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Abstract. Grazing businesses need to develop an understanding of their greenhouse gas (GHG) budget and

be able to assess the impact of alternative management options. In this study annual emissions of the three

main agricultural GHGs (CO2, CH4 and N2O) were generated for contrasting management scenarios using

50-year simulations with a biogeochemical model in a sheep-grazing system of Northern Sardinia (Italy).

Three stocking rates (0.21, 0.42 and 0.84 LSU ha-1 yr-1) combined with three N fertilization rates (0, 100, 150 kg

N ha-1 yr-1) were assessed. CO2 emissions showed higher sensitivity to interannual weather variability than

CH4 and N2O emissions, with the system holding its sink capacity but with lower rate of sequestration in the

most arid years. When N rates did not exceed 100 kg ha-1, a trade-off can be identified between an adequate

pasture production and relatively low GHG emissions. The analysis indicated that there is scope for grazing

businesses to choose alternative management options to influence their GHG budget. Studies of this type

are challenging for livestock industries and policy makers to work through.

Keywords. Forage production – Greenhouse gas (GHG) emissions – Management options – Mediterranean

pastures – Simulation.

Analyse des scénarios des options alternatives de gestion des pâturages méditerranéennes sur la

production de fourrage et les emissions de gas à effet serre

Résumé. L’évaluation des bilans de gaz à effet de serre (GES) dans les systèmes prairiaux pâturés vise à
quantifier les émissions liées à la gestion de ces mêmes systèmes. Dans cette étude, un modèle biogéochi-
mique de simulation a été utilisé pour générer les émissions annuelles des trois principaux GES agricoles
(CO2, CH4 et N2O) d’un système prairial du nord de la Sardaigne (en Italie), pâturé par des moutons. Les va -
leurs de GES ont été estimées sur une période de 50 ans en simulant des scénarios contrastés de gestion.
Trois taux de chargement animal (0,21, 0,42 et 0,84 UGB ha-1 an-1) ont été évalués, combinés avec trois taux
de fertilisation azotée (0, 100, 150 kg N ha-1 an-1). Les émissions estimées de CO2 ont montré une plus gran -
de sensibilité à la variabilité météorologique interannuelle que les émissions de CH4 et N2O. Globa le ment, le
système maintient sa capacité de séquestration bien que celle-ci soit plus faible dans les années les plus
arides. Lorsque le taux d’azote ne dépasse pas les 100 kg ha-1, la continuité de la production pastorale s’ac-
compagne d’émissions de GES relativement faibles. L’analyse indique qu’il est possible, pour ce type de
pâturages, d’opter pour des options alternatives de gestion influençant leur bilan de GES. Ces études posent
des défis au secteur de l’élevage et fournissent des informations aux décideurs.

Mots-clés. Production fourragère – Émissions de gaz à effet de serre (GES) – Options de gestion – Pâtura -
ges méditerranéens – Simulation.

I – Introduction

Mediterranean grasslands contribute to agricultural production and ecosystem services provision

(EIP-AGRI, 2014). Their complex plant communities are characterized by the prevalence of thero-

phytes annual species. The growing season typically starts in autumn with the germination of

seedlings of annual species and ends in late spring (Caballero et al., 2009). Pasture management



practices contribute considerably to the relationships between different ecosystem functions such

as forage and livestock productions, biodiversity and soil carbon sequestration. Scenarios analysing

the impact of alternative management options on grassland functions may help identifying suitable

practices and provide decision support tools to stakeholders. In this paper the results of a model-

based simulation of the effects of contrasting management options on the forage production and

greenhouse gas emissions in Mediterranean grasslands are reported.

II – Materials and methods

1. Study site

The study site is the Berchidda-Monti Long Term Observatory (NE Sardinia, Italy) (40° 49’ N, 9°

18’ E, 300 m a.s.l.). Mean annual rainfall is 632 mm, concentrated in autumn-winter period, and

mean annual temperature is 14.2° C. Soil type is Typic Dystroxerept (Lagomarsino et al., 2011).

Grassland is the prevalent land use, including dairy sheep and beef cattle grazing systems (Ca-

ballero et al., 2009).

2. Study Design

A simulation study was run with the Pasture Simulation model (PaSim, https://www1.clermont.

inra.fr/urep/modeles/pasim.htm), as calibrated and validated for the study-area in a previous work

(Pulina et al., 2015). Starting from actual management conditions, i.e. mean annual stocking rate

equals to 0.42 livestock units (LSU) ha-1 yr-1 and no N fertilization, two management options (ani-

mal density, N fertilization rate) were assessed following a factorial approach by increasing/de-

creasing by 50% the animal density combined with introducing N fertilisation at two rates (100 and

150 kg N ha-1), which resulted into nine management scenarios (Table 1). The decreasing animal

density (-50%) was intended as a mitigation option, while the other options served the purpose of

assessing if the management intensification would lead to increased emissions.

To assess the effect of interannual weather variability, the model was run on a sample of 50 years

of daily weather data representative of local climate, as generated from the climate generator WX-

GEN (Nicks et al., 1990).

Monthly and yearly means of temperature and precipitation were calculated to elaborate the De

Martonne-Gottmann aridity index (b≥0, extreme aridity), based on De Martonne (1942).

PaSim was run in a multi-year simulation to generate daily values of ecosystem respiration (RECO)

and gross primary production (GPP) and thus to calculate yearly budgets of net ecosystem CO2

exchanges (NEE = RECO-GPP) as well as annual emissions of methane (CH4) and nitrous oxide

(N2O). Maximum total biomass production (dry matter, DM) was also assessed, assuming that the

peak of grass production occurs at mid-May, as observed from field data.

Results are illustrated for three contrasting years singled out from the simulated series: the most

and the least arid year, and a year representing intermediate conditions.
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Table 1. Management scenarios codes

N fertilization (kg N ha-1 yr-1)
Stocking rate (LSU ha-1 yr-1)

0 (actual N rate) 100 (high N rate) 150 (very high N rate)

0.21 (-50% stocking rate) -50_0 -50_100 -50_150

0.42 (actual stocking rate) Act_0 Act_100 Act_150

0.84 (+50% stocking rate) +50_0 +50_100 +50_150



III – Results and discussion

Scores for the aridity index (b) ranged from 7.35 (arid) to 22.32 (sub-humid), with average value

of 13.91 (arid). Arid conditions were observed in 60% of the simulated years, while semi-arid and

sub-humid conditions were in 32% and 8% of the years, respectively.

Based on NEE estimates (Fig. 1A), the grassland system results in a C sink (NEE<0), similar to other

Mediterranean grasslands (Xu and Baldocchi, 2004), with large interannual variability charac-

terised by less pronounced sink capacity in arid years. The trajectory of the C sink tends to increase

with higher N supply, ranging from -0.1 Mg C ha-1 yr-1 in Act_0 most arid year to -4.4 Mg C ha-1

yr-1 in 50_150 intermediate year. The C sink in the most humid year was lower than in the inter-

mediate year, likely owing to a higher C consumption, particularly in soil, due to conditions (pres-

ence of water) favouring organic matter mineralization.

N2O emissions are expected to increase with increased N rates, which are amplified with N fertilization

higher than 100 kg N ha-1 yr-1 (Fig. 1B), in the range 0.0013-0.0151 Mg N-N2O ha-1 yr-1. A reduction

in N emissions is observed as a consequence of a reduction in animal density. Clear differences in

N2O emission trends were not shown in contrasting years, suggesting that N-cycle processes are

less dependent on aridity conditions.
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Fig. 1. Annual NEE (Mg C ha-1 yr-1), N2O emissions (Mg N-N2O ha-1 yr-1), CH4 emissions (Mg C-CO2 ha-1

yr-1), and maximum biomass production (Mg DM ha-1 yr-1) simulated by PaSim for alternative

management scenarios (Table 1) and contrasting years.



CH4 emissions are expected to increase/decrease by 40-50% with increasing/decreasing animal

density by 50% (Fig. 1C). In contrasting years, neither N supply nor aridity conditions affected CH4

emissions. Average values were 0.1, 0.2 and 0.3 Mg C-CH4 ha-1 yr-1 for -50%, current and +50%

stoking rate, respectively.

N supply supports biomass production, with less effect at rates higher than 100 kg ha-1 yr-1 (Fig. 1D).

IV – Conclusions

This simulation study indicates that GHG emissions from Mediterranean pastures may vary in re-

lation to yearly rainfall patterns. As general conclusions:

(1) Decreasing density of grazing animals can be envisaged as an option to reduce emissions

of CO2, N2O and CH4.

(2) CO2 emissions (NEE) are highly affected by interannual weather variability. Sardinian grass-

land sites are expected to reduce their sink capacity in dry years without becoming a C

source.

(3) Increasing N fertilization can promote forage production with relatively limited impact on N2O

emissions if N rates do not exceed 100 kg ha-1, which is rarely the case in current agricul-

tural practice.
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