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Greenhouse gas emissions of Spanish sheep farming systems: allocating between meat production 
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Ripoll-Bosch, R.1, De Boer, I.J.M.2, Bernués, A.1 and Vellinga, T.3, 1CITA de Aragón, Avda Montañana, 930, 
50059 Zaragoza, Spain, 2Animal Production Systems Group, Wageningen University and Research Centre, 
P.O. Box 338, 6700 AH Wageningen, Netherlands, 3Wageningen UR Livestock Research, Wageningen 
University and Research Centre, P.O. Box 65, 8200 AB Lelystad, Netherlands; rripoll@aragon.es

Sheep farming systems (SFS) in Spain are considered pasture-based and low-input, but large differences 
in input utilization, land use and intensification level exist, and their environmental impacts, therefore, are 
expected to differ. We used life cycle assessment (LCA) to evaluate and compare greenhouse gas (GHG) 
emissions of three contrasting SFS: (1) grazing (G): located in alpine mountains, with 1 lambing per year 
and free ranging; (2) mixed sheep-cereal (M): located in mid-altitude ranges, with 3 lambings in 2 years and 
guided grazing; (3) zero-grazing (Z): located in low altitude semi-arid conditions, with 5 lambings in 3 years 
and no grazing. The functional unit (FU) was 1 kg of lamb live-weight leaving the farm. Emissions of GHGs 
from on-farm processes and farm inputs were computed according to IPCC guidelines (Tier 2 level). Per FU, 
GHG emissions were highest for G (28.4 CO2-eq), intermediate for M (24.3 CO2-eq) and lowest for Z (19.5 
CO2-eq). Besides meat, however, these, SFS also provide ecosystem services to society (e.g. biodiversity 
and landscape conservation). We valued these services for each SFS based on agri-environmental subsidies 
of the EU, and used economic allocation to distinguish GHG emissions of SFS between meat and ecosystem 
services. Correcting for multifunctionality of SFS, GHG emission per kg live-weight changed, i.e. lowest 
for G (15.2 CO2-eq), intermediate for M (18.0 CO2-eq) and highest for Z (19.5 CO2-eq). A comparison of 
GHG emissions among SFS should account for the multifunctionality of these systems.

Comparing strategies to aggregate environmental performances of individual farms into a dairy 
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The environmental performance of an agricultural sector can be assessed based on input-output data at sector 
level (top-down) or on aggregating environmental scores of individual farms (bottom-up). A bottom-up 
approach has the advantage that variation among farms is assessed, and it can be used to deduce mitigation 
options. Our objective is to compare strategies to aggregate environmental scores of Dutch dairy farms into 
a sector score, using the Dutch Farm Accountancy Data Network (FADN). Life cycle assessment (LCA) 
was used to quantify the environmental performance of milk production at individual dairy farms (i.e. land 
use, energy use, climate change, eutrophication and acidification). The functional unit is one kg of fat-
and-protein corrected milk. Two aggregation strategies are compared: 1) a conventional FADN weighting 
method based on a stratification of economic farm size and farm type only, which does not consider other 
farm characteristics that determine environmental impacts, such as milk production per ha or soil type; 2) 
a strategy based on statistical matching using additional farm characteristics to compute a weighting factor 
per farm. Aggregated environmental scores are validated by a leave-one-out cross validation in which 
observed and estimated values for individual farms are compared. With respect to soil type, economic size, 
milk production per ha and the ratio of maize silage, results per region were more representative using 
statistical matching. The variance of the weighting factor was higher, resulting in a higher sensitivity of 
the weighting scheme applied. The choice of weighting factor highly affected environmental performance 
(range 10-20%). Statistical matching was identified as a better method to aggregate environmental scores 
of individual farms into a sector score for environmental impacts.
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