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Abstract

:

Despite their importance for biodiversity and other ecosystem services, many semi-natural grasslands deteriorate or have even disappeared due to insufficient grazing and neglect. Preservation of grassland habitats depends on a good understanding of sustainable grazing management as well as effective agricultural policy measures that ensure long-term economic sustainability for the farmer. Through meta-evaluation and synthesis of previous investigations and discussion of scientific literature, we aimed to evaluate factors that determine the extent to which cattle and sheep in Sweden graze semi-natural grasslands instead of more productive land and what this means for biodiversity and sustainability. We also aimed to propose which practises and policy measures may be the most cost-effective to promote habitat quality and the sustainable use of grasslands. Results from a nationwide survey of Swedish farmers’ attitudes towards agri-environmental payment schemes are discussed in relation to farm characteristics and other factors influencing the use of cattle and sheep for sustainable grazing. This study supports recommendations by environmental economists that payments should be targeted more strongly at the most valuable grasslands, emphasising the need for a more detailed and nuanced framework for classifying grasslands in Europe. A comparison with independent estimates of the area of agricultural land from nation-wide, sample-based monitoring shows that the data from official statistics normally used for nationwide evaluations are partly biased and of insufficient quality, underscoring the need for more sophisticated and precise methods for monitoring both overall trends and detailed environmental effects related to the preservation of semi-natural grasslands.
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1. Introduction


Sustainable utilisation of grasslands is an important topic in many countries and has become increasingly important in the work to achieve the United Nations' Sustainable Development Goals [1]. The use and management status of grasslands in Europe depend largely on consumer demands, policy directives, and environmental conditions such as soil type and climate [2,3,4,5,6]. Grasslands have an important role in food production since ruminants can convert non-edible biomass into edible products for humans. However, grasslands are also important for the delivery of several ecosystem services, including water flow regulation, reduction of greenhouse gas emissions, and provision of pollinator habitats, even if the actual contribution to such services has rarely been quantified [7,8,9,10,11,12,13,14,15].



Natural or semi-natural grasslands can be defined as grasslands more or less strongly influenced by long-term grazing or mowing but not strongly influenced by cultivation (ploughing, seeding, or fertilization). Such grasslands are usually characterised by lower nutritional value and constraints on vegetation growth by climate and topography [12,13,16,17]. This, in combination with a generally lower intensity of management, can lead to heterogeneity over space and time in grazing impact and vegetation structure. One consequence of such variation is that more ecological niches are available for wild plants and animals, which contributes to biodiversity [5,18,19,20]. Low-productive semi-natural grasslands with a long history of grazing or mowing are very important for the preservation of biodiversity since they include some of the most species-rich habitats in agricultural landscapes [5,16,20,21,22,23]. Despite their importance for biodiversity, many semi-natural grasslands in Europe and other parts of the world have disappeared or deteriorated due to abandonment, over-fertilization, overgrazing, or insufficient grazing [2,3,13,17,21,24,25,26,27,28]. In Sweden, earlier evaluations of factors that influence the use of semi-natural grasslands have mainly focused on general environmental factors and management types [29,30,31,32] and less on variation between farmers, farms, and regions. Nationwide evaluations and surveys of valuable grasslands have highlighted the need to take into account the large variation in climate, vegetation type, species richness, and productivity [33,34,35,36]. The most apparent gradients are related to altitude and latitude, from arctic and alpine regions in the north and northwest to temperate and nemoral regions in the south, but also include a very large local variation. In northern Sweden, the proportion of agricultural land is much smaller, and the historical continuity of grazing is much shorter. The most species-rich grasslands are found in the dry and often calcareous grasslands in the southeast parts of the country [34,37,38], which corresponds to similar trends in other countries [6].



At the farm level, however, grassland management decisions made by individual farmers often determine the outcome of land use patterns and the potential for grasslands to deliver ecosystem services [39,40,41,42,43]. The priorities of the farmers are influenced by policy measures like agri-environmental payment schemes, which may be directly designed to stimulate grazing on relatively low-productive semi-natural grasslands. However, it is not only the contribution to the farm economy that determines the decisions of farmers in relation to such measures but also administrative, logistical, and social factors [29,42,44,45,46]. Indeed, grazing may not even be a management option for some specialised arable farms.



Until now, there has been a lack of knowledge about the various reasons why semi-natural grasslands are or are not grazed and how this influences biodiversity, in particular knowledge that explicitly takes into account differences among farms and regions [31,32,35,43]. Publications that evaluate the effectiveness and cost-efficiency of agri-environmental payments are generally based on data from national administrative databases but seldom go into detail about the characteristics of individual farms and differences in how the agri-environmental scheme rules are perceived and interpreted at the farm level. Secondly, the administrative data used for the evaluations was not primarily intended or designed to be used for evaluation or analysis of trends and may therefore contain biases or a lack of information or content. As regards the actual effects of policy measures on biodiversity, the information (if present) is often not presented with the overall variation among grassland types or regions in mind. Therefore, the advice from policy evaluations should be linked to farm characteristics and geographical variation in grassland availability.



We aimed to evaluate factors that determine to what extent cattle and sheep in Sweden graze semi-natural grasslands instead of more productive land and what this means for biodiversity in such habitats. More specifically, we attempted to identify and describe: (1) Variation in conditions on Swedish semi-natural grasslands, which affects the grazing requirements and political priorities, making comparisons with other countries with a comparable landscape structure; (2) Variation in farmers’ priorities and motives for using semi-natural grasslands for grazing, including environmental, economic, social and animal health considerations; (3) The most efficient policy measures and evaluation tools to achieve sustainable land use and preserved biodiversity by grazing in relation to, e.g., EU Common Agricultural Policy (CAP); (4) Requirements for evaluating effects of grassland grazing on biodiversity, biomass production available for grazing, and animal supervision, taking into account the large variation in grassland types and grazing demands. To achieve these aims, we analysed a previously unpublished nationwide survey of farmers’ attitudes and carried out additional analyses of environmental monitoring data from different grassland types in Sweden. How these data were obtained and analysed is presented in the next section. The main part of this paper, however, is the meta-evaluation of evidence from our own and other sources, presented in subsequent sections, each focusing on a different issue related to the sustainable grazing of semi-natural grasslands.




2. Material and Methods for the Additional Data Analyses


2.1. Data Acquisition


Data were acquired from a previous survey of farmer attitudes by the Swedish company Mind Research (unpublished, 2017) [47]. The survey was commissioned by the Swedish Board of Agriculture, aiming to better understand how farmers used grazing and their attitudes towards agri-environmental payment for grazing, as presented by Karlsson [47]. The focus of the survey was the payment scheme for management of pastures and meadows under CAP pillar II, and the replies related to farmers’ attitudes regarding their five-year commitments within the programme period for agri-environmental schemes in Sweden at the time (2014–2020). The survey was performed during August–September 2017 as a postal questionnaire with telephone reminders, with a total of 23 questions related to the size and number of animals at the farm, which areas of the farm were used for grazing and hay harvesting, which agri-environmental payments had been granted, and the farmer’s response and attitudes in relation to the rules for payment (Swedish Board of Agriculture and Mind Research, unpublished, 2017). The questionnaire was sent to 2600 Swedish farmers and was answered by 1117 farmers (43% response rate), out of a total population of 30,000 farms in Sweden. The results were weighted to represent the total population of farms with respect to two herd size categories for cattle (1–100 or >100) and sheep (1–50 or >50), respectively, and four geographical regions. The four regions corresponded to an administrative division of Sweden based on the dominant structure of the landscape and other factors influencing the potential for farm production (“jordbrukets produktionsområden”) [48].



To exemplify some of the most important aspects of small-scale and large-scale variation relevant for the handling and evaluation of agri-environmental policy tools, data were also collected from a monitoring programme by the Swedish University of Agricultural Sciences [49,50]. Starting in 2015, and as an extension of an earlier monitoring programme, a group of 18 Swedish county administrative boards (out of a total of 21) commissioned the Swedish University of Agricultural Sciences to start sample-based data collection for environmental monitoring of all agricultural grassland types [49]. This was done using stratified sampling [51,52,53,54] in landscape squares distributed over the total land area within all the participating counties [49]. According to the design of the monitoring programme, each landscape square was revisited every sixth year to evaluate both the spatial relations of grasslands and the changes in area, land use, vegetation structure, and natural quality for biodiversity over time. The dataset included data from 2015 to 2020, which was the full dataset from the six-year rotational sample. This sampling design implies that each site in the long-term time series is visited once every sixth year, and each year contains a random sample of sites from the full six-year period.



The methods for data collection in the monitoring programme included mapping of grassland habitats in both arable and semi-natural land with visual interpretation of aerial photographs in 3D, using frequently updated, high-resolution false-colour infrared aerial photographs in a digital computer environment [55,56]. This included full-cover mapping of polygons of arable land and pastures with 0.1 hectares as the minimum mappable unit and precision of polygon borders to a maximum 4 m deviation within landscape squares with a size of 3 × 3 km. Arable land and pasture grasslands were classified in accordance with existing statistics and official definitions and with high relevance to gradual land use changes and effects on habitat quality over time [50]. Within these grasslands, an additional sample of field plots with a 3-m radius were randomly distributed, and an extensive list of vascular plants, bryophytes, and lichens was used to describe plant species number and composition. For each circular plot, we used the total number of plant species as a continuous variable and a threshold value of five or more indicator species based on indicator values for reaction to grazing or mowing management by Tyler et al. [57] to categorise plots into “species-rich” or "species-poor," respectively. In addition, land use type and vegetation structure were described by a number of quantitative or categorical variables [49]. Earlier studies have shown that plant indicator values for, e.g., nutrients and moisture can be useful as efficient proxies for environmental factors determining management effects, productivity, and potential value for biodiversity in grasslands and other habitat types [23,36,58,59,60]. In the field plots of the monitoring programme, a classification of valuable grassland habitats was made for each of the plots as a data source for Sweden’s reporting to the EU’s Habitats Directive [61]. These data were also used to indicate which of the grasslands had a particularly high natural value.




2.2. Statistical Analysis


Results from sample-based monitoring data from grassland were used in this study to exemplify some of the most important aspects of small-scale and large-scale variation relevant for the handling and evaluation of agri-environmental policy tools. All included variables were treated as binary variables in the calculations, coded as 1 or 0. To compare proportions between groups, two-tailed adjusted Wald’s two-sample z tests for proportions were performed, setting alpha to 0.05. The variation among geographical regions and several levels of soil moisture and nutrient availability were only illustrated in figures and not tested statistically. All statistical analyses were made in SAS JMP software 16.0.0.





3. Variation in Biodiversity Value and Environmental Conditions of Grasslands


Before Swedish forestry became a lucrative business in itself, the land used for grazing was often forested with stony soils or sometimes rocky outcrops with thin soil layers, not suitable for more intensive agricultural uses such as mowing for hay or cultivation of crops [16,22]. When artificial fertilisers and efficient machinery for ploughing became available, more land could be intensively cultivated. Land with heavy clay soils, for example, could be drained, ploughed, and used for growing arable crops, and hay could be taken from cultivated leys (temporal grasslands). This meant that more land became available, and grazing could take place on better land formerly used for mowing or cultivation [19,22,62,63].



Present-day pastures can have a history of forest, hay meadow or arable land in different combinations and of different ages. Much of the land that currently has the vegetation and natural values of semi-natural grasslands was actually used for cultivation in the past [5,6,63,64]. The relationship between the time after last cultivation and the value for biodiversity depends heavily on soil conditions, moisture and tree layer. All this contributes to a large variation in the types of land in Sweden used for grazing and mowing nowadays [9,18,19,23,37,38].



Soil conditions are of fundamental importance to understanding and predicting both the production and biodiversity values of grasslands. In effect, both the biodiversity of plants in grassland vegetation [6,65] and the productivity in terms of biomass per hectare available for grazing are influenced by soil type and moisture in very much the same way [14,33,66]. However, empirical data on biomass production in relation to site characteristics and the effects of management by grazing on vegetation quality in Swedish semi-natural grasslands are scarce and partly unreliable [66]. In an attempt to predict the availability and possible lack of grazing animals in various parts of Sweden, Blom [33] used climate-related regional data for a quantitative model linking biomass production to vegetation type, length of the growing season, and the estimated availability of grazing animals. The study of Blom indicated that the availability of grazing cattle, sheep, and horses was a limiting factor for sufficient management of the available grasslands in about 40% of the 276 municipalities in Sweden [33].



The tradition of using forested land for extensive grazing partly explains why the majority of semi-natural grassland in Sweden still has quite a large amount of trees and shrubs, with varying coverage and structure. Wooded pastures and meadows may even be particularly useful in some regions because the intermediate shading reduces evaporation from plants and heat stress in animals during hot summer periods (mainly in south-eastern Sweden) and because leaves and twigs can be used as fodder [21,67]. However, it is common practise to remove woody plants because it is difficult to achieve a grazing intensity that completely prevents spontaneous recruitment and expansion of trees and shrubs [68]. What is a favourable status and an appropriate land management for biodiversity or cultural landscape values is determined by the extent to which trees and shrubs are valuable as traditional and desirable characteristic components of the site and should be maintained or are expanding because of insufficient grazing and should be removed [68,69,70].



Since the most productive and intensively used agricultural land is usually situated close to the farm centre, the most valuable grasslands for biodiversity and traditional cultural landscape preservation are often located in remote areas. The management may be labour-intensive and costly due to the need for repeated clearing, fencing, and time-demanding attendance and transport of animals. In Sweden, it has been repeatedly suggested that larger continuous pasture areas should be encouraged and facilitated by including adjacent woodland or other land to reduce the costs of fencing, attendance, and other management activities [16,46,71]. However, this would require more flexible agricultural policies and agri-environmental schemes [32,44], as well as new technical solutions for, for example, fencing or more efficient use of buildings for shelter, to save costs and labour [11,43]. It may also require a more sophisticated approach to regulations, management advice, monitoring, and evaluation tailored to local and regional variations in productivity, grazing costs, animal welfare, natural values, and other ecosystem services [11,72]. For example, Jamieson and Hessle [43] suggested that both cattle and sheep should be kept outdoors more often, even in winter, if they are sheltered from wind and if adequate measures are taken to prevent trampling damage and the accumulation of manure on the ground. The authors also indicated that so-called “virtual fencing” can be cost-effective for cattle. This is a technology where the animals wear collar-mounted GPS units that emit an audio tone or electrical pulse when an animal approaches the virtual fence line.




4. Incentives and Attitudes to Agri-Environmental Payment among Farmers


Several studies have concluded that economic and structural factors, such as farm size and ownership (tenancy), are important for farmers’ adoption of environmental management practices, but that socio-demographic factors and attitudes may also have a large and often underestimated impact [41,42,73,74]. Hansson and Ferguson [75] have shown the importance of such factors for strategic development decisions on Swedish dairy farms. Furthermore, farm size in itself may be correlated with on-farm landscape heterogeneity and the biodiversity of various organism groups [76].



Several studies have attempted to categorise farmers by their behaviour and attitudes. For example, Methorst et al. [77] used dairy farmers’ perceptions of opportunities for farm development to distinguish between three main options for future production: (1) to diversify, (2) to get more income from other sources (and possibly stop dairy production), and (3) to maximise production. This categorisation was useful to interpret differences in development at the farm level. Andersen et al. [78] compared farms according to size and type (for example, small hobby farms vs. large full-time farms) and showed that they differed in their willingness to adopt a multifunctional perspective that also included recreation and the provision of wildlife habitats. In a review, Burton [79] focused on farmer age, experience, education, and gender as important factors to determine behaviour in relation to environmental concern but concluded that the effects of such factors are complex and also influenced by cultural-historical patterns. According to Johansen et al. [13], Henle et al. [2] and FAO [17,26], more effort should be made to monitor and design indicators of possible conflicts between agricultural production and biodiversity conservation.



Boke Olén et al. [80] combined a set of quantitative indicators to analyse landscape change in relation to farm type for three regions of Sweden. The overall trends between 2008 and 2016 were similar for the three regions in terms of the total farm area and the proportion of semi-natural pastures. However, there were marked differences among farm types. Farms dominated by dairy, pig, or poultry production became larger, and there was a sharp reduction in the number of farms, which led to a slow decrease in the total area of agricultural land. However, farms with grass-based beef production increased in total area despite a decrease in the number of farms, and farms with field crops increased in both area and number. There were also large differences between the farm types in landscape openness, semi-natural grassland area, High Nature Values (HNV) area, and greenhouse gas emissions [80].



Pavlis et al. [45] presented a thorough discussion of different farm conditions in European grasslands, with great relevance for Sweden. The authors found large farms in general to be more likely to apply for agri-environmental payments, in which farmers may be granted payment in exchange for providing services linked to, for example, conservation of biodiversity, typically by maintaining grazing or mowing on land with high values for biodiversity. However, this was said to apply to a much greater extent to farms with livestock production than to those with crop production. The authors also referred to studies showing that younger farmers more often participate in agri-environmental schemes out of a personal interest in conservation, whereas older farmers take part to a lesser extent and then mainly for economic reasons. Family traditions and social factors were also important for some farmers. Lack of information or knowledge seemed to be a major reason hobby farmers did not participate [45].




5. Cost-Effectiveness of Policy Measures


Batáry et al. [81] emphasised that it is a common feature of European landscapes that areas of biodiversity interest are to a large extent linked to continued long-term agricultural practices. This is in contrast to other continents, such as North and South America, where agricultural practises are often not linked to high biological conservation values. In their review from 2015, they concluded that in general, studies showing positive effects of agri-environmental payments have generally been performed in countries and regions with intensive agriculture and a high proportion of cropland, for example, the United Kingdom and Germany, rather than in regions with agriculturally marginal practices. Also, new eastern EU member states have adopted similar practices, also in extensively farmed areas, with seemingly little or even negative effects on biodiversity [82,83].



It has frequently been shown from evaluation studies in the last decades that the existing agri-environmental schemes in the EU's CAP have often failed to prevent environmental deterioration. They may even, in some cases, have actively favoured agricultural intensification. This is mainly because they do not sufficiently take into account the large variation among farms and in the various factors influencing the decision-making of farmers [42], where the variation tends to be larger between farms within EU countries than between countries, despite the variation among countries in how the payment schemes are implemented. It is a conclusion with very general applicability within the EU that the agri-environmental scheme needs to be much more target-oriented, with specific aims, with a participatory design, and with simple, trusted implementation [42].



As a comparison with countries outside the EU, Norway has since the early 1970s, through legislation and economic subsidies, actively favoured traditional, small-scale farming, even in remote locations and regions with less favourable conditions for farming [84]. This is the reason Norway has significantly smaller farms than, for example, Sweden, which has much more actively favoured rationalisation into larger and structurally more efficient farms. Especially traditional mountain summer farming with diversified milk production in a varied and biologically rich landscape has remained a viable form of land use for much longer in central Norway than in Sweden [85]. However, more recently, in Norway, rationalisation and intensification have increased because the payments have not been sufficient to stop the decline in farm numbers [84].



In Switzerland too, a very active policy for preserving valuable landscapes and encouraging traditional grazing management has had clear effects [86]. This has been achieved through ambitious payment schemes focused on both cultural values and biodiversity, with payments based on detailed criteria such as the number of grazing days per season and the number of grazing animals. Furthermore, for decades, Switzerland has implemented a payment scheme based on a multitude of indicators, both positive quality indicators such as the occurrence of valuable plant species and indicators of negative influence such as erosion and shrub encroachment [86]. Ansell et al. [44] emphasised the importance of evaluating the cost-effectiveness of agri-environmental schemes in combination with assessments of their effects on biodiversity conservation and other public goods. According to their review, very few studies of the environmental effects of Common Agricultural Policy (CAP) measures have included costs and cost-effectiveness, which limits the usefulness of such studies as a basis for policy decisions. Despite this, Ansell et al. [44] argued that such evaluations should be performed much more often.



Brady et al. [32] evaluated important aspects of the CAP measures from both a European and Swedish perspective by contrasting and comparing economic models. The direct payments in CAP Pillar I are based on the area of agricultural land, and it is clear that the payments contribute significantly to keeping large areas of land in active use, especially marginal land. However, this form of payment has negative side effects, such as lower incentives for structural change and capitalisation due to higher prices to buy or rent farmland, making it inefficient. Brady et al. [32] predicted that it has hardly any effect on the total area of agricultural land in regions with intensive, high-productive agriculture, which would also exist without this additional payment. According to the same authors, the goal of preserving agricultural land in active use would be achieved more efficiently, at a much lower cost, and with fewer unintended side effects by directing the payment specifically to maintaining the use of marginal agricultural land with high costs and low productivity, i.e., land with the highest risk of being abandoned. The resources made available could then be used to increase the agri-environmental payments for activities that specifically benefit public goods, such as investments for reducing emissions, creating wetlands for nutrient retention, and managing low-productive grasslands for biodiversity. In order to achieve the goals of the CAP, the instruments must therefore better than today take into account regional characteristics and local conditions for land use [32,80].



A common strategy of several EU countries to deal with poor performance of agri-environmental schemes and low interest of farmers is to work towards some type of result-based payment scheme where farmers themselves can take a more active part in the evaluation and selection of activities. The higher flexibility and the link to actual effects on biodiversity can lead to a higher level of engagement and better cost efficiency [87,88]. However, this puts high demands on good and practically feasible indicators that can be linked to environmental effects [89,90]. Studies of farmers’ attitudes toward such reforms have been performed, for example, in Finland, Ireland, and Germany, where the expectations seem to be mixed but often cautiously optimistic [91,92,93,94].



The seemingly inefficient aspects of the CAP and the high costs for subsidies and payments have also led to a broader discussion of how the objectives can be reached and farmers compensated for costs and loss of income related to environmental management in relation to the newly adapted greening measures of Ecological Focus Areas and the European Green Deal [95]. This again highlights the importance of taking into account not only social, economic, and structural factors but also variation in attitudes and behaviour [42], and more scientifically well-founded requirements and incentives for such measures [96,97]. The Farm to Fork Strategy adopted by the EU in 2020 also puts this in context with climate policy and other broader policies for sustainable development [98].



Several studies [25,32,35,73,99] have concluded that agri-environmental payments and other guidelines for management would be much more cost-effective if they more clearly addressed the grasslands that are most valuable and that are most in need of support for maintaining appropriate grazing.



Some of the evaluation studies also emphasised that a large proportion of the payments went to farms in regions with the most intensive and productive agriculture, where grazing would be economically sustainable and where farmers, to a large extent, would manage the grasslands without such payments [25,32,73]. Brady et al. [32] concluded that a crude area-based payment scheme would counteract land abandonment in regions with marginal agriculture but would have much less effect in productive regions. The combination of production-based support in the direct payments in Pillar I and the payments for environmental values in Pillar II introduces conflicts of incentives, which to a large extent counteract the effects of the agri-environmental payments themselves. For example, in Sweden, the productivity criteria in Pillar I were implemented as a tree density limit to which grasslands were granted direct payments. Even if wooded pastures with high natural values were entitled to the agri-environmental payment of Pillar II, the strict implementation of this rule often led to the loss of direct payments for such land, which drastically reduced the economic incentives for maintaining the grazing or mowing management [68].




6. Data Quality and Availability for Evaluating Grazing Effects and Sustainability Goals


Attempts have been made to calculate the demand for grazing animals in all parts of Sweden, taking into account estimated biomass production in various vegetation types in relation to, for example, climate variation [33]. However, a recent study indicated that the available data on biomass production and nutritive quality from different types of semi-natural grasslands are too few and unreliable and may underestimate biomass production [66]. In addition, several Swedish studies have shown that grazing effects on biodiversity are not always simple and consistent but that they vary between animal species groups [18,100] and between sites and regions [36,101]. Similar results have been presented from other countries. For example, Diekmann et al. [23] showed that wet grasslands in Germany change and lose their natural values much faster than dry grasslands due to nutrient enrichment or changes in land use. In a broad comparison of land use type and history, Bonari et al. [102] emphasised that a variety of management types within and among landscapes is necessary to preserve a broad range of species diversity. A summary of the variation in land use, environmental factors, and vegetation in the Palearctic is provided by Dengler et al. [5].



The large variation in environmental conditions, biodiversity, and biomass production highlights the demands for more process-oriented studies of the management effects of grazing over a large range of ecological and geographical gradients as a background for broadly applicable and reliable policy decisions and priorities and for reliable statistics and evaluations. Prescriptions for grazing and mowing also need to take into account that the Swedish grasslands are almost always heterogeneous and include variation in site conditions [16,18,46,103]. A recent review of international scientific literature [104] highlighted some of the potential problems with designing and interpreting results from studies that aim to evaluate intervention measures, with a special focus on agri-environmental schemes. The review revealed disturbing weaknesses in study design and an unwillingness to discuss possible biases and caveats in scientific studies of intervention effects related to CAP measures. A majority of the 215 reviewed studies that attempted to investigate the environmental effects of agri-environmental payment schemes or organic farming did not include appropriate statistical control-impact or before-after treatments in the study design and also did not evaluate or discuss possible sources of bias [104]. The quantitative and structured review by Josefsson et al. [104] constitutes a meta-evaluation [105,106] in relation to the effects of policy measures.




7. Farmers’ Attitudes towards Agri-Environmental Schemes


Nitsch [29] conducted in-depth interviews with Swedish farmers in various types of farms and regions. Interviewees emphasised that the trend towards larger farm sizes also leads to higher costs for transporting animals, and higher investments in equipment entail demands for high revenues. In contrast, the farmers pointed out, it is more difficult for smaller farms to mobilise the money needed for large investments. Most farmers were supportive of keeping semi-natural grasslands but could feel controlled by rigid regulations. A common comment was that grazing intensity regulations must allow for variation between years, as weather conditions lead to large differences between years in biomass production and the timing of grazing and harvest. Other comments related to the preservation of trees and shrubs, with farmers often favouring a mosaic of open and wooded areas, both for aesthetic reasons and because trees provide additional shelter from wind and rain for grazing animals. The responding farmers also would like more flexible fencing rules for semi-natural grasslands, which today may not be fenced together with improved grassland on former arable land due to a risk of nutrient transfer to the semi-natural grasslands [103]. It was felt that fencing larger areas, including more grassland types, would facilitate the maintenance of a mosaic landscape [29,71].



The survey of farmers’ attitudes indicated that farms in mosaic regions in southern Sweden had a considerably higher proportion of permanent pasture (including semi-natural grasslands), whereas the opposite was the case in northern Sweden (Figure 1).



Furthermore, the data also showed that cattle farms in northern Sweden had a much higher proportion of grasslands where the farmers had not applied for any agri-environmental payment (“NP”) compared to when the farmers had applied for such agri-environmental payment (“SV” and/or “GV”) for all or parts of the grasslands in the farm (Figure 2). This indicates that there is an important regional factor that should be taken into account in further investigations. For sheep farms, there is a low proportion of farms that have agri-environmental payments in all regions, but the differences between regions are also large (Figure 3).



The attitude survey also showed large variation among farmers in what determined how they used their land for grazing. In general, farmers appreciated the agri-environmental payments for grazing or mowing semi-natural grasslands, acknowledged that they contributed to the continued management of such land, and could see the environmental benefits [47]. However, there were a large number of reasons for not applying for the subsidy payment in spite of this, the most common being concerns about sanctions (Figure 4).



Based on the attitude survey, several authors concluded that many farmers found the agri-environmental schemes to be useful [31,47]. However, 71% of the farmers replied that they would have managed the land in the same way without payment, which was interpreted by the Board of Agriculture [31] as meaning that there should be a rise in payment for the most valuable grasslands in terms of biodiversity because the need for detailed and specific rules and guidelines is the highest. Furthermore, the main effect until now has been improved incentives for managing seminatural grasslands overall rather than specific changes in management practices. The farmer's reply to how the agri-environmental payments influenced management decisions on a more detailed level gave a complex and partly contradictory picture of the grazing period and clearing of woody plants. The most common and consistent reply was that supplementary feeding would have been used more if it had been allowed in the agri-environmental scheme regulations (Figure 5). This might imply that farmers were concerned about the welfare of the grazing animals. However, Hultgren et al. [107] found no evidence for a relationship between the body condition of grazing cattle or sheep and the use of semi-natural grasslands for grazing. By combining free-text comments from the survey, Karlsson [47] obtained a more detailed picture, which would require a more in-depth evaluation with even more information about farm characteristics and possibly a set of follow-up questions in a future nationwide questionnaire. Land ownership was highlighted, for example, if the landowner or tenant who used the land for grazing was the one applying for an agri-environmental payment.



The main findings by Karlsson [47], based on results from the attitude survey of Swedish farmers, can be summarised as follows, separated according to general patterns relating to animal and farm type:



Sheep farms:




	
On average, farms are smaller and have a high proportion of semi-natural grasslands.



	
Focus on landscape care rather than production—especially on small part-time farms.



	
More concerned about costs for attendance and fencing



	
More sensitive to wild predators (wolves, etc.)



	
Animal care is more sensitive to parasites.








Small farms with cattle, mainly beef:




	
A higher proportion of these farms are in forest regions and in northern Sweden.



	
A larger proportion of farmers are above retirement age.



	
More reluctant to the administrative effort of applying for payment.



	
Fewer animals per unit area



	
More pressure on the farm economy because of lower income in relation to costs








Large farms with livestock grazing cattle for beef production:




	
Often, farmers apply for agri-environmental payments.








Large dairy farms:




	
Smaller area proportion of semi-natural grassland



	
Semi-natural grasslands are grazed mainly by heifers.



	
Milk cows graze only productive land because of higher energy requirements.








Large farms with indoor meat production from bulls:




	
Bulls are kept indoors all year around.



	
Only focus on meat production



	
Less interest in grazing or landscape care








Farms in general:




	
Land ownership and leasing affect the ability to apply for payment since it is often the landowner that applies for payment, not the leaser of land for grazing.



	
Result-based payment may have higher efficiency and acceptance.








Overall, it seems that small farms in forest regions are more reluctant to apply for agri-environmental payments, but the reason for this differs between hobby or part-time farmers and full-time farmers, as well as between sheep and cattle farms. However, high costs for transporting animals, fencing, and animal attendance seem to be a general feature of small farms.




8. Evaluation of Existing Data


One of the most disturbing results of recent studies on nationwide environmental monitoring, at least in Sweden, is that the official statistics used for evaluation and policy decisions may be biased and incomplete in terms of the amount, geographical distribution, type, and even management status and natural values. The most commonly used information on potentially valuable semi-natural grasslands in Sweden comes from the nationwide survey called the National Meadows and Pastures Inventory (TUVA), which was initially performed in 2002–2005 but has since been complemented in various ways [34,108,109,110]. Another important source of information is the administrative database of the Swedish Land Parcel Information System (LPIS) [101,111,112], which contains yearly information about all agricultural land where the farmer has applied for some type of agricultural subsidy or agri-environmental payment.



Additional analysis of this nationwide environmental monitoring [49], as referred to in the methods, indicates that the area of grasslands outside of these databases is much larger than previously known (Table 1).



The results from environmental monitoring indicate that the grasslands missing from available statistics include a large proportion of valuable grasslands, but also that they are relatively more often abandoned from grazing (Figure 6). This means that the available statistics and evaluations based on available databases risk underestimating area and, at the same time, overestimating the quality, status, and proportion of grasslands that still have active grazing. This underestimation of area in available statistics was shown to have a strong geographical component, which also directly or indirectly implies that there may be strong biases in the information about natural values and management status due to grazing or mowing. The lack of information relates to all of Sweden, but much more to northern Sweden and other forest-dominated regions.



Our analysis indicates that the proportion of grazed plots in semi-natural grasslands within and outside of LPIS was 85.9 and 40.4%, respectively (p < 0.0001). For improved grassland, the proportion within and outside of LPIS was 78.8 and 26.6%, respectively (p < 0.0001). The proportion of plots in semi-natural grassland that were classified as species-rich based on a threshold value of five or more indicator plant species was 42.8% within LPIS and 28.9% outside LPIS (p < 0.0001). For improved grasslands, the proportion was 20.0% within LPIS and 15.4% outside LPIS, but this difference was not statistically significant (p = 0.0846). A preliminary summary of results for classification of valuable grassland habitats according to the EU’s Habitats Directive (Figure 7) [61] shows that the grasslands included in available databases (LPIS and TUVA; cf. Table 1) [108,109,111,112] indeed have a higher proportion of valuable grassland habitats, but the overlap with grasslands not included is large. Whereas 60–80% of grasslands were classified as valuable grassland habitat in the well-documented grasslands that occur in both the LPIS and TUVA databases, the grasslands outside of the databases still have around 30% of valuable grassland habitat (Figure 7). A quick comparison with the results from Table 1 would yield the conclusion that about 20,000 ha of grasslands with valuable habitats risk being neglected by CAP and environmental statistics.



The proportion of plots with valuable grassland habitats in semi-natural grasslands within and outside of LPIS was 42.0 and 23.4%, respectively (p < 0.0001). Within LPIS grasslands, the proportion of plots within and outside objects in the TUVA database was 58.6 and 29.5%, respectively (p < 0.0001). The comparison for TUVA objects outside of LPIS was excluded because the number of plots in this category was small (cf. Figure 7).




9. Variation among Grassland Types in Soil Moisture and Nutrient Availability


The distinction between temporal grasslands (leys), improved permanent grasslands, and semi-natural grasslands is well established [113,114]. However, also within these categories, there is variation depending on soil type, climate, and grazing intensity [14,115]. The largest variation is generally among semi-natural grasslands, where human efforts to maximise, production have been less intensive. The European Nature Information System (EUNIS) habitat classification was developed for the European Environmental Agency as a pan-European classification covering both marine and terrestrial habitats [116]. In EUNIS, soil moisture has been chosen as one of the major classification criteria for grasslands, sometimes in combination with other criteria, and classes similar to EUNIS have also been used in a regional context, for example, for environmental indicators for the Nordic countries (Table 2) [117].



The relevance of grassland classification is also apparent for its strong influence of soil moisture and shading on biomass production and grazing requirements; the productivity of wet grasslands can be five times higher than that of dry grasslands (Table 2) [33,66]. In dry grasslands, late grazing and periods with low-intensity grazing can be favourable for biodiversity in that plant species can have the opportunity to flower [101]. However, in wet grasslands, such relaxed grazing protocols may lead to lower nutritive quality and the accumulation of grass litter, creating a feedback loop of deteriorated grazing quality for both grazing animals and biodiversity [23,103,118].



The lack of reliable quantitative data on production from hay fields and pastures (especially for semi-natural grasslands) in Sweden, but probably also in other countries, is a severe obstacle to the design and evaluation of cost-efficient agri-environmental payment schemes [11]. Calculations of costs and profitability for grasslands must take into account the large variation between regions, management types, and types of land. Calculations based only on averages can be misleading. Besides being important for the design and evaluation of policy tools, such data are also useful at the local level for the priorities, activities, and economic decisions of farmers and landowners, in which case they must be reliable in much detail even at the local level for and within a specific farm.



The total number of plant species, as a measure of biodiversity and natural value, also indicates strong relationships with soil moisture and nutrient status (Figure 8) [58,59]. Furthermore, and as expected, improved (fertilized and/or with a history of cultivation) and grasslands with lower agri-environmental payments (“general values”) and outside the LPIS database in general have a lower species richness of plants than semi-natural grasslands. However, in relative terms, the difference between land type categories in species number is small compared to the difference related to soil moisture and nutrient status, and the pattern in relation to these soil factors is remarkably similar among land type categories (Figure 8).



The proportion of plots that were classified as species-rich based on a threshold value of five or more indicator plant species (cf. Figure 6) was 37.4% in semi-natural grassland and 18.3% in improved grassland (p < 0.0001, n = 2048; adjusted Wald’s test, two-tailed). Within semi-natural grasslands, the proportion of plots that were classified as species-rich among grasslands with agri-environmental payment for special values was 53.0% and those without such payment 33.0% (p < 0.0001). We also used the classification of moisture and nutrients in relation to geographical regions. The common pattern among regions is that extremes of soil moisture and nutrients are quite rare in terms of total area. However, they still contribute to the total variation in habitat types, and in particular, the drier and most nutrient-poor sites may contribute proportionally more to total biodiversity when the most demanding management-dependent plant species are considered [6,36,58,119].



The comparison between regions also shows that the northern region of Norrland has a clearly larger proportion of grasslands in moister classes. The Baltic islands of Öland and Gotland have a larger proportion of the driest and most nutrient-poor grasslands included in the agricultural LPIS database, whereas this is not the case for grasslands outside LPIS. The grasslands of these islands differ from the mainland in that they mostly have thin soils on dense calcareous bedrock, which often means lower productivity but higher potential for biodiversity (Figure 6 and Figure 9). This means that comparisons based only on overall differences between regions or soil types risk being confused because of these regional differences. For example, the general species diversity of northern regions may be seen as lower only because they are to a higher extent moister or wetter grassland types, and the opposite may be the case for Öland and Gotland, with higher diversity in drier types. This highlights the need to understand what influences the use of cattle and sheep for grazing these semi-natural grasslands and the underlying causes of abandonment from grazing.



The proportion of plots that were classified as moist or wet in semi-natural grasslands within and outside of LPIS was 7.0 and 14.4%, respectively (p < 0.0001). The proportion of plots that were classified as nutrient-rich or very rich within and outside of LPIS was 51.4 and 51.1%, respectively, but this difference was not statistically significant (p = 0.921).



Our examples from monitoring data and from literature show that it is indeed possible to distinguish between different grassland types based on available databases (such as soil nutrients and moisture) or quantitative indicators (number of plant species or proportion of valuable habitat types). Such grassland types have different requirements for grazing and biodiversity, and they should therefore be treated differently in evaluations and management guidelines. Also, the tree and shrub layers are always included in the evaluation of status and management requirements, but more distinct, flexible, and ecologically motivated criteria would increase the ability to evaluate the response of trees and shrubs in relation to site conditions [120].




10. Consideration of Local and Regional Variation in Design and Evaluation of Policy Measures


The most unique and highly valuable grasslands are often well taken care of in protected areas, in payment schemes, and in evaluation programmes. For example, this includes much of the highly biodiverse calcareous grassland habitats in the Baltic islands of Öland and Gotland. However, these types of unique sites are still a very small proportion of the total grassland area in Sweden, and in large-scale evaluations, they are often outliers, both in natural value and in ecological conditions. Such areas would be better served by policy measures and monitoring efforts specifically designed for these habitat types.



The deterioration of grasslands due to a lack of grazing or mowing in some regions is more severe than the available data indicate. The lack of information about the most deteriorated or threatened grasslands means that evaluation must be changed to include all types of grasslands with natural values dependent on grazing. When better information about the actual state of grasslands has been achieved, policy measures need to be directed more towards regions where this lack of information is most serious, especially forest-dominated regions with smaller farms, less intensive agriculture, and lower productivity of agricultural land.



The attitude survey discussed above [47] indicated that small farms to a greater extent have sheep for landscape conservation purposes, but they are also more sensitive to high investment and maintenance costs, which are aggravated by more spatially fragmented agricultural land, higher transport costs for animals, and a higher risk of damage by large predators, parasites, or disease (especially for sheep).



The calculations of Cederberg et al. [11], based on estimations from interviewed farmers in the absence of reliable official data, showed that even detailed information of grassland area characteristics was not sufficient to calculate the economic outcome of payment schemes because the production costs per quantity produced from grazing were highly dependent on pasture size and location through their effect on costs for grazing management, including transport, attendance, and fencing. Since the costs were strongly related to land size, Cederberg et al. [11] suggested a payment based on the length of the permanent edges of fields and pastures rather than their area. This would favour more varied small-scale agricultural land, typically in varied landscapes with high biodiversity, where ecosystem services are highest and the need for such support is strongest [121].



As already mentioned, a large part of the Swedish grasslands is a broad mosaic of intermediate types where site conditions, management status, and natural values vary in a number of ways, both locally and regionally. A clear-cut distinction between “rich” and “poor” grasslands within this mosaic risks being quite arbitrary and makes the administration and control of management measures and policy guidelines difficult because the variation within each class can be larger than between classes. The results of Larsson et al. [35] indicate that quality criteria should be adapted to the character and possible threats to biodiversity in a more flexible way. This principle was tested in models by Larsson et al. [35], who argued that the difference in payment between the lower and the higher biodiversity quality grassland was too low, and therefore farmers could decide that the higher payment for more demanding management of valuable grasslands was not worth the effort or the risk of fines in case of non-compliance at controls.




11. Weaknesses, Potential Shortcomings and Suggestions for Future Research


This study aims to discuss a broad range of topics and the relationship between them, but the only data available were collected in other contexts and not specifically for this purpose. This resulted, for example, in it not being possible to separate the results from the monitoring data in a way that made them directly comparable with the results from the attitudes survey. Furthermore, because of the broad aims of the study, the literature survey included reports and scientific publications from various disciplines and of different character, making it difficult to compare the conclusions from socio-economical studies with corresponding results from ecological studies of biodiversity and actual effects on management. A more narrowly defined study could use more sophisticated and in-depth methods for meta-evaluation [105,106]. In this study, it has been repeatedly emphasised that there is a need to take differences in farm type, region, natural conditions, and prerequisites much more into consideration for the evaluation and design of policy measures. Future research should aim at formulating how such information can be incorporated and making this the basis for further evaluation in the form of questionnaires, socio-economical models, ecological experiments, and environmental monitoring. The most elaborate quantitative evaluations of agri-environmental policy are all based on administrative and/or socio-economic data, but there are no corresponding data with that explanatory potential for biodiversity and concrete management effects, which is a major limitation.




12. Conclusions


There are a variety of important factors that influence the costs and revenues related to maintaining the grazing of semi-natural grasslands, including the variation within the grasslands themselves. More sophisticated evaluation models are needed to take this variation into account. This seems to be the case for other EU countries as well. However, both Norway and Switzerland clearly exemplify that an active and consistent policy to support agriculture in landscapes with high natural values and a long history of traditional management may have large positive effects on biodiversity and landscape variation. There are many reasons why farmers choose not to include all available land in their agri-environmental payment applications. In general, smaller farms in northern or otherwise marginal agricultural regions of Sweden are more often reluctant to apply for such payments, even if they have more negative trends for area and quality of grasslands. Overall, the conclusions from the literature and the survey of attitudes are that existing policy measures are helpful to maintain or increase the area of semi-natural grasslands with grazing. However, agri-environmental payments are clearly insufficient in regions and farm categories with the most negative trends in areas of managed grasslands. A more differentiated payment and a stronger link to the actual value of biodiversity and ecosystem services are needed, and criteria for how to design and quantitatively evaluate a more differentiated scheme must be developed. There is a severe lack of reliable data and indicators for the evaluation of natural values and the effects of management practises over a broad range of grassland types, regions, and environmental conditions. One major limitation is that most evaluations of grassland policy measures rely heavily on administrative databases, which are often incomplete and biased in that land without agricultural subsidies or agri-environmental payments is strongly underrepresented. Independently collected and statistically representative data are of great importance and should be incorporated into all such evaluations.
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Figure 1. Average area per farm of improved temporal grassland on arable land (ley) and permanent grassland, including semi-natural grassland (pasture), on cattle and sheep farms according to the questionnaire sent out to farmers in 2017 (n = 1117 farms with a reply rate of The results of the questionnaire are separated into four regions of Sweden: agriculturally dominated (Agric. ); mosaic with a mix of arable land, pasture, and woodland in the south-east (Mosaic); forest-dominated in the south (Forest); and northern parts with much forest and a low proportion of semi-natural grassland (North), corresponding to the administrative regions in official Swedish agricultural statistics [46,48]. 
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Figure 2. Number of cattle farmers who stated in 2017 that they had applied for agri-environmental scheme (AES) payment for grazing management of grassland. A distinction is made for payments of grasslands with high natural (special, SV) values or with low natural (general, GV) values, in which the farmer has chosen to apply for such an AES payment for all of the grassland area within the farm that is eligible for such payment (”all land"), none or only a part of the area (”not all land”), and farmers that did not apply for any payment (NP). Unpublished data from the Swedish Board of Agriculture For an explanation of regions, see Figure 1. 
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Figure 3. Number of sheep farmers who stated in 2017 that they had applied for agri-environmental scheme (AES) payment for grazing management of grassland. A distinction is made for payments of grasslands with high natural (special, SV) values and with low natural (general, GV) values, in which the farmer has chosen to apply for such AES payment for all of the grassland area within the farm that is eligible for such payment (”all land”) or none or only a part of the area (”not all land”), and farmers that did not apply for any payment (NP). Unpublished data from the Swedish Board of Agriculture. For an explanation of regions, see Figure 1. 
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Figure 4. Number of farmers who in 2017 gave different reasons for not applying for agri-environmental payment for grazing in all or parts of the agricultural land (unpublished data from the Swedish Board of Agriculture). A: I will phase out parts of my farm; B: Insufficient payment; C: Difficult to change assignment; D: Rules are difficult to understand; E: Application is too complicated; F: I can see no environmental gains; G: I worry about sanctions; H: I lease out my land to others; I: I only graze some years; J: Other reasons For an explanation of regions, see Figure 1. 
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Figure 5. Number of farmers who in 2017 stated different activities that would have been preferred if they had been allowed by the agri-environmental scheme regulations (unpublished data from the Swedish Board of Agriculture). A: Use additional feeding; B: Let animals out earlier; C: Let animals out later; D: Graze for a longer period; E: Graze for a shorter period; F: More clearing of woody plants; G: Less clearing of woody plants; H: Other. For an explanation of regions, see Figure 1. 
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Figure 6. Proportion of the estimated area of grazed and ungrazed grassland within and outside the Swedish Land Parcel Information System (LPIS) [111,112] according to grassland monitoring from aerial photographs and field data [49,50]. Sp-rich is defined as having five indicator plant species or more. Note that this regional classification differs from the one used in the interview survey (Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5). 
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Figure 7. Proportion of visited plots from grassland monitoring classified as semi-natural grassland, with or without valuable grassland habitat according to the EU’s Habitats Directive [61], within and outside objects in the database of the National Inventory of Meadows and Pastures (TUVA) [108,109] and the administrative database of the Swedish Land Parcel Information System (LPIS) [111,112]. Since the number of plots in TUVA objects outside of LPIS was small, these were excluded from this comparison (cf. area figures in Table 1). For an explanation of regions, see Figure 6. 
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Figure 8. Average number of vascular plant species in sampling plots with a radius of 3 m from nation-wide sample-based monitoring, combined with data from the administrative database of the Swedish Land Parcel Information System (LPIS) [111,112] Error bars are the standard error of the mean. 
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Figure 9. Proportion of visited plots from nation-wide sample-based grassland monitoring for plots that were in the field classified as semi-natural grassland, combined with information in the administrative database of the Swedish Land Parcel Information System (LPIS) [111,112]. For an explanation of regions, see Figure 6. The classification of nutrient and moisture conditions was made based on plant indicator values [59,60]. 
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Table 1. Estimated area (mean, standard error (SE), and relative standard error (RSE)) of Swedish grassland and other agricultural land according to nationwide sample-based monitoring with areas mapped in high-resolution infrared aerial photographs, After mapping, the GIS layer was then overlayed with GIS layers from the database of the National Inventory of Meadows and Pastures (TUVA) [108,109] and the administrative database of the Swedish Land Parcel Information System (LPIS) [111,112].






Table 1. Estimated area (mean, standard error (SE), and relative standard error (RSE)) of Swedish grassland and other agricultural land according to nationwide sample-based monitoring with areas mapped in high-resolution infrared aerial photographs, After mapping, the GIS layer was then overlayed with GIS layers from the database of the National Inventory of Meadows and Pastures (TUVA) [108,109] and the administrative database of the Swedish Land Parcel Information System (LPIS) [111,112].





	

	
Area (ha)




	
Mean

	
SE

	
RSE






	
Semi-natural grassland

	
320,000

	
50,000

	