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Agroforestry integrates woody vegetation with crop and/or livestock production to benefit from the ecological and economic interactions. The objective of this paper is to systematically determine the spatial distribution of agroforestry in the EU, and changes in the areas and types of agroforestry from 2009 to 2018. This was achieved using the Land Use/Cover Area Statistical (LUCAS) dataset. Agroforestry was categorised into silvopastoral, silvoarable, agrosilvopastoral, grazed permanent crops, intercropped permanent crops and kitchen gardens systems. In our categorisation of ‘agroforestry’, sites combing trees and shrubs with understorey grass or forage were required to show evidence of grazing. In 2018, the total area of agroforestry in the EU28 was 114,621 km2 equivalent to 6.4% of the utilised agricultural area (UAA), and a majority located in the Mediterranean bioregion. Silvopastoral was the most widespread system, representing 81% of the total agroforestry area (5% of UAA), with almost a third of that area present in Spain. An initial analysis of the LUCAS data suggested that the area of agroforestry increased from 2009 to 2012, before declining from 2012 to 2018. However our subsequent analysis suggests that the area of agroforestry in 2009 was underestimated due to a mis-categorisation of some grazing areas. After making corrections, we calculated that the area of agroforestry (using the above definitions) in the EU23 (a full-time sequence for the EU28 is unavailable) declined by 47% between 2009 and 2018. This decline is primarily due to a reduction in outdoor grazing, perhaps driven by reduced livestock numbers and/or permanent livestock housing. The only agroforestry system showing an increase was kitchen gardens (7%). The paper highlights the usefulness of the LUCAS dataset for studying the extent of agroforestry in Europe, but also potential limitations in terms of the consistency of the location of data points and the categorisation of grazing. The paper also argues that although the area of within-field agroforestry may be declining, the drive towards net zero greenhouse gas emissions may be re-establishing the link between increased tree cover and food production at a farm-level.
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1 INTRODUCTION
Agroforestry has been defined as ‘the practice of deliberately integrating woody vegetation (trees or shrubs) with crop and/or animal systems to benefit from the resulting ecological and economic interactions’ (Burgess and Rosati, 2018). In many places, it is a traditional land use system, and it is estimated that globally there is 1 billion ha of agricultural land with more than 10% tree cover (Zomer et al., 2014), i.e., about 7% of the global land area.
In Europe, agroforestry includes a wide diversity of systems such as silvopastoral, silvoarable, and agrosilvopastoral systems, forest farming, home gardens, improved fallow, grazed forests, and intercropped and grazed orchards (Mosquera-Losada et al., 2009; Nerlich et al., 2013; Pantera et al., 2021). Examples of silvopastoral systems in Mediterranean parts of Europe include the montados in Portugal and the dehesas in Spain where cattle graze beneath cork and holm oaks (Moreno et al., 2018). Other examples include the cork oak forest systems in Sardinia, known as sugherete, and valonia oak systems in Greece (den Herder et al., 2015). The combination of fruit trees with crops or grazing livestock is known as streuobst in central Europe (Herzog, 1998). In the boreal forest and subarctic tundra, reindeer husbandry is widespread, estimated to occupy more than 40 million ha of land in Sweden, Norway and Finland (Jernsletten and Klokov, 2002). In some frameworks, agroforestry also includes the integration of woody landscape features on cropland or grassland, such as hedges, windbreaks, and riparian buffer strips (Mosquera-Losada et al., 2009). For example, hedges and scattered trees occupy more than 400,000 ha in France and parts of the UK and Belgium (den Herder et al., 2015), and windbreaks are a common practice in Hungary (Takács and Frank, 2008).
Trees in arable and grassland systems can be an important source not only of food but also of products such as fuelwood, fibre, timber, gums and resins, and craft products. Agroforestry can also provide recreational opportunities, such as hunting and tourism, and mosaic landscapes are often valued for their diversity and attractiveness of the landscape (Fagerholm et al., 2019; Augére-Granier, 2020). There is also widespread recognition of the environmental benefits of agroforestry compared to conventional agricultural systems. Agroforestry systems can improve the soil health of arable systems, as the trees can increase soil organic matter and retain nutrients (Jose et al., 2009). Integrating trees in crop systems can also reduce soil erosion by increasing the permanence of vegetation cover (Jose et al., 2009) and windbreaks and shelterbelts can reduce windspeed (Bartus et al., 2017; Kučera et al., 2020). Trees on arable land can increase rainfall infiltration rates and soil water retention and reduce nitrate leaching (Siriri et al., 2013). In livestock systems, tree canopies can moderate the temperature with benefits for animal welfare, health, and productivity (Atangana et al., 2014). Trees also provide a habitat for arthropods and some species of birds (Jose et al., 2009; Torralba et al., 2016; Santos et al., 2019; Pantera et al., 2021). Trees and shrubs can increase the amount of soil carbon stored in arable systems (Kirby and Potvin, 2007; Upson et al., 2016; Kay et al., 2019) and the biomass carbon stored in crop and grassland systems (Beka et al., 2023). Tölgyse et al. (2023) reported that trees in temperate deciduous forest wood-pastures in Hungary and Romania reduced herbage growth, but this was offset by positive effects in terms of storing carbon and providing shade and microhabitats. In addition, the presence of management can reduce fire risk relative to shrubland systems (Damianidis et al., 2021). For these reasons, agroforestry is recognised as a sustainable climate-smart agriculture option (FAO and ICRAF, 2019) and hence there is interest in its spatial extent.
Initial reports on the extent of agroforestry in Europe were typically based on literature reviews (Herzog, 1998; Eichhorn et al., 2006; Bergmeier et al., 2010). However, since 2006, Eurostat has carried out the Land Use/Cover Area frame Statistical (LUCAS) survey across the European Union every 3 years, which comprises land cover, land use, agro-environmental and soil data determined by field observation at geographically referenced points (Eurostat, 2009). At each LUCAS point, the land cover (LC) and land use (LU) were recorded. Land cover is the type of physical cover of the land around the point and land use is the socio-economic use. An important feature of LUCAS is that it allows multiple land covers, i.e., where there are multiple layers, such as in agroforestry, the recorder can both report a tree layer and a secondary layer composed of crops or grasses. Thus, the LUCAS surveys was used by den Herder et al. (2017) to determine that the total area under agroforestry in the EU (27 member states) in 2012 was 15.4 million ha, equivalent to about 4% of the territorial area or 9% of the Utilised Agricultural Area (UAA). Den Herder et al. (2017) differentiated three main categories of agroforestry: livestock agroforestry (where livestock production is integrated with trees), high value tree agroforestry (where the primary land use was permanent woody crops such as fruit orchards, olive groves, and nut trees combined with grazing or arable/temporal crops), and arable agroforestry (arable crops integrated with trees). Mosquera-Losada et al. (2018) calculated a larger extent of 19.8 million ha in 2012 by also adding the extent of kitchen gardens. Kitchen gardens, also called home gardens, typically refer to fenced plots in residential areas and allotments where a variety of crops are grown for home consumption. Also using the LUCAS database from 2012, Plieninger et al. (2015a) estimated that pastures in open woodlands, and pastures with sparse or cultivated trees (but not necessarily grazed) in the EU covered 20.3 million ha.
Some authors have suggested that the area of agroforestry is decreasing as farmers remove trees from arable systems to enable easier mechanisation (Eichhorn et al., 2006). In addition, for permanent crops such as olives and apples, there has been a move from high-stem trees (which allowed understorey grazing) to trees grown on dwarf rootstocks (Oosterbaan and Kuiters, 2009; Bergmeier et al., 2010). In Germany, in the last 40 years, streuobst of apple and pear trees have also been converted to grasslands, fields and development areas (Bergmeier et al., 2010), with Küpfer and Balko (2010) reporting a 50% decline. A study of the area of orchard meadows for a region in Southwestern Germany suggested a decline from 16% of the area in 1968 to 12% in 2009, an annual loss rate of 1% (Plieninger er al., 2015b). Other cited reasons for the reduced cover of individual trees include poor tree regeneration due to overgrazing, and new pests (Bergmeier et al., 2010).
To our knowledge, there has been no attempt to use LUCAS data from surveys conducted between 2009 and 2018 to investigate whether the area of agroforestry in Europe is increasing, decreasing, or stable. Hence, the aim of this paper is to evaluate the changes that have occurred in agroforestry in Europe, including the following specific objectives: 1) to determine the current extent of different agroforestry systems in the EU using LUCAS data from 2018; 2) to assess the changes in agroforestry from 2009 to 2018 and examine the implications for future trends; 3) to analyse the causes contributing to variations during the study period; 4) to investigate trends in grazing and their relationship with the changes in the different agroforestry systems; and 5) to evaluate the usefulness of LUCAS data for this type of studies.
2 MATERIAL AND METHODS
2.1 Description of the LUCAS database
The extent of agroforestry systems in the EU were determined using LUCAS data, which are based on a two-phases sampling strategy (Buck et al., 2015). In the first phase, points are systematically sampled in a regular grid with a spacing of 2 km in the four cardinal directions covering the whole territory of the EU. This survey contains around 1.1 million different points (the so-called master sample or frame) (Eurostat, 2019a). Each point of the first phase sample is photo-interpreted and assigned a pre-defined land cover class: artificial land, cropland, woodland, shrubland, grassland, bare land, water area or wetland (Buck et al., 2015).
From the first phase sample, a second phase sample of points is drawn randomly and proportionally with respect to the assigned land cover class (more detail on the sampling procedure in Buck et al., 2015; Ballin et al., 2018). These points are visited in the field by surveyors, who record land cover, land use and other environmental parameters. Land cover and land use are recorded according to a harmonised classification system. The surveyor also collects information related to the percentage of land cover within a specific window of observation, including the area size, the width of any specific feature, the height of trees, information on land and water management, such as grazing or irrigation (Eurostat, 2019a). Those points which could not be visited for any reason, for example, due to problems of accessibility, are evaluated using office-based photointerpretation (Ballin et al., 2018). Regarding the geographical location, in the first place the coordinates of the theoretical location are established, and once in the field, the coordinates of the real sampling point are measured with a geographical positioning system (GPS). Those points which could not be visited and that are analysed by photointerpretation are assigned the theoretical coordinates. The LUCAS database includes both coordinates, the real and the theoretical ones.
The basic sampling and survey methods have remained the same throughout all surveys. Nevertheless, the goals of the surveys and their implementation in new countries to the survey have changed and have led to different sample point allocations for different land covers (d’Andrimont et al., 2020). Table 1 presents the number of sample points for each EU member state and for the different survey years. The LUCAS 2006 survey was not included in the study because of its small number of points and the few countries included in the sample (Belgium, Czechia, Germany, France, Italy, Luxembourg, Hungary, Netherlands, Poland and Slovakia). Between 2009 and 2015 the number of sample points increased from 234,484 to 338,725, related mainly with an increment of points per previous countries (+78,269), but also with the inclusion of new countries in the survey (+25,972 points: Bulgaria, Cyprus, Croatia, Malta, Romania). Between 2015 and 2018 the total number of points remained almost unchanged, with some countries registering increases and others decreases. For example, the number of points of the Netherlands almost doubled, whilst Portugal registered a decrease.
TABLE 1 | Number of sample points of each LUCAS survey for each of 28 European countries over 4 years.
[image: Table 1]LUCAS points provide information about the land cover and land use of the sampled plot. To classify different types of agroforestry, we assumed that these systems always had a primary land cover (LC1) comprising a tree or shrub layer, and a secondary land cover (LC2) including other types of covers, such as crops, grass or, even, tree and shrub layers. The land use component of the LUCAS database includes information on whether the point has agricultural, forestry or other land uses. Kitchen gardens, for example, are considered as an individual land use.
Following instructions for surveyors (Eurostat, 2019a), land management could be classified as ‘signs of grazing’, ‘no signs of grazing’, or ‘grazing not relevant’.‘Signs of grazing’ was recorded when the surveyor observed cattle feeding; cattle infrastructure such as fences, stables, and drinking troughs; and/or dung or cattle trampling. Areas grazed during summer (transhumance) are also considered. If the land cover is suitable for grazing (croplands, woodlands, shrublands, grasslands, wetlands or bare lands) but no signs of grazing are visible, it is marked ‘no signs of grazing’. Finally, if the land cover is not suitable to be grazed (artificial or water areas) it must be assigned as ‘grazing not relevant’. In this way, the selection of certain combinations of primary and secondary land covers, as well as information on land use and management, enabled the identification of agroforestry points and their classification.
The LUCAS surveys in 2009, 2012 and 2015 also included information on woody linear features, which are examined along a 250 m transect running east from the observation point. Agricultural land with woody linear features, although a form of agroforestry, were not included in the present study because the converted length to area requires additional assumptions, and the lack of transect data collected in 2018 prevents a direct comparison between 2009 and 2018.
2.2 Classification of agroforestry systems
Agroforestry systems were classified in six principal classes: kitchen gardens, grazed permanent crops, intercropped permanent crops, silvoarable, silvopastoral, and agrosilvopastoral (Table 2). The classification was completed using the harmonised LUCAS database published by Palmieri et al. (2020). This has the advantage of reducing the complexity and layered nature of the original LUCAS datasets, avoiding inconsistencies and errors between legends and labels from one survey to the next. Furthermore, this harmonization corrected missing internal cross-references in the dataset, which limited the capacity to compute and link the observed variables (d’Andrimont et al., 2020).
TABLE 2 | Criteria used to classify the six agroforestry systems used in the analysis (class), based on the primary land cover (LC1) and the secondary land cover (LC2) defined by LUCAS. U = undetermined which means that any combination is possible but is not relevant for classification.
[image: Table 2]Classification criteria were based on the combination of land covers LC1 and LC2, as well as on the presence of grazing and of kitchen gardens. The classification was developed so that the agroforestry classes were mutually exclusive, i.e., each point corresponds to only one single class.
Kitchen gardens are considered a form of agroforestry as they commonly combine temporary crops, permanent crops, and, sometimes, shrubs and grass. In order to avoid duplication, kitchen gardens were identified first and did not contribute to any other agroforestry category.
Next, LC1 with woody vegetation were divided in two groups (Table 2): a) permanent crops and b) woodlands, shrublands or grasslands with sparse tree cover.
The permanent crops category includes fruit trees, olive groves, vineyards, nurseries and industrial woody crops. Permanent crops have also been referred to in previous agroforestry studies as high value trees (den Herder et al., 2017) or multipurpose trees (Mosquera-Losada et al., 2018). Names for agroforestry systems involving permanent crops include streuobst, près vergers, and fruit-tree meadows or orchards (Mosquera-Losada et al., 2009). In this study, agroforestry systems incorporating permanent crops were categorised into grazed permanent crops and intercropped permanent crops.
The woodlands1, shrublands2 or grasslands with sparse tree cover3 (LC1) were segregated into one of three categories. Grazed areas were classified as silvopastoral, including systems as forest grazing and wood pasture. Tree cover intercropped with temporary crops (LC2) were classified as silvoarable. Finally, silvopastoral systems combined with arable crops (LC2) were classified as agrosilvopastoral systems.
All of the agroforestry practices defined in the above process represent simultaneous agroforestry systems, where the tree and shrub component is present at the same time as the crop and/or livestock component. Sequential systems where, for example, afforested land is rotated with cropland were not considered.
2.3 Data analysis
The current state and spatial distribution of the agroforestry systems were analysed integrating the classified LUCAS points into a Geographical Information System (ArcGIS software by Esri, 2010) together with a layer of biogeographic regions of Europe. In this way, agroforestry classes were not only characterised by countries, but also by European bioclimatic regions (Alpine, Atlantic, Boreal, Black Sea, Continental, Macaronesia, Mediterranean, Pannonian and Steppic) (European Environment Agency, 2016). In addition, a more in-depth analysis on the dominant land covers for each agroforestry class was carried out.
The area of each agroforestry class for each country (AAF,C; km2) was estimated using the methodology described by den Herder et al. (2017), i.e., the number of classified points for that class in each country (NAF, C) was divided by the total number of LUCAS points surveyed in the country (NC) and multiplied by the surface area of the country (Ac; km2) (Equation 1), using data from Eurostat (2013a):
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Additionally, the proportion of Utilised Agricultural Area (UAA) occupied by agroforestry systems was analysed by country, using data from Eurostat (2013b).
The above analysis was completed using data from the survey years 2009, 2012, 2015 and 2018. These results were then used to determine change between surveys using only countries with data from each of the four survey years, i.e., the 23 countries sampled in 2009 (EU23). Data from the new four countries included in the EU27 (Bulgaria, Cyprus, Malta and Romania; Table 1) were also analysed to find out how the extent of agroforestry changed in these territories between 2012 and 2018.
Additional studies were also completed on changes between the ‘grazing’, ‘not grazed’ and ‘grazing not relevant’ classifications and their relationship with the changes in agroforestry systems. It is important to note that grazing is one of the criteria used to classify silvopastoral, agrosilvopastoral and grazed permanent crops systems, and, therefore, it can be helpful in understanding changes.
Furthermore, we conducted a comprehensive analysis of the variation in the number of sampled points among the different LUCAS surveys (refer to Section 2.1) to determine whether these variations could impact the derived area of each agroforestry type. The objective of this analysis was to identify any disparities in the total number of points sampled in each land cover category (including artificial areas, temporary crops, permanent crops, woodlands, shrublands, grasslands, and other land cover types) across the various LUCAS surveys. Additionally, changes in the proportion of sampled points by land cover were also examined by country.
To explore the possible causes of changes, a more detailed analysis was carried out using common datum points. These are points that have the same geographical location between survey years. This analysis resulted in a smaller dataset as not all points are revisited from one survey to the next. The number of common points obtained by comparing the data from consecutive survey years was 184,603 for 2009–2012, 210,658 for 2012–2015, and 107,909 for 2015–2018. An analysis of the common points between the first and the last survey (2009 and 2018) is not reported because the resulting number of points classified as agroforestry was very low.
3 RESULTS
3.1 Extent and spatial distribution of agroforestry in Europe
In 2018, the estimated surface area occupied by agroforestry in EU28 using the specified definitions was 114,621 km2, which represented 3% of the total extent and 6% of utilised agricultural land4 (UAA) (Table 3). In 2018, silvopastoral systems extended over 92,986 km2 (5% of UAA) equivalent to 81% of the agroforestry area. Kitchen gardens occupied 16,687 km2, about 15% of the agroforestry area (1% of UAA), and grazed permanent crops covered 3,434 km2 (about 3% of the agroforestry and 0.2% of UAA). Silvoarable and intercropped permanent crops only covered 676 km2 and 587 km2 respectively, representing less than the 1% of the agroforestry and about 0.04% of UAA. Finally, agrosilvopastoral systems only occupied 251 km2 (0.1% of the agroforestry area) (Table 3).
TABLE 3 | Area of six agroforestry classes for the survey year 2018, and proportion of agroforestry by country (AF) in relation to total surface area occupied by agroforestry systems in Europe, as well as to utilised agricultural area (UAA) of each country. Data are ordered according to the proportion of AF. GPC = grazed permanent crops, IPC = intercropped permanent crops, ASP = agrosilvopastoral, KG = kitchen gardens.
[image: Table 3]Spain was the country with the largest area of agroforestry (33,230 km2), followed by Greece (16,089 km2) and France (12,103 km2). These three countries together accounted for 54% of the agroforestry in the EU28 in 2018. The proportions in Italy and Portugal were 8% and 7%, respectively (Table 3). When expressing the surface area occupied by agroforestry systems as a percentage of UAA (Table 3), the highest value of 30% was in Greece. Agroforestry systems occupied more than 20% of UAA in Portugal, and more than 12% in Cyprus, Sweden, Spain, and Slovenia. At the other extreme are countries like Poland, Denmark, Germany, Netherlands, the United Kingdom, Lithuania, and Hungary with less than 3% of their UAA occupied by the six types of agroforestry examined.
3.1.1 Silvopastoral and agrosilvopastoral systems
In 2018, silvopastoral (n = 7,805 points) was the most frequent agroforestry class and Spain was the country with the largest share (34%), followed by Greece (16%), France (11%), Italy (7%) and Portugal (7%). These five countries together represented approximately 61% of the total agroforestry area and 75% of the total silvopastoral area (Table 3). The proportion of European silvopastoral agroforestry in the Atlantic and Continental regions were 14% and 12% respectively (Figure 1; Supplementry Table S1).
[image: Figure 1]FIGURE 1 | Spatial distribution of agroforestry classes in EU28 for the survey year 2018. PC = permanent crops. Bioregion data source: https://www.eea.europa.eu/data-and-maps/data/biogeographical-regions-europe-3.
The main types of land covers found in silvopastoral systems were broadleaved woodland (38%), followed by grasslands with sparse tree or shrub cover (26%) and shrublands without and with sparse tree cover (17% and 10%, respectively) (Supplementry Table S2). In all biogeographical regions, the dominant land cover was grasslands with sparse tree or shrub cover, except for the Mediterranean region, where broadleaved woodland was dominant (45%). Within broadleaf woodland in the Mediterranean region, 68% of the area was broadleaved evergreen forest and 21% was thermophilous deciduous forest (Supplementry Table S2).
Agrosilvopastoral systems (n = 21 points) were only recorded in Mediterranean regions (Supplementry Table S1), split between Portugal (51%), Spain (45%) and Italy (4%) (Table 3). As there were very few points, agrosilvopastoral systems were added to the silvopastoral total in the remaining temporal analyses.
3.1.2 Silvoarable systems
Silvoarable systems (n = 56 points) were only identified in a small number of European countries, with 48% of the area in Spain and 38% in Portugal. Smaller shares were present in France (4%), Italy (3%), Finland (3%), Hungary (3%) and Austria (1%) (Table 3). Silvoarable was mainly found in the Mediterranean region (88%; Figure 1, Supplementry Table S1), where broadleaved woodlands dominate, in combination with cereal crops.
3.1.3 Grazed and intercropped permanent crops
Agroforestry where permanent crops form the main land cover (n = 344 points) could be associated with grazing or with intercrops, with the area associated with grazing being about six-times greater than the area associated with intercrops. The share of grazed permanent crops was unevenly distributed in the EU within Greece and Romania representing 27% and 19% of its total. Moderate shares are found in Germany (11%), Spain (9%), France (9%), Portugal (7%) and Italy (6%). The remaining countries represented less than 13% of total area (Table 3). The highest amounts of intercropped permanent crops were found in Italy (22%), Spain (19%), Greece (14%) and Portugal (13%). The proportions found in Poland, France, Cyprus, Romania, Austria, Czechia and Croatia were less than 7%, and this class was not found in the rest of the EU28 (Table 3).
By biogeographical regions, permanent crops were more characteristic of Mediterranean (57%) and Continental (30%) areas than the rest of the bioregions (Figure 1, Supplementry Table S1). Predominant crops were olive groves in Mediterranean countries; apple orchards in Alpine, Atlantic, Boreal and Continental areas; and nut orchards in the Pannonian region (Supplementry Table S3). Regarding intercropped permanent crops, cereals were the main temporary crop (41%), followed by fodder crops and dry pulses, vegetables, and flowers, representing 25% and 23%, respectively (data not included).
3.1.4 Kitchen gardens
Kitchen gardens (n = 1,266 points) were identified in all countries, with the largest areas found in Romania (13% of total), followed by Italy (11%), France (10%), Poland (9%), Germany (7%), Hungary (6%), Spain (6%) and Czechia (6%). The highest share of kitchen gardens was found in the Continental bioregion (40% of total), followed by the Mediterranean (20%). Smaller proportions were reported in the Atlantic (13%), Boreal (11%), Pannonian (7%) and Alpine (6%) bioregions (Figure 1; Supplementry Table S1).
Kitchen gardens is a land use where different land covers are combined. Among these kitchen gardens, those with permanent crops (mainly apple trees) combined with grasslands, were predominant (45%). They were mostly located in Alpine, Atlantic, Boreal, Continental, Pannonian, and Black Sea bioregions. In contrast, kitchen gardens where temporary crops (mostly dry pulses, vegetables, and flowers) were the predominant land cover, dominated in the Mediterranean and Steppic bioregions (37%). They were followed by kitchen gardens with permanent crops associated with grasslands (25%) (Supplementry Table S4). Only 2% of kitchen gardens were grazed.
3.2 Change in the extent of agroforestry
The estimated area of agroforestry systems, based on our initial analysis of the data, increased by 55% between 2009 and 2012, but decreased by 26% from 2012 to 2015, and by 22% from 2015 to 2018. The overall estimated change between 2009 and 2018 was a decrease of 12,278 km2 or 11% (Table 4). Countries not included in this analysis because they did not belong to the EU23 (Bulgaria, Cyprus, Malta, and Romania) also showed an approximate halving of the agroforestry area from 21,769 km2 in 2012 to 10,713 km2 in 2018.
TABLE 4 | Area and proportional area changes of five types of agroforestry system for four surveys or four time periods between 2009 and 2018. Data include only countries (EU23) common for each year. The proportional changes are with respect to the initially stated survey year.
[image: Table 4]The initial data analysis indicated that the areas of silvopastoral systems, the most common type of agroforestry, increased by 59,782 km2, i.e., 63%, between 2009 and 2012 (Table 4). By contrast, there was a 27% reduction between 2012 and 2015, and by 25% from 2015 to 2018. The area of grazed permanent crops also increased by 40% between 2009 and 2012, followed by a 32% decline from 2012 to 2015, and a 47% decline from 2015 to 2018 (Table 4). Ungrazed agroforestry land uses, such as intercropped permanent crops, silvoarable and kitchen gardens, also increased from 2009 to 2012, but less than the two grazed agroforestry types. Intercropped permanent crops showed a decrease of 53% between 2009 and 2018, and the reduction in grazed permanent crops was 49%. Between 2009 and 2018, the area of silvoarable systems was estimated to decline by 10%, whereas the area of kitchen gardens increased by 7% (Table 4).
Figure 2 illustrates the changes which took place between 2009 and 2018 in silvopastoral for selected countries. The surface area occupied by this class in Spain almost doubled between 2009 and 2012 with values of 32,766 and 62,231 km2, respectively (Supplementry Table S5). The resulting difference of 29,465 km2 makes up about half of the total increase of silvopastoral agroforestry between these two survey years (59,782 km2, Table 4). In all other countries silvopastoral agroforestry recorded an increase between 2009 and 2012 and most of them registered a decrease thereafter (2012–2018).
[image: Figure 2]FIGURE 2 | Surface extent of silvopastoral systems for survey years 2009, 2012, 2015 and 2018 in EU23.
If the period as a whole is considered, marked differences can be observed between EU23 nations (Figure 2), with Greece being the only Mediterranean country where there was a substantial increase in silvopastoral agroforestry (+54%). Other countries recorded a net increase, but this is not readily apparent in Figure 2 because the total extent of silvopastoral was small in Estonia (+233%), Denmark (+136%), Luxembourg (+101%), Austria (+42%), Netherlands (+30%), Sweden (+32%) and Finland (+21%). Non-Mediterranean countries with notable decreases were United Kingdom (−68%), Hungary (−67%), Lithuania (−58%), Slovakia (−44%), Germany (−38%) and France (−36%) (Supplementry Table S5). Overall, these data indicate an increase of silvopastoral systems in some northern European countries, whereas a decrease was generally observed in southern Europe, except for Greece. New member states included in EU27 (Bulgaria, Cyprus, Romania, Malta) also presented a decrease of silvopastoral systems surface between 2012 and 2018 (−59%; Supplementry Table S5).
Regarding kitchen gardens, the countries with the largest share in 2018 showed diverse changes along the study period, with Italy, Poland and Hungary recording an increase of 9%–21%, whereas France, Germany, Spain and Czechia recorded area losses between 11% and 23% for this type of system. Most countries showed increases (Supplementry Table S6).
In the case of grazed and intercropped permanent crops and silvoarable agroforestry, the main changes between 2009 and 2018 took place in countries with the highest share of the area of each practice. Thus, the calculated area of grazed permanent crops decreased in Mediterranean countries such as Spain, Italy, Portugal and Greece, while in Germany an increase of 18% was estimated. The area of intercropped permanent crops declined in Spain, Italy and Portugal by around 70%, but increased by about 25% in Greece. Finally, silvoarable agroforestry declined by 23% in Spain, whereas an increase of 116% was observed in Portugal.
Overall, in the Mediterranean bioregion, where 64% of agroforestry systems were reported in 2018, between 2009 and 2018 a decrease in agroforestry occurred in countries such as Italy (15%), Spain (7%) and Portugal (5%), while in Greece an increase was registered (44%) (Table 5). Within a country, the greatest proportional declines in agroforestry area were observed in the United Kingdom (−67%), followed by France (−33%), Hungary (−30%), Germany (−24%), Ireland (−20%) and Czechia (−18%) (Table 5). By contrast, the greatest proportional increases in the agroforestry area were recorded in Denmark (174%), Estonia (112%) and Luxembourg (92%) (Table 5), but their overall share of agroforestry systems in 2018 was very low at less than 1% (Table 3). The increase in the agroforestry areas in Sweden, Poland and Finland were associated with an increase in the area of silvopastoral systems and kitchen gardens. Although the area of silvopastoral and silvoarable systems declined in the United Kingdom, France, Germany, Poland and Lithuania, there were increases in the area of grazed or intercropped permanent crops. Spain was the only country that showed a decrease of all types of agroforestry systems.
TABLE 5 | Area and proportional change in the area of agroforestry systems from 2009 to 2018. Data include the EU23 countries sampled in 2009, and the four new countries included in the EU27 in 2012. The proportional differences presented are with respect to the previous survey year. Data are ordered by the change between 2009 and 2018.
[image: Table 5]3.2.1 Analysis of the causes of variations
The observed variations in agroforestry area between 2009 and 2018 could be related to a number of causes. They could be due to the implementation of the survey, such as the number of survey points and the criteria used by the observers in the different surveys, and/or real changes of land cover and land use.
The number of sampled points varied depending on the survey year, both the total number of sampled points and the points per country (see Section 2). An additional analysis was completed to determine if this variation could affect the surface estimation of each agroforestry type. Examining high level categories such as ‘woodlands, shrublands and grasslands with sparse tree cover’ indicated point number changes of only −4% to −3%, temporary crops showed a variation of about −3% to 3%, and the number of permanent cropping points varied between −2% and 1% (data not presented). The results suggested that sample point number variations did not explain the land use changes in agroforestry.
To examine the causes that generate changes of land cover/land use in agroforestry systems, an analysis was completed using only common points. Table 6 presents the net balance (difference between percentage gains and losses) for the different agroforestry systems, indicating an increase of 10% for the silvopastoral category between 2009 and 2012, and declines of 12% for 2012–2015 and 11% for 2015–2018. These results follow the same trends as observed with the total number of classified points, i.e., an increase of silvopastoral surface from 2009 to 2012, followed by a decrease from 2012 to 2018 (Table 4). Hence the common points analysis shows that the changes observed with the full dataset were also occurring with the common points. The changes in the area of grazed and intercropped permanent crops also showed similar results with those obtained in the analysis with all data since losses were estimated for 2012–2015 and 2015–2018 periods (Table 6).
TABLE 6 | Net balance of the number of points of the different agroforestry types between survey years.
[image: Table 6]The proportion of common point numbers relative to the total number of survey points for each survey year and each agroforestry type (Table 7) provides an estimate of the representativeness of the common points analysed. The common points represented more than 62% of the total points for the periods 2009–2012 and 2012–2015. By contrast the common points represented only between 18% and 49% of the total number of points in the 2015–2018 period, suggesting that changes in location could be more significant in this final period. However, even with a lower proportion of common points, the analysis indicates that real changes took place in the area of agroforestry systems.
TABLE 7 | Proportion of common points with respect to the total number of points for each survey year.
[image: Table 7]The next step was to examine the reason for changes in the proportion of silvopastoral and grazed permanent crops systems using the common points dataset (Table 8). From 2009 to 2012, for the same land cover, 10% of silvopastoral sites changed from ‘grazing not relevant’ to ‘grazed’ compared to only 0.1% of sites changing from ‘grazed’ to ‘grazing not relevant’, and our analysis indicates that it is this change that is primarily responsible for the increase in the silvopastoral area from 2009 to 2012. By contrast for the period 2012–2015 the proportion of sites changing from ‘grazed’ to ‘non-grazed’ (28%) was greater than the change from ‘non-grazed’ to ‘grazed’ (18%). Similar changes were apparent in 2015–2018. In 2012–2015 and 2015–2018, no changes in ‘grazing not relevant’ were reported for silvopastoral systems. Grazed permanent crops showed similar changes to those for silvopastoral systems, i.e., most gains were linked with changes from ‘non-grazed’ to ‘grazed’ and losses were related with the cessation of grazing (Table 8). In general, losses of silvopastoral or grazed permanent crops due to land cover change were relatively small. The question as to whether there were real changes in grazing or changes in methodological criteria is addressed in the next section.
TABLE 8 | Proportion of silvopastoral and grazed permanent crops systems in EU23 showing changes between land cover (LC) and grazing status including grazing, grazing not relevant (GNR), and not grazed for three periods.
[image: Table 8]Regarding the ungrazed intercropped permanent crops and silvoarable systems, the main sources of variation were related with changes of temporary crops, i.e., most gains and losses were associated to changes of temporary crops from/to other land cover (data not presented here). In the case of kitchen gardens, the gains and losses were primarily related to changes between land uses, mainly from/to agricultural use (data not presented here).
3.2.2 Analysis of ‘grazing’ criteria
The area of grazed agroforestry systems (silvopastoral and grazed permanent crops) increased by 73% between 2009 and 2012 and decreased by 43% from 2012 to 2018 (Table 4). In order to determine if the change between 2009 and 2012 was related to the field criteria for detecting grazing, we determined the proportion of points categorised as ‘grazing’, ‘not grazed’ and ‘grazing not relevant’ for each period using the complete LUCAS dataset for the EU23 (Figure 3). Between 2009 and 2012, a reduction on the proportion of ‘grazing not relevant’ (−23%) was associated with an increase in the proportion of points classified as ‘grazing’ (+2%) and ‘not grazed’ (+20%). However after 2012, ‘grazing not relevant’ remained stable, and the ‘grazing’ area declined back to 9%.
[image: Figure 3]FIGURE 3 | Proportion of three grazing classes in the sampled LUCAS data points in 2009, 2012, 2015, and 2018.
Using common points classified as ‘grazing not relevant’ between 2009 and 2018, we observed that 7% and 51% of the points classified in 2009 as ‘grazing not relevant’ changed in 2012 to ‘not grazed’ and ‘grazing’ respectively (Table 9). In the two subsequent periods, the proportions changing from ‘grazing not relevant’ were much lower, and when this occurred, a higher proportion was classified as ‘not grazed’. The percentage of points changing from ‘grazing not relevant’ to ‘grazing’ was less than 0.5% in both periods.
TABLE 9 | Changes from ‘grazing not relevant’ to ‘grazing’ and to ‘not grazed’ points based on common points for three survey periods.
[image: Table 9]Instructions in the LUCAS manuals (Eurostat, 2019a) indicate that only the land covers artificial lands or water areas should be classified as ‘grazing not relevant’, that is, those land covers not susceptible to be grazed or land covers where there is nothing to be grazed (Eurostat, 2019a). However, in 2009 and 2012 there were many points with land covers that could be grazed such as grasslands, permanent crops, shrublands, temporary crops or woodlands, which were incorrectly classified as ‘grazing not relevant’ (n = 60,622 points; Supplementry Table S7). This means that these land covers, which could have been ‘grazing’, ‘not grazed’ and ‘grazing not relevant’ in 2009, were incorrectly classified as ‘grazing not relevant’, and some of these could have been ‘grazed’ points.
Hence there are grounds to argue that our initial estimate for agroforestry in 2009 is an underestimate, specifically for the grazed classes. Adding back in the 7% of all points that changed from ‘grazing not relevant’ to ‘grazing’ between 2009 and 2012 would result in a higher grazed area in 2009 of 570,034 km2 rather than 344,410 km2 (Table 9; Figure 4A). Applying this correction results in a more consistent decline in the area of grazing in Europe between 2009 and 2018 (Figure 4A).
[image: Figure 4]FIGURE 4 | Changes of (A) the extent of grazing across the EU23, and (B) the extent of grazed agroforestry systems between 2009 and 2018 applying the correction of the points classified as grazing not relevant. PC = permanent crops.
Applying a similar correction to the area of silvopastoral agroforestry would increase the area estimate of silvopastoral agroforestry in 2009 from 95,293 km2 to 172,700 km2 (Figure 4B). This correction also results in a more consistent decline in the area of silvopastoral agroforestry. The periods after 2012 do not need a correction because no significant changes of ‘grazing not relevant’ to ‘grazing’ were identified. The same correction can be applied to grazed permanent crops. In this case, 5% of the points classified in 2012 were related with changes from ‘grazing not relevant’ to ‘grazing’ (Table 8). Therefore, the updated area estimated for 2009 was 5,661 km2 and the increment between 2009 and 2012 was reduced by 12% (Figure 4B). Finally, the total surface of agroforestry systems would also increase in 2009 if we consider the corrected values, occupying an area of 193,002 km2 instead of 115,132 km2. In this case, the surface loss of agroforestry between 2009 and 2018 would be 47%.
This reduction in the area of grazing is also evident in official statistics from Spain, Greece and the United Kingdom. In Spain, data from the 2009 and 2020 agricultural census (INEbase, 2011; INEbase, 2022) indicated a 21% reduction in the number of farms with extensive livestock (cattle excluding dairy cows, sheep, goats and pigs), while the number of animal heads increased by 14%. This indicates an increase of the stocking rate, as well as farm abandonment, although farms may also have merged. In Greece, according to data from Hellenic Statistical Authority (2019), between 2009 and 2018 livestock farms (cows, sheep, goats and pigs without differentiating between stabled and extensive cattle) and the number of animals decreased by 37% and 13% respectively, suggesting a reduction in grazing. In the United Kingdom, statistics published by the Government’s Department of Environment, Food and Rural Affairs (2022) on land use in agricultural holdings with grazing activities indicated a surface loss between 2009 and 2018 of 2%. These values are not directly comparable with those obtained using LUCAS surveys but they could inform our understanding of the dynamics of the grazed area in Europe between 2009 and 2018.
4 DISCUSSION
The results of this paper are discussed in terms of the challenge of determining the changes in agroforestry area in Europe between 2009 and 2018 and the implications for the use of LUCAS data, as well as the extent of different agroforestry types in 2018 and the implications of previous trends on the anticipated area of agroforestry in Europe in future years. Additionally, the factors that have generated the main changes in the surface area of each agroforestry systems and the current trend to re-establish the link between trees and food production at a farm level are also addressed.
4.1 Changes in the agroforestry area in Europe from 2009 to 2018
An initial analysis of the LUCAS results suggested that the area of agroforestry in the EU23 was 115,132 km2 in 2009, it then increased by 55% to reach 178,674 km2 in 2012, before declining by 26% to reach 132,317 km2 by 2015, and a decline by 22% to reach 102,854 km2 by 2018. However more detailed analysis suggests that some of these large changes are due to methodological problems in the 2009 LUCAS survey. In 2009, some points were incorrectly classified as ‘grazing not relevant’. The guidance for LUCAS indicates that ‘grazing not relevant’ should only correspond to areas that cannot be grazed, such as urban areas or water bodies. However common point analysis showed that points classified in 2009 as ‘grazing not relevant’ represented land covers that could be grazed such as woodland and shrubland, and in the following surveys (2012–2018) such areas were either assigned as ‘grazing’ or ‘not grazed’. If a correction to the 2009 data is made, then the updated predicted area of agroforestry in 2009 is 193,002 km2. This corrected value also results in a more consistent pattern of declining areas of agroforestry between 2009 and 2018, driven primarily by reduced grazing (Figure 4).
The above analysis, suggests that the estimates made by den Herder et al. (2017) for the EU27, using the 2012 data are still valid. Den Herder et al. (2017) estimated the total area occupied by agroforestry (excluding kitchen garden) in the EU27 of 154,000 km2 using LUCAS data from 2012, and Mosquera-Losada et al. (2018) estimated an area (including kitchen gardens and grazed shrublands without sparse tree cover) of 197,700 km2 using the same data. Within this study, for the same survey year and for the same countries we calculate an area of 200,443 km2, including kitchen gardens and grazed shrublands without sparse tree cover in a similar way to Mosquera-Losada et al. (2018). Obviously, both results are similar as identical classes were considered, with the minor variations probably resulting from the use of a harmonised data set in our study which was not previously available.
4.2 Implications for the analysis of LUCAS data
The above results demonstrate the importance of a consistent method for establishing grazing in the LUCAS dataset. If agroforestry areas are defined as areas where there are ecological and economic interactions between trees or shrubs and either crop and/or animals (Burgess and Rosati, 2018), then some criterion is needed to establish if, for example, the level of grazing is significant. Whilst the criterion for ‘grazing not relevant’ is relatively clear, judging between ‘grazing’ and ‘no-grazing’ is not easy and as demonstrated in this paper, the dividing line can have large effects on the estimated area of agroforestry if grazing is considered a necessary part of agroforestry involving livestock. For example, Jensletten and Klokov (2002) estimated that the area of reindeer husbandry in Northern Europe, which could be considered as agroforestry, was 410,000 km2, which is about four-times the total area of agroforestry in the EU28 of 114,621 km2 derived in our study from LUCAS in 2018. In the main, areas of reindeer husbandry in northern Sweden and Finland are not included as the evidence of grazing at individual sample points was insufficient. In addition, as described by den Herder et al. (2017), the level of sampling in mountainous and remote areas tend to be underrepresented in the LUCAS survey.
The analysis highlights that paired samples commonly assessed in 2015 and 2018 represented only 31%–38% of the total number of samples in each year, which means that some of the inter-annual variation could be due to changes in sample point location. This should not be a problem if a land type is common, but it could be important for less abundant land classes. Therefore, whilst analyses of common points are useful, analysis of real land use change could be clearer if LUCAS would maintain consistency in the number and location of the survey points.
4.3 Geographical variations in the total area and change in agroforestry
In 2018, using the LUCAS dataset, we calculated that the six defined agroforestry types in the EU28 (Table 3) occupied 114,621 km2, which represents 6% of utilised agricultural area (UAA). However, this paper demonstrates a consistent decrease in the area of agroforestry in the EU23 between 2009 and 2018. Although we did not recalculate a change in agroforestry per country between 2009 and 2012 to account for the reclassification of ‘grazing not relevant’, Spain which accounted for 40% of the EU28 agroforestry area in 2012, represented about 44% of the reduction that occurred between 2012 and 2018 (Table 5). Other than Spain, the two countries demonstrating the greatest loss in agroforestry between 2012 and 2018 were the United Kingdom (−70%) and Ireland (−56%). By contrast between 2012 and 2018, the calculated area of agroforestry increased in Hungary, Luxembourg, and Denmark. Some of the decline in the United Kingdom and Ireland may be related to the increased use of permanent housing for livestock, driven in part in the dairy sector by the greater use of automated milking (Barkema et al., 2015).
4.4 Explaining the decline in silvopastoral systems
Silvopastoral was the most common agroforestry practice accounting for 81% of the agroforestry area and 5% of UAA of the EU28 in 2018. Silvopastoral agroforestry has different compositions depending on bioclimatic conditions. Thus, in the Atlantic bioregion, about 27% of silvopastoral systems comprise grazed shrublands without sparse tree cover, and 32% comprise grassland with sparse trees or shrubs (Supplementry Table S2). In the Continental bioregion, 54% of silvopastoral systems comprise grazed grassland with sparse trees and shrubs (Supplementry Table S2). In Mediterranean areas, broadleaved woodland is the predominant cover (45%) (Supplementry Table S2), offering fodder reserves for livestock during the dry summer months and the shade provided by the trees can extend the growing season of pastures (San Miguel-Ayanz, 2004; Mosquera-Losada et al., 2018).
Almost all EU23 countries lost silvopastoral surfaces between 2009 and 2018. Moreno and Pulido (2009) report a decrease of the area and tree density of dehesas and montados since the second half of the 20th century. This decline could be related with increased mechanisation, stocking rate, death of trees in over-aged stands, farm abandonment associated with land degradation, water scarcity linked to climate change and depopulation associated with migration from rural to urban areas (Moreno and Pulido, 2009; Rodríguez-Rigueiro et al., 2021). An additional effect of the natural expansion of unmanaged forestlands in this region is the increased frequency of forest fires (Rodríguez-Rigueiro et al., 2021).
In Spain, the reduction in the agroforestry is associated with an abandonment of the farms with grazing livestock. The Spanish National Strategy to Combat Desertification (Ministerio para la Transición Ecológica y el Reto Demográfico, 2022) highlights the process of progressive intensification of livestock farms, including the increased use of housing and less use of grazing. In Greece, the use of nomadic flocks has also been reducing associated with urban expansion, land abandonment and the expansion of industrial crops in pastureland, which have led to a progressive increase of forest and shrubland in farmland and consequently an increase of fire risk (Colantoni et al., 2020). In Romania, Hartel et al. (2013) highlighted changes in traditional grazing systems in the Saxon region of Transylvania, such as the use of fire as a method for clearing pastures. They report that poor fire management perhaps resulted in the burning of half of the silvopastoral systems in this area in 2012. In addition, whilst cattle, horses, buffalo and pigs were the dominant livestock in silvopastoral systems in the last century, the majority of silvopastoral systems in 2012 were grazed only by sheep (60%). In Hungary, Varga (2017) reports that silvopastoral practices have been abandoned in recent decades due to the intensification of agriculture and forestry management. In some EU countries, high stocking densities are still supported by some subsidies from the Common Agriculture Policy (CAP) (Delattre et al., 2020). However, in general, establishing the evidence for the observed reduction in grazing at a national level is difficult due to a lack of official statistics about the area of grazing as opposed to grass cover, and this appears to be an important gap in the available evidence. Further research would be useful to address this issue, which is anticipated to have impacts in terms of biodiversity, fire risk and nutrient management.
4.5 Explaining the decline in agroforestry with permanent and arable crops
Permanent crops predominate in Mediterranean regions, where olive groves are the main form of permanent crop (69%) (Supplementry Table S3). According to Sánchez (1995), the presence of livestock within permanent crops allows cheaper weed control than the use of herbicides, and the vegetation provides fodder for cattle. In addition, in grazed permanent crops, yields can be higher than in ungrazed permanent crops (Sánchez, 1995). However despite these advantages, the area of grazed and intercropped permanent crops in the EU23 decreased by 63% from 8,552 km2 in 2012 to 3,162 km2 in 2018 (Table 4). The decline in the area of streuobst and près vergers in northern Europe, pomaradas in humid parts of northern Spain, joualle in southern France or walnuts intercropped with vegetables in the Italian region of Campania was also reported by Eichhorn et al. (2006). The reasons for the decline include the replacement of high-stem orchards with smaller trees, often on dwarf rootstocks, which supports mechanisation and prevents the integration of livestock. Duarte et al. (2008) highlighted that low profitability is one reason for the abandonment of traditional olive orchards in Mediterranean areas. International competition and imports of fruits and nuts from outside of Europe, such as walnuts from California, changes of land use to artificial areas as well as political measures in favour of more standardised means of production, have also been linked to a decline of permanent crop agroforestry across the EU (Eichhorn et al., 2006). Fungal diseases caused by species in the Botryosphaeriaceae family have also reduced the production of nut crops (such as almond, pistachio and walnut), and olives (Moral et al., 2019).
The reported area of silvoarable agroforestry in Europe is relatively small with a reported decrease from 2012 to 2015, and an increase from 2015 to 2018. This value probably ignores landscape features such a hedgerows and windbreaks which are considered as agroforestry in many frameworks. Historically removal of hedgerows and trees from arable fields have been related to the use of larger arable machinery. Esgalhado et al. (2021) analysed the drivers of land use changes in seven Mediterranean case studies (Portugal, Spain, France, Italy, Malta, Tunisia and Algeria) and found that agricultural intensification was typically associated with the simplification of production systems. The loss of trees has also been associated with the loss of landscape diversity and the loss of some wildlife species (Lasanta et al., 2017), and soil erosion. However, in some locations the need to control soil erosion and minimise water-borne pollution is encouraging farmers to re-integrate trees in cropping systems (Burgess and Rosati, 2018).
4.6 The increase in kitchen gardens
Kitchen gardens account for almost 1% of UAA of the EU28 in 2018 and 15% of the area of agroforestry, being particularly widespread in the Continental and Mediterranean bioregions. This form of agroforestry is associated with urban and peri-urban areas and provides a link between urban areas and local food production (Mosquera-Losada et al., 2018). Unlike other agroforestry practices, kitchen gardens showed a net increase in area in the EU23 from 2009 to 2018. The provision of kitchen gardens can be helpful in allowing local communities to enhance food security particularly during the current context of volatile food prices (Bidar et al., 2020). The large areas of kitchen gardens in central European countries could be related to the traditional use of orchards surrounding houses (Santiago-Freijanes et al., 2018). Urban gardening in cities such as Leipzig in Germany and Lisbon in Portugal is seen as a method to increase socio-ecological resilience (Cabral and Weiland, 2016). By contrast, kitchen gardens are disappearing in Czechia where the practice is negatively associated with the Soviet period (Spilková and Vágner, 2016). Hence the spatial distribution and expansion of this type of agroforestry is clearly related to cultural and political drivers.
4.7 Re-establishing the link between trees and food production at a farm-level
The results demonstrate that reductions in the area of grazing is reducing the area of agroforestry (where there are direct tree-animal interactions). However, as national governments and food producers set increasing priority on achieving net zero greenhouse gas emissions (Costa et al., 2022), there is increasing interest in increasing the area of tree cover on farms to ‘inset’ (as opposed to offsetting) the greenhouse gas emissions related to food production within the farm (Burgess and Graves, 2022). Because many countries across Europe have targets to increase the area of tree cover, whilst the direct link between trees and crop and/or animal production may be reducing in at a field level, the indirect links between trees and food production may be strengthening at farm level.
5 CONCLUSION
The analysis in this paper provides to our knowledge the first systematic analysis of how the area of agroforestry in Europe has changed over time, using data collected between 2009 and 2018. It uses a similar definition of the area of agroforestry to that used by den Herder et al. (2017), which specifies that there should be evidence of grazing in silvopastoral areas. The results demonstrate that agroforestry occurs throughout Europe, but the proportion of land occupied by the combination of woody perennials with crops and/or animals is greatest in the Mediterranean region. Silvopastoral systems are the most common form of agroforestry in Europe, accounting for about 81% of the agroforestry area in the EU28 area in 2018. The second most common category was kitchen gardens. An initial analysis of the changes in the area of agroforestry in the EU23 area from 2009 to 2018 suggested that the area of agroforestry increased from 2009 to 2012, and then declined from 2012 to 2018. However more detailed analysis suggests that our initial estimate of the area of agroforestry in 2009 was underestimated to an inconsistent use of the criterion for the ‘grazing not relevant’ category in LUCAS. With this correction, we propose that the actual pattern is of a consistent decline in the area of agroforestry in the EU23 area from 193,002 km2 in 2009 to 102,854 km2 in 2018, primarily related to a decline in silvopastoral systems from 172,700 km2 to 85,307 km2 over the same period. Moreover, we argue that a reason for this decline is a reduction in the outdoor grazing of livestock across Europe, partly caused by reduced ruminant numbers in some countries and the increasing permanent housing of livestock indoors. These reported changes in the level of grazing across Europe are worthy of further research, and could have other implications for biodiversity, fire-risk, and nutrient management.
In addition there has been a reduction in the area of grazed permanent crops due to the replacement of high-stem cultivars with short-stem trees which are more suited for mechanical harvesting and less suitable for the integration of livestock. By contrast, the area of kitchen gardens between 2009 and 2018 showed a net increase. The results demonstrate the usefulness of a consistent and regularly collected land cover and land use dataset, including grazing data, across a wide range of countries to understand the changes occurring in European agriculture. The results also demonstrate the importance in establishing clear criteria for the categorisation of different land uses and cover, and that it may be useful to minimise the inter-annual variation in the geographical location of sampling points. Although the reduction in the area of grazing is reducing the area of in-field agroforestry in Europe, the increasing interest in increasing tree cover on farms to mitigate and adapt to the effects of climate change, may be increasing the interactions between trees and food production at a farm-scale.
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FOOTNOTES
1Areas covered by trees with a canopy of at least 10% (Eurostat, 2019b).
2Areas dominated (at least 10% of the surface) by shrubs and low woody plants normally not able to reach more than 5 m of height. It may include sparsely occurring trees with a canopy below 10% (Eurostat, 2019b).
3Land predominantly covered by communities of grassland, grass-like plants and forbs including sparsely occurring trees (the tree canopy is between 5% and 10% and the total of the tree + shrub canopy is between 5% and 20% of the area) (Eurostat, 2019b).
4In 2018, following data of Eurostat, the total extent of utilised agricultural land for the EU28 was 1,791,446 km2.
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