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Abstract

:

Agriculture and livestock farming significantly contribute to the success of all United Nations Sustainable Development Goals of Agenda 2030 and are pivotal in the sustainability transition of the European agri-food sector. However, those sectors have been criticized for generating negative environmental externalities. In this context, adopting indicators able to evaluate agriculture and sheep farming sustainability is essential for fostering sustainable development in the primary sector and defining appropriate policies to support it. Such indicators are crucial for understanding if European Union policies striving to realize win–win opportunities based on synergy between farms’ environmental and economic dimensions are realistic. This paper focuses on this wave of interest and has two aims. First, it intends to investigate the existence of synergies or trade-offs between those dimensions using a trade-off analysis. To this end, a significant set of economic and environmental farm indicators was selected, and two composite indicators were created. Second, it aims to investigate the relationship between those two indicators and some pivotal structural and socio-demographic variables. This study was carried out on 219 Sardinian sheep farms included in the Italian Farm Accountancy Data Network. The findings showed a low synergy between the economic and environmental spheres, a relationship between economic indicators and farmers’ ages and organic production variables, and no relationships between the environmental dimension and the analyzed variables.
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1. Introduction


Agriculture and livestock farming are central to sustainable development [1,2] as they significantly contribute to the success of all Sustainable Development Goals (SDGs) of Agenda 2030 [3,4], and, partly, because they are circular by nature [5].



The European Union (EU) is committed to a comprehensive sustainability transition of the European agri-food sector. Livestock systems are not an exception, particularly in the light of the central role they play in the European primary economy [6] both in terms of the millions of workers involved and the considerable total economic output and government revenue contribution [7,8,9]. Moving towards this direction, the EU has approved new policies—the European Green Deal [10], the Farm to Fork [11] and Biodiversity [12] strategies, and the Next Generation EU [13]—that organically operate to support the food system’s transition towards a new production model. The aim is to ferry Europe’s agricultural sector towards a more sustainable model and make EU the first climate-neutral continent in the world (including through the application of various measures, such as reducing both the use of fertilizers by 20% and the use of antibiotics or increasing the share of organically cultivated agricultural land). On the wave of these new strategies, agricultural activities must simultaneously meet a set of complex goals (i.e., to mitigate climate change while adapting to it and to reverse biodiversity loss as well), which would lead to safeguarding the affordability of food products, generating fairer economic returns, furthering the competitiveness of the EU supply sector, and favoring fair trade [14]. The feasibility of adhering to new EU constraints while maintaining farming activities’ social and economic sustainability is a very current topic. This is because the importance of ensuring the EU agricultural sector’s economic vitality and competitiveness to ensure EU food security and affordability and to meet new EU environmental goals is undeniable [14].



According to Poponi et al. [15], actions are needed in the agri-food sector and livestock production to ensure a transition to a more suitable development model [16,17,18]. Actually, although progress is slow, more sustainable production methods have been developed lately [17,19]. This also depends on criticism levelled at the agricultural sector, particularly livestock farming, which is argued to cause negative externalities and is indicated as one of the activities with the greatest environmental impact [18,20].



Specifically, sustainable livestock systems “should be environmentally friendly, economically viable for farmers and socially acceptable” [16], where environmental sustainability comprises the management of inputs and the use of resources and economic sustainability is the ability of the farming system to be profitable and to ensure prosperity for the farming community [16,21].



Nevertheless, the transition to a new livestock production system is contested, because each solution inevitably generates positive or negative outcomes and new patterns of winners and losers among actors [22].



In this context, farmers are called to make efforts in light of the “just transition” [11] that should create synergies and avoid trade-offs among the sustainability dimensions (environment, social, and economic) embedded in multiple objectives of the European strategy. At the same time, to support the agriculture transition, policymakers need to know (i) whether the policies aimed at stimulating environmental performance improvement in agriculture (e.g., F2F, biodiversity strategies, and PNRR) come at the cost of retarding economic performance (e.g., by lowering the farm’s productivity), and (ii) whether those aimed at leveraging the potential economic benefits of transitioning to more sustainable systems realize win–win opportunities between farms’ environmental and economic dimensions.



Due to their controversial contribution to environmental change, farming systems, as well as being at the center of public and scientific debate, have led to an academic focus on their sustainability, with previous research studies on farm sustainability covering a miscellaneous spectrum of approaches and findings, which are encompassed by some dominant research fields [17,23].



One line of research includes studies aimed at understanding how livestock farming systems can improve their resilience by looking at the self-sufficiency of their inputs and by operating on their sustainability performance and strategies [24,25,26]. Studies have also examined the possibility of implementing a circular economy approach to transition to a more sustainable system [27,28]. Others highlight that as a result of their wide variety of production orientations, farming practices, and modes of resource use, livestock farming systems provide contrasting social, economic, and environmental outcomes, thus requiring a sustainability assessment that ought to take into account the farming systems’ differences for a deeper understanding of specific social and environmental roles of livestock on both a global and local scale [23,29,30].



In order to support the sustainable development of agricultural and livestock systems, sustainability assessment is essential [31], because sustainability is a concept without substance if it is not associated with an indicator that evaluates it [32]. Moreover, as a multifaceted concept with various meanings for different actors [33], sustainability cannot be assessed by addressing only one aspect; rather, it must be considered in its entire complexity without overlooking the interrelation among the single dimensions’ components.



Despite the increasing attention paid by the theoretical and empirical literature to the study of agricultural economic and environmental performances and balancing different objectives of sustainability [2,34,35], previous studies were often limited to environmental issues to the detriment of economic ones [36,37], or they were concentrated on only one dimension and did not provide an effective measure of the degree of sustainability. In addition, the results of previous studies are inconclusive, showing both a possible relationship [38,39,40] and a trade-off between economic and environmental goals [41,42,43]. In this regard, among the latest studies in the literature, Sidhoum et al. [35] analyzed the relationship between economic, environmental, and social sustainability on a sample of Spanish crop farms. Their findings showed the presence of trade-off between economic and environmental sustainability and environmental and social sustainability. Špička et al. [37] compared the compatibility of economic and environmental objectives in 1189 agricultural holdings in the Czech Republic. They found a moderately significant trade-off between the two dimensions investigated in the total sample. At the same time, in the sub-sample of milk farms, they found a positive relationship between economic and environmental dimensions. In their study, Gómez-Limón et al. [39] found that the most sustainable farms were those “of large size and are managed by professional farmers, younger people, members of cooperatives and possessing a farming qualification” (p. 1073). Furthermore, they found a positive relationship between the three dimensions of sustainability. Reckling et al. [43], in their research, found that, in general, there is a trade-off between environmental and economic goals. Still, this result may vary depending on the production system considered.



Despite this research evidence, however, there is still a need for studies that can allow us to fully understand the interrelationships between economic and environmental dimensions at the level of livestock farm analysis and levers to foster the sustainable transition of agriculture and livestock systems.



This study contributes to these discussions and has two aims. Firstly, it takes up the call of several authors who emphasize the need to provide indices assessing sustainability at the farm level [44,45] using a set of indicators [46] (Aim 1a). This is for two reasons: (i) the farm level is the legal unit for legislative purposes, and it is the economic unit that generally receives payments for externalities, and, as such, it is the level at which most policies are directed [47], and it is considered the most proper unit for assessing sustainability and implementing sustainable activities [48]; (ii) it is through indicators that the sustainability concept is made concrete and operative, and those indicators guides the decisions at the farm level, thereby determining how food systems affect societies and the environment, all within a framework where different actors have differing perceptions of the concept [49]. Moreover, this study seeks to improve our understanding of the existence and magnitude of the synergy or trade-off between the economic and environmental dimensions of the primary sector at the farm scale, where the primary focus of stakeholders is on maximizing yields and minimizing environmental impact [2] (Aim 1b).



Secondly, because farm sustainability is affected by the farm’s structural assets [17,50,51]—which mainly include the farm’s land area, the number of animals raised, the farmer’s age and education, and the production methods (such as organic)—this study wants to analyze the relationship between the sustainability dimensions investigated and the structural profiles of farms and some socio-demographic variables of the farmers (Aim 2).



To be precise, this study intends to respond to the following research questions:



RQ1: What is the relationship between the economic and environmental sustainability dimensions in dairy sheep farming?



RQ2: What relationships exist between economic and environmental sustainability dimensions, structural profiles of farms, and socio-demographic variables of farmers?



To answer these research questions, this paper focused on 219 sheep farms located in Sardinia and included in the Farm Accountancy Data Network (FADN) database in 2019 and 2020. In more detail, this paper used trade-off analysis [52] and regression analysis to answer the first and second research questions, respectively.



This paper provides pivotal food for thought for academics, policymakers, and farms for implementing new indicators to evaluate the multidimensionality of sustainability in agriculture, thus responding to previous research calls to understand the role of livestock production in the transition to a more suitable development model and to investigate which structural farm profiles and socio-demographic farmer variables can affect the economic and environmental dimensions of sustainability in a crucial sector, such as the dairy sheep farm.



The remainder of this paper is structured as follows. Section 2 introduces the livestock sector analyzed and its peculiarity in the investigated area. The research materials and methodology are illustrated in Section 3. Section 4 outlines the results, and Section 5 presents the conclusion and discussion of the results and provides suggestions for future research.




2. Sector Characteristics and Study Area


Approximately 1200 million sheep worldwide are generally located in sub-tropical areas and concentrated in the Mediterranean and Black Sea regions. According to FAO [53], world sheep milk production (10.6 Mt) refers first to Asia (46.8%), followed by Europe (29.5%), Africa (22.8%), and America (0.9%). In 2030, sheep milk production is expected to increase by approximately 3 Mt [54]. European sheep farming is an important sector playing sociocultural, economic, and environmental roles and ensuring livelihoods for vulnerable populations in rural and marginal areas [55]. As a matter of fact, the agricultural economy of various regions in Mediterranean Europe is strongly related to sheep milk production, to which Greece, Spain, Italy, and France contribute 31.8%, 19.0%, 16.6%, and 10.8%, respectively [53]; this may be because in these regions, given their significant Greek or Roman cultural heritage, dairy products are traditional ingredients in the human diet [56].



Specifically, the analysis narrows in on the Sardinian region, whose peculiarities make it a good benchmark for analyzing sheep raising and the challenges this sector is facing today. In the European Union (EU), Sardinia is the most important region for sheep milk production, which reaches approximately 320,000 t per year [57]. Nationwide, Sardinia sheep milk production contributes to about 69% of the Italian output [58] and accounts for 10% of the total EU supply [53]. Regionally, Sardinian dairy sheep farming plays a considerable role in the regional economy [59], contributing to about 40% of the total gross agricultural production value. However, it generally operates with low profit margins [60], and profitability often depends on the amount of financial aid made available by the Common Agricultural Policies (CAP) [23,61].




3. Materials and Methods


3.1. Data


The analysis was carried out using a quantitative research approach to examine the economic and environmental sustainability degree of the livestock sector in Sardinian dairy sheep farms.



Data were extracted from the FADN database, which has been used in recent years to evaluate the sustainability of the agri-food sector [31,62,63,64,65,66]. Its principal purpose is to provide data for the EU Commission to assess the economic performance of farms and the impact of the Common Agricultural Policy (CAP) [67].



In particular, using the Italian FADN database, named Rete Italiana di Contabilità Agricola (RICA), Sardinian sheep farms that meet the following criteria were selected:




	
Farms with data available for the years 2019–2020. The choice to analyze the 2019 and 2020 years derives from the need to avoid the results being influenced by conjectures depending on specific years, and they were the latest data available.



	
Farms dedicated to animal husbandry whose animal heritage was composed of at least 75% dairy sheep.








A total of 219 Sardinian sheep farms were selected. This research was carried out in February 2023.



The Italian FADN survey was used because it represents the farms of a territory that can be considered professional and market-oriented and offers data concerning the region, the economic dimension, and the technical–economic issues. Specifically, the Italian FADN has nationwide coverage of 95% of the utilized agricultural area, 91% of the livestock units, 97% of the value of standard production, and 92% of labor units; it has a sample of 11,000 farms, which is representative of all of the various types of farms in the national territory, and it provides greater detail with respect to the EU FADN as it collects slightly more than 1500 variables [68].




3.2. Research Method


To investigate the relationship between economic and environmental farm sustainability dimensions (RQ 1) and the relationship between the latter and the structural and socio-demographic variables (RQ 2), two methodologies were used: the trade-off analysis (points I–IV, Figure 1) and the regression analysis (points V–VI, Figure 1).



To answer the first research question and achieve Aim 1a, a preliminary selection of specific economic and environmental indicators for the dairy sheep sector was carried out. The second step concerned measuring farms’ economic and environmental indicators for each farm. After that, the information obtained during those phases was merged by creating a synthetic indicator for each dimension. The last step evaluated the existence and magnitude of synergy or trade-off between the two sustainability dimensions, thus allowing the achievement of Aim 1b and providing significant information to facilitate assessment and decision making by farmers and policymakers.



Subsequently, to achieve Aim 2 and answer our second research question, we selected significant structural variables of farms and socio-demographic variables of farmers and studied the relationship between these and the economic and environmental performance of farms using regression analysis.



3.2.1. Selecting Farms’ Economic and Environmental Sustainability Indicators


To identify the degree of economic and environmental sustainability of each farm, economic and environmental indicators that provide reliable and relevant information for the analysis were selected. This step is crucial because selecting a well-defined indicator through a transparent procedure is necessary for the credibility and reproducibility of this study [69].



The economic dimension includes six indicators describing agricultural productivity, cost, and profitability, which have already been used in previous research [5,17,37,64,70,71]. The procedure for calculating points based on FADN standard output codes (specifically indicated) is shown.








	
ECI1: Farm Net Value added (NVA) per agricultural work unit (AWU, the full-time equivalent of employment) (NVA/AWU) (SE425). It indicates the ability to remunerate all resources used in farm activities, and it is a source of labor, land (rent), and capital (interest) cost coverage.



	
ECI2: Total output per AWU (SE131/SE010). It considers sales of individual products, in-house use, captive consumption, and changes in closing stocks from opening ones.



	
ECI3: Total output livestock per total livestock units (LU) (SE206/SE080).



	
ECI4: Specific livestock costs per LU (SE309). It includes direct production costs, e.g., the costs of seed, fertilizers, feed, veterinary expenses, etc.



	
ECI5: Productivity of intermediate consumption (SE131/SE275). It is the ratio between the total output and the total intermediate consumption. It estimates the production cost effectiveness, i.e., the ability to cover production costs without considering depreciation and externalities, make a profit, and allow expanded reproduction without state intervention.



	
ECI6: Return on equity (ROE) (SE420/SE501). It is calculated as the ratio of farm net income (FNI) to shareholders’ equity. It measures how efficiently the company uses resources, i.e., the profitability of investments in the farm’s assets.








The environmental dimension was assessed using data from eleven indicators, some of which were already used in various combinations in previous research [5,17,37,63,66,72,73,74]. This work represents an evolution of those studies as it includes two indicators not previously used, such as animal emissions and carbon sequestration, which we consider critical in evaluating the environmental performance of farming because they complete the picture provided by a set of more generic indicators. At the European level, including an indicator that evaluates the greenhouse gas (GHG) produced by animals appears to be paramount, because the livestock sector is considered one of the main contributors to the environmental impacts of agriculture, mainly due to GHG emissions [28]. At the same time, carbon sequestration can partly counteract the livestock sector’s climate impact [75,76]. The grasslands on which dairy farms graze their animals can increase carbon sequestration so that CO2 is captured through stable and solid forms in the soil, thus reducing farmers’ carbon footprint per kilogram of milk. Therefore, adding the carbon sequestration indicator in the environmental assessments of dairy products has been demonstrated to significantly impact the conclusions when evaluating various management alternatives, such as feed strategies [77,78].








	
ENI1: Organic fertilizers used. It was elaborated by comparing the total cost of organic fertilizers indicated in the Italian FADN (i.e., humus and manure from cattle, buffaloes, horses, granivores, sheep, goats, and other animals) to the farm’s total utilized agricultural area (UAA) (SE025). The more organic fertilizers applied, the higher the farm scores.



	
ENI2: Use of industrial mineral fertilizers per UAA. It was elaborated by comparing the total cost of industrial mineral fertilizers indicated in the Italian FADN (i.e., solid mineral and organic mineral solid fertilizers) to the UAA of the farm (SE025). The fewer the industrial mineral fertilizers that are applied, the higher the farm scores.



	
ENI3: Use of pesticides per UAA. It was elaborated by comparing the total cost of crop protection to the UAA of the farm (SE300/SE025). The fewer the pesticides that are applied, the higher the farm scores.



	
ENI4: Use of water, energy, and fuels. It was elaborated by comparing the total cost of water, energy, and fuels indicated in the Italian FADN to the total production (SE131). The lower the consumption, the higher the company’s score.



	
ENI5: Share of clover. Using data from the Italian FADN, the ratio between meadow hectares with leguminous crops and the farm UAA (SE025) was calculated.



	
ENI6: Stocking density. It is the ratio between total livestock units and the business UAA (SE080/SE025).



	
ENI7: Multiannual and perennial crops per UAA. Taking data from the Italian FADN, the ratio between multiannual and perennial crops and the farm UAA (SE025) was calculated.



	
ENI8: Greening. Based on the Italian FADN database, it indicates the number of measures a farm adheres to.



	
ENI9: Renewable energy. Based on the Italian FADN, the farm’s presence of renewable energy sources was assessed (binary value 0 or 1).



	
ENI10: Animal emissions. It is calculated as the share of animal emissions per LU (CO2eq/SE080). Precisely, based on Italian FADN data and the refined Tier 1 method elaborated by the Intergovernmental Panel on Climate Change [79,80], two emission types were calculated, including the enteric methane (CH4) emissions from fermentation occurring in the rumen and from manure management, and nitrous oxide (N2O) emissions from manure management. These emissions were converted into a single indicator that measures the animal CO2eq emission for each farm. Details of the calculation methods are available in Appendix A.



	
ENI11: Carbon sequestration. It is calculated as the share of carbon sequestration per UAA (CO2/SE025). The coefficients of potential carbon sequestration were calculated based on indices set out in the previous literature [81,82,83,84]. The calculation method details are available in Appendix B.









3.2.2. Composite Indicator Creation


Agricultural trade-off analysis and sustainability definition rely on indicators [85,86,87]. Sustainability is a multidimensional concept that, therefore, requires a holistic approach. Such a feature makes the assessment of sustainability one of the most complex analyses [88,89]. Starting from these premises, the sustainability analysis cannot be based on a single indicator but rather on a set of indicators [46] that must be comparable and that can be aggregated [85].



These drawbacks can be overcome using composite indicators, which, by condensing the complexity and multidimensionality of the various indicators, make it possible to evaluate and compare results arising from different realities [46,90]. It should also be pointed out that the use of composite indicators is a debated topic. In fact, according to some studies [85,91], they do not provide complete information on the phenomenon under analysis and can lead to erroneous conclusions. Politicians and stakeholders nonetheless recognize them as a powerful tool for policymaking and public communication, providing information on sustainability dimensions development at various scales of analysis, and summarizing and focusing large amounts of complex information into a manageable amount of meaningful information [46,92,93].



A composite indicator means the mathematical combination of individual scores representing different aspects of the phenomenon under investigation [94]. Specifically, in this work, because the analysis was carried out over two years, an average of each value of data reported by the Italian FADN for the two years under analysis was preliminarily carried out for each farm.



The first step in creating a composite indicator requires reducing multidimensionality in favor of a standard scale through the normalization process, which can occur via different techniques. In this research, the normalization was performed in two phases. Firstly, ranking normalization was adopted, being one of the most widely employed techniques [95], by which the single score of each indicator of the economic (ECi) and environmental (ENi) dimensions for each farm was calculated based on the distance from the maximum value. In this way, the individual values of each indicator fell within the range [0, 1]. Afterwards, z-score normalization was used. Such normalization was calculated by subtracting the mean from an indicator value and dividing it by its standard deviation. This technique provides a dimensionless output, and the differences between the normalized values are preserved thanks to a linear transformation. Moreover, z-score is preferred when extreme values are present in the dataset [92]. In this regard, it should be noted that other normalization techniques, such as distance from a target value or min–max normalization, cannot be applied in this study due to the absence of target, minimum, and maximum values for all of the indicators considered.



After normalization, the second step involves merging singular scores into composite indicators. For this purpose, this work adopted the arithmetic mean, a common aggregation technique where the normalized indicators are summed to compute the arithmetic mean [96]. This methodology may be subjected to the compensatory effect. However, this effect is negligible due to the research objective of evaluating the trade-off between the two dimensions in their entirety and not between individual indicators. In sum, the economic (EC) and environmental (EN) aggregated indicators were calculated as follows:


  E C =     ∑  n = 6   1      E C I   i       N    



(1)






  E N =     ∑  n = 11   1      E N I   i       N    



(2)




where the ECIi and ENIi indicate the single economic and environmental indices used to calculate the economic (EC) and environmental (EN) aggregated indicators.




3.2.3. Trade-Offs and Synergy Analysis


Trade-off analysis is based on two concepts: resource scarcity and opportunity cost. It determines the effect of the decrease of one or more key factors and the simultaneous increase of other key factors within a process.



In recent years, this theory, first applied to agriculture in the 1970s to define the economic impact of new agricultural technologies on the primary sector [97], has been increasingly used to assess agricultural sustainability. The reason lies mainly in the need to adequately measure the presumed mutual reciprocity of the components of sustainability and verify whether the agricultural and environmental objectives envisaged by the new European policies can be achieved without penalizing the agricultural economic sphere.



In this way, Špička et al. [39], analyzing the compatibility of economic and environmental sustainability objectives in 1189 Czech farms through data from the FADN, found a moderate trade-off between the two dimensions in the total sample, which increased when analyzing farms according to their economic size. Similar conclusions arose from Masi et al. [17], whose analyzed FADN data related to 1211 Italian dairy and buffalo farms to identify relations among all dimensions of sustainability and farms’ structural profiles.



Despite the increasing relevance of the trade-off analysis in the agricultural field and the dairy sheep sector, to our knowledge, no study has previously assessed the degree of sustainability in dairy sheep farming.



This work evaluated the presence of trade-off or synergy relationships between EC and EN using the Pearson correlation analysis (r), which has been widely used in trade-off analysis in the past [37,98,99,100]. The purpose of this analysis was to describe both the direction as well as the strength of the linear relationship between two continuous variables. Pearson correlation coefficients range from −1.00 to 0.00 to +1.00. In order to interpret the descriptive significance of the magnitude of the coefficient absolute value, the following criteria were used [101]: (1) r = 0.00 implies that there is no statistical association, (2) r ± 0.20 signifies weak association, (3) r ± 0.50 indicates a moderate association, (4) r ± 80 suggests a strong association, and (5) r = 1.00 indicates a perfect association. The results are tested at confidence level α = 0.1.




3.2.4. Analysis of the Relationships between EC, EN, and Structural and Socio-Demographic Variables


The farms’ structural profiles and the socio-demographic farmers’ variables considered relevant are the following:




	
Gender (G). It is a binomial variable taking a value of 0 if the farm manager is male or 1 if she is female.



	
Age (Y). It is a binomial variable that follows the young farmer’s CAP definition, according to which she/he can be a maximum of 35–40 years old (Italy set 40 years old as the age limit). Therefore, the variable is 1 if the farm manager is 40 years old or younger and 0 on the contrary.



	
Education (E). This variable can assume a value that ranges from 1 to 4 as the farm manager’s education level increases: 1, holding only an elementary school leaving certificate; 2, holding a lower middle school leaving certificate; 3, holding a high school diploma or a professional diploma; and 4, holding a university degree.



	
Organic (O). It is a binomial variable obtained by taking a value of 0 if the farm is conventional (non-organic) or 1 if the farm is organic.



	
Diversification (D). It is a binomial variable obtained by taking a value of 0 if the farm does not diversify or a value of 1 if, instead, it implements diversification.








To identify the relationships between those variables and indicators of EC and EN, regression analysis was used. This statistical tool allows for showing the significant impact of a set of independent variables (predictors) on the dependent variables [102], and the extent to which variance in a continuous dependent variable can be explained by a set of predictors. Therefore, it allows us to identify the influence of structural and socio-demographic variables on the environmental and economic performance of Sardinian dairy sheep farms. To explore the relationships between these variables and the aggregated indicators of EC and EN, two regressions were performed:


  E C = α G + β Y + γ E + ε O + ζ D  



(3)






  E N = α G + β Y + γ E + ε O + ζ D  



(4)




where α, β, γ, O, and ζ are the exposure (gradients) to the respective independent variables G, Y, E, O, and D., i.e., regression parameters for the slope.






4. Results


4.1. Sample Profile


The 219 Sardinian dairy sheep farms are run by men in 89% of cases; most of the individuals (81.7%) are over 40 years of age. As to education level, most farmers have a lower middle school degree (63.9%), almost a quarter (22.4) of the sample have a diploma from high school, and as many as 11% have no lower middle school diploma. Only five farmers have a university degree.



Concerning the geographical distribution, almost 38% of farms are located in the province of Sassari, whereas a quarter are situated in the province of Nuoro. The remaining 37% is equally distributed between the Oristano and Cagliari provinces. The sample revealed low diversification and organic management, with 7 farms and 11 farms out of 219, respectively. The data are reported in Table 1.



The following Table 2 and Table 3 show the economic and environmental indicator statistics and the farms’ performances for each proposed indicator.



The analysis of the distribution of means and standard deviation for the economic dimensions shows that, in general, the sample of farms analyzed presents a wide variability, and it is thus rather heterogeneous.



The high values assumed by ECI1 and ECI2 could be due to the fact that these types of farms often use family work, and the entity of these work units within the AWU can vary among the farms. Concerning the ECI6 index, the results show a fairly good average ROE (0.27 ± 0.34), although there is a lot of heterogeneity between farms. However, it should be underlined that this indicator, because it considers the net income as the numerator, also includes the revenue deriving from CAP.



Regarding the environmental indicators, there is a high sample variability for the ENI 1, 2, 3, 5, and 7 variables, while the rest of the environmental indicators show more homogeneity. The first thing to highlight is the reduced use of mineral fertilizers and pesticides. These data are extremely important, as they reflect one of the objectives of European policies and emphasize the active role of sheep farming in achieving them.



As regards animal density, indicated by ENI6—which is an important parameter for defining the protection of pasture [103,104]—the farms analyzed, albeit with a fairly wide range (1.43 ± 0.84 LU/UAA), are within the optimal range of animal load, identified by the legislator as between the values of 0,2 (condition of undercharge) and 4 LU/UAA (condition of overload) [104]. The use of renewable energy (ENI9) in the farms analyzed is almost completely absent.



For ENI10 and ENI11, the values obtained from our analysis are higher than those presented in the literature [105,106], but these differences are due to the different calculation methods. For animal emissions, in this analysis, we chose to use the IPCC methodology, which is widely used in similar studies and universally recognized [107]. Furthermore, a different unit of measurement was used compared to most studies analyzing the impact of animal emissions, which are generally allocated per kg of Fat and Protein Corrected Milk (FPCM) [105,106]. In our study, the functional unit used is LU, because data on annual milk production were not available. Regarding the carbon sequestration definition, the differences from previous studies (i.e., [108]) are due to (i) the species included in the calculation and (ii) the carbon sequestration rate used and the methodologies adopted to define these rates.




4.2. Trade-Off between Economic and Environmental Performance


Table 4 illustrates the results of the Pearson correlation analysis, thus allowing us to evaluate the strength of the linear relationship between the economic and environmental performance in Sardinian dairy sheep farms and provide an answer to our first research question. The correlation analysis shows that the two variables considered are significantly positively correlated with each other (p-value < 0.1). Accordingly, despite the low intensity of the relationship between variables, there is a systematic relationship between these variables, and they are mutually reinforcing because they increase as one variable increases. This means that an increase in their profitability leads to an increase in the sector’s contribution to achieving the environmental sustainability goals of the EU.




4.3. Relationship between Economic and Environmental Performance and Structural and Socio-Demographic Variables of Farms


Two models were used to analyze the relationships between the economic and environmental dimensions and the structural and socio-demographic variables considered, one with a constant and the other without. The Generalized likelihood-ratio test (λ) was used to determine which of the two models most suited our needs. For each regression analysis, the model with a constant variable was compared to that without a constant variable. The statistic associated with this test is defined as [109]:


λ = −2ln L = −2 [ln L(H0) − ln L(H1)]



(5)




where L (H1) and L (H0) are the log-likelihood values of the model with or without a constant variable, respectively. The statistic parameter l has a chi-square distribution with different degrees of freedom that match the number of parameters deleted. These are assumed to be zero in the null hypothesis Ho. The null hypothesis cannot be rejected if λ is lower than the corresponding critical value for a given significance level.



The results of the Generalized likelihood-ratio test are reported in Table 5. In both cases, for the EN and EC models, the λ value was higher than the tabular value χ2, so we accepted the null hypothesis and used the models without the constant.



Using regression analysis, we were able to answer our second research question. The first regression analysis showed that one socio-demographic variable and one structural farm variable influence the economic performance of farms positively; these are young (p value < 0.1) and organic (p value < 0.05). The model fits the data well (p-value (F) < 0.05); however, the R2 is not high, implying that the pool of variables on the whole weakly affects the dependent variable.



Surprisingly, the environmental dimension is not linked to any of the structural profiles of farms or the socio-demographic variables of farmers considered. The model does not statistically fit the data—the p-value (F) is really high—and the R2 is extremely low, meaning these selected variables do not conditionate the environmental dimension.



The results of the regressions are reported in Table 6 (economic dimension as dependent variable) and Table 7 (environmental dimension as dependent variable), respectively.





5. Discussion


The agricultural sector is the backbone of the economy in many developed and developing countries, and it has an essential role in achieving sustainability goals. In the vision for a more sustainable food system in the EU, farms should be more environmentally friendly and socially acceptable, and they must ensure enough income for the farm owner. To achieve these objectives, it is necessary to preliminarily define proper indicators capable of evaluating the degree of the entirety of sustainability dimensions of the farm, and policymakers should pursue policies aimed at realizing win–win opportunities between the environmental and economic dimensions of farms.



This paper focused on this issue, and it had two aims investigated by concentrating on an important sector: dairy sheep farming. Firstly, this paper aimed to respond to previous research calls to provide indices to assess the sustainability in farms and investigate the type of relationship between the environmental and economic performances of farms. Secondly, this paper aimed to investigate which structural profiles of farms and socio-demographic variables of farmers could affect the economic and environmental performances of dairy sheep farms and foster their durability and “just transition” towards a sustainable livestock system that is environmentally friendly and economically viable for farmers.



Going into the details of the sample, over 80% of the sample is represented by male farmers over 40 years of age and with a low level of education. This could be the reason for the almost complete absence of diversification, which is one of the strategies households employ to increase and stabilize income, reduce risks, and maintain food security by making use of diverse assets and opportunities provided by their environment and the markets they can access [110,111]. Whether diversification occurs in other sectors beyond livestock farming, such as arable farming or non-agricultural incomes, it could be a profitable strategy, especially for the pastoral regions [111,112]. Our findings confirm previous research [110,113], according to which a higher level of formal education and the older age of farmers affect the diversification strategy and the farm’s production, the first positively and the second negatively, in addition to the adaptation and adoption of changes and new technologies.



Concerning the first aim, we preliminarily calculated the single economic and environmental indices, and then we elaborated two composite indicators used to perform the trade-off analysis (Aim 1a). In reference to the economic indicators, farms showed high variability in this, which may be due to a different specialization of the sheep farms that can be found in Sardinia. In fact, even with the same farm size and number of animals, farms with different production assets can exist in terms of infrastructure and, most importantly, genetic diversity [114], with differences in milk production.



Regarding the environmental indices, this study expands previous research in which farm-level sustainability indicators were considered (i.e., [37]), including some of the crucial aspects important in the evaluation of the sustainability of livestock sector performances, because they influence farms’ climate impact and the choice between different management alternatives, such as feeding strategies. These aspects are the GHG produced by animals and the carbon sequestration. Actually, animal emissions represent the main source of GHG pollution in dairy sheep farms [108]. At the same time, the carbon sequestration indicator contributes not only to mitigating the impact derived from livestock farming, but it also highlights the positive role that this type of farm plays in providing ecosystem services [108,115]. Including these indicators calculated with specific coefficients for the type of breeding and composition of the flocks increases the degree of fidelity of the sustainability indicators to reality and makes them operative to guide decisions at the farm level, as well as highlighting how the sector affects societies and the environment.



Studying how the environmental and economic performances of farms are related (Aim 1b) by analyzing the result of the trade-off analysis, this study answered the first research question. Specifically, it identified a positive and significant synergy between the economic and environmental dimensions of dairy sheep farming, even if low. This is an important result from the political point of view as it indicates that these farms can play an active role in achieving the objectives of a fair transition dictated by the new European policies [13], and it underlines the importance of political and economic support towards this type of activity [14].



Although there are currently policies to support pastoralism, sheep farming is one of the least supported sectors and one of the least profitable activities, together with goat raising [105,116]. Often, the profitability of livestock farms is supported by the presence of public financial aid, which can represent up to 75% of the total output [117]. The reduced profitability and the growing uncertainties that this sector has to face are leading to a reduction in the number of farms and an increasingly limited generational renewal [118]. Policymakers and decision makers have a double task. First of all, they must safeguard the existence of these types of farms, which are useful for achieving green objectives and represent a cornerstone for the protection of territories that, without this activity, would be subjected to abandonment and degradation [116]. Secondly, they must make measures to support livestock farming more feasible. Indeed, if it is true that the EU recognizes the multifunctional role of this sector through targeted policies, it is also true that these are often based on complicated procedures that are inconsistent or conflicting with each other, which might discourage breeders from pursuing their activities [116].



In this context, our findings are a starting point for decision makers called to define measures to support the sector. Indeed, while being aware that it is not automatically achieved and that the choices need to be weighed, the synergy between the economic and environmental dimensions suggests that leveraging one dimension can favor the development of the other. It is, therefore, crucial for the sustainable development of the sector to turn the farmers’ environmental care into income opportunities for dairy sheep farms [115] by developing an effective and efficient mechanism that translates farms’ environmental dimension growth into their economic dimension growth and vice versa.



Moving on to the second objective of our study, the structural profiles (Diversification and Organic) and socio-demographic variables (Gender, Age, and Education) used in our analysis agree with those used in similar studies [16,17].



Using the regression between the aforementioned data and the economic dimension to answer our second research question, we identified two positive and significant relationships, one relating to the young age of the farmers and the other to the fact that the farm is organic.



The first represents an important signal, as the presence of young farmers is fundamental to face the new challenges posed to this sector [18], and the generational renewal of agriculture and livestock farming is critical for the long-term survival of these in the EU [19]. Despite this, in recent years in the EU, there has been a decreasing trend in the number of young farmers [20], which specific CAP measures have attempted to counterbalance.



The presence of a positive relationship between the economic dimension and organic animal production is a finding confirmed by the previous literature [21,22], even if it is a debated question. Often, the greater cost effectiveness of organic farms is due only to the CAP measures that favor the implementation of this production model. Moreover, according to some authors [21,23], although this production method is more environmentally friendly, it presents difficulties, such as high production costs, lower productivity, and excessive bureaucracy, which can discourage farmers from applying it. Therefore, it is necessary to analyze this relationship more deeply to understand the actual nature of these factors.



However, as regards the regression between the environmental dimension and the variables analyzed, no relationship was found. This fact can be attributed to two reasons: (i) the environmental dimension is influenced by other variables that were not considered in our analysis, and (ii) the economic dimension is separate and not linked to socio-demographic or structural variables.



Some limitations affect our research. The empirical evaluations can be affected by the nature of the data on which they are carried out. Although the FADN is one of the most reliable databases, you may have to deal with deficient data, which can translate into possible sample bias [119]. Furthermore, although similar approaches are found in the literature on this issue, our choice is characterized by a certain degree of discretion both for the selection of individual indicators and for the procedure for calculating the value of the synthetic sustainability indicators (EC and EN). Concerning the procedure, using other methodologies (e.g., Multi-Criteria Analysis or Fuzzy Analysis) could be an alternative proposal, as could the possibility of weighing the individual indicators rather than using the arithmetic mean. Regarding the indicators, their selection can influence the conclusions of the analysis [16]. However, because the selected environmental and economic indicators have previously been used in other preceding studies and the greenhouse gas and carbon sequestration indicators have allowed for in-depth investigation of the sustainability performance of farms, despite these limitations, our results suggest several important academic, practical, and policy implications.




6. Conclusions


This study, to our knowledge, is the first to evaluate the relationship between the economic and environmental sustainability dimensions in dairy sheep farming and between each of them and some structural and socio-demographic variables.



Firstly, it takes up the call of several authors who emphasize the need to provide indices assessing sustainability at the farm level [44,45] using a set of indicators [46].



In terms of academic implications, this study fills a gap in the literature regarding farms’ sustainability assessment [44,45,46] by providing a measure of economic and environmental performance at the farm level through a set of indicators that grasp different aspects of farm management. This is really relevant, because the farm (i) is the first level at which policy measures are implemented, (ii) provides us with the highest degree of detail and is, therefore, the most useful site to assess whether sustainability practices have an effect or not, and (iii) is directly affected by the negative effects of climate change and, at the same time, benefits from the green practices that are applied.



Moreover, this paper, using a set of indicators for economic and environmental dimensions, offers a more realistic view of the sector, because sustainability is a multifaceted concept that is not correctly represented using a singular indicator or by examining only one dimension.



Again, this study is the first that combines the use of FADN indicators with indicators deriving from other methodologies, such as the IPCC tier 1 [79,80] for the methane and nitrous oxide calculation and the carbon sequestration definition.



Finally, because the definition of sustainability must consider structural and socio-demographic variables of farms, as they can positively or negatively influence their sustainability dimensions, this paper shows which variables to leverage to foster farms’ sustainability.



With reference to policy issues, knowing the relationship between the farm’s environmental and economic dimensions is fundamental because it allows politicians to understand whether the green transition they aspire to meet takes place from a win–win perspective between environmental sustainability and economic profitability. Furthermore, underlining the active role of the sector in pursuing green objectives offers a valid justification for public support, which is often defined as disproportionate.



Finally, our findings show the need to foster young breeders, who are fundamental to guarantee the durability of the dairy sheep sector, which has also been recognized to be crucial in light of the social role played by the sector to protect the territory.



As regards the implications for workers in the sector, knowing that applying more environmentally sustainable practices can also lead to better farm economic performance, it may be an incentive to move towards different production methods considered more sustainable.



This research can be extended in several directions. First, future research is warranted to evaluate whether, in other contexts where the structural profile of the companies and the socio-demographic variables of the farmers are different, the results of the trade-off analysis are different or not. Furthermore, it would be interesting to repeat this analysis in the same sector in other regions and states to see how the regional and political contexts influence sustainability, so that a cross-sectional research design can strengthen our research’s implications. Future research can also repeat the analysis by investigating other livestock and agriculture sectors by adapting the animal emissions and carbon sequestration to the cases analyzed. Expanding this type of study to the social dimension is also important due to its pivotal role in achieving the sustainability of the sector and its increasing role in the CAP.







Author Contributions


Conceptualization, B.A., F.C., R.F., F.A.M., P.P. and P.S.; methodology, B.A., F.C., F.A.M. and P.S.; formal analysis, B.A., F.C., F.A.M. and P.S.; investigation, B.A., F.C., F.A.M. and P.S.; writing—original draft preparation, B.A. and P.S.; writing—review and editing, B.A., F.C., R.F., F.A.M., P.P. and P.S.; visualization, B.A. and P.S.; supervision, F.A.M. and P.P.; project administration, P.P.; funding acquisition, B.A., F.A.M. and P.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by ‘Fondo di Ateneo di Sassari della ricerca 2019’, “Sistema di indicatori e strategie del comparto lattiero-caseario ovino sardo”, granted by Fondazione di Sardegna, and “Bando Fondazione di Sardegna 2017—Progetti di ricerca di base dipartimentali”.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data that support the findings of this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A. Calculation Method for Animal Emissions


The enteric fermentation emissions produced by sheep are calculated as follows:


    E F e   i   =   E F   i     ∗     N   i    



(A1)




where:



EFei = enteric methane emissions in sheep category (kg CH4 yr−1);



Ni = number of heads;



EFi = emission factor per sheep category (kg CH4 head−1 yr−1) (the parameters are indicated in Table A1).





 





Table A1. Enteric emission factor per sheep category.






Table A1. Enteric emission factor per sheep category.





	Livestock Categories
	Emission Factor EFi (kg CH4 head−1 yr−1)
	Source





	Sheep
	9
	[79]—Table 10.10








The methane emissions from manure management produced by sheep are calculated as follows:


    EMm   i    = (    N   i     ∗     VS   i     ∗     AWMS   i     ∗     EF   i    ) / 1000   



(A2)




where:




	
EMmi = methane emissions from manure management in sheep category (kg CH4 yr−1);



	
Ni = the number of heads;



	
VSi = annual average of volatile solids (VS) per head of sheep (kg VS head−1 yr−1) (Equation (A3));



	
AWMSi = animal waste management systems, i.e., the fraction of VSi for sheep category (dimensionless) (the parameters are indicated in Table A2);



	
EFi = emission factor for direct CH4 emissions from manure management system for sheep (g CH4 kg VS−1) (the parameters are indicated in Table A3).










 





Table A2. Animal waste management system values.






Table A2. Animal waste management system values.





	Livestock Categories
	AWMSi
	Source





	Sheep
	0.58
	[79]—Table 10A.8










 





Table A3. Values of emission factor for direct CH4 emissions from manure management system by sheep category.






Table A3. Values of emission factor for direct CH4 emissions from manure management system by sheep category.





	Livestock Categories
	Emission Factor EFi (g CH4 kg VS−1)
	Source





	Sheep
	5.1
	[79]—Table 10.14








The annual average of volatile solids (VS) per head are calculated as follows:


    VS   i   =     VS   rate     ∗       TAM   i     1000       ∗   365  



(A3)




where:




	
VSrate = default VS excretion rate (kg VS 1000 kg animal mass−1 d−1) (the parameters are indicated in Table A4);



	
TAMi = typical animal mass for sheep (kg) (the parameters are indicated in Table A5).










 





Table A4. Values of VS excretion.






Table A4. Values of VS excretion.





	Livestock Categories
	VS Excretion Rate (kg VS 1000 kg Animal mass−1 d−1)
	Source





	Sheep
	8.2
	[79]—Table 10.13a










 





Table A5. Typical animal masses.






Table A5. Typical animal masses.










	Livestock Species and Categories
	TAM (kg)
	Source





	  Sheep
	
	[120]



	  Lamb
	27.4
	



	  Replacement ewe
	38
	



	  Ewe
	45
	



	  Ram
	65
	



	  Slaughter sheep
	45
	








The direct N2O emissions from manure management are calculated as follows:


  Dir   N   2    O =          N   i     ∗     Nex   i       ∗     AWMS   i       ∗     EF   i       ∗     44   28    



(A4)




where:




	
DirN2O = direct N2O emissions from manure management (kg N2O yr−1);



	
Ni = the number of heads;



	
Nexi = annual average nitrogen (N) excretion per head (kg N head−1 yr−1);



	
AWMSi = animal waste management systems, i.e., the fraction of total annual N excretion for sheep category (dimensionless) (the parameters are indicated in Table A2);



	
EFi = emission factor for direct N2O emissions from manure management system (kg N2O-N kg N−1) (the parameters are indicated in Table A6);



	
44/28 = conversion of N2O-N(mm) emissions to N2O(mm) emissions.










 





Table A6. Value of direct N2O emission factors.






Table A6. Value of direct N2O emission factors.





	Livestock Categories
	Emission Factor EFi (kg N2O-N kg N−1)
	Source





	Sheep
	0.003
	[80]—Table 11.1








The annual N excretion rates are calculated as follows:


    Nex   i   =     N   rate     ∗       TAM   i     1000       ∗   365  



(A5)




where:




	
Nexii = annual N excretion per head (kg N head−1 yr−1);



	
Nrate = default N excretion rate (kg N 1000 kg animal mass−1 d−1) (the parameters are indicated in Table A7);



	
TAMi = typical animal mass (kg) (the parameters are indicated in Table A5).










 





Table A7. Value of nitrogen of excretion rate.






Table A7. Value of nitrogen of excretion rate.





	Livestock Categories
	Nrate (kg N 1000 kg Animal Mass−1 d−1)
	Source





	Sheep
	0.36
	[80]—Table 10.19








The indirect N2O emissions due to the volatilization of N from manure management are calculated as follows:


  Ind   N   2     O   vol   =     N   vol     ∗     EF   at       ∗     44   28    



(A6)




where:




	
IndN2Ovol = indirect N2O emissions due to volatilization of N from manure management (kg N2O yr−1);



	
Nvol = amount of manure nitrogen lost due to volatilization of NH3 and NOx (kg N yr−1);



	
EFat = emission factor for N2O emissions from atmospheric deposition of nitrogen on soils and water surfaces (kg N2O-N (kg NH3-N + NOx-N volatilized)−1 (the parameters are indicated in Table A8);



	
44/28 = conversion of N2O-N(mm) emissions to N2O(mm) emissions.










 





Table A8. Emission factor for N2O emissions from atmospheric deposition of nitrogen on soils and water surfaces.






Table A8. Emission factor for N2O emissions from atmospheric deposition of nitrogen on soils and water surfaces.





	Livestock Categories
	EFat (kg N2O-N (kg NH3-N + NOx-N Volatilized)−1
	Source





	Sheep
	0.01
	[80]—Table 11.3








The nitrogen losses due to volatilization from manure management are calculated as follows:


    N   vol   =   (   N   i     ∗     Nex   i   )   ∗     AWMS   i       ∗     Frac     gas   i      



(A7)




where:




	
Nvol = amount of manure nitrogen lost due to volatilization of NH3 and NOx (kg N yr−1);



	
Ni = the number of heads;



	
Nexi = annual average nitrogen (N) excretion per head (kg N head−1 yr−1);



	
AWMSi = fraction of total annual N excretion for sheep category managed in manure management (dimensionless) (the parameters are indicated in Table A2);



	
Fracgasi = fraction of managed manure nitrogen for sheep category that volatilizes as NH3 and NOx in the manure management (dimensionless) (the parameters are indicated in Table A9).










 





Table A9. Fraction of managed manure nitrogen that volatilizes as NH3 and NOx.






Table A9. Fraction of managed manure nitrogen that volatilizes as NH3 and NOx.





	Livestock Categories
	Fracgasi
	Source





	Sheep
	0.12
	[80]—Table 10.22








The indirect N2O emissions due to leaching from manure management are calculated as follows:


  Ind   N   2     O   leach   =    ( N    leac     ∗     EF   leach   )   ∗     44   28    



(A8)




where:




	
IndN2Oleach = indirect N2O emissions due to leaching and runoff from manure management (kg N2O yr−1);



	
Nleach = amount of manure nitrogen lost due to leaching (kg N yr−1);



	
EFleach = emission factor for N2O emissions from nitrogen leaching and runoff (kg N2O-N kg N leached and runoff−1) (the parameters are indicated in Table A10);



	
44/28 = conversion of N2O-N(mm) emissions to N2O(mm) emissions.










 





Table A10. Emission factor for N2O emissions from nitrogen leaching and runoff.






Table A10. Emission factor for N2O emissions from nitrogen leaching and runoff.





	Livestock Categories
	EFleach (kg N2O-N kg N Leached and Runoff−1)
	Source





	Sheep
	0.011
	[80]—Table 11.3








The nitrogen losses due to leaching from manure management are calculated as follows:


    N   leach   =   (   N   i     ∗     Nex   i   )   ∗     AWMS   i       ∗     Frac     leach   i      



(A9)




where:




	
Nleach = amount of manure nitrogen lost due to leaching (kg N yr−1);



	
Ni = the number of heads;



	
Nexi = annual average nitrogen (N) excretion per head (kg N head−1 yr−1);



	
AWMSi = fraction of total annual N excretion for sheep category managed in manure management (dimensionless) (the parameters are indicated in Table A2);



	
Fracleachsi = fraction of managed manure nitrogen for sheep category that is leached from the manure management (dimensionless) (Table A11).










 





Table A11. Fraction of managed manure nitrogen for sheep category.






Table A11. Fraction of managed manure nitrogen for sheep category.





	Livestock Categories
	Fracleachi
	Source





	Sheep
	0.02
	[80]—Table 10.22









Appendix B. Calculation of Carbon Sequestration


The carbon sequestration value of the crops reported in Table A12 was estimated using data elaborated by previous studies.





 





Table A12. Carbon sequestration rate for each crop typology.






Table A12. Carbon sequestration rate for each crop typology.





	Type of Crop
	Carbon Sequestration Rate (tons C ha−1 yr−1)
	Source





	Pastures
	0.20
	[81]



	Legumes (for grazing and grain)
	0.88
	[82]



	Grasses (for grazing and grain)
	0.21
	[83]



	Forage mixture of grasses and legumes
	0.36
	[84]
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Figure 1. Research method regarding the economic and environmental sustainability degree of dairy sheep farms. 






Figure 1. Research method regarding the economic and environmental sustainability degree of dairy sheep farms.



[image: Sustainability 15 16621 g001]







 





Table 1. Sample distribution, demographic profile, and characteristics of farms selected.
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Total = 219

	
%






	
Gender

	
Male

	
195

	
89.0




	
Female

	
24

	
11.0




	
Age

	
≤40

	
40

	
18.3




	
>40

	
179

	
81.7




	
Resident

	
Province of Sassari

	
83

	
37.9




	
Province of Nuoro

	
54

	
24.7




	
Province of Oristano

	
41

	
18.7




	
Province of Cagliari

	
41

	
18.7




	
Education

	
No lower middle school

	
25

	
11.4




	
Lower middle school

	
140

	
63.9




	
High school

	
49

	
22.4




	
University

	
5

	
2.3




	
Diversification

	
Yes

	
7

	
3.2




	
No

	
212

	
96.8




	
Organic

	
Yes

	
11

	
5.0




	
No

	
208

	
95.0




	
Total Agricultural Area (ha)

	
0–100

	
175

	
80.0




	
101–200

	
37

	
17.0




	
>201

	
7

	
3.0




	
Livestock unit (LU)

	
0–50

	
159

	
73.0




	
51–100

	
48

	
22.0




	
101–150

	
10

	
5.0




	
>150

	
2

	
1.0








Source: Our processing based on FADN data.













 





Table 2. Statistics of economic indicators and farms’ performances.
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	ECI 1 (EUR)
	ECI 2 (EUR)
	ECI 3 (EUR)
	ECI 4 (EUR)
	ECI 5 (%)
	ECI 6 (%)





	Mean
	68,245.05
	108,590.89
	2705.50
	1384.02
	4.96
	0.27



	St. dev.
	40,075.49
	56,905.76
	899.76
	618.89
	4.00
	0.34



	N. of farms that perform better
	99
	100
	107
	123
	73
	74



	N. of farms that perform worse
	120
	119
	112
	96
	146
	145







Source: Our processing based on FADN data.













 





Table 3. Statistics of environmental indicators and farms’ performances.
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ENI 1 (EUR/UAA)

	
ENI 2 (EUR/UAA)

	
ENI 3 (EUR/UAA)

	
ENI 4

(%)

	
ENI 5

(%)

	
ENI 6 (LU/UAA)






	
Mean

	
20.35

	
97.68

	
0.33

	
0.00

	
4.43

	
1.43




	
St. dev.

	
142.82

	
380.81

	
3.47

	
0.03

	
13.45

	
0.84




	
N. of farms that perform better

	
17

	
187

	
217

	
212

	
32

	
139




	
N. of farms that perform worse

	
202

	
32

	
2

	
7

	
187

	
80




	

	
ENI 7

(%)

	
ENI 8

(N.)

	
ENI 9

(N.)

	
ENI 10

(ton CO2eq/LU/yr)

	
ENI 11

(ton CO2/UAA/yr)




	
Mean

	
62.22

	
2.30

	
0.03

	
5.35

	
1.79




	
St. dev.

	
32.53

	
0.78

	
0.23

	
0.52

	
0.63




	
N. of farms that perform better

	
122

	
49

	
3

	
71

	
81




	
N. of farms that perform worse

	
97

	
170

	
216

	
148

	
138








Source: Our processing based on FADN data.













 





Table 4. Correlation analysis between composite economic and environmental indices.
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	Number of Farms
	Correlation Coefficient
	p-Value





	219
	0.1191
	0.0785 *







* Statistically significant for p < 0.1. Source: Our processing based on FADN data.













 





Table 5. Hypothesis testing for each model adopted.
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	Model
	Restriction
	L(H1)
	L(H0)
	λ
	d.f.
	χ2
	Decision





	EN
	No constant variable
	−35.817
	−36.788
	1.944
	1
	0.0039
	Accept the null hypothesis



	EC
	No constant variable
	−182.688
	−183.030
	0.684
	1
	0.0039
	Accept the null hypothesis










 





Table 6. Structural and socio-demographic variables affecting the composite economic index obtained through linear regression analysis.
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