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Abstract

The main objective of this study was to analyze the carbon footprint (CF) of grazing dairy
goat systems in a natural park according to their grazing level. A total of 16 representative
grazing goat farms in southern Spain were selected and grouped into three farming
systems: low productivity grazing farms (LPG), more intensified grazing farms (MIG)
and high productivity grazing farms (HPG). Their CF was analyzed, including
greenhouse gas emissions and soil C sequestration according to the farms’ grazing level
and milk productivity, taking into account different functional units (one kilogram of fat
and protein corrected milk (FPCM) and one hectare) and milk correction. Results showed
that all variables differed according to the milk correction applied as the values for cow’s
milk correction were 41% lower than for sheep’s milk correction. Total emissions and
contributions of soil carbon sequestration differed according to farming system group;
LPG farms had higher total emissions than MIG and HPG farms, however total carbon
sequestration was lower in the MIG farms than in the LPG and HPG farms. The CF values

ranged from 2.36 to 1.76 kg COe kg* FPCM for sheep’s milk correction and from 1.40


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

to 1.04 kg CO.e kg! FPCM for cow’s milk correction. No differences were found
between farming system groups in either of the two cases but when calculations took
hectare of land as a functional unit, the contribution of MIG farms to the CF was 85%
higher than LPG and HPG farms. Therefore it is important to take into account the
functional unit used to calculate the CF by analyzing this indicator in a broader context,
and including carbon sequestration by grazing livestock in the calculation. In order to
reduce the CF of this type of system, it is advisable to make appropriate use of the natural
resources and to reach an optimum level of milk productivity, high enough for pastoral

livestock farming to be viable.

1. Introduction

Most of the European Natura 2000 network is in Spain. A quarter of Spain’s territory
is dedicated to nature conservation with a total of 1,958 protected natural areas, covering
over 22 million hectares (Mdgica et al., 2017). Twenty four percent of Natura 2000
surface area is used for agriculture or agroforestry (crops, steppes, agriculture mosaics,
open forest, etc.), contributing directly to food and feed supply. In Spain, around 13% of
the area is protected under one of several legal figures. A large part of these landscapes
are grazed, particularly by cattle, sheep or goats for meat production (Bernués et al.,
2017), and dairy goats in protected landscapes in the Southeast and in other areas

unsuitable for agriculture in Mediterranean zones (Castel et al., 2010; Mena et al., 2017;
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Dubeuf et al., 2018). In these areas, small ruminant farming is often one of the few
economically viable activities as not only does it fix population but it also manages
landscapes and maintains ecosystems to conserve biodiversity and provide niche products
for the market (Robles et al., 2009; Ruiz-Mirazo et al., 2011).

Nevertheless, the livestock sector also has an important influence on climate change,
biodiversity loss and degradation of land and freshwater because of its emissions to the
air, water and soil (Foley et al., 2011; Gerber et al., 2013). In fact, livestock farming is
estimated to contribute to about 18% of total global greenhouse gas (GHG) emissions,
considering direct and indirect land use (Hristov et al., 2013; Herrero et al., 2016).
Ruminants are responsible for the largest share of enteric fermentation and manure
production (Zervas and Tsiplakou, 2012; Buratti et al., 2017), although ruminant farming
systems vary depending on physical conditions such as climate, soil type, altitude and
landscape, (Gibon et al., 1999; Hadjigeorgiou et al., 2005), specie (cow, goat, sheep) and
production purpose (dairy or meat).

For calculating GHG emissions of agricultural products, absolute and efficiency
measures have to be differentiated, as they can produce different outcomes (Rivera-Ferre
et al., 2016). The use of an efficiency parameter such as emission per unit of product, can
infer that a certain sector is reducing its contribution to GHG emissions, even though its
absolute parameter, namely total emissions, increases. However, the most commonly

used indicator of the contribution of a given product to GHG emissions is an efficiency
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parameter: the Carbon Footprint (CF), expressed in kg of COe per unit of product. The
last one is called “functional unit” (Sinden, 2009), the choice of which has to be carefully
defined in accordance with the overall purpose of the study (de Vries et al., 2015) because
conclusions could be different (R60s et al., 2013). Using only a mass-based functional
unit, predominant in current life cycle assessment practice, does not provide a balanced
view of the impacts of intensification. The use of an area-based functional unit, in addition
to a mass-based one, can provide more information about the environmental
consequences of agricultural system intensification (Salou et al., 2017). Area-based or
mass-based functional units are normally used as functional units in the CF for plant
products. Nevertheless, for livestock products, given the existence of indoor animal
production systems (e.g. poultry farms), the CF is mostly expressed by kg of product.
Another key aspect in grazing farming systems’ contribution to climate change is not
only to calculate GHGs but also to consider soil carbon (C) sequestration from soil C
inputs from crop residues or manure, for example (Batalla et al., 2015). In this sense, there
has been more discussion about the need to assess the ecosystem services offered by
forage-based livestock systems in disadvantaged areas, paying particular attention to
GHG emissions and their mitigation by C sequestration (Battaglini et al., 2014).
Nevertheless as C sequestration is difficult to estimate, most researchers only consider

emissions and C sequestration is not generally taken into account for calculating CF
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(Booker et al., 2013; McDermot and Elavarthi, 2014; Rivera-Ferrer et al., 2016; Buratti
etal., 2017).

The main objective of this study is to analyze the C footprint (including GHG
emissions and soil C sequestration) of grazing dairy goat systems in a natural park
according to their grazing level and milk productivity, taking into account different
functional units. Particular attention is paid in this study to providing comprehensive
information on the role of grassland and shrubland on GHG balance since the hypothesis
in this study assumes that the systems based on natural pasture instead of feed and

concentrates may have a smaller CF.

2. Material and methods
2.1. Experimental farms and data collection

The study was carried out in the Sierra de Grazalema Natural Park (36° 35N, 5° 26°W,
southern Spain), one of Spain's most ecologically outstanding areas (Biosphere Reserve,
UNESCO). Altitudes range between 650 and 1200 m and the geological substratum is
dominated by dolomite, limestone and loam, with basic soils (Gallego Fernandez and
Garcia Novo, 2002). The study area has a Mediterranean climate, with cool, wet winters
(mean 8°C) and warm, dry summers (mean 25 °C). The mean annual precipitation (960 —
2,220 mm) is the most determinant climatic variable associated with plant growth and
community distribution. The study area is characterized by the coexistence of a mosaic

of dehesa (open forest), dense Quercus ilex, Q. suber and Q. faginea forest. Plant
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communities are generally dominated by sclerophyllous woody plants with a herbaceous
or shrubby understory (Costa et al., 2006).

Based on the researchers’ previous experience (Gutiérrez-Pefia et al., 2016; Mena et
al., 2017), sixteen commercial farms were selected to be representative of the diversity of
the grazing goat farm systems in the area. According to Gutiérrez-Pefia et al. (2016),
feeding management is based on the grazing of natural grasslands, namely pastures,
shrubs and trees. Goats receive supplementary feed indoors, mostly during the milking
period. They kid once a year, with an average milking period of between six and eight
months and are milked once or twice a day, according to their productive level. Kids are
reared naturally for approximately one month and then sent to slaughter.

According to Mena et al. (2017), these sixteen grazing goat farms were classified into
three types: low productivity grazing farms (LPG) with small herds and low productivity
farms with little dependence on external inputs for animal feeding; more intensified
grazing farms (MIG) with medium herd sizes and high-medium productivity farms that
depend mostly on external inputs for animal feeding; and high productivity grazing farms
(MPG) with large herds and high-medium productivity farms with little dependence on
external inputs. Number of goats per farm were 174, 251 and 572, respectively; Natural
pasture area (ha) was 67, 42 and 255, respectively; Crop pasture area (ha) was 6, 8 and
30, respectively; and Net energy obtained from grazing (%) was 47, 19 and 47,

respectively.
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The farmers were visited monthly throughout 2011 to gather all the necessary
information about inputs and outputs and animal management practices to calculate the
CF. The agricultural cooperative association, food suppliers and cheese industries that
bought the milk also provided information.

2.2. Calculation of the CF of goat’s milk

2.2.1. Boundary of the system for GHG emissions

The boundary chosen for the goat milk production system was “from cradle to farm
gate” and included all the on-farm and off-farm emissions. Machinery, buildings,
medicines and other minor stable supplies were excluded from the assessment.

“On farm emissions” refer to all emissions from livestock (enteric fermentation) and
soil management (mainly N2O emissions). The IPCC (2007) guidelines have been
followed, using the Tier 2 approach taking national and local values for the farms studied
(MAGRAMA, 2012). The emissions are expressed in CO equivalents in a 100 year
global warming potential (GWP) of CH4 and N20O of 25 and 298, respectively, following
IPCC guidelines (IPCC, 2007). “Off farm emissions” correspond mainly to the processing
and transport of all the inputs used on the farms. A combination of emissions factors and
data from literature has been used, mainly using Dia’terre® (Ademe, 2011) and Gac et
al. (2010).

For C sequestration, the authors followed the methodology of Petersen et al. (2013),

which takes into account a 100 year perspective to allocate soil C changes, as well as the
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GWP of livestock emissions. In goat systems, soil C changes are affected mainly by
annual C inputs in soils, which in this study are directly related to C from crop residues
(above and below-ground) on the farms and C inputs from manure (spread by the farmers
directly on the pastures).

2.2.2. Functional units

Emissions are expressed in two functional units to ensure that the results reported are
consistent and functional. The first functional unit is one kg of fat and protein corrected
milk (FPCM) as recommended by the most common life cycle analysis guidelines for the
dairy sector (IDF, 2010). As goat’s milk does not have a specific reference, ewe’s milk
and cow’s milk have been used for the standardization:

- 1 kg of fat and protein corrected milk (FPCM), as Pulina et al. (2005) proposed for
dairy ewe’s milk (milk correction 1). The final equation for calculating goat FPCM is:

FPCM (kg) = raw milk (kg) x [0.25 + 0.085 x fat content (%) + 0.035 x protein content (%)]

- 1 kg of fat and protein corrected milk (FPCM), as Robertson et al. (2015) proposed
for dairy cow’s milk (milk correction 2). The final equation for calculating goat FPCM
IS:

FPCM (kg) = raw milk (kg) x [0.145 x fat content (%) + 0.092 x protein content (%) + 0.3]

The second functional unit used is 1 ha of utilizable agricultural land (UAL) on the

goat farm.

2.2.3. Allocation


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Although milk is the main product obtained from a dairy goat farm, total emissions
must be allocated because meat is a co-product with a market value. In this study the
economic allocation principles were based on kids being sold at 1 month of age, with a
live weight (LW) of approximately 8 kg and a monetary value of 3.89 € kg* LW. Milk
had a value of 0.49 € kg* of raw milk. No other income sources were evident within the
scope of the study and the allocation of the CF to milk varied by farm and year from 57%
to 89 % with an average of 78%.

2.2.4. Data treatment and statistical analysis

For the statistical analysis, farms were classified according to the three groups
described above.

After testing the variables for normality, using the descriptive statistics of asymmetry
and kurtosis, ANOVAs were performed to test for possible significant differences among
the three groups followed by the Tukey test to evaluate significant differences between
groups. IBM SPSS Statistic 23.0 for Windows (SPSS Inc., Chicago, IL, USA) was used
for all analyses.

3. Results

3.1. Inputs and Outputs

Annual inputs and outputs for each dairy system group are shown in Table 1. With
regard to inputs, the values reflect that considerably less concentrates and fodder were

purchased by the LPG and HPG farms than the MIG farms; no differences were found
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between the LPG and HPG farms. As regards outputs, the LPG farms were the least
productive group (about 45%) but there were no differences between the MIG and HPG
farms. No differences were found between the three farming system groups (Table 1) as

far as the other variables were concerned.
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Table 1. Annual inputs and outputs for each goat farming system group. In the same row different letters indicate significant differences (P < 0.05). Mean + S.E.

Low productivity grazing More intensified grazing High productivity grazing =
farms farms farms p-values

Inputs

Concentrates purchased (kg hayear?) 27338 + 29.68b 43760 + 58.68a 296.46 + 32.08b 4.142 0.041
Fodder purchased (kg hatyear?) 2330 = 12.83b 155.99 + 4592a 1545 + 483D 9.400 0.003
Fuel (liters year?) 77225 + 149.20a 928.20 + 306.79a 603343 + 2703.30a 2.218 0.148
Electricity (kwH year) 4468.00 + 1797.58a 8503.00 + 2863.98a 4726.71 + 195250 a 0.925 0.421
Mineral fertilizer (kg hayear?) 6.25 + 6.25a 86.67 + 53.24a 66.45 =+ 19.71a 1.355 0.292
Outputs

Milk, liters goat 2 177.07 + 35.35b 332.67 + 38.84a 33563 + 2942a 5.92 0.015
Kids sold goat* 1.00 + 0.09a 1.06 + 0.13a 094 + 0.J2a 0.30 0.746

204
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3.2. Kilogram of FPCM as a functional unit

CF, total emissions and total soil C sequestration are presented in Table 2 for each
farming system. The contribution from pollutant sources and soil C sequestration are also
shown. All the variables differed according to the milk correction applied; the values for
milk correction 2 were 41% lower than for milk correction 1. However, for all the
variables analyzed, the type of milk correction did not affect the comparisons between
groups.

CF values ranged from 2.36 to 1.76 kg COze kg™t FPCM for milk correction 1 and from
1.40 to 1.04 kg COze kg* FPCM for milk correction 2. No differences were found
between goat farming system groups (Table 2) in either of the cases.

Regarding emissions, LPG farms reported significantly higher total emissions per
kilogram of FPCM and no differences were found between MIG and HPG farms.
Livestock emissions were the major contributors to total emissions of all three farming
system groups (contributing between 52 and 66%); livestock emissions per kilogram of
FPCM were significantly higher in the LPG farms and no differences were found between
MIG and HPG farms. No differences were found between the three farming system
groups (Table 2) for the other variables.

Differences were found between farming system groups for the contributions of soil C
sequestration. Total C sequestration was significantly lower in the MIG farms and no

differences were found between LPG and HPG farms. The same pattern was found for
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CO2 sequestration from crops. The values found for CO> sequestration from manure were

significantly higher in the LPG farms than in the MIG farms (Table 2).
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Table 2. Carbon footprint and contribution to carbon footprint from different sources and annual C sequestration (kg CO, e kg FPCM) calculated according to Petersen et al.
(2013). These values have been allocated using factors based on economic value for milk and co-products (kids) derived from their monetary value at farm level. The functional
units are 1 kg of fat and protein corrected milk (FPCM); results of all variables studied are presented depending on the milk correction applied: i) milk correction 1 (corrected
according to Pulina et al., 2005) and milk correction 2 (corrected according to Robertson et al., 2015). In the same row different letters indicate significant differences (P <
0.05). Mean + S.E.

Low productivity grazing More intensified grazing High productivity grazing =
p-values
farms farms farms
c e Milk correction 1 236+ 0.32a 197+ 0.11la 1.76 £ 0.13a 2.86 0.094
o'
}Es %‘ Milk correction 2 140+ 0.19a 116+ 0.06a 1.04+ 0.08a 2.83 0.096
0o
Livestock emissions
Milk correction 1 209 £+ 03la 116 £ 0.10b 133 £+ 0.15b 6.074 0.014
Milk correction 2 124 + 0.18a 0.68 = 0.06b 0.79 = 0.09b 6.107 0.013
Soil emissions
@ Milk correction 1 035 = 0.05a 022 + 0.04a 0.30 =+ 0.03a 2.530 0.112
2 Milk correction 2 0.20 + 0.03a 0.13 + 0.02a 0.18 =+ 0.02a 2.530 0.118
é Inputs emissions +
ul Milk correction 1 0.74 + 0.06a 0.84 + 0.02a 0.67 = 0.06a 2.856 0.091
Milk correction 2 0.44 + 0.04a 050 + 0.02a 039 + 0.04a 2.828 0.094
Total emissions
Milk correction 1 3.17 + 041a 222 + 0.13b 229 = 017b 4.540 0.032
Milk correction 2 188 + 0.24a 1.31 £+ 0.08b 136 £+ 0.10b 4.600 0.031
= CO:2 sequestered from crops
g Milk correction 1 057 £ 0.12a 0.11 £ 0.03b 0.38 + 0.05a 9.129 0.003
@) %’:J S Milk correction 2 0.34 + 0.07a 0.07 + 0.02b 0.22 + 0.03a 9.683 0.003
g COz2 sequestered from manure
@ Milk correction 1 024 £+ 0.03a 0.13 + 0.01b 0.15 + 0.02ab 5.360 0.020
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Milk correction 2 0.14 + 0.02a 0.08 + 0.01b 0.09 + 0.01ab 5.390 0.011
Total C sequestration

Milk correction 1 081 + 0.14a 025 + 0.04b 053 £+ 0.06a 10.850 0.002

Milk correction 2 0.48 + 0.08a 0.15 + 0.02b 032 £+ 0.04a 10.820 0.002
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3.3. Hectare as a functional unit

MIG farms had significantly higher CF values per hectare of land use and no
differences were found between LPG and HPG farms. Likewise, total emissions were
significantly higher in the MIG farms than in the other two groups as a consequence of a
large increase in the off-farm emissions. No differences were found between farming
system groups for the rest of the variables studied (Table 3).
4. Discussion

Cattle studies are predominant in the scientific bibliography on GHG emissions from
the ruminant sector but there are very few specific studies of goat systems, particularly
under grazing management (Kanyarushoki et al., 2009; Robertson et al., 2015; Pardo et
al., 2016). Conclusions vary widely due to differences in the productive context and the
methodologies followed. As Bernués et al. (2017) stated, it is difficult to make direct
comparisons between studies because of potential differences in methodological choices;
therefore it is necessary to standardize the functional unit, the system boundary and the
allocation method. According to these authors, it is difficult to compare the results of this
study with others due to differences in the production context and in the methodologies

used. However, some useful ideas can be derived from a methodological point of view.
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Table 3. Carbon footprint and contribution to carbon footprint from different sources and annual C sequestration (kg CO e/kg FPCM) calculated according to Petersen et al.,
(2013). These values have been allocated using allocation factors based on economic value for milk and co-products (kids) derived from their monetary value at farm level. The
functional unit is 1 hectare of utilizable agricultural land. In the same row different letters indicate significant differences (P < 0.05). Mean = S.E.

Low productivity grazing More intensified grazing  High productivity grazing =
p-values
farms farms farms

Carbon footprint 1330.04 + 440.62 a 8629.57 + 494823 Db 1249.77+ 242.13a 7.21  0.028

Livestock emissions 1117.30+ 305.46a 4983.38+ 2821.74a 89351+ 149.59a 4.17 0.075
@ Soil emissions 180.79+ 48.06a 828.47+ 398.40a 20644+ 4532a 3.05 0.131
o
‘@A
= Inputs emissions 436.13+ 168.86a 3683.87+ 2134.20b 504.44+ 132.19a 8.82 0.032
w

Total emissions 173423+ 519.61a 949572+ 5349.26 b 1604.39+ 313.65a 7.07 0.048
c COz2 sequestered from crops 40419+ 78.99a 866.15+ 401.03a 35462+ 7152a 1.53 0.460
2
<
o CO:; sequestered from manure 128.12+ 36.63a 575.68+ 329.74a 102.67+ 17.22a 4.50 0.061
=
3
©)

Total C Sequestration 40419+ 78.99a 866.15+ 401.03a 35462+ 7152a 1.53 0.460
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4.1. The importance of the functional unit used

The most common functional unit used for CF calculation is the kg of fat and protein
corrected milk (kg of FPCM). According to the Spanish federation of select livestock
associations, (FEAGAS, 2018), the 8 main goat breeds in Spain (Florida, Majorera,
Malaguefia, Murciano-Granadina, Palmera, Payoya, Tinerfefia and Verata) reach values
of 4.8% fat and 3.8% protein. On the other hand, according to Devendra and McLeroy
(1982) goats in the tropics give values of 4.8% fat and 3.7% protein. The literature does
not report any calculation of CF using a specific equation for goat’s milk therefore the
authors have used two equations in this study; one for sheep's milk, named milk correction
1, and another for cow’s milk, named milk correction 2. When milk correction 2 is used
as a functional unit, CF is 41% lower than when milk correction 1 is used (Table 2),
because sheep's milk has a higher fat and protein content (7.6 and 5.5%) than cow’s milk
(4.8 and 2.8%) (Devendra and McLeroy, 1982). On the other hand, if sheep or cattle
correction equations are used instead of goat correction equations, the emission values
allocated are overestimated if sheep fat and protein values are used and underestimated if
cattle values are used. Therefore it is not easy to compare results, and the methodology
must be well defined, stating which correction equation has been chosen and using a
goat’s milk correction equation, taking into account average protein and fat values.

When CF results are expressed using efficiency metrics (such as kg of FPCM), the

female productive level (generally higher in confined goats than in grazing goats) is a
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critical factor, as more milk production reduces the CF. Nevertheless, as Rivera-Ferre et
al. (2016) observed when addressing the common global resources to mitigate GHG
emissions, the use of an efficiency metric such as kg of FPCM is not the most appropriate.
This is because other positive externalities with environmental or social implications
should be taken into consideration such as fire prevention, enhancement of biodiversity
or maintenance of local traditions, all of which are directly related to grazing. As observed
in this study, using one hectare of UAL (Utilizable Agricultural Land) as a functional
unit, MIG farms had a significantly higher CF per hectare compared with LPG and HPG
because of a large increase in off-farm emissions (Table 3). Similar results were obtained
by Robertson et al. (2015), in New Zealand, where pastoral goat farms had a significantly
lower CF per hectare but a higher CF per kg of FPCM compared to intensive farms.
Salvador et al. (2017), in small-scale mountain dairy farms in the Italian Alps, found that
Lower Livestock Unit farms registered higher values of GHG emissions per kg of FPCM
than Higher Livestock Unit farms (1.94 vs. 1.59 kg COze kg* FPCM), nevertheless the
situation was reversed upon considering the m? of Utilizable Agricultural Land as a
functional unit (0.22 vs. 0.73 kg CO2e m™). Likewise, Salou et al. (2017) who compared
milk production systems in France, found a lower GWP per hectare in the grass-based,
organic and highland systems compared with more intensified systems. This was due to
the switch from grass-based feed to maize silage and concentrate feed.

4.2. Livestock intensification and climate change
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The potential offered by goats, with their ability to survive in disadvantaged areas, is
broadly recognized at national and international level (Mosquera-Losada et al., 2006;
Rosa Garcia et al., 2012). Moreover, ruminants have played an important role in the
genesis and maintenance of landscapes (Emanuelsson, 2009). However, several previous
studies on livestock GHG emissions and their relationship with different management
systems advocate an intensification of animal production to mitigate the emission of
GHGs (Steinfeld and Gerber, 2010; O’Brien et al., 2011; Stackhouse et al., 2012; Cohn
et al., 2014; Ruviaro et al., 2014), moving away from rustic and traditional animals to
specialized and highly productive breeds.

The main rationale behind this proposal is that productivity levels of the extensive
systems are much lower and as consequence, emission intensities are consistently higher
in these types of system (Opio et al., 2013; Gerber et al., 2013). One of the reasons why
extensive systems are less productive is that animals use more energy travelling to pasture
thus increasing maintenance requirements (Gill et al., 2010). The main source of
emissions is methane from enteric fermentation (Zaervas and Tsiplakou, 2012; Buratti et
al., 2017). As grazing animals basically feed on forage (Hegarty et al., 2010; Desjardins
et al. 2014), extensive systems produce more methane than intensive systems. As
intensive systems commonly rely more on highly digestible concentrates and quality
forage, these farming practices can reduce emissions and leave a lower CF than the less

intensified systems (Foley et al., 2011; O’Brien et al., 2012; Bellarby et al., 2013; Gerber
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et al., 2013; Soussana and Lemaire, 2014). Therefore, intensification of production
systems can be considered as an effective way to increase production and reduce GHG
emission intensity (Zhuang et al., 2017). Supposedly, this is an efficiency gain’; i.e. more
output with less input and less environmental impact per kg of product (Bernués et al.,
2017) but this argument does not take into account that human-edible grain may be used
to feed animals instead of using crop waste and pastures of marginal lands, nor does it
consider that grazing animals can be important drivers of C sequestration in pasture
systems, a critical ecosystem service provided by grasslands (Batalla et al., 2015).
Under the conditions established in our research and considering only total emissions,
without including sequestration, it is true that the low productivity grazing (LPG) farms
produce more emissions per kg of fat and protein corrected milk (FPCM) than more
intensified grazing (MIG) farms. This is due to their intrinsic lower productivity.
Nevertheless, emissions do not differ between high productivity grazing (HPG) and MIG
(Table 2) because both models achieve an adequate level of productivity (335.63 and
332.67 liters per goat respectively, Table 1). When CF values are compared in the
productive models considering GHG emissions and soil C sequestration, there are no
longer any differences between the three groups. This is because total net emissions are
reduced by 23-26% in the grazing system when soil C sequestration is considered in CF
calculations (Table 2). These results are similar to those found by Batalla et al. (2015) in

sheep farming systems in northern Spain using the same methodology to estimate soil C
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sequestration (Petersen et al., 2013). Batalla et al. (2015) pointed out that the CF was
reduced by 15% for semi-intensive systems with foreign breeds to 43% for semi-
extensive systems with local breeds, when soil C sequestration was included. Salvador et
al., (2017), reported a reduction from 28 to 31% in Italian mountain dairy farms when
sequestration was considered, for Lower and Higher Livestock Unit farms respectively.

In grazing systems, C sequestration is an important aspect to consider due to the
amount of C added to soils from grazing, C residues from crops and C from manure. In
recent years, several research studies have shown that C sequestration can be maximized
by using adequate management practices for livestock grazing, for example through
rotational grazing management (multi-paddock systems) or with an appropriate grazing
intensity according to each specific context (soil texture, precipitation or grass type)
(McSherry and Ritchie, 2013; Wang et al., 2015; Stanley et al., 2018).

According to the results in this study, total C sequestration in LPG and HPG farms is
51%-70% higher than in MIG farms (Table 2). This is because LPG and HPG farms have
larger surface areas. It also gives higher C values from crop residues (above and below
ground), although a larger surface area only makes a significant difference in HPG farms.
Soil C sequestration from manure in absolute terms has higher values in HPG (71,186 kg
CO: e), followed by MIG (30,744 kg CO2 e) and then by LPG (21,571 kg COz e). This is

mainly because there are more animals per hectare and hence more manure per hectare.
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Pastoral systems provide ecosystem services such as soil C sequestration, maintenance
of biodiversity or reduction of fuel biomass and enable land to be released to grow crops
directly for human consumption. Due to the strong links between pasture-based livestock
production and the provision of diverse ecosystem services, and according to Ripoll-
Bosch et al. (2013), such services must be considered and integrated into the evaluation
of GHGs emissions at farm level.

5. Conclusions

In view of the results found in this study, it would be recommendable to promote, in
protected natural areas, a livestock farming model with low dependence on external inputs
and, when feasible, for animals to use natural vegetation directly. Optimization of grazing
resources and appropriate productivity levels per goat partly reduce the CF in grazing
dairy goat farms. It is noteworthy that soil C sequestration quantification is necessary to
obtain a more realistic value of the CF otherwise grazing systems would be overestimated.
The results of this study show that when soil C sequestration is considered in CF
calculations, differences between the less productive group and the other two groups

disappear.

Although the environmental indicator CF is interesting to gather information about the
contribution of livestock to GHG emissions, this indicator should be used with precaution
due to the methodological difficulties involved in the calculation, particularly when

determining the system’s boundaries, the functional unit and when estimating C
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sequestration. Therefore a specific standardization formula must be drawn up for dairy
goats in order to calculate the CF and build standardized models that consider the soil C

sequestration of the Mediterranean farming systems.

Acknowledgements

The authors thank the “Instituto Nacional de Investigacion Agraria” (Project INIA-
RTA2010-00064-C04-02) for funding this research. The authors also acknowledge the
INIA and the European Social Fund pre-doctoral contract grant (Rosario Gutiérrez Pefia)

and would especially like to thank the goat farmers for their contribution.

References

Ademe, 2011. Guide des valeurs Dia'terre, version du référentiel 1.11.

Batalla, I., Knudsen, M. T., Mogensen, L., del Hierro, O., Pinto, M., Hermansen, J. E.,
2015. Carbon footprint of milk from sheep farming systems in northern Spain including

soil carbon sequestration in grasslands. J. Clean. Prod. 104, 121-129.

Battaglini, L., Bovolenta, S., Gusmeroli, F., Salvador, S., Sturaro, E., 2014.

Environmental sustainability of Alpine livestock farms. Ital. J. Anim. Sci. 13, 431-443.

Bellarby, J., Tirado, R., Leip, A., Weiss, F., Lesschen, J.P., Smith, P., 2013. Livestock
greenhouse gas emissions and mitigation potential in Europe. Glob. Change Biol. 19, 3-

18.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Bernués, A., Rodriguez-Ortega, T., Olaizola, A., Bosch, R. R., 2017. Evaluating
ecosystem services and disservices of livestock agroecosystems for targeted policy design
and management. In: CNR-ISPAAM (Eds.), Grassland resources for extensive farming
systems in marginal lands: major drivers and future scenarios. 19th Symposium of the

European Grassland Federation, Alghero, pp. 259-267.

Booker, K., Huntsinger, L., Bartolome, J.W., Sayre, N.F., Stewart, W., 2013. What can
ecological science tell us about opportunities for carbon sequestration on arid rangelands

in the United States? Glob. Environ. Change. 23, 240-251.

Buratti, C., Fantozzi, F., Barbanera, M., Lascaro, E., Chiorri, M., Cecchini, L., 2017.
Carbon footprint of conventional and organic beef production systems: An ltalian case

study. Sci. Total Environ. 576, 129-137.

Castel, J. M., Ruiz, F. A., Mena, Y., Sdnchez-Rodriguez, M., 2010. Present situation and

future perspectives for goat production systems in Spain. Small Rumin. Res. 89, 207-210.

Cohn, A.S., Mosnier, A., Havlik, P., Valin, H., Herrero, M., Schmid, E., O’Hare, M.,
Obersteiner, M., 2014. Cattle ranching intensification in Brazil can reduce global
greenhouse gas emissions by sparing land from deforestation. Proc. Natl. Acad. Sci. USA

11, 7236-7241.

Costa, J.C., Martin-Vicente, A., Fernandez-Alés, R., Estirado-Oliet, M., 2006. Dehesas

de Andalucia Caracterizacion Ambiental [Environmental characterization of the open


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

forests of Andalusia], first ed. Consejeria de Medio Ambiente -Junta de Andalucia,

Sevilla.

de Vries, M. D., Van Middelaar, C. E., De Boer, I. J. M., 2015. Comparing environmental
impacts of beef production systems: A review of life cycle assessments. Livest. Sci. 178,

279-288.

Desjardins, R.L., Worth, D.E., Vergé, X.P.C., VanderZaag, A., Janzen, H., Kroebel, R.,
Maxime, D. Smith, W., Grant, B., Pattey, E., Dyer, J.A., 2014. Carbon Footprint of
Agricultural Products - A Measure of the Impact of Agricultural Production on Climate
Change. In: International Conference on Promoting Weather and Climate Information

for Agriculture and Food Security, Antalya.

Devendra, C., McLeroy, G.B., 1982. Goat and Sheep Production in the Tropics. In:
Longman Scientific and Technical Publishers (Eds.), Intermediate Tropical Agricultural

Series. Longman, London, pp. 218-219.

Dubeuf, J.P., Ruiz Morales, F.D.A., Guerrero, Y.M., 2018. Evolution of goat production
systems in the Mediterranean basin: Between ecological intensification and ecologically

intensive production systems. Small Rumin. Res. 163, 2-9.

Emanuelsson, U., 2009. Europeiska kulturlandskap: hur ménniskan format Europas natur

[Cultural landscape of Europe: how man changed European nature]. Formas, Stockholm.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

FEAGAS, 2018. Federacion Espafiola de Asociaciones de Ganado Selecto de Espafia).

http://feagas.com/razas/. (accessed 15 March 2018).

Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., Gerber, J. S., Johnston, M.,

Balzer, C., 2011. Solutions for a cultivated planet. Nature 478, 337.

Gac, A., Cariolle, M., Deltour, L., Dolle, J.B., Espagnol, S., Flenet, F., Guingand,
N.,Lagadec, S., Le Gall, A., Lellahi, A., Malaval, Ponchant, C.,P., Tailleur, A., 2010.
GES'TIM d Guide methodologique pour l'estimation des impacts des activites agricoles
surl'effet de serre: Realise dans le cadre du projet «Gaz a Effet de Serre et Stockage de
Carbone en exploitations agricoles» [Methodological guide to estimate the impacts of
farming on the greenhouse effect: Conducted within the framework of the project

“Greenhouse gases and carbon storage in farms”] (CASDARG6147).

Gallego Fernandez, J. B., Garcia Novo, F., 2002. Patrones de diversidad de matorrales
mediterraneos en la Sierra de Grazalema, Cadiz, [Patterns of diversity of mediterranean
shrublands in the Sierra of Grazalema, Cadiz]. In: Fundacién Areces (Eds.), Diversidad

bioldgica y biodiversidad. Madrid.

Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A.,
Tempio, G., 2013. Tackling Climate Change through Livestock-a Global Assessment of
Emissions and Mitigation Opportunities, first ed. Food and Agriculture Organization of

the United Nations, Rome.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://feagas.com/razas/

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Gibon, A,, Sibbald, A.R., Flamant, C., Lhoste, P., Revilla, R., Rubino, R., Sorensen, J.T.,
1999. Livestock farming systems research in Europe and its potential contribution for

managing towards sustainability in livestock farming. Livest. Prod. Sci. 61, 121-137.

Gill, M., Smith, P., Wilkinson, J.M., 2010. Mitigating climate change: the role of

domestic livestock. Animal Sci. 4, 323-333.

Gutierrez-Pefia, R., Mena, Y., Ruiz Morales, F.A., Delgado-Pertifiez, M., 2016. Strengths
and weaknesses of traditional feeding management of dairy goat farms in mountain areas.

Agroecol. Sust. Food. 40, 736-756.

Hadjigeorgiou, 1., Osoro, K., De Almeida, J. F., Molle, G., 2005. Southern European
grazing lands: production, environmental and landscape management aspects. Livest.

Prod. Sci. 96, 51-59.

Hegarty, R.S., Alcock, D., Robinson, D.L., Goopy, J.P., Vercoe, P.E., 2010. Nutritional
and flock management options to reduce methane output and methane per unit product

from sheep enterprises. Anim. Prod. Sci. 50, 1026-1033.

Herrero, M., Henderson, B., Havlik, P., Thornton, P.K., Conant, R.T., Smith, P.,
Wirsenius, S., Hristov, A.N., Gerber, P., Gill, M., Butterbach-Bahl, K., VValin, H., Garnett,
T., Stehfest, E., 2016. Greenhouse gas mitigation potentials in the livestock sector. Nat.

Clim. Change. 6, 452-461.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Hristov, A. N., Ott, T., Tricarico, J., Rotz, A., Waghorn, G., Adesogan, A., Dijkstra, J.,
Montes, F., Oh, J., Kebreab, E., Oosting, S. J., Gerber, P. J., Henderson, B., Makkar, H.
P.S., Firkins, J. L., 2013. Mitigation of methane and nitrous oxide emissions from animal
operations: 11l. A review of animal management mitigation options. J. Anim. Sci. 91,

5095-5113.

IDF, 2010. A Common Carbon Footprint Approach for Dairy: the IDF Guide to Standard

Life Cycle Assessment Methodology for the Dairy Sector, first ed. IDF, Brussels.

IPCC, 2007. Intergovernmental Panel on Climate Change. IPCC Fourth Assessment

Report (AR4) e Climate Change 2007.

Kanyarushoki, C., Fuchs, F., van der Werf, H.M.G., 2009. Environmental evaluation of
cow and goat milk chains in France. In: Nemecek, T. & Gaillard, G. (Eds.), Proceedings
of the 6th International Conference on LCA in the Agri-Food Sector — Towards a
sustainable management of the Food chain. Agroscope Reckenholz-Tanikon Research

Station ART Zurich, Switzerland.

MAGRAMA, 2012. Statistical Yearbook, first ed. Ministerio de Agricultura,

Alimentacion y Medio Ambiente, Madrid.

McDermot, C., Elavarthi, S., 2014. Rangelands as Carbon Sinks to Mitigate Climate

Change: A Review. J. Earth Sci. Clim. Change. 5, 221.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

McSherry, M.E., Ritchie, M.E., 2013. Effects of grazing on grassland soil carbon: a global

review. Glob. Chang. Biol. 19, 1347-1357.

Mena, Y., Gutierrez-Pefia, R., Ruiz, F.A., Delgado-Pertifiez, M., 2017. Can dairy goat
farms in mountain areas reach a satisfactory level of profitability without intensification?

A case study in Andalusia (Spain). Agroecol. Sust. Food. 41, 614-634.

Mosquera-Losada, M. R., Fernandez-Nufiez, E., Rigueiro-Rodriguez, A., 2006. Pasture,
tree and soil evolution in silvopastoral systems of Atlantic Europe. For. Ecol. Manag.

232, 135-145.

Mdgica, M., Martinez, C., Gébmez-Limdn, J., Puertas, J., Atauri, J. A., 2017. Anuario
2016 del estado de las areas protegidas en Espafia, [Annual report of the state of protected

areas in Spain 2016] first ed. Fundacion Fernando Gonzélez Bernaldez, Madrid.

O’Brien, D., Shalloo, L., Buckley, F., Horan, B., Grainger, C., Wallace, M., 2011. The
effect of methodology on estimates of greenhouse gas emissions from grass based dairy

systems. Agric. Ecosyst. Environ. 141, 39-48.

O’Brien, D., Shalloo, L., Patton, J., Buckley, F., Grainger, C., Wallace, M., 2012. A life
cycle assessment of seasonal grass-based and confinement dairy farms. Agric. Syst. 107,

33-46.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Opio, C., Gerber, P., Mottet, A., Falcucci, A., Tempio, G., Macleod, M., Vellinga, T.,
Henderson, B., Steinfeld, H., 2013. Greenhouse Gas Emissions From Ruminant Supply
Chains - a Global Life Cycle Assessment, first ed. Food and Agriculture Organization of

the United Nations (FAO), Rome.

Pardo, G., Martin-Garcia, I., Arco, A., Yafiez-Ruiz, D. R., Moral, R., del Prado, A., 2016.
Greenhouse-gas mitigation potential of agro-industrial by-products in the diet of dairy

goats in Spain: a life-cycle perspective. Anim. Prod. Sci. 56, 646-654.

Petersen, B.M., Knudsen, M.T., Hermansen, J.E., Halberg, N., 2013. An approach to

include soil carbon changes in life cycle assessments. J. Clean. Prod. 52, 217-224.

Pulina, G., Macciotta, N., Nudda, A., 2005. Milk composition and feeding in the Italian

dairy sheep. Ital. J. Anim. Sci. 4, 5-14.

Ripoll-Bosch, R., de Boer, 1.J.M., Bernués, A., Vellinga, T.V., 2013. Accounting for
multi-functionality of sheep farming in the carbon footprint of lamb: A comparison of

three contrasting Mediterranean systems. Agric. Syst. 116, 60-68.

Rivera-Ferre, M.G., Lopez-i-Gelat F., Howden M., Smicth P., Morton J.F., Herrero M.
2016. Re-framing the climate change debate in the livestock sector: mitigation and

adaptation options. WIREs Clim. Change. 7, 869-892.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Robertson, K., Symes, W., Garnham, M., 2015. Carbon footprint of dairy goat milk

production in New Zealand. J. Dairy Sci. 98, 4279-4293.

Robles, A. B., Ruiz-Mirazo, J., Ramos, M. E., Gonzalez, J. L., 2009. Role of livestock
grazing in sustainable use, naturalness promotion in naturalization of marginal
ecosystems of southeastern Spain (Andalusia). In: Springer (Eds.), Agroforestry in

Europe, Dordrecht, pp. 211-231.

RG6s, E., Sundberg, C., Tidaker, P., Strid, I., Hansson, P. A., 2013. Can carbon footprint
serve as an indicator of the environmental impact of meat production? Ecol. Indic. 24,

573-581.

Rosa Garcia, R., Celaya, R., Garcia, U., Osoro, K., 2012. Goat grazing, its interactions
with other herbivores and biodiversity conservation issues. Small Rumin. Res. 107, 49-

64.

Ruiz-Mirazo, J., Robles, A. B., Gonzélez-Rebollar, J. L., 2011. Two-year evaluation of
fuelbreaks grazed by livestock in the wildfire prevention program in Andalusia (Spain).

Agr. Ecosyst. Environ. 141, 13-22.

Ruviaro, C.F., de Leis, C.M., Lampert, V.d.N., Barcellos, J.0.J., Dewes, H., 2014. Carbon
footprint in different beef production systems on a southern Brazilian farm: a case study.

J. Clean. Prod. 96, 435-443.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Salou, T., Le Mouél, C., van der Werf, H. M. 2017. Environmental impacts of dairy

system intensification: the functional unit matters! J. Clean. Prod. 140, 445-454.

Salvador, S., Corazzin, M., Romanzin, A., & Bovolenta, S., 2017. Greenhouse gas
balance of mountain dairy farms as affected by grassland carbon sequestration. J.

Environ. Manage. 196, 644-650.

Sinden, G., 2009. The contribution of PAS 2050 to the evolution of international

greenhouse gas emission standards. Int. J. Life Cycle Assesst. 14, 195-203.

Soussana, J.F., Lemaire, G., 2014. Coupling carbon and nitrogen cycles for
environmentally sustainable intensification of grasslands and crop-livestock systems.

Agric. Ecosyst. Environ. 190, 9-17.

Stackhouse, K.R., Rotz, C.A., Oltjen, J.W., Mitloehner, F.M., 2012. Carbon footprint and

ammonia emissions of California beef production systems. J. Anim. Sci. 90, 4641-4655.

Stanley, P.L., Rowntree, J.E., Beede, D.K., DeLonge, M.S., Hamm, M.W., 2018. Impacts
of soil carbon sequestration on life cycle greenhouse gas emissions in Midwestern USA

beef finishing systems. Agr. Syst. 162, 249-258.

Steinfeld, H., Gerber, P., 2010. Livestock production and the global environment:

consume less or produce better? Proc. Natl. Acad. Sci. USA 107, 18237-18238.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

543

544

545

546

547

548

549

550

This document is the Accepted Manuscript version of a Published Work that appeared in
final form in:

Gutiérrez-Pefia R., Mena Y., Batalla I, Mancilla-Leyton /.M. 2019. Carbon footprint of dairy goat
production systems: A comparison of three contrasting grazing levels in the Sierra de
Grazalema Natural Park (Southern Spain). JOURNAL OF ENVIRONMENTAL MANAGEMENT. 232.
993-998. DOI (10.1016/j.jenvman.2018.12.005).

© 2018 Elsevier Ltd. All rights reserved.

This manuscript version is made available under the CC-BY-NC-ND 3.0 license
http://creativecommons.org/licenses/by-nc-nd/3.0/

Wang, T., Teague, W., Park, S., Bevers, S., 2015. GHG mitigation potential of different

grazing strategies in the United States southern great plains. Sustain. 7, 13500-13521.

Zervas, G., Tsiplakou, E., 2012. An assessment of GHG emissions from small ruminants
in comparison with GHG emissions from large ruminants and monogastric livestock.

Atmos. Environ. 49, 13-23.

Zhuang, M., Li, W., 2017. Greenhouse gas emission of pastoralism is lower than
combined extensive/intensive livestock husbandry: A case study on the Qinghai-Tibet

Plateau of China. J. Clean. Prod. 147, 514-522.


https://dx.doi.org/10.1016/j.jenvman.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/3.0/

