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ABSTRACT

Amongst all environmental public goods provided by farming, biodiversity is probably the most difficult
to describe due to its multidimensional character that encompasses agronomic, environmental, social,
cultural and economic dimensions. In spite of the efforts to guarantee a reasonable level of analysis in the
different countries, to date methodologies applied for the evaluation have had limited success in detecting
impacts. There are many reasons from lack of monitoring data to difficulties of establishing robust causal
linkages between the action/measure/programme and impacts on biodiversity.
An attempt to assess the impacts of RDP measures on farm-related public good, such as high nature value
farmland, has been carried out in a case study area dealing with different data availability and approaches
for comparison groups. The aim of the study is to show how different methodologies can be used with
fine- and coarse-scale variables, to disentangle the influence of site-specific circumstances and other
intervening factors. In the context of rural policy spatial and temporal dimensions are interlinked with social
dynamics while biodiversity responds to agricultural practices at different spatial and temporal scales. It
is a methodological challenge to create consistent linkages between micro level, usually represented by
beneficiary farms, and macro level that gives a comprehensive assessment of the RDP impacts.
Keywords: Biodiversity, Agrienvironment Policy, High Nature Value Farmland [9] Capturing the
environmental impact of agricultural activities

PAPER

1. Introduction
The High Nature Value concept (HNV) was introduced in the research fields and policy arena in the
beginning of the 1990s, aiming to demonstrate the role of certain farming systems in maintaining the
biodiversity of the European countryside. This concept is grounded on the assumption that low intensity
agriculturalmanagement often corresponds to an overall biological and landscape diversity in farmland
(Baldock at al. 1993; Beaufoyet al. 1994; Bignal and McCracken, 2000; Cooper et al. 2007). A significant
proportion of the European HNV farmland is located in Southern Europe mainly because agriculture in
the Mediterranean region did not undergo the same levels of specialization and intensification as in the
rest of Europe. As a consequence, it partially maintains its traditional farming systems (Beaufoy et al.
1994; Paracchini et al. 2008), especially those dependent on livestock grazing (Cooper et al. 2007).
The inclusion of the HNV concept into European policy, in the more general context of the integration of
environmental objectivesin sectoral policies such as the Common Agricultural Policy (CAP), dated at the
beginning of the first programming period 2000-2006 of the rural development policy under regulation
(EC) 1957/1999. Only more recently the issue of farm-related biodiversity has been integrated among
the measures of the first pillar of the CAP mainly focused on direct payments aimed to support farm
income, through the greening practices established by regulation (EU) 1307/2013. Unfortunately, it does
not produce reliable effects on the evolution of biodiversity, still under pressure with continuing loss
of habitats associated with agriculture support threatened and declining species (Henle et al. 2008;
Polákováet al., 2011; Pe’er et al., 2014).Agricultural intensification and land abandonment are important
global drivers of biodiversity loss and ecosystem degradation.Market pressures and distortedfarm
support policiesare increasingly making the farms in HNV areas economically unviable with the result
of increasing processes of intensificationand land abandonmentthat adversely impact the HNVfarmland
(Henle et al. 2008; Kleijn et al. 2009). The impact of policies on the evolution HNV areas was monitored and
evaluated since the implementation of 2007-2014 Rural Development Programmes (RDP). In particular the
Common Monitoring and Evaluation Framework (CMEF) foresaw a specific HNV indicator, mainly based
on studies conducted at European level by European Environment Agency (Andersen et al. 2003) and
the Joint research Centre (Paracchini et al. 2008; EEA, 2012). These first estimates were not considered
exhaustive of the monitoring work to be done for targeting policy instruments at national or regional level.
More context-based work needed within each Member States to estimate its extent and location. Among
a range of efforts to develop HNV indicators atthe EU and Member States level (Keenleyside et al. 2014),
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it can be summarised three different types of approach to identify HNV farmland (HNVf): a) land cover
characteristics; b) farming characteristics and practices; c) habitats or species of conservation concern.
To some extent the farming system approach, based on investigations on the use of inputs, livestock
density and other specific practices by farmers, presents more relationships with the implementation of
agricultural policies where the beneficiaries are already directly monitored through surveys.
The identification of HNV farming systems (HNVfs) at farm level allows to show the links between nature
values, agricultural practices and socio-economic characteristics where the farmer has seen as the
main decision maker on (farm)land use and the key actor for adopting environmentally sensitive forms
of farming also through the opportunity to obtain support under CAP policies. There were only few
attempts to use farm level data to categorise HNVfs(Andersen et al. 2003; Pointereau et al. 2007) and
even less to analyse the interrelationships among conservation efforts, production systems and policy
implementation (Trisorio et al. 2008). In this paper, we discuss difficulties related to the development of
HNV farming systems indicators, provide a short overview over current indicators, describe a specific
approach to elaborate HNVfs indicators that are currently developed and give a short overview over the
effects of policy instruments relevant to supporting HNV farming.
2. The concept of HNV farming systems
The European Environment Agency proposes three categories of HNVfarmland: 1) farmland with a high
proportion of semi-natural vegetation; 2) farmland dominated by low-intensity agriculture or amosaic
of semi-natural and cultivated land and small-scale features; and 3) farmland supporting rare species
or a high proportionof European or world populations of conservation concern (Andersen et al. 2003).
Although the third HNV farmland category may include intensively managed farming systemsthe vast
majority of habitats for rare or significant species rely onextensive farming practices. On the contrary
extensively or organically managed areas do not necessarily hold rare or endangered species but they
have been recognized as potential HNV farmland areas.
Generally, the indicators able to assess the extent and location of HNV farmland are composed by subindicators considering all the three types of categories (Paracchini et. al. 2009). However,the physical
extension of HNV farmland is mainly linked to both agricultural practices and farming systemsthat are
essential for its maintenance. Some of the most critical nature conservation issues in Europe relate to
changes to traditional farming practices on these habitats (Bignal and McCracken, 2000). To a certain
extent the objective to produce maps of HNV farmland, excluding or including farms for the purpose of
HNV support payments, is less important than using farm level indicators, adapted to local contexts, to
assess the characteristics of HNV farming systems to increase the environmental effectiveness of the
policy measures (Beaufoy and Cooper 2009; Poux and Pointereau2014; Keenleyside et al. 2014). According
to the main studies on HNV (Andersen et al. 2003; Cooper et al. 2007) the key core characteristics of HNV
farming systemsaround which a set of impact indicators can be set are: a) low intensity use of inputs
and other technical means (fertiliser and pesticides, livestock, machinery); b) presence of semi-natural
vegetation, such as unimproved grazing land and traditional hay meadows; and c) diversity of land cover
with a mosaic of land cover and land use including unfarmed features (Figure 1).Generally farming
systems,whose nature value results primarily from a high proportion of semi-natural vegetation or
the presence of a diversity of land cover combined with semi-natural elements,are related to low input
systems, corresponding to Type 1 and Type 2 of the HNV farmland categories. The difference between
these farming and land use types is not perfectly dichotomous and many HNV farmland areas are a mix
of different combinations at farm level.
Figure 1 - The Three Key Characteristics of HNV farming
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The way chosen at farm level to combine productive factors and land uses determines a continuum
along which different varieties of interactions between farming systems and biodiversity can be found.
Within this framework at farm level, the socioeconomic factors assume an important role because: This
continuum can representsa sequence of changes over time towards both agricultural intensification
orland abandoned, depending on local conditions,with loss of biodiversity value at parcel or landscape
scale due to different levels of habitat fragmentation (Polákováet al. 2011; Keenleyside et al. 2014). a) the
farm is the crucial level at which decisions are taken on land use and management; and b) the economic
viability is the first condition for farm being at work (Trisorio et al. 2008). Indeed, one of the main threats
to HNV farmland, that is abandonment or intensification of farming, strictly derives from the vulnerable
economy of the farming systems associated. Moreover, the level of economic viability might affect the
farm responsiveness to policy measures or, conversely, the policy measures in order to be effective
should be differentiated according to the economic viability of farms.
The assessment of the socioeconomic characteristics of farms in connection to their environmental
performance provides useful insights to policy design, allowing to better target instruments or to
differentiate farming policies (O’Rourke and Kramm 2012; Keenleyside et al. 2014). Policy responses,
indeed, are aimed at affecting farm behaviour that is mainly driven by economic and social factors.
Therefore, also environmental performance of farms can be modified through economic measures.
Taking into consideration the above mentioned key characteristics of the conservation value of
production systems and the nature of the land use decision making, HNV farming systems and the
resulting farmland can be considered as socio-ecological systems, where human activities such as
farming practices or crop and livestock breed selection have been influenced by local and regional
socioeconomic, cultural and environmental conditions, and at the same time, ecosystems have been
shaped by agricultural activities (Strohbachet al. 2015). HNV farming systems have in common that
they are often, though not exclusively, based on traditional and extensive farming practices (Bignal and
McCracken, 2000).
The variety of relationships among the different types of farming and land use creates a continuum
of combinations that makesany classification quite difficult to assess. Andersen et al. (2003) used a
categorical classification only based on few parameters (input cost; livestock; grassland; irrigation;
set-aside) with clear-cut thresholds that do not allow to take into account all the different combinations
showed by each farming systems. An alternative approach may be provided by the calculation of
composite indicator that summarises the environmental characteristics of the farm and allows to
rankthrough scores the level of nature value at farm level.
The use of composite indicators in order to analyse agricultural sustainability, or any other multidimensional concept such as HNV, is useful as a means of summarising the information provided by
several specific indicators in an overall judgement or assessment of farm (environmental) performance.
The development of transparent composite indicators allows to identify which aspects of agricultural
sustainability (HNV) are relevant in practice, considering the high variety of combinations of farming
practices and land uses.Several studies applied different techniques to build sustainability indices,
although the main guidance remained almost the same (Bockstaller et al. 2008; Gómez-Limón and
Sanchez-Fernandez 2010; Purvis et al. 2009; Reig-Martínez 2011; Westbury et al. 2011). The construction of
composite indicators starts with a) the selection of relevant indicator based on data availability and a solid
theoretical framework on the informative characteristics of each single indicator; b) the normalization
of indicators that transform base indicators intoadimensional variables; c) the aggregation of indicators
into one final index allowed by the normalization that makes indicators mathematically operational; d)
the weighting of indicators if a different importance to each dimension/indicator has been assigned in
the aggregation process,taking into account society’s preferences if possible. The use of indices should
be done with carefulness in all cases considering their pros and cons (OECD, EU and JRC 2008).
3. Materials and methods
The case study area is represented by Veneto region (NUTS 2 level) located in North East of Italy. The territory
is 56% low-lying, 15% hilly and 29% mountainous and the regional Utilised Agricultural Area (UAA) amounts
to 811,440 hectaresaccording to the 2010 agricultural census data. There are around 120,000 regional farms,
with approximately 75,000 employed units. Veneto is located within the Po Valley, one of the most intensive
agricultural areas of Italy. The sample used for the analysis is based on the Farm Accountancy Data Network
(FADN), established in all the EU member States since 1965. Data on individual holdings are available for the
period 2008 to 2013 which covers most of the years of the 2007-2013 RDP programming period. For each year
a number of observations variable from 691 to 879 farms was collected and processed.
One of the advantages of using the FADN dataset is that it includes information on the intensity of
farming that cannot be found in other EU wide datasets and, due to the common framework across the
Member States and the yearly update, enables its use for monitoring purposes and comparative analysis
at EU level. On the other hand there are also disadvantages due to the exclusion of economically small
farms and “non-professional” farms that may in fact represent an interesting share of potentially HNV
farms and in some areas they represent an important social pattern characterized by the presence of
semi-natural elements (hedgerows, stonewalls, trees, etc.). However they generally have an extremely
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reduced significance in terms of farmland and income. Moreover, a considerable part of theirfarmed
areas is run by contractor services or by other neighbouring farms and they may not show any particular
difference from the large-size intensive farms.
The multi-criteria approach aims to assess a naturalness score which determine the level of HNVfor
each farm. The method is based on different farming dimensions: management, cropping and livestock;
and two relevant domains of definition HNV, namely: land use and farm biodiversity. In this case study
nine measurable indicators are identified and calculated by FADN for each year. This allowed to define
a score for each farm between 0 and 1 (0 min, 1 max), depending on the level of impact on biodiversity
coming from the different farming practices taken into consideration in each farm. The values obtained
were inferred to the regional population through a weighing operation of the sample FADN. The list
of the base indicators with the weight associated and theiraverage values (with specific metric) with
standard deviations are presented in Table 1.
After the identification of indicators, the normalization of indicator scales allowed to sum up different
indicators. Indicator values were converted into scores according to the relationships between indicators
values and level of sustainability. Relationships can be linear, non linear, and scaling can be categorical
or binary. For each indicator scores are on a 0-to-1 scale. Before to aggregate the normalised indicators,
a weight was assigned to each base indicators (table 1). The high variability of the parameters depends
on the wide spectrum of typologies included in the FADN sample, representative of all the different type
of farming and economic dimension of the regional farms.
Table 1 - List of base indicators used in the analysis

The FADN dataset covers all the aspects related to farming intensity, although in some cases only with
measurementin monetary terms (input costs), and also gives some information on farm biodiversity
(number of crops, type of grassland). The only aspect not covered by this survey concerns the presence
of semi-natural vegetation and unfarmed features that require extra-time for surveying without any
advantaged from the point of view of economic situation of the farms. The use of some proxies (e.g.
presence of unproductive land or small patches of forest areas) did not prove very effective to identify
other variables useful to assess some of the topics of Type 1 or Type 2 criteria for the classification of
HNV farming systems.
4. Results and discussion
In general the average value of HNV-score remains more or less constant for all comparative periods,
reaching around to 0.29 in 2008-10 and 0.28 per 2011-13. For the socio-economic analysis we create
three different classes of HNV-score: i) No-HNV (HNV score <0.27); ii) Low-Medium HNV (HNV-score of
between 0.27- 0:35); iii) Medium-High HNV (HNV-score> 0.35). The definition of classes took into account
the frequency and distribution of the median HNV-score values of each year. In order to imply the naive
approach before-and-after the average score values for the period 2008-2010 vs. 2011-2013were considered.
In terms of relative distribution of HNV farms (Table 2), there is a slight decrease of the number of farms
from the first to the second period (from 44% in 2008-10 to 41% in 2011-13). In particular this reduction
pertains to farms with medium-high HNV scores. The same trend occurs to Utilised Agricultural Area
potentially classified as HNV switches from 33% (2008-10) to 26% (2011-13) for the medium-high HNV
farms, while it is stable in the medium-low score. The most of UAA relates the permanent grassland in
medium-high HNV farms, while arable crops are dominant for score low-medium farms, following the
permanent crops. These dynamics are reasonable considering the farm reduction during the reporting
period due to the economic situation. In fact, if in 2008-10 the economic situation has lowered the input
costs, and it has increased the permanent grassland systems and extensive systems, in the latter period
the worsening of the economic crisis has pushed out of the agricultural sector the marginal farms less
intensive and uncompetitive. Similarly, the percentage of livestock farms is greater for holding with
medium-high HNV score and in average fewer than 31 Livestock units (LU). Considering the LU on forage
area, the ratio for HNV farms is very low compared to no-HNV farms (Table 3).
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Table 2 - Percentage distribution of main economic indicators

As for other features farms, there are not significant differences as to the farmers’ age (values around
60 years for all classes considered). Taking into consideration a parameter measuring the percentage
share of family annual worker units below 40 years old on the total worker units, any difference
emerges. In fact, there is a tendency of youngFWU in the case of medium-high HNV score. However,
the differences are very small and considered the socio-demographic factors - synthesised by the age
proxies - do not seem to have such an effect on the farmers’ choices as to generate differences between
HNV scores of farms, probably due to the influence of other factors not currently taken into account.
The size of HNV holdings is larger than non-HNV ones only in terms of farming area for both periods (17
ha vs. 11 ha), whereas the economic size as well as the number of worker units are basically larger in
non-HNV farms (Table 3).
Table 3 - Structural profile of HNV and non-HNV farms
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Considering the comparison between the two periods, there has been a trend decline in the farm
net value added for all classes of HNV farms, although more impressive for the high HNV score. The
choice of adopting low intensive farming practices seems to depend mostly on soil-climatic factors.
Nevertheless, the lack of good opportunities for the economic development seems to limit the ability
of holdings to produce an adequate income. In terms of the subsidies, in general it detects a more
or less equal distribution for all the years considered. The larger economic size and the possibility of
allocating the production factors in a more effective way determine a remarkable difference in terms
of labour productivity (Net Value Added per AWU), that is higher in non-HNV farms than in the HNV
ones. In particular the analysis shows the increasing of the labour productivity for the no-HNV farms by
+26% between 2008-10 and 2011-13,while increasing the values onHNV farms, only respectively of + 6%
for low-score and + 7% for medium-high score. However the gap of labour productivity between HNV
and non-HNV farms increases from 10% to 23% in both periods (Table 4). The differences described
above can be explained by the hypothesis that more favourable soil-climatic conditions (generally in
lowland farms) allow the farmer to choose among a larger number of productive combinations, thus
favouring the specialised and intensive holdings. The greater difference between HNV and no HNV
farms, located generally in mountain areas, where structural and social factors very likely determine a
higher difference, is less intuitive.
Table 4 - Economic profile of HNV and non-HNV farms

This analysis confirms the essential contribution of the subsidies to the economic viability of the HNV
farms. The subsidies per Annual Worker Unit are greater in HNV farms compared to non-HNV farms,
where the amount of subsidies reaches higher levels in terms of area units. More precisely in the periods
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2008-10 and 2011-13 the subsidies per AWU generally increase: + 41% for the farm HNV at high score; of
+ 24% for medium-low score; + 33% for no-HNV farms. Also the gap between no-HNV and HNV farms
increases, from 27% to 35%. At least, comparing the net-of-subsidies labour productivity (net value
added minus subsidies per AWU) the difference between the two periods for the all HNV farm types
comes out very clearly: the “net” labour productivity of the medium-high HNV score farms (coming from
the market) is about two-thirds than the productivity of non-HNV farms in 2011-13, whereas many more
share in the previous period (83%) (Table 4).
The FADN dataset allows the analysis of the RDP impact on HNV farming systems. In the assessment of
the RDP effects, we considered Measures 211, 214 and other RDP subsides. The sub-measures are not
considered because FADN does not allow this differentiation. In general between 2008-10 and 2011-13
the beneficiaries farms located in HNV areas arise. In terms of distribution of all subsidies, those related
to the RDP doubled from about 8% to 17% of the total. In particular, the share of subsidies related to
agrienvironment payments increases from 2% to 10% of the total for HNV-farms at high score, as well
as the payments for Less Favoured Area (LFA) which increased from 5% to 6.5% for HNV farms at high
score. In general the same growth trend occurs for no-HNV farms and low-score (Table 4). The source
of the subsidies is slightly different between HNV (low-medium and medium-high score) and non-HNV
farms: the latter rely more on direct payments, whereas HNV farms received a more significant part
of the payments through the agrienvironment payments and the LFA allowance. The higher share of
HNV farms in mountain and other marginal areas can explain this difference. The choice to adopt a less
intensive farming system should be favoured by the AES payments. In particular these results show that
public expenditures play an important role in HNV farms. In fact, this subsides represent on average
30% of the net value added for medium-low and medium-high HNV score farms, against 16% registered
in non-HNV farms in the 2011-13 period (while in the previous period the share of subsides on value
added was respectively of 23% and 15%).
3. Conclusions
The availability of a farm sample yearly updated such as FADN gives the chance to monitor over time
the evolution of HNV farmland at micro level. Structural characteristics and information on crop and
livestock management already present in the current database allow to create good indicators that can
lead to the final composite indicator measuring the nature value of the farming system. The FADN sample
has the same structure all over European countries, so a relatively good comparison is possible among
Member States.The integration with other statistical surveys such as the Farm Structure Survey(FSS)
and administrative dataset such as the Integrated Administration and Control System (IACS) potentially
could increase the whole information system at farm level.
FADN data allow for the distinction in comparison groups (participant/non participant) where the
HNV characteristics can be assessed. A score at farm level - based on the aggregation of appropriate
indicators previously standardised and weighted - has been set in order to calculate the HNV degree
of farmed areas treated or not treated by RDP or other CAP measures. The efficiency analysis of HNV
farms vs non-HNV farms would provide useful insights into the role of subsidies supporting biodiversity
friendly practices. At the same time without an adequate knowledge of the economic and social
mechanisms which regulate the farmers´ behaviour it is not possible to understand the cause-effect
relation between farming and the preservation of biodiversity. The investigation of farming systems
is therefore essential to provide a complete picture in order to design appropriate measures for HNV
farming systems conservation. Well targeted measures design to reward for positive externalities
generated by farming activities can motivate farmers to modify their behaviour.
The FADN sample is more suitable than the one created by the Farm Structure Survey, since the survey
of economic and financial aspects allows a more appropriate description of farm-holders´ behaviour.
In order to exploit to the best the economic and financial information contained in FADN it is necessary
to integrate data gathering with information about farming practices, agricultural land use and the
management of the unfarmed features within the holdings. A major data limitation, observed in the
case study and cited in other references of this paper, concerns the lack of information on the extent of
semi-natural features in the farms and more generally in terms of land cover. Semi-natural vegetation
plays a major role in the provision of green infrastructures that increase significantly the biodiversity
values of a farmland area. Until now other indicators have proved not to be sufficiently informed to
create good proxy indicators. On the other hand the increasing availability of data concerning large and
small patches of perennial vegetation detected in fine-resolution satellite images should increase the
reliability of land cover in agro-ecosystems at reasonable monitoring costs (García-Feced et al. 2015).
An important challenge for the future regards georeferencing FADN data which might permit an
upscaling to regional level. The complexity of the georeferencing process – in spite of the progresses
achieved in recent years in terms of information technologies – further widens the difficulties related to
the availability of resources for this kind of surveys. It is necessary a better statistical representativeness
for more robust extrapolation from the FADN sample to regional estimations. Of course this could
increase the number of observations needed to have a sufficient statistical significance of the estimated
parameters and, consequently, the cost of the analysis. An alternative option could come from a link
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between FADN and FSS samples and IACS databases that could guaranteed a more appropriated
georeference for the farm samples. In this case special attention has to be given to data access that at
the moment represent one of the major obstacles for a better use of already existing databases both
from statistics institutes, monitoring agencies and administrative bodies.
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