143.  

Payen S, Falconer S, Carlson B, Yang W, Ledgard S 2020. Eutrophication and climate change 
impacts of a case study of New Zealand beef to the European market. Sci Total Environ 710: 
136120. 

Van Selm B, de Boer IJM, Ledgard SF and van Middelaar CE 2021. Reducing greenhouse gas 
emissions of New Zealand beef through better integration of dairy and beef production. 
Agricultural Systems 186: 102936. 

Wiedemann SG, Ledgard SF, Henry BK, Yan M-J, Mao N, Russell SJ 2015. Application of life cycle 
assessment to sheep production systems: investigating co-production of wool and meat using 
case studies from major global producers. Int J Life Cycle Assessment 20(4): 463-476. 



12 
 

  
 

 

9. Appendix 1 – Papers used in the review 
Beef 
Alemu AW, Janzen H, Little S, Hao X, Thompson DJ, Baron V, Iwaasa A, Beauchemin KA, Kröbel R 

2017. Assessment of grazing management on farm greenhouse gas intensity of beef 
production systems in the Canadian Prairies using life cycle assessment. Agricultural 
Systems 158: 1-13. 

Asem-Hiablie S, Battagliese T, Stackhouse-Lawson KR, Alan Rotz C 2018. A life cycle assessment of 
the environmental impacts of a beef system in the USA. The International Journal of Life 
Cycle Assessment 24(3): 441-455. 

Berton M, Agabriel J, Gallo L, Lherm M, Ramanzin M, Sturaro E 2017. Environmental footprint of the 
integrated France–Italy beef production system assessed through a multi-indicator approach. 
Agricultural Systems 155: 33-42. 

Bonesmo H, Beauchemin KA, Harstad OM, Skjelvåg AO 2013. Greenhouse gas emission intensities 
of grass silage based dairy and beef production: A systems analysis of Norwegian farms. 
Livestock Science 152(2-3): 239-252. 

Bragaglio A, Napolitano F, Pacelli C, Pirlo G, Sabia E, Serrapica F, Serrapica M, Braghieri A 2018. 
Environmental impacts of Italian beef production: A comparison between different systems. 
Journal of Cleaner Production 172: 4033-4043. 

Buratti C, Fantozzi F, Barbanera M, Lascaro E, Chiorri M, Cecchini L 2017. Carbon footprint of 
conventional and organic beef production systems: An Italian case study. Sci Total Environ 
576: 129-137. 

Cardoso AS, Berndt A, Leytem A, Alves BJR, de Carvalho IdNO, de Barros Soares LH, Urquiaga S, 
Boddey RM 2016. Impact of the intensification of beef production in Brazil on greenhouse gas 
emissions and land use. Agricultural Systems 143: 86-96. 

Casey JW, Holden NM 2006. Quantification of GHG emissions from sucker-beef production in Ireland. 
Agricultural Systems 90(1-3): 79-98. 

Casey JW, Holden NM 2006. Greenhouse gas emissions from conventional, agri-environmental 
scheme, and organic Irish suckler-beef units. J Environ Qual 35(1): 231-9. 

Dick M, Abreu da Silva M, Dewes H 2015. Life cycle assessment of beef cattle production in two 
typical grassland systems of southern Brazil. Journal of Cleaner Production 96: 426-434. 

Dyer JA, Verge XPC, Desjardins RL, Worth DE 2014. A Comparison of the Greenhouse Gas 
Emissions From the Sheep Industry With Beef Production in Canada. Sustainable Agriculture 
Research 3(3). 

Edwards-Jones G, Plassmann K, Harris IM 2009. Carbon footprinting of lamb and beef production 
systems: insights from an empirical analysis of farms in Wales, UK. The Journal of 
Agricultural Science 147(6): 707-719. 

Florindo TJ, Bom de Medeiros Florindo GI, Ruviaro CF, Pinto AT 2020. Multicriteria decision-making 
and probabilistic weighing applied to sustainable assessment of beef life cycle. Journal of 
Cleaner Production 242. 

Florindo TJ, de Medeiros Florindo GIB, Talamini E, da Costa JS, Ruviaro CF 2017. Carbon footprint 
and Life Cycle Costing of beef cattle in the Brazilian midwest. Journal of Cleaner Production 
147: 119-129. 

Heflin KR, Parker DB, Marek GW, Auvermann BW, Marek TH 2019. Greenhouse-gas emissions of 
beef finishing systems in the Southern High Plains. Agricultural Systems 176. 

Huerta AR, Güereca LP, Lozano MdlSR 2016. Environmental impact of beef production in Mexico 
through life cycle assessment. Resources, Conservation and Recycling 109: 44-53. 

Hünerberg M, Little SM, Beauchemin KA, McGinn SM, O’Connor D, Okine EK, Harstad OM, Kröbel R, 
McAllister TA 2014. Feeding high concentrations of corn dried distillers’ grains decreases 
methane, but increases nitrous oxide emissions from beef cattle production. Agricultural 
Systems 127: 19-27. 

McAuliffe GA, Takahashi T, Orr RJ, Harris P, Lee MRF 2018. Distributions of emissions intensity for 
individual beef cattle reared on pasture-based production systems. J Clean Prod 171: 1672-
1680. 



13 
 

  
 

 

Modernel P, Dogliotti S, Alvarez S, Corbeels M, Picasso V, Tittonell P, Rossing WAH 2018. 
Identification of beef production farms in the Pampas and Campos area that stand out in 
economic and environmental performance. Ecological Indicators 89: 755-770. 

Mogensen L, Kristensen T, Nielsen NI, Spleth P, Henriksson M, Swensson C, Hessle A, Vestergaard 
M 2015. Greenhouse gas emissions from beef production systems in Denmark and Sweden. 
Livestock Science 174: 126-143. 

Ogino A, Sommart K, Subepang S, Mitsumori M, Hayashi K, Yamashita T, Tanaka Y 2016. 
Environmental impacts of extensive and intensive beef production systems in Thailand 
evaluated by life cycle assessment. Journal of Cleaner Production 112: 22-31. 

Pashaei Kamali F, van der Linden A, Meuwissen MPM, Malafaia GC, Oude Lansink AGJM, de Boer 
IJM 2016. Environmental and economic performance of beef farming systems with different 
feeding strategies in southern Brazil. Agricultural Systems 146: 70-79. 

Payen S, Falconer S, Carlson B, Yang W, Ledgard S 2020. Eutrophication and climate change 
impacts of a case study of New Zealand beef to the European market. Sci Total Environ 710: 
136120. 

Pelletier N, Pirog R, Rasmussen R 2010. Comparative life cycle environmental impacts of three beef 
production strategies in the Upper Midwestern United States. Agricultural Systems 103(6): 
380-389. 

Peters GM, Rowley HV, Wiedeman S, Tucker R, Short MD, Schulz M 2010. Red Meat Production in 
Australia: Life Cycle Assessment and Comparison with Overseas Studies. Environmental 
Sciene & Technology 44(4): 1327 - 1332. 

Presumido PH, Sousa F, Gonçalves A, Bosco TCD, Feliciano M 2018. Environmental Impacts of the 
Beef Production Chain in the Northeast of Portugal Using Life Cycle Assessment. Agriculture 
8(10). 

Ridoutt BG, Sanguansri P, Harper GS 2011. Comparing Carbon and Water Footprints for Beef Cattle 
Production in Southern Australia. Sustainability 3(12): 2443-2455. 

Roer A-G, Johansen A, Bakken AK, Daugstad K, Fystro G, Strømman AH 2013. Environmental 
impacts of combined milk and meat production in Norway according to a life cycle 
assessment with expanded system boundaries. Livestock Science 155(2-3): 384-396. 

Roop DJ, Shrestha DS, Saul DA 2013. Cradle-to-Gate Life Cycle Assessment of Locally Produced 
Beef in the Palouse Region of the Northwestern U.S. Transactions of the ASABE 56(5): 1933-
1941. 

Rotz CA, Isenberg BJ, Stackhouse-Lawson KR, Pollak EJ 2013. A simulation-based approach for 
evaluating and comparing the environmental footprints of beef production systems. Journal of 
Animal Science 91(9): 5427-5437. 

Rotz CA, Asem-Hiablie S, Dillon J, Bonifacio H 2015. Cradle-to-farm gate environmental footprints of 
beef cattle production in Kansas, Oklahoma, and Texas. Journal of Animal Science 9(5): 
2509-2519. 

Rotz CA, Asem-Hiablie S, Place S, Thoma G 2019. Environmental footprints of beef cattle production 
in the United States. Agricultural Systems 169: 1-13. 

Ruviaro CF, de Léis CM, Lampert VdN, Barcellos JOJ, Dewes H 2015. Carbon footprint in different 
beef production systems on a southern Brazilian farm: a case study. Journal of Cleaner 
Production 96: 435-443. 

Sanders KT, Webber ME 2014. A comparative analysis of the greenhouse gas emissions intensity of 
wheat and beef in the United States. Environmental Research Letters 9: 1-9. 

Stackhouse-Lawson KR, Rotz CA, Oltjen JW, Mitloehner FM 2012. Carbon footprint and ammonia 
emissions of California beef production systems. American Society of Animal Science 90(12): 
4641-4653. 

Stanley PL, Rowntree JE, Beede DK, DeLonge MS, Hamm MW 2018. Impacts of soil carbon 
sequestration on life cycle greenhouse gas emissions in Midwestern USA beef finishing 
systems. Agricultural Systems 162: 249-258. 

Tichenor NE, Peters CJ, Norris GA, Thoma G, Griffin TS 2017. Life cycle environmental 
consequences of grass-fed and dairy beef production systems in the Northeastern United 
States. Journal of Cleaner Production 142: 1619-1628. 

Tsutsumi M, Ono Y, Ogasawara H, Hojito M 2018. Life-cycle impact assessment of organic and non-
organic grass-fed beef production in Japan. Journal of Cleaner Production 172: 2513-2520. 



14 
 

  
 

 

Vergé XPC, Dyer JA, Desjardins RL, Worth D 2008. Greenhouse gas emissions from the Canadian 
beef industry. Agricultural Systems 98(2): 126-134. 

Veysset P, Lherm M, Bébin D 2010. Energy consumption, greenhouse gas emissions and economic 
performance assessments in French Charolais suckler cattle farms: Model-based analysis 
and forecasts. Agricultural Systems 103(1): 41-50. 

Vitali A, Grossi G, Martino G, Bernabucci U, Nardone A, Lacetera N 2018. Carbon footprint of organic 
beef meat from farm to fork: a case study of short supply chain. J Sci Food Agric 98(14): 
5518-5524. 

Wiedemann S, McGahan E, Murphy C, Yan M 2016. Resource use and environmental impacts from 
beef production in eastern Australia investigated using life cycle assessment. Animal 
Production Science 56(5). 

Wiedemann S, McGahan E, Murphy C, Yan M-J, Henry B, Thoma G, Ledgard S 2015. Environmental 
impacts and resource use of Australian beef and lamb exported to the USA determined using 
life cycle assessment. Journal of Cleaner Production 94: 67-75. 

 

Sheep 
Cottle DJ, Cowie AL 2016. Allocation of greenhouse gas production between wool and meat in the life 

cycle assessment of Australian sheep production. The International Journal of Life Cycle 
Assessment 21(6): 820-830. 

Dougherty HC, Oltjen JW, Mitloehner FM, DePeters EJ, Pettey LA, Macon D, Finzel J, Rodrigues K, 
Kebreab E 2019. Carbon and blue water footprints of California sheep production. J Anim Sci 
97(2): 945-961. 

Dyer JA, Verge XPC, Desjardins RL, Worth DE 2014. A Comparison of the Greenhouse Gas 
Emissions From the Sheep Industry With Beef Production in Canada. Sustainable Agriculture 
Research 3(3). 

Edwards-Jones G, Plassmann K, Harris IM 2009. Carbon footprinting of lamb and beef production 
systems: insights from an empirical analysis of farms in Wales, UK. The Journal of 
Agricultural Science 147(6): 707-719. 

Ibidhi R, Hoekstra AY, Gerbens-Leenes PW, Chouchane H 2017. Water, land and carbon footprints of 
sheep and chicken meat produced in Tunisia under different farming systems. Ecological 
Indicators 77: 304-313. 

Jones AK, Jones DL, Cross P 2014. The carbon footprint of lamb: Sources of variation and 
opportunities for mitigation. Agricultural Systems 123: 97-107. 

Ledgard SF, Lieffering M, Coup D, O'Brien B 2011. Carbon footprinting of New Zealand lamb from the 
perspective of an exporting nation. Animal Frontiers 1(1): 40-45. 

O'Brien D, Bohan A, McHugh N, Shalloo L 2016. A life cycle assessment of the effect of intensification 
on the environmental impacts and resource use of grass-based sheep farming. Agricultural 
Systems 148: 95-104. 

Ripoll-Bosch R, de Boer IJM, Bernués A, Vellinga TV 2013. Accounting for multi-functionality of sheep 
farming in the carbon footprint of lamb: A comparison of three contrasting Mediterranean 
systems. Agricultural Systems 116: 60-68. 

Toro-Mujica P, Aguilar C, Vera RR, Bas F 2017. Carbon footprint of sheep production systems in 
semi-arid zone of Chile: A simulation-based approach of productive scenarios and 
precipitation patterns. Agricultural Systems 157: 22-38. 

Wiedemann SG, Yan MJ, Murphy CM 2016. Resource use and environmental impacts from 
Australian export lamb production: a life cycle assessment. Animal Production Science 56(7). 

Wiedemann SG, Ledgard SF, Henry BK, Yan M-J, Mao N, Russell SJ 2015. Application of life cycle 
assessment to sheep production systems: investigating co-production of wool and meat using 
case studies from major global producers. The International Journal of Life Cycle Assessment 
20(4): 463-476. 

Wiedemann S, McGahan E, Murphy C, Yan M-J, Henry B, Thoma G, Ledgard S 2015. Environmental 
impacts and resource use of Australian beef and lamb exported to the USA determined using 
life cycle assessment. Journal of Cleaner Production 94: 67-75. 

 


