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About the LIFT research project 

Ecological approaches to farming practices are gaining interest across Europe. As this interest 
grows there is a pressing need to assess the potential contributions these practices may make, 
the contexts in which they function and their attractiveness to farmers as potential adopters. 
In particular, ecological agriculture must be assessed against the aim of promoting the im-
proved performance and sustainability of farms, rural environment, rural societies and econ-
omies, together. 

The overall goal of LIFT is to identify the potential benefits of the adoption of ecological farm-
ing in the European Union (EU) and to understand how socio-economic and policy factors im-
pact the adoption, performance and sustainability of ecological farming at various scales, from 
the level of the single farm to that of a territory. 

To meet this goal, LIFT will assess the determinants of adoption of ecological approaches, and 
evaluate the performance and overall sustainability of these approaches in comparison to 
more conventional agriculture across a range of farm systems and geographic scales. LIFT will 
also develop new private arrangements and policy instruments that could improve the adop-
tion and subsequent performance and sustainability of the rural nexus. For this, LIFT will sug-
gest an innovative framework for multi-scale sustainability assessment aimed at identifying 
critical paths toward the adoption of ecological approaches to enhance public goods and eco-
system services delivery. This will be achieved through the integration of transdisciplinary sci-
entific knowledge and stakeholder expertise to co-develop innovative decision-support tools. 

The project will inform and support EU priorities relating to agriculture and the environment 
in order to promote the performance and sustainability of the combined rural system. At least 
30 case studies will be performed in order to reflect the enormous variety in the socio-eco-
nomic and bio-physical conditions for agriculture across the EU. 
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1 Summary 
This deliverable (D3.3 of the LIFT project) presents the results of a series of analyses carried out to 
evaluate the environmental performance of (ecological) farm management practices at the farm level. 
We use secondary data collected through a variety of approaches in an effort to evaluate environmen-
tal performance across various dimensions, from a qualitative description, through a quantitative as-
sessment to an empirical analysis. 

The deliverable presents summaries from three distinct analyses that were carried out within Task 3.4 
of the LIFT project. The analyses proceed in a pyramid-approach fashion, in which the most broad 
analysis is presented first, and all subsequent analyses presented increase in nuance and complexity. 
Prior to carrying out these analyses in this task, a rapid evidence assessment (REA) was performed. 
Evidence collected through the REA was compiled in a database and formed the basis for the subse-
quent qualitative and quantitative assessments of environmental performance of farm management 
practices. 

The pyramid first presents results from the qualitative and quantitative evaluation of the impact of 
(ecological) farm management practices on the supply of ecosystem services (ES) in European agricul-
ture. Quantitative, semi-quantitative and qualitative data was collected through the REA. Semi-quan-
titative data was then used to compose sub-indicators (SIs), presenting a dimensionless quantification 
of the impact of 26 management practices across 17 ES. Second, a monetary valuation of six ES was 
performed using a benefit transfer. The benefit transfer was carried out for two management practices 
in the Belgian Flemish case study Hageland-Haspengouw, namely for grass strips and hedgerows. 

Finally, we present summarised results from the various empirical analyses on farm environmental 
performance that have been carried out across the LIFT project. Results from four main approaches 
are summarised: (i) farm bio-economic model enabling the computation of environmental indicators 
for a specific farm; (ii) computation of environmental indicators and comparing them across types of 
ecological farms; (iii) farm efficiency, including in the model both economic and environmental inputs 
or outputs on the farm; and (iv) environmental damage computed at the farm or the plot level. Due to 
the scope of the empirical analyses, these were not performed based on the evidence compiled 
through the REA mentioned above. More extensive descriptions of the empirical analyses of farm en-
vironmental performance can be found in LIFT Deliverable 3.1 (Niedermayr et al., 2021a) describing 
the empirical analyses on farm economic performance (Task 3.2 of the LIFT project). 

The formulation of this deliverable and the work presented within allows us to obtain a comprehensive 
overview of the impact of various farm management practices on the supply of a number of ES. We 
see that methodologies differ in the scope and depth of results they are able to capture. As the ana-
lytical methodologies become more complex, the number of management practices and ES that can 
be considered within the analysis decreases. Simultaneously we see that as the number of manage-
ment practices/ES evaluated decreases, the nuance in the results increases. As such, by providing an 
overview of results from a variety of methodologies in this deliverable, we are able to present both 
broad picture and nuanced results on the environmental performance of ecological farm management 
practices. 
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2 Introduction 
Agroecosystems are arguably among the most important ecosystems to sustain human wellbeing. Not 
only do we rely on these systems for the provisioning of food and energy materials, we also derived 
many secondary benefits from them such as recreation, regulation of natural hazards and carbon se-
questration. Historically, however, these systems have been primarily managed to sustain food pro-
duction and other provisioning services (Sandhu et al., 2010; Swinton et al., 2007, 2006), with preser-
vation of secondary benefits remaining largely on the backburner. That is not to say both primary and 
secondary benefits cannot be maintained simultaneously. Through well-planned and regulated farm 
management practices (both conventional and ecological1), we can manage agroecosystems to find a 
balance between meeting demands for productive output and maximising environmental perfor-
mance to ensure long-term sustainability (Bateman et al., 2009; Pretty, 2008; Pretty and Bharucha, 
2014; Wezel et al., 2017). 

When evaluating the environmental performance of farm management practices, most studies adopt 
the ecosystem service (ES) concept (Turner and Daily, 2008). ES can be defined as the direct or indirect 
contribution of ecosystems to human well-being, capturing human-nature interactions (Haines-Young 
and Potschin, 2018). The Common International Classification of Ecosystem Services (CICES) catego-
rises ES into three broad categories, i) regulating and maintaining services, which help maintain proper 
functioning of ecosystems (e.g. biodiversity), ii) provisioning services, which supply productive output 
that can be directly exploited (e.g. crop production), and iii) cultural services, which influence people’s 
mental and physical wellbeing through non-material characteristics of an ecosystem (CICES, 2018). ES 
also contain a spatial component, with many ES emerging only if minimum scale threshold of specific 
service-providing processes/functions are met (Andersson et al., 2015). Relevant scale thresholds vary 
between ES from global (e.g. global climate mitigation) to plot level (e.g. pest control) (ibid). The hu-
man dimension of the human-nature interactions captured by the ES concept is also spatially explicit, 
with demand for certain services often driven by socio-cultural and/or geographic conditions (Potschin 
and Haines-Young, 2011). 

A notable number of the ES produced by agroecosystems have seen steady degradation with recent 
rapid population growth and sub- and exurban expansion (Kirchner et al., 2015; Kroeger and Casey, 
2007). Therefore it is worthwhile to make an assessment of ES to increase awareness amongst farmers, 
policy makers and the wider public to ensure their consideration when establishing farm management 
policies. Assessing ES can be achieved through a qualitative and/or quantitative approach (Busch et 
al., 2012). Qualitative assessment of ES involves the qualitative description of the state of ES 
stocks/flows, and is commonly approached through an evidence synthesis in which evidence from pri-
mary studies is compiled and described (Busch et al., 2012). Quantitative assessments involve the 
quantification of (changes in) ES stocks/flows, either in biophysical or monetary units.  

The biophysical quantification of ES involves the direct or indirect measure of the state of an ecosys-
tem. The former is achieved through surveys and questionnaires, in-field observations, and monitor-
ing, while the latter requires further interpretation or combination of biophysical measures with other 

                                                           
1 Ecological practices are understood in LIFT as low-input practices and/or practices that are environmentally friendly. The 
originality of LIFT in this view is not to focus on a specific type of ecological approaches, but to cover the whole continuum of 
farming approaches, from the most conventional to the most ecological, including the widest range of ecological approaches. 
This comprises the existing nomenclatures such as organic farming, low-input farming, agroecological farming, etc. It also 
encompasses approaches that are not yet part of a nomenclature, but that can be identified with various criteria such as 
management practices, on-farm diversification etc. Thus, conventional practices mean non-ecological practices. 
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environmental data (Burkhard and Maes, 2017). Both direct and indirect measurements of ES are ex-
pressed in biophysical units which vary depending on the ES assessed. As not all ES can be expressed 
in biophysical units, biophysical quantification is not appropriate for all ES. Such quantification is par-
ticularly challenging for cultural services, which are often intangible and not readily quantified. 

Monetary quantification of ES is achieved through economic assessments, either marker-based or non-
market based (Busch et al., 2012; Costanza et al., 2017; de Groot et al., 2002; Gómez-Baggethun et al., 
2010; Kroeger and Casey, 2007). In such assessments, the stock/flow of an ES is evaluated and quanti-
fied through attributing monetary value to the (changes in) stocks/flows. Expressing ES in monetary 
units is valuable as this facilitates their consideration amongst land managers and policy makers. Fur-
thermore, the commensurable nature of monetary units allows for trade-offs and synergies between 
services to be more readily evaluated, further promoting their integration into rural development 
schemes (Busch et al., 2012; Chan et al., 2012). Despite this, monetary valuation of ES is subject to 
critique within the literature. Firstly, such an approach assumes the various dimensions of services are 
commensurable, implying the value of services may be reduced to a single dimension (Kroeger and 
Casey, 2007; Rawluk et al., 2019). Secondly, the universal nature of money suggests that ES value can 
be considered in isolation from individuals’ relation and history with place, which is not always the 
case (Rawluk et al., 2019). And third, there are fears that monetary assessments of ES open the way 
for the privatisation and commodification of nature (Chan et al., 2012). 

In this deliverable we adopt a pyramid approach to evaluate the environmental performance of farm 
management practices, both conventional and ecological, through an assessment across various ES. 
This assessment consists of three broad dimensions. First, the provisioning of ES from farm manage-
ment practices is qualitatively assessed based on a rapid evidence assessment. This is then followed 
by a quantitative assessment through the composition of sub- and composite indicators, measured 
potential ES provision and overall environmental performance of management practices respectively. 
Second, a quantitative monetary assessment is performed on a handful of ES through a benefit trans-
fer. Lastly, environmental farm performance, quantitative performance (productivity) or financial per-
formance (profitability) of the various farm management practices is evaluated. 

Results from each dimension of the task described above are summarised in the body of this delivera-
ble. Sections 3, 4 and 5 describe the methodology adopted for, and the main results obtain by, the 
qualitative and quantitative assessment, the quantitative monetary assessment and the farm perfor-
mance analysis respectively. A more extensive description of the methodologies and results of the 
respective dimensions are available upon request from the authors. 
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3 Qualitative and quantitative ES assessment 
Qualitative and quantitative assessments of the ability of (ecological) farm management practices to 
supply ES are assessed through a systematic evidence synthesis. Specifically, we perform a REA to ex-
plore these linkages between practices and ES across various farming systems throughout Europe. Ev-
idence derived from the REA is then used to compose sub-indicators, evaluating potential supply of ES 
from management practices, as well as composite indicators, evaluating overall environmental perfor-
mance of a single practice. Firstly we compile a database of synthesised results through an REA of the 
literature, delineating the impacts of 26 farm management practices on 17 ES across farming systems 
across Europe. Observations from this database are then used to quantify the impact of management 
practices on ES through the calculation of sub-indicators (SIs). Finally, SIs are aggregated into compo-
site indicators (CIs) quantifying overall environmental performance of the management practices in 
three case study areas across Belgium and England.  

The research objectives of this exercise are framed within the Ecosystem Service Cascade model as 
proposed by (Potschin and Haines-Young, 2011). The Cascade model presents a ‘production chain’ in 
which ecological structures and processes are linked with human wellbeing through a five-tiered pro-
cess. Biophysical structures and processes underpin ecosystem functions, which in turn give rise to ES. 
ES then provide benefits through their (direct or indirect) exploitation by society, resulting in welfare 
gains. These benefits in turn are valued based on the socio-economic, cultural and spatiotemporal 
context of the system (ibid). The Cascade model can be interpreted as a social-ecological system, in 
which humans are considered a part of – rather than separate from – nature (Folke, 2007), and to 
which a supply/demand relationship may be applied. The ecological dimension of the Cascade model 
is commensurable with the concept of supply, whereby ecosystems supply ES. At the same time, the 
contextual characteristics specified in the social dimension of the model may be considered the un-
derlying functions determining demand for particular ES. When supply of and demand for an ES spa-
tially and temporally overlap, said ES is delivered. Without this spatial and temporal overlap, ES may 
be supplied by the ecological dimension and may be demanded by the social dimension, but there will 
be no delivery. 

While the complete description of results found in appendix pertain to two spatial scales, farm and 
territorial level, in this deliverable we focus only on the farm level results. Spatial scales are defined 
across two dimensions, depending on whether the supply of or demand for an ES is being assessed. 
Specifically, the supply of ES (evaluated through the SIs) warrants delineating farm-level based on the 
geographical scales at which a management practice is implemented. Spatial delineation of the de-
mand for ES (capture by CIs), on the other hand, is defined by end-users. Here, farm level end-users 
are defined as the farmers themselves.  

Through this exercise we provide what is to our knowledge, a first attempt at incorporating such two 
methodologies to gain a comprehensive overview of environmental performance of farm management 
practices in Europe. We address two main research questions: i) how do various farm management 
practices (both conventional and ecological) impact the delivery of ES in agroecosystems across Eu-
rope?, and ii) what is the overall environmental performance of (conventional and ecological) farm 
management practices? We aim for this approach to be considered as a framework which can be ap-
plied in various case study areas throughout Europe. Similarly to Rigby et al. (2001), we do not claim 
that the indicators presented in this paper are decisive of either farm management practice impacts 
on ES nor of environmental performance of said practices overall. Rather we assert that the proposed 
indicators are valuable in that they provide a first attempt at summarising the multitude of evidence 
available in the literature in a concise, intuitive and transparent manner. In this way we hope to gain a 
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better understanding of the current state of affairs in the literature, identify where (and which) evi-
dence is missing, and open up a discussion on how to go about utilising the information we already 
have and filling the remaining information gaps. 

3.1 Methodology 

3.2 Methodology 

3.2.1 Rapid evidence assessment 

Input provided by eight LIFT partners was combined with results from LIFT deliverable D1.1 (Rega et 
al., 2018) to select the 26 relevant management practices included in this assessment. Based on these 
selected practices, a search string from which articles were derived in WebofScience was composed 
through an iterative process. This process consisted of formulating a search string for the individual 
management practices, combining these into a composite search string, and then evaluating the 
search string results against the inclusion of a pre-defined set of reference articles. The comprehensive 
search string (Table A2), the full list of management practices (Table A1) as well as the reference arti-
cles included in this assessment can be found in Annex 1. 

Inclusion/exclusion criteria (described in Table A3) were used to determine the relevance of articles 
derived from the final search string. Using the inclusion/exclusion criteria, 647 articles were selected 
for inclusion based on title and abstract level screening. Reviewers consisting of experts from the LIFT 
project consortium, extracted meta-analytic data of the articles such as type of review, location of 
study, management practices adopted, specific practice(s) implemented, spatial scale considered, and 
ES assessed. A targeted selection of these 647 articles was conducted for full text reading. Targeted 
sampling consisted of, where possible, selecting five articles (of which one a meta-analysis) per man-
agement practice. This resulted in a total of 105 articles that were included in the final REA. At full text 
screening 10 more articles were excluded based on exclusion criteria, resulting in a final corpus of 95 
articles. 

For each article quantitative, semi-quantitative and qualitative data for the link between management 
practices and ES supply was extracted into an excel database. Semi-quantitative data was expressed 
as either a positive, inconclusive, or a negative relationship between the management practices eval-
uated and the ES assessed. As semi-quantitative data was extracted for all articles, but quantitative 
data was not, it was opted to use only the former for SI calculation. As such, observations are hence-
forth defined as semi-quantitative observations reflecting the potential supply of an ES from a man-
agement practice, which were coded as 1 (negative), 2 (inconclusive) and 3 (positive). An evaluation of 
overall article quality was also performed by each reviewer based on a set of 21 quality criteria adapted 
from Beillouin et al. (2019) and PRISMA (2015). The list of the 21 quality criteria can be found in Table 
A4 in Annex 1. Figures A1 through A3 in Annex 1 illustrate the template that was used to extract data 
from the articles reviewed. 

3.2.2 Sub-indicator composition 

Using semi-quantitative observations derived from the REA, SIs were calculated using a weighted arith-
metic mean to reflect the potential supply of an ES from a single management practice. A measure of 
article quality, as well as a measure of the number of articles from which observations were derived 
were incorporated into SI calculations to increase transparency. Figure 1 illustrates the SI calculation 
process visually. 
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Figure 1. Visual representation of the SI calculation process. The intermediate 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖  (the sum product 
across multiple observations (𝑥𝑥) and their respective article quality score (𝑞𝑞𝑥𝑥)) is multiplied by the cor-
rection factor (𝑤𝑤𝑖𝑖𝑖𝑖) to obtain 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 for each management practice 𝑖𝑖 linked to ecosystem service 𝑗𝑗. The 
correction factor is composed of a measure of the quantity of observations and the average article 
quality (𝑄𝑄�) across all articles included in 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖. 

 

SIs were composed following a three-step approach. First, observations were weighted against aver-
age article quality using a weighted arithmetic mean. Second, average article quality and number of 
articles were incorporated into a single correction factor per SI. Finally, the weighting factor was incor-
porated with the weighted observations into a single SI for each management practice 𝑖𝑖 and ES 𝑗𝑗. 

Reported SIs are supplemented with the respective correction factor (𝑤𝑤), consensus value (𝑐𝑐), number 
of observations (𝑛𝑛𝑛𝑛) and number of articles (𝑛𝑛𝑛𝑛). These supplementary measures ensure transparency 
and facilitate the interpretation of the SI. SIs range from -1 to +1; from a negative supply (i.e. the man-
agement practice has a negative impact on supply) to a positive supply. All supplementary measures 
are specific to an SI. The correction factor (𝑤𝑤) ranges between 0-1 and illustrates the trade-off between 
the quantity and quality of the evidence incorporated in the SI calculation. Average article quality is 
corrected downwards or upwards relative to the distance between the observed evidence quantity 
(𝑛𝑛𝑛𝑛) and the mean evidence quantity per SI at the farm (𝑛𝑛𝑛𝑛����𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) and territorial (𝑛𝑛𝑛𝑛����𝑡𝑡𝑡𝑡𝑓𝑓𝑓𝑓) level respec-
tively. The consensus value reports the level of agreement amongst observations, and is reported on 
a scale of 0 (no consensus) to 1 (complete consensus). Number of observations and number of articles 
are reported for the sake of increasing transparency. 

3.2.3 Composite indicator composition 

Each management practice may influence more than one ES. In order to assess the environmental 
performance of a management practice overall, the relevant SIs were aggregated into a single compo-
site indicator (CI) per management practice. To limit the degree of compensability allowed between 
ES in the aggregation, it was opted to implement a weighted geometric aggregation. To capture spatial 
variation in environmental performance as a result of variation in demands for ES, CIs were calculated 
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for three different case study areas. Regional difference in ES demand was accounted for by deriving 
distinct weights for each case study area at both spatial scales. 

ES weights, obtained through stakeholder engagement, reflect the relative importance of ES within 
three case study areas across western Europe: one area, Hageland-Haspengouw (HH), located in Flan-
ders, Belgium, and two areas, North Kent (NK) and High Weald (HW) located in England, UK. 

A comprehensive overview of the mathematical derivation of both SIs and CIs is available upon re-
quest. Sensitivity analyses were performed in which key assumptions of SI and CI composition de-
scribed in Annex 2 were relaxed in order to evaluate how these affect the proposed indicators. 

3.3 Results 

SIs were calculated to quantify the potential supply of 17 ES from a set of 26 farm management prac-
tices. A total of 193 SIs were calculated, of which 133 SIs were calculated at farm level. A significant 
difference was found in the number of SIs calculated for each of the three CICES ES categories (CICES, 
2018); significantly more SIs were calculated for regulating and maintaining ES compared to provision-
ing and cultural ES (P<0.001). The most frequently evaluated ES in the literature at the farm level was 
production (consisting of both crop and livestock production), followed by decontamination and fixing 
processes, and disease and pest control. The most frequently evaluated management practices at farm 
level were conservation tillage, crop rotation, mulching and the use of organic fertilisers. No significant 
differences were observed between the weighting factors of the SIs and the ES classes. 

Agri-environmental schemes (AES) had the highest positive impact on ES supply for its impact on pol-
lination services (𝑆𝑆𝑆𝑆 = 0.80,𝑤𝑤 = 0.80, 𝑐𝑐 = 1,𝑛𝑛𝑛𝑛 = 4,𝑛𝑛𝑛𝑛 = 1). This SI was calculated based on four 
observations derived from a single article. The directionality of the SI reflects the potential of a man-
agement practice to supply a particular ES. The correction factor (𝑤𝑤) contains a trade-off which favours 
quality over quantity of evidence. Considering the complete consensus amongst observations, and the 
fact that the number of observations included is only slightly below the average (𝑛𝑛𝑛𝑛����𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 6), the 
magnitude of the SI is primarily driven by the high quality of evidence. The highest negative impact 
was observed for the impact of the use of chemical pesticide inputs on soil formation and composition 
(SI=-0.73, 𝑤𝑤=0.73, 𝑐𝑐=1, 𝑛𝑛𝑛𝑛=1, 𝑛𝑛𝑛𝑛=1). Considering the low number of observations, the magnitude of 
the SI in this case reflects the quality and quantity of evidence in the literature identifying the negative 
directionality. 

Using the SIs we are also able to draw conclusions on the state of the literature. Here, we find that the 
literature could benefit greatly from an increase in high quality research at territorial level as well as 
for cultural ES. 

The highest positive overall environmental performance, quantified by the CIs, was observed for 
mulching across all three case study areas (CIHH=0.23, CIHW=0.24, and CINK=0.28). The highest negative 
overall environmental performance was observed for low agrochemical pesticide across all three case 
study areas (CIHH= -0.13, CIHW= -0.11 and CINK=-0.20). CI magnitudes (both high and low) are driven 
firstly by underlying SI magnitudes - which in turn are driven by a combination of evidence quality, 
evidence quantity and consensus amongst observations – and secondly by the weights reflecting de-
mand for particular ES in the case study areas. The weights primarily cause the variation observed in 
CIs between case study areas. While the highest and lowest performing management practices are 
commensurable between case study areas, the magnitudes of the CIs vary considerably. This is caused 
by the differing weights attributed to the 17 ES included in the assessment. 
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4 Quantitative monetary assessment 
The monetary quantification of PG and ES can be achieved through two main approaches; market and 
non-market based assessments (de Groot et al., 2002; Kroeger and Casey, 2007; Gomez-Baggethun et 
al., 2010; Busch et al., 2012; Costanza et al., 2017). Market-based assessments consider the ability of 
direct outputs from goods and services to be sold on the market, and are represented by the exchange 
value of a particular good or service in trade (de Groot et al., 2002). Non-marketed assessments are 
performed when markets for services are absent. Therefore, a monetary value must be attributed 
through proxy measures (Potschin and Haines-Young, 2011). The two most commonly applied meth-
odologies in such assessments include revealed preference and stated preference analyses (Costanza 
et al., 2017). The former infers value from individuals’ observed choices in a real-world setting, while 
the latter uses individuals’ responses to hypothetical situations to calculate monetary value through 
willingness to pay/accept (Costanza et al., 2017; de Groot et al., 2002; Gómez-Baggethun et al., 2010).  

Provisioning services are most readily monetised as these describe the material or energy outputs de-
rived from ecosystems (Power, 2010). Markets for (derivatives of) provisioning services also frequently 
exist, facilitating estimation of monetary values. Regulating and maintaining services, though not as 
readily monetised as provisioning services (because no markets exist), can be attributed a monetary 
value based on non-marketed, proxy measures. The monetary assessment of cultural services, on the 
other hand, is more complicated since cultural worth is highly individual and place-dependent (Rawluk 
et al., 2019). Nonetheless, through contingent valuation, a non-market based assessment approach, 
cultural services may also be attributed monetary quantification (e.g. Scarpa et al., 2015).  

The above-mentioned assessments to attribute monetary value to ES are all related to collecting pri-
mary data. However, when primary data is infeasible – too costly or time-consuming – a benefit trans-
fer (BT) approach provides an appropriate alternative to quantifying monetary values (Johnston et al., 
2015). BT extrapolates economic estimates from a study site, derived through one of the above men-
tioned approaches, to a similar policy site for which estimates are unknown (ibid). The accuracy and 
relevance of a BT hinges on the similarity between the two sites. The greater the similarity between 
the sites, in terms of site characteristics, valuation context as well as socio-demographic characteris-
tics, the greater the quality of the BT output. If study and policy sites are ill-matched in context, poten-
tial generalisation errors increase greatly (Johnston et al., 2015). Measurement error may also under-
mine BT output by carrying over underlying errors from the study site to estimates made at the policy 
site (Bateman et al., 2009; Johnston et al., 2015). Particularly when dealing with ES, this error may be 
significant (Johnston et al., 2015). Therefore, careful attention must be paid to not only the approxi-
mation of the policy site to the study site, but also the quality of the data reported for the study site.  

Here, a BT was used to derive monetary values for a subset of the ES quantified in section 3. For prag-
matic purposes, we adopt a unit value approach in which a single number or a set of numbers from 
pre-existing studies are transferred to the policy site.  

4.1 Methodology 

4.1.1 Benefit Transfer 

Using the database derived from the previously carried out REA (see section 3), we selected a relevant 
study to use as policy site for the BT. Specifically, we used data derived from Van Vooren et al. (2018) 
as this study provided detailed quantitative data relating management practices to particular ES, as 
well as a transparent methodology. Using ES, Van Vooren et al. (2018) evaluate the quantitative per-
formance of grass strips (GS) and hedgerows (HR) in an arable agricultural setting in two case study 
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areas (Polders and Heuvelland) in Flanders, Belgium. Table 1 provides and overview of the ES and their 
respective indicators that were monitored by Van Vooren et al. (2018). 

Table 1. List of ecosystem services and respective indicators monitored by Van Vooren et al. (2018). 

Ecosystem service Indicator 

Food production Yield (ton ha-1) 

Climate regulation Organic carbon stock (ton ha-1) 

Maintenance of chemical water quality Mineral N content (kg ha-1) 

Pest control Species diversity/density 

 

To attribute monetary values to these ES, we use the Nature Value Explorer tool (https://www.natu-
urwaardeverkenner.be) developed by Broekx et al. (2013). This tool is freely available online, and has 
been previously used in the literature for a similar purpose (Lerouge et al., 2016). The Nature Value 
Explorer uses GIS geodatabases to attribute monetary values to land use changes by comparing differ-
ent scenarios of intervention against a baseline. Through the use of GIS technology, the tool may be 
used to identify areas within a given parcel where a particular farm management practice is imple-
mented. The impact of this practice on ES delivery within the parcel is then compared against a base-
line, which is defined by the current land use practices. This provides the user with a great deal of 
freedom to manipulate scenarios to best match their expectations.  

Using the CICES version 4.3, the Nature Value Explorer tool expresses the value of ES within one of the 
seven considered ecosystems in terms of a qualitative score of 1 to 10, quantitative physical units de-
pendent on the service, as well as monetary units (€). The quantification of biomass production within 
the tool is based on the area in ha harvested in the study area. Monetary value for grassland biomass, 
which is primarily used as fodder within the agricultural firm, is estimated indirectly from the standard 
gross margins (market prices) of the livestock grown with the fodder.  

Soil carbon stocks within the tool are based on estimates from Meersmans et al. (2008), who per-
formed a regression approach to estimate the spatial distribution of soil organic carbon in Flanders, 
Belgium. Incorporating information on soil characteristics and vegetation type, potential maximum 
carbon content is estimated. Expressing these estimated in monetary values is achieved through 
avoided abatement costs of mitigation measured for climate change. The tool uses 30€/tonne CO2 
(100€/tonne C) as an average lower value, and 100€/tonne CO2 (366€/tonne C) as an average higher 
value for 2020.  

Avoided N and P leaching to water (water quality) is used as a proxy measure for soil mineral N content, 
as this is associated with the retention of nutrients in soils. N and P contents of soils are derived from 
the carbon content. Similarly to the approach adopted for quantifying soil carbon stocks, soil mineral 
N is monetarily valued through the avoided marginal abatement cost associated with the removal of 
an additional kg of N or P. Costs were calculated for the Flemish river basin management under the 
European Water Framework Directive. The highest marginal cost calculated to reach water quality ob-
jectives are 74€/kg N and 800€/kg P. Considering most measures have impact on both N and P it was 
deemed impossible by the creators to individually link avoided costs to separate pollutants. In an effort 
to avoid double-counting, it was therefore opted to estimate the value of nutrient retention across 
both pollutants simultaneously. The above mentioned marginal cost was used as a high estimate, while 
an average low estimate was derived from the literature (5€/kg N and 80€/kg P). 

https://www.natuurwaardeverkenner.be/
https://www.natuurwaardeverkenner.be/


 
LIFT – Deliverable D3.3 

 
 

L I F T - H 2 0 2 0  P a g e  16 | 47 

4.1.2 Sample selection 

Using GIS (QGIS V3.16.6), we attempted to match the modelled scenarios as accurately as possible 
with the sample parcels used in Van Vooren et al. (2018). To this end, scenarios illustrating the mone-
tary value of GS were modelled for the case study area of the Polders region, while HR scenarios were 
modelled for Hageland-Haspengouw. Though Van Vooren et al. (2018) quantify HR impact on ES in the 
case study area of Heuvelland, data restrictions did not allow for this area to be modelled using the 
Nature Value Explorer. As such, Hageland-Haspengouw was selected as an alternative study area due 
to its similarity in production type and landscape characteristics.  

Based on the specifications of sample parcels in Van Vooren et al. (2018), a set of criteria were identi-
fied for those plots to be used for GS and HR scenario modelling. In accordance with the below-men-
tioned criteria, 16 parcels (eight for GS and eight for HR) were selected for this BT modelling exercise. 
Parcels selected for GS modelling had to meet all of the following criteria: 

1. Parcels must be located in the Polders region (defined by the municipalities Sint-Laureins, As-
senede and Kaprijke); 

2. Parcels must be bordering a waterbody or water stream; 

3. Parcels must be sown with either potato, sugar beets, or winter wheat; and 

4. Parcels must have a minimum surface area of 1 ha.  

Parcels selected for HR modelling had to meet all of the following criteria: 

1. Parcels must be located in Hageland-Haspengouw; 

2. Parcels must be sown with either grass, legumes, of winter wheat; and 

3. Parcels must have a minimum surface area of 1 ha.  

Using the Nature Value Explorer, scenarios were then modelled on each of the 16 selected parcels. 
Eight of the 16 parcels were modelled with GS adjacent to a ditch and/or waterbody, and with a mini-
mum width of 12 meters. The remaining eight parcels were modelled with HR between 1-2 meters in 
width along one border, made up of a mixture of deciduous tree species.  

Monetary estimates were averaged across the eight parcels per intervention to obtain one single, av-
erage monetary value for each ES. Not all ES described by Van Vooren et al. (2018) could be modelled. 
However, the Nature Value Explorer allowed for some additional ES to be modelled instead. A list of 
the ES for which monetary value was derived using the Nature Value Explorer can be found in Table 2. 

4.2 Results 

Table 2 describes the resulting monetary value of a set of six ES under GS and HR management respec-
tively. Results are benchmarked against the current, extensive land use, therefore representing the 
monetary value of conversion from current arable agriculture practices to either GS or HR expressed 
in € year-1. We see that, based on the performance across all six considered ES, the conversion of arable 
land to HR along one parcel margin in Hageland-Haspengouw accrues a monetary value of 41.50 € 
year-1. Similarly, GS implemented along parcel margins in the Polders region accrues a cost of -186.38 
€ year-1. As the interventions (GS and HR) are modelled in two different case study regions, a compar-
ison between the two is not possible. Instead, results for each should be considered in isolation and 
are meant to serve as an example of the monetary value that can be estimated for each ES derived 
from GS and HR. 
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Table 2. Low and high monetary value estimate of a set of six ES provided by grass strips and hedgerows 
(€ year-1) management practices adopted in arable agricultural parcels across Flanders, Belgium. 

Ecosystem service 
Grass strips (GS) Hedgerows (HR) 

Low High Low High 

Food production -373.63 -706.63 -58 -107 

Wood production -2.88 -2.88 1.25 1.25 

Air quality -25.75 -25.75 13.75 13.75 

Water: Increased infiltration 0.38 0.38 -1.13 -1.13 

C storage (soils) 36.38 132.50 12.75 45.75 

C storage (biomass) -2.63 -9.38 0.75 2.50 

Recreation & tourism 167.88 167.88 63.75 63.75 

Total -186.38 -430 41.50 27.25 

 

When looking at the estimated monetary value for food production, we see that conversion of arable 
agriculture to both GS and HR accrue an economic cost rather than providing an economic benefit 
(indicated by the negative estimates). The cost accrued by GS is of a rather high magnitude, especially 
when compared to the cost of HR in terms of food production. This may be explained by the larger 
portion of arable land that is converted to non-productive land when implementing GS compared to 
HR. As specified by Van Vooren et al. (2018), GS were required to have a minimum width of 12 meters 
while HR were only minimally 1m in width. To this end, the average area covered by GS per modelled 
parcel in this assessment was 0.37 ha, which was 4.84% of the average considered parcel area. HR 
covered on average 0.04 ha per parcel, which, due to the overall smaller parcel size in Hageland-Has-
pengouw, equated to 1.1% of the average parcel area.  

Non-monetary quantification of ES benefits as reported by Van Vooren et al. (2018) also indicate a loss 
in crop yield under both intervention types. Here, the loss in crop yield as a result of HR implementa-
tion is not only attributed to loss of productive area, but also to a shading-effect, which postulates that 
crop yields directly adjacent to the HR may be reduced due to a reduction in solar radiation reaching 
the crops (Montgomery et al., 2020; Van Vooren et al., 2017). This shading-effect seems to be further 
illustrated in Van Vooren et al. (2017), where crop production was found to increase with an increase 
in distance/height ratio (the ratio of the distance from the HR to the height of the HR). Van Vooren et 
al. (2017) further illustrate that the overall impact of HR on crop yield may be further nuanced, with a 
loss of productive area in combination with the shading-effect resulting in a reduction of crop yield, 
while a simultaneous shelter effect results in an increase in crop yield. Without considering the impact 
of the loss of productive area, the authors conclude that the overall impact of HR on crop yield is 
positive. Unfortunately, this nuance is not possible within the current analysis due to input restrictions 
in the Nature Value Explorer tool used. 

Though wood production is not a service considered at the study site, results from the Nature Value 
Explorer enable its inclusion in this analysis. As is to be expected, the monetary value of wood produc-
tion from GS implementation in the Polders regions is negative, while this is positive, albeit only mar-
ginally so, for HR implemented in Hageland-Haspengouw. The negative monetary value for GS is likely 
caused by the specification of the reference scenario, i.e. the current land use. It is possible that certain 
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areas that have been converted to GS in the modelling process are registered in the input geodata-
bases as contributing to wood production in the baseline, which would therefore result in a loss in this 
productive output with the implementation of GS.  

While the monetary value of wood production from HR is positive, this estimate is expected to be 
highly dependent on the management scheme adopted by the farmer. The estimation model used by 
Broekx et al. (2013) estimates wood production for only a number of tree species using the average 
market prices paid for wood harvested in public forests. However, maintenance of HR does not occur 
along the same principles as agroforestry systems. Indeed, farmers may receive subsidies for the 
maintenance of HR following various strict pruning and harvesting guidelines (VLM Vlaamse Land 
Maatschappij, 2017). This nuance is not captured in the Nature Value Explorer, and the BT estimates 
for wood production should therefore be considered carefully. 

A monetary value of 13.75 € year-1 was estimated for the impact of HR on air quality. On the other 
hand, the impact of GS on air quality was estimated to accrue a cost of -25.75 € year-1. The positive 
monetary value estimated for the implementation of HR compared to the negative estimated value 
for the implementation of GS is not unexpected. While there is not much evidence pertaining particu-
larly to agricultural landscapes, trees, shrubs and other (semi-)permanent woody species have been 
found to effectively reduce air pollination and increase air quality in urban environments and along 
roads (e.g. Gromke et al., 2016). The cost associated with the implementation of GS, on the other hand, 
is likely once again related to both the local characteristics of the surrounding environment (e.g. dis-
tance to nearby roads) combined with the types of vegetation that have made way for GS in the base-
line scenario. 

The monetary value of increased infiltration rate related to GS implementation along parcel edges in 
the Polders region is estimated at 0.38 € year-1. For HR implemented in Hageland-Haspengouw, the 
monetary value is estimated as a cost of -1.13 € year-1. Though Van Vooren et al. (2018) do not consider 
infiltration in their assessment, results from the quantification exercise in section 3 as well as evidence 
from the literature (Holden et al., 2019; Montgomery et al., 2020; Stiles, 2016) indicate that the quan-
titative, non-monetary value of infiltration resulting from HR implementation is positive. Though we 
would assume a positive relationship between the non-monetary and monetary value of ES derived 
from farm management practices, this discrepancy in our results may be caused by the impact of geo-
spatial characteristics on the value of specific ES. Further, as the GS cover a greater area than the HR, 
these would likely increase infiltration capacity of the soils as a greater portion of the parcel is under 
non-productive land use compared to with HR. 

Unfortunately, the impact of GS and HR on water quality could not be estimated using the Nature 
Value Explorer tool. 

The monetary value of C storage was estimated for both soil and biomass storage. We see that for 
both GS and HR, the monetary value of C storage in soils is higher than in biomass, with an estimated 
value for the former of 36.38 € year-1 for GS and 12.75 € year-1 for HR. The discrepancy in monetary 
value between HR and GS is in accordance with the results of the non-monetary quantification re-
ported at the study site as well as in the literature more broadly (Holden et al., 2019; Montgomery et 
al., 2020; Van Vooren et al., 2018, 2017). At the study site, the yearly increase in soil organic carbon 
(SOC) stock as a result of the conversion of a portion of arable land to GS was estimated at 1.60 ton 
ha-1 year-1. According to the estimates made in this analysis, this increase equates to a monetary value 
of 36.38 € year-1.  

Estimates of the monetary value of C storage in biomass for GS are negative, indicating that the con-
version of arable land into non-productive GS along parcel edges in the Polders region accrues a cost 
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of -2.63 € year-1 in terms of C storage in biomass. At the same time, the monetary value for the same 
ES from HR implemented in Hageland-Haspengouw is positive, with a value of 0.75 € year-1. Similarly 
to wood production, HR maintenance has an impact on the amount of C stored in the biomass, with C 
storage in biomass decreasing with increased trimming and pruning (Axe et al., 2017). Though incor-
porating specific maintenance practices into the BT carried out here is beyond the scope of this evalu-
ation, readers should be aware of the interaction between the maintenance regimes and ES deliv-
ery/value when considering the results reported here.  

Monetary value of ES derived from management practices such as GS and HR are likely to change over 
time, and therefore any conclusions to inform policy-making decisions should be based on a multi-
temporal estimation rather than the snapshot estimation that is reported here.  

Though cultural services are not evaluated by Van Vooren et al. (2018), the Nature Value Explorer 
enabled us to estimate the monetary value of recreation and tourism benefits derived from GS and 
HR. The estimated monetary values of these interventions are 167.88 € year-1 and 63.75 € year-1 re-
spectively. While we are not able to compare these estimated outputs with result from the study site, 
we are able to refer to the estimation models used by Broekx et al. (2013) in the Nature Value Explorer 
to explain the discrepancy between the two interventions. Here, we see that monetary value is esti-
mated primarily based on spatial specifications, considering the characteristics of the surrounding area 
as a major contributor to monetary value.  

This highlights one of the key distinctions that needs to be made when comparing monetary estimates 
between the two interventions. Interventions were modelled in different case study regions, each with 
differing geographical characteristics. As the Nature Value Explorer is a spatially-explicit tool, using 
geospatial input data from various different geodatabases, the results must be interpreted as such. 
Therefore, making comparisons between the two management practices requires modelling the inter-
ventions within the same case study area. This would be a next step to adopt in this analysis. 
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5 Empirical analyses of farm environmental performance 
Farm environmental performance, whether in quantitative terms (productivity) or in financial terms 
(profitability), reveals how a farm performs using various environmental indicators. The latter would 
theoretically be pressure (impact) indicators, but generally the data available do not allow the meas-
urement of such indicators. Therefore, in general, in empirical assessments with farm-level data, prox-
ies are used and are often indicators of the extent of input use (costs in monetary values, or quantities), 
alone or in combination with economic output indicator (in the efficiency analyses). Several studies 
have been conducted in the LIFT project on this issue. They are summarised below. Some papers are 
provided in more details in LIFT Deliverable 3.1 (Niedermayr et al., 2021a) since they also assess jointly 
farm economic performance.  

5.1 Methodology 

Farm environmental performance has been investigated empirically in LIFT with four approaches: (i) 
farm bio-economic model enabling the computation of environmental indicators for a specific farm; 
(ii) computation of environmental indicators and comparing them across types of ecological farms; (iii) 
farm efficiency, including in the model both economic and environmental netputs on the farm; (iv) 
environmental damage computed at the farm or the plot level. The different studies carried out have 
been included in 13 academic papers (some already published) which are described below. 

5.1.1 Farm bio-economic models 

• Heinrichs et al. (2021) on legumes in France and Germany 

Heinrichs et al. (2021) use the bio-economic programming farm-scale model FarmDyn (Britz et al., 
2016), to quantify agronomic, economic and environmental impacts of increasing legume production 
(peas, faba beans and alfalfa) in France and in Germany. It therefore considers that when the farm 
produces legume it is more ecological, as increasing the legume production implies moving the farm 
towards low input production. More precisely, the study investigates the interaction of policy 
measures that, on the one hand, aim at promoting legume production (with voluntary coupled support 
in the frame of the CAP greening) and, on the other hand, potentially constrain their production by 
regulating N supply (with Nitrate Directive).  

Two farms are modelled: one French and one German intensively managed dairy farm located respec-
tively in Pays-de-la-Loire in France and North Rhine-Westphalia in Germany, both regions being char-
acterised by intensive livestock production under temperate climate. Data on yields and on input and 
output prices for legumes and other crops are extracted from public statistics and professional agricul-
tural press. In the baseline scenario both farms are conventional since there is no voluntary coupled 
production for legumes and the national implementation of the Nitrate Directive. In further scenarios, 
a voluntary coupled support is introduced in both farms, then the German Nitrate Directive is intro-
duced.  

The environmental indicators computed in the study are input indicators, namely protein self-suffi-
ciency and input quantity of mineral fertiliser and manure; global warming potential (GWP) of the 
farm; and indicator of N leaching. 

• Heinrichs and Britz (2021) on AES in Germany 

Heinrichs and Britz (2021) study the economic and environmental impacts of selected agri-environ-
mental and climatic measures (AECMs) in two conventional farms, one arable crop and the other dairy, 
in North Rhine-Westphalia in Germany. The baseline scenario excludes the opportunity to participate 
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at AECMs, and both farms comply with the greening regulation and the German Nitrate Directive. In 
the AECM scenario, AECMs exist and can be uptaken, with the corresponding subsidies which relate to 
catch crops, flower strips and the implementation of diversified crop rotation. 

The environmental indicators computed in the study are ratios of input use, N and P balances, pressure 
indicators (e.g. N-Leaching), life cycle analysis (LCA) indicators, and biodiversity indicators. 

• Kilcline et al. (2021) on sheep farms in Ireland 

Kilcline et al. (2021) develop a nationally representative bio-economic model to compare farm level 
economic and environmental performance of Irish sheep farms using Teagasc National Farm Survey 
(NFS) data (Ireland’s contribution to EU Farm Accountancy Data Network-FADN). Farm level Carbon 
Footprints are calculated in terms of the Carbon Dioxide (CO2) equivalent per kg of live weight equiv-
alent of sheep produced using a “cradle-to-farm-gate” LCA approach.  

The environmental performance of distinct sheep farming systems operating at different levels of pro-
duction intensity and input use is presented and compared. The data used consist of 3,235 sheep farm-
year observations over the 6 year period 2010 to 2015. The average farm size is 50 ha for hill farms 
and 42 ha for lowland farms. 

5.1.2 Environmental indicators 

• Lascano Galarza et al. (2021) and Niedermayr et al. (2021b) on FADN data in Italy and Austria 

Lascano Galarza et al. (2021) compute two environmental indicators for 2,117 Italian farms during 10 
years (2004-2013) using EU FADN data: the cost of crop protection products per ha of UAA, and the 
cost of chemical fertilisers per ha of UAA. The sample of farms include all production types of farming. 
The authors then regress the indicators on explanatory variables, including whether the farm produces 
under organic farming and whether the farm is participating in an AES. 

Niedermayr et al. (2021b) use FADN data for specialist dairy farms in Austria for the years 2014 and 
2015. The farms in the sample have an UAA of 31 ha on average and produce 106,400€ of output. The 
environmental indicators computed by the authors are intensities of inputs: veterinary expenses (in € 
per cow), fertiliser costs (in € per ha), crop protection costs (in € per ha) and concentrate feed costs (in 
€ per ha). The LIFT typology protocol developed in LIFT Deliverable 1.4 Rega et al. (2021) is used to 
assign farms to various ecological types: organic farms, integrated farms, farms that are organic and 
integrated, non-organic farms. In order to compare environmental indicators between farms that are 
similar in terms of structural characteristics, direct covariate matching (DCM) is used, where matching 
is performed upon several covariates at the same time. In this case, the covariates are: farm size meas-
ured in terms of standard output; site conditions proxied by LFA payments per livestock unit; the share 
of permanent grassland; and a dummy for the year 2014. 

• Jendrzejewski and Zawalińska (2021) and Ayouba et al. (2021) on data from the LIFT large-
scale farmer survey in Poland and France 

Jendrzejewski and Zawalińska (2021) for two Polish regions and Ayouba et al. (2021) for three French 
regions using the 2018 data from the LIFT large-scale farmer survey. The questionnaire has been spe-
cifically designed (see Deliverable 2.2, Tzouramani et al. (2019) so as to collect original farm data on 
practices and various other information, for the year 2018. Jendrzejewski and Zawalińska (2021) and 
Ayouba et al. (2021) compute performance indicators, and use propensity score matching (PSM) to 
compare them between two types of farms: ecological farms and non-ecological farms. Both types of 
farms are defined in different ways as explained below, and the comparison of performance is done 
for each pair of types:  
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- Certified organic: the ecological farms are certified organic farms, the non-ecological farms are 
not (T_org is a dummy variable taking the value 1 if Q9_sq02_A=1, 0 otherwise). 

- No chemical pest management: the ecological type is farms not using pest management chem-
ical products, and the non-ecological type is farms using them (T_pest is a dummy variable 
taking the value 1 if Q20A_1=0, 0 if Q20A_1=1). 

- Conservation tillage or no tillage: the ecological type is farms using conservation tillage or not 
tillage, and the non-ecological are farms not using this type of tillage (T_till is a dummy variable 
taking the value 1 if Q26C_2=1 OR Q26C_3=1; 0 otherwise). 

- Antibiotics for treatment only: the ecological type is farms using antibiotics for treatment only, 
and the non-ecological type is farms using antibiotics for both treatment and prevention (T_an-
tib is a dummy variable taking the value 1 if Q35A_2=1; 0 otherwise). 

Environmental performance indicators (for the year 2018) include three input use indicators and one 
output indicator. The input use indicators are (the first two ones were used for Polish farms, while the 
rest was used for French farms): use of chemical fertilisers (in PLN) per ha of UAA; use of fuel (PLN) per 
ha of UAA; percentage of UAA on which chemical products are applied; duration that concentrates are 
given (number of months); while the output indicator is the percentage of UAA covered with hedge-
rows. 

The comparison of these environmental indicators between both farm types (ecological and non-eco-
logical farms) is made with PSM, where similar farms in terms of structural and social characteristics 
(the so-called covariates) are compared. The covariates used in both countries are the age of the 
farmer, the experience of the farmer, the UAA, the share of owned land in UAA, and soil quality. Addi-
tional covariates are used for the French sample: gender of the farmer, education of the farmer, re-
gional dummy and dummy for farm localisation in less favoured area (LFA). 

The Polish sample includes 100 farms distributed over several farming types, in particular mixed crop 
and livestock farms, field crop farms, dairy farms and beef cattle farms. On average their UAA is 15 ha. 
They are located in Lubelskie and in Podlaski regions. Lubelskie is located in the south-eastern part of 
Poland, and is known as the agricultural area called a food granary of Poland with 70% of the region 
area in UAA. By contrast, Podlaskie in north-eastern Poland, counts vast forests and numerous lakes, 
and presents harsh climatic conditions for agriculture. The French sample used includes 162 farms 
specialised in dairy farming or beef cattle farming, mainly located in mountainous region Puy-de-Dôme 
in central France, where dairy and cattle beef farms produce high-value cheese. Other farms in the 
French sample are located in western France, in Ille-et-Vilaine where dairy farms are relatively inten-
sive and do not produce milk dairy products, and in Sarthe, where dairy and beef cattle farms have a 
less specialised orientation and produce also field crops. Farms in the French sample operate on aver-
age 115 ha of UAA and breed 111 livestock units for dairy and beef cattle. 

5.1.3 Farm technical-economic and environmental efficiency 

Four studies use frontiers methods to compute farm environmental performance together with tech-
nical-economic efficiency. 

• Huang et al. (2021) on arable crop farms in Sweden 

The authors used an unbalanced panel of data of 209 arable crop farms (specialist cereals, oilseeds 
and protein crops, general field cropping, and mixed cropping) from the Swedish FADN for the period 
2009-2016 in two regions of Sweden (North and South). Farms in the sample operate 110 ha of crop 
land and produce €2,260 of agricultural output on average.  
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The authors apply the concept of eco-efficiency (OECD, 1998; WBCSD, 1992) with a directional distance 
function Färe et al. (2005). In addition to the standard agricultural output and inputs, they include an 
environmentally-favourable input, namely a crop diversity index (CDI) lagged, and an undesirable out-
put namely the Herfindahl index (HI) which is an index of crop diversity loss. The novelty in this study 
is that the dynamic effects of crop diversity are accounted for in the production function, with the 
underlying assumption that crop diversity plays a dynamic role as input (crop diversity in previous years 
contributes to the production process in future years) and is a by-product in the production process. 
On average, the CDI of the sample is 0.79 and the HI is 0.21. 

• Sintori et al. (2021) on olive farms in Greece 

Similar to the above study, Sintori et al. (2021) use the concept of eco-efficiency. Their application is 
to the sample of Crete (Greece) olive farms from the LIFT large-scale farmer survey whose data are 
from 2018. The farms are located in the regions of Heraklion and Lasithi, located in the eastern part of 
the island. These two regions account for 15% of the total olive trees and 17% of the total olive pro-
duction of the country. The sample used include 65 olive farms, operating on average 4.9 ha and gen-
erating on average €13,340 of agricultural output. 

The authors use Data Envelopment Analysis (DEA) (Kuosmanen and Kortelainen (2005)) to compute 
eco-efficiency score with the standard agricultural output as the DEA output, and only environmental 
inputs are used in the inputs. The four environmental inputs include two environmentally-damaging 
inputs namely water consumption (total amount of irrigation water used per hectare) and fuel con-
sumption (total amount of fuel consumed to perform everyday tasks per hectare). The two other in-
puts are environmentally-favourable inputs, which are derived from the LIFT typology protocol in De-
liverable D1.4 Rega et al. (2021): a composite indicator of soil management that includes tillage prac-
tices and soil cover practices, and a composite indicator that includes fertilisation practices and pest 
management practices; the higher the indicators, the more environmentally-friendly the practices are. 
The inverse of the two indicators are used as inputs. 

After computing the efficiency scores, the authors use a truncated regression to investigate the drivers 
of efficiency. 

• Toma et al. (2021) on sheep and cattle farms in Scotland 

Toma et al. (2021) apply DEA on FADN data for 89 cattle or sheep farms in Scotland observed each 
year between 2011 and 2015. The inputs used in the DEA model are total assets, intermediate con-
sumption, paid labour and unpaid labour, while the output is an environmental output, that includes 
output from renewable energy, tourism, forestry. 

The LIFT typology protocol in Rega et al. (2021) is used to compare the efficiency scores of high input 
vs low input farms on the one hand, and of high integration vs low integration farms on the other hand. 
In a second stage the authors estimated the effect of various explanatory variables on the efficiency 
scores with a regression. 

• Niedermayr et al. (2021c)  on dairy farms in Austria 

Niedermayr et al. (2021c)  use data from the LIFT large-scale farmer survey for the year 2018 in regions 
Steyr-Kirchdorf and Salzburg und Umgebung, both situated at the northern edge of the Alps and north-
ern alpine foothills and characterised by a large share of farms specialised in grazing livestock. 

The authors define ecological and non-ecological farms in two ways: organic farms vs. non-organic 
farms; and farms certified within the EU quality scheme as traditional speciality guaranteed (TSG) un-
der the name haymilk farms vs. non haymilk farms. Many farms producing silage-free milk are certified 
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as haymilk TSG farms in Austria. In this system, grass can be cut less often, when hay is produced, 
compared to silage, which can be beneficial for biodiversity on grassland. Haymilk farms can be both 
organic or non-organic. In the LIFT large-scale farmer survey Austrian sample, non-organic farms (n = 
35) make up the biggest group, followed by organic haymilk farms (n = 20), organic farms (n = 16) and 
non-organic haymilk farms (n = 10). Farms in the sample are 36 ha large and produce €124,200 of 
output. An animal welfare index is calculated based on four animal welfare indicators: veterinary ex-
penses as a proxy for animal health; stable size; seasonal pasture and general outdoor access. The 
animal welfare index is 0.48 on average for the whole sample, and increases along the degree of eco-
logical farming, namely from non-organic farms (0.37), non-organic haymilk farms (0.40), organic farms 
(0.59), and organic haymilk farms (0.60). 

Efficiency accounting for both agricultural and environmental outputs is computed with DEA. Two DEA 
models are used, both with the same standard inputs, but with different outputs. One model includes 
two outputs, namely animal welfare and total output excluding subsidies, and one model has one sin-
gle output, namely total output including agri-environmental and organic subsidies. In a second-stage, 
the authors estimate the impact of various drivers on farms’ efficiency. 

5.1.4 Environmental damage 

• Dakpo and Femenia (2021) for wheat farms in France 

Dakpo and Femenia (2021) examine pesticide efficiency using stochastic frontier analysis (SFA). Pesti-
cides are not considered as standard input, but under the damage control specification (exponential 
and logistic). The authors develop an input-specific efficiency measure and overcome the potential 
endogeneity issue by relying on a dual approach. Following the framework developed in Chambers and 
Lichtenberg (1994), they derive pesticide demand and then adjust this function to account for ineffi-
ciency. Using a maximum likelihood approach, the obtained model is estimated on a large sample of 
about 2,000 French wheat farmers in the Meuse (north-east France) region over the period 1998 to 
2014, whose data are obtained from local farm accountancy offices. 

• Dakpo et al. (2021) for wheat plots in France 

Dakpo et al. (2021) evaluate nitrogen excess marginal abatement cost (MAC) in French wheat produc-
tion. The authors consider a novel framework for modelling pollution-generating technologies based 
on multi-equation (namely the by-production as in Murty et al. (2012)). The basic principle of this ap-
proach is to consider that the overall technology is the intersection of two sub-technologies—one for 
the production of good outputs and the other for the generation of bad outputs. The estimation of the 
MAC is based on the potential trade-offs involving nitrogen excess. Trade-offs are estimated using a 
quantile approach to account for the potential inefficiency of producers. An extension of the stochastic 
DEA has been developed to account for the generation of bad outputs. The application is to a sample 
of plots cultivated with wheat in France in 2017 and managed by the French Ministry of Agriculture 
(database “Pratiques Culturales”). According to the authors, the plot level is the level where the envi-
ronment is at stake for nitrogen pollution. In a specific farm, there may not be nitrogen excess when 
considering the farm as a whole. Still, there may be high excess on some plots, implying potential ni-
trogen losses to the environment that would need to be addressed. 
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5.2 Results 

5.2.1 Farm bio-economic models 

• Heinrichs et al. (2021) on legumes in France and Germany 

Since legumes provide nitrogen, the increase in legume production has an input-saving effect by de-
creasing the use of purchased feed, increasing the farms protein self-sufficiency, and the reduced use 
of N fertiliser. Under the French Nitrate Directive, N leaching decreases almost continuously to reach 
a maximal decrease of 16%, whereas, under the German Nitrate Directive, it decreases only by 5%. 
This gap is due to the spreading of manure on grain legumes, provoking their over-fertilisation and 
thus, additional N leaching. The GWP decreases by 5% under the French Nitrate Directive and by 2% 
under the German Nitrate Directive. Additional details can be found in section 5.4 of LIFT Deliverable 
D3.1. 

• Heinrichs and Britz (2021) on AES in Germany 

According to Heinrichs and Britz (2021), in the baseline scenario without the possibility to participate 
at AECMs, both crop and dairy farms comply with the greening regulations. After implementing AECMs 
as voluntary policy measure, both farms introduce 10% of flower strips to the farm. Thereby, flower 
strips substitute against rape seed production. The introduction of AECMs results in a considerable 
decrease in input requirements on both farms. The conversion to a more extensive crop mix due to 
the integration of flower stripes combined with the reduced application of mineral fertilisers results in 
an improvement of pressure indicators. The LCA analysis indicates a decrease of the GWP by 11%. 
Using SMART index and SALCA methods, the authors show that biodiversity increases. Additional de-
tails can be found in section 5.3 of LIFT Deliverable D3.1. 

• Kilcline et al. (2021) on sheep farms in Ireland 

Kilcline et al. (2021) estimate that the average carbon footprint per kg of live weight produced to be 
13% lower on lowland farms in comparison to hill farms. Taking into account the carbon sequestration 
value of grassland reduces the carbon footprints on farms. In line with O’Brien et al. (2015), the carbon 
sequestration rate had a relatively larger impact on reducing emissions for more extensive farms in-
cluding hill farms. The breakdown of emissions shows that animal activities represent the largest 
source, with Tier I estimates of enteric fermentation and manure management comprising 64% and 
6% of total emissions respectively. Other emissions include those emissions from soils (14%) and total 
emissions associated with feed production (16%). Additional details can be found in section 5.1 of LIFT 
Deliverable D3.1. 

5.2.2 Environmental indicators 

• Lascano Galarza et al. (2021) and Niedermayr et al. (2021b) on FADN data in Italy and Austria 

Lascano Galarza et al. (2021), with their regression for Italian FADN farms, show that, conform to intu-
ition, the cost of crop protection products per ha is significantly lower for farms that fully produce 
under certified organic farming than other farms, the difference being about €120 per ha. The cost for 
farms producing both under certified organic farming and non-organic approaches is not significantly 
different than other farms. As regard the cost of chemical fertilisers per ha of UAA, the results of the 
regression on this indicator indicate that producing under organic farming, whether on the whole farm 
or partly, has no impact on this cost. Both regressions show that being specialist horticulture farm has 
the stronger positive impact on both types of costs, but that participating in an AES reduces both types 
of costs. 
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Niedermayr et al. (2021b), using matching on four environmental indicators compute average treat-
ment effects on the treated (ATTs). They show that most ATTs are significant for the pairwise compar-
isons of the four ecological types. Each type is compared to another type, along an increasing degree 
of uptake of ecological practices: non-organic, integrated, organic, organic and integrated together. 
Six comparisons are performed. In the pairwise comparisons, the less ecological farming system is al-
ways defined as the control group and the more ecological farming system the treated group. A nega-
tive ATT thus indicates that the environmental indicator decreases when switching to a more ecological 
farming system. The ATTs for all four environmental indicators are most frequently negative (at worst, 
not significant) when moving from less ecological (e.g. organic) to more ecological (e.g. organic and 
integrated together). Details can be found in LIFT Deliverable 3.1 where the study of Niedermayr et al. 
(2021b) is described in section 4.3. 

• Jendrzejewski and Zawalińska (2021) and Ayouba et al. (2021) on data from the LIFT large-
scale farmer survey in Poland and France 

Jendrzejewski and Zawalińska (2021) in Poland and Ayouba et al. (2021) in France apply PSM on the 
LIFT large-scale farmer survey data. PSM allows calculating an ATT, which measures the change in per-
formance when an ecological farm switched from non-ecological to ecological (i.e. the treatment). The 
ATTs are calculated for the Polish sample and for the French sample for each typology (ecological vs 
non-ecological). Most ATTs are not significant. As regard the significant values, in the Polish sample, 
conform to intuition farms with non-chemical pest management practices use significantly a lower cost 
of chemical fertilisers per ha of UAA than their non-ecological counterparts. As for certified organic 
farms, they use more fuel per ha of UAA than non-organic farms, which is consistent with the fact that 
under organic practices the resort to mechanic pest management is higher. 

In France, the percentage of UAA on which chemical products are applied is lower for ecological farms 
than non-ecological farms when the former are identified as applying no tillage or conservation tillage 
or using antibiotics for treatment only. This suggests that farms use a combination of several ecological 
practices, here relating to pest management, soil management and livestock management. This is also 
revealed by the significant negative ATT for the duration that concentrates are given in the case where 
ecological farms are identified as farms not using pest management chemical products, or in combina-
tion with using antibiotics for treatment only. 

As for the environmental output on the farms, namely the hedgerows measured as the percentage of 
UAA covered with hedgerows, it is higher (the ATT is significantly positive) for farms using antibiotics 
for treatment only, or in combination with not using pest management chemical products), here again 
suggesting a bundle of different ecological practices used on farms. 

5.2.3 Farm technical-economic and environmental efficiency 

• Huang et al. (2021) on arable crop farms in Sweden 

The average estimated eco-efficiency score for the Swedish arable crop farms is 0.876, revealing that 
the farms could improve their efficiency by 12.4% on average in terms of expanding agricultural prod-
ucts revenue and reducing HI given unchanged inputs. The average eco-efficiency in Southern Sweden 
and in Northern Sweden is similar. In terms of ecological types of farms, the average scores are close: 
certified organic farms have an average eco-efficiency score of 0.876, while the figure for mixed or-
ganic-non-organic farms or farms in conversion to organic farming is 0.886 and for non-organic farms 
it is 0.876.  

Results from the estimated frontier reveal a reverse U shape relationship between eco-efficiency and 
lagged CDI. In addition, the elasticity of eco-inefficiency with respect to this CDI indicates that a 1% 
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decrease of the CDI would decrease the eco-efficiency by 6.3% on average. This is not in line with 
previous research (e.g. Di Falco and Chavas, 2006), where crop diversity is positively related with pro-
duction in lagged effects. A time dummy was included in the efficiency frontier and results indicate 
that eco-efficiency was higher after 2013 than before. This may be due to the 2013 CAP reform incor-
porating crop diversification as a mandatory greening component for direct payments. 

• Sintori et al. (2021) on olive farms in Greece 

The average eco-efficiency for the whole sample of 65 farms is relatively low, 0.39, indicating room for 
improvement, in line with a similar study on olive farms in Spain (Andalusia) who also identified wide-
range eco-inefficiency (Gómez-Limón et al., 2012). Looking at the average eco-efficiency per ecological 
type of farms, identified with the LIFT typology protocol of Deliverable D1.4 (Rega et al., 2021), reveals 
that conservation farms (0.36) and organic farms (0.42) have the lowest average eco-efficiency scores. 
Conservation farms perform well in terms of the composite indicator for soil management, and of wa-
ter and fuel consumption, but poorly in terms of the composite indicator for fertilisation and pest 
management. 

Significant results from the second-stage regression indicate that high education increases eco-effi-
ciency, as well as the percentage of income from farming proxying the involvement of farmers in farm-
ing activity. Farmers were asked to rank their objectives with a Likert scale and two objectives have a 
significant impact on eco-efficiency scores: highly ranking the objective of producing high quality prod-
ucts increases eco-efficiency while highly ranking the objective of protecting the environment for fu-
ture generations decreases it. This suggests that the actual reason for implementing environmentally-
friendly farming practices may be farmers’ focus on quality products and not on environmental con-
cerns per se. Finally, market orientation, defined as the revenue from sales related to the sum of rev-
enue from sales and subsidies, has a positive impact on eco-efficiency, suggesting that the lowest the 
subsidies received in relative value, the higher the eco-efficiency. This is in line with studies focusing 
on technical efficiency of olive farms in Greece and the Mediterranean region (Lambarraa et al., 2007; 
Zhu et al., 2011). 

• Toma et al. (2021) on sheep and cattle farms in Scotland 

The DEA results indicate a dispersed distribution of the efficiency scores, indicating significant potential 
for efficiency improvements. The efficiency scores of high input vs low input farms on the one hand, 
and of high integration vs low integration farms on the other hand, are not significantly different. Re-
sults from the second-stage regression indicate that subsidies, included as explanatory variables, have 
a significant positive impact on technical-efficiency. 

• Niedermayr et al. (2021c)  on dairy farms in Austria 

After running the two DEA models differing in terms of output on the whole sample, the authors com-
pare the average efficiency scores across the four ecological types (non-organic, non-organic haymilk, 
organic, organic haymilk). The results show that there is no significant difference across types: in the 
model where the two outputs are farm output and animal welfare index, the average scores range 
from 0.83 to 0.89 along the ecological types; in the model where the single output includes both farm 
output and subsidies, the average scores range from 0.73 to 0.81. By contrast when no environmental 
output is included and the model’s outputs are the milk quantity produced and the other farm output 
in value, there is a significant difference across ecological types, with haymilk types being the least 
efficient and non-haymilk types being the most efficient in particular the non-organic type. 



 
LIFT – Deliverable D3.3 

 
 

L I F T - H 2 0 2 0  P a g e  28 | 47 

The estimation of the drivers of efficiency in a second-stage reveals that for both models, male farmers 
are less efficient than female farmers, and farmers with higher education are more efficient. In addi-
tion, age has no significant impact on efficiency, while the share of household income from farming 
has a positive impact, and milk price and rental price as well. And specifically for the model including 
farm output and the animal welfare index in the outputs, the amount of AES and organic subsidies per 
ha of UAA decreases efficiency, while the share of dairy cows in total cattle increase it. Detailed results 
can be found in LIFT Deliverable 3.1 in section 4.2. 

5.2.4 Environmental damage 

• Dakpo and Femenia (2021) for wheat farms in France 

Dakpo and Femenia (2021) find that overall, pesticides could be reduced by 5% to 35% without im-
pacting wheat yield if all farmers were fully efficient in using pesticides. These figures are lower com-
pared to the ones reported in the study by Lechenet et al. (2017) - between 37% and 60%. Moreover, 
the results obtained with the exponential and logistic specifications are virtually very similar, which 
shows their robustness. In addition, while investigating the effect of crop diversification on pest con-
trol, the authors find a positive effect that is significant only for lower level of pesticides use. More 
details can be found in Deliverable D3.1 in section 4.1. 

• Dakpo et al. (2021) for wheat plots in France 

Results show that, for the sample of 153 wheat plots, the average shadow price for excess nitrogen is 
€8 per kg of N excess (when the wheat price is assumed to be €154 per ton). Moreover, equating the 
MAC with the wheat revenue suggests that the constraint on organic nitrogen should not be above 
110 kg nitrogen per ha for farmers to keep a positive profit on the plots. 

5.3 Discussion 

We provided an overview of the 13 studies carried out in LIFT to investigate farm-level environmental 
performance, from a quantitative point of view (productivity) whether positive (e.g. biodiversity, ani-
mal welfare, hedgerows, technical-economic efficiency) or negative (e.g. N leaching) and from a finan-
cial point of view (profitability) namely costs of chemical inputs, shadow price of environmental pres-
sure, profit. The variety of studies shows that there is no single methodology for measuring farm envi-
ronmental performance. Methods used include computing input use indicators, measuring pressure 
indicators, estimating trade-offs between farm output and environmental (negative or positive) out-
put, or calculating efficiency indicators that account for both economic and environmental dimensions. 
Often the environmental performance indicators are input use indicators. Only with specific data (e.g. 
bio-economic model, agronomic database such as the French database "Pratiques Culturales") can en-
vironmental pressures indicators be computed. The challenge is to observe environmental outputs 
jointly produced by farms with economic outputs, and one is forced to consider proxies based on in-
puts and practices that limit the range of methodologies used to assess environmental performance. 
Further research is needed large-scale collection or estimation of environmental outputs (e.g. carbon 
sequestration, GHG emissions, biodiversity intensity…).  

From a methodological point of view, it could be noted that including subsidies as input or as output 
in efficiency models is problematic. Even though some subsidies like AES are considered proxy for en-
vironmental outputs, due to their nature, it is difficult to see how they can be rigorously (in the neo-
classic framework) defined as output. 

Finally, in the case of the LIFT project where one objective is to compare performance between differ-
ent ecological types of farms and assess performance gaps, it is difficult to disentangle environmental 



 
LIFT – Deliverable D3.3 

 
 

L I F T - H 2 0 2 0  P a g e  29 | 47 

performance indicators and proxies used to characterised ecological farm types, since the former are 
often input use indicators, hence relating to practices. 

Despite these limits, the studies described in this section 5 show that findings are ambiguous as regard 
performance gaps: farms that are more ecological may show a higher or a lower environmental per-
formance, depending on the ecological typology, the indicator of environmental performance, the 
main production of the farm (type of farming), among others. Similarly, the sources of farm environ-
mental performance depend very much on the context. In particular, the effect of subsidies on effi-
ciency has been found to be positive, negative or not significant depending on the case study, and 
corroborating the conclusions of Minviel and Latruffe (2017). 

6 Conclusion 
In this deliverable we present the results of the work carried out within Task 3.4 under WP3 of LIFT. 
Results include a qualitative, quantitative, and monetary assessment of the environmental perfor-
mance of (ecological) farm management practices using the ES concept, as well as an empirical analysis 
of farm environmental performance depending on the practices. The qualitative assessment indicates 
that there is a great deal of information already available in the literature on the impact of farm man-
agement practices on ES supply in European agricultural systems. Various methodologies exist in the 
literature, ranging from purely qualitative descriptions (literature review), through biophysical quanti-
tative assessments to purely monetary assessments. We notice that not all ES can be assessed using 
all possible methodologies. For example, cultural services are most often evaluated using monetary 
assessments such as stated preference techniques, while regulating and maintaining services are most 
often quantified in purely biophysical units. 

Building on this work in the literature, we present a framework that allows for a wide range of ES to 
be assessed in the qualitative, non-monetary way through the composition of SIs. Though a REA, evi-
dence derived from the literature was integrated with an assessment of article quality (through the 
use of standardised quality criteria), to obtain a single SI quantifying the impact of a single manage-
ment practice on a single ES in the context of European agriculture. SIs thus allow us to draw conclu-
sions on the potential supply of an ES from a given management practice, as well as on the overall 
quality of the research being done. Though carried out for a wide variety of ES, the SIs and CIs could 
not be calculated for all considered ES. 

Following the non-monetary assessment, we carried out a quantitative, monetary assessment of a fur-
ther smaller subset of ES. Here we focussed on two management practices, grass strips and hedgerows, 
and the monetary value of a set of six ES within the context of two Belgian agriculture case studies. 
Though the derived monetary estimates are specific to the case study areas for which they were de-
rived, and should thus not be used outside of this context, they give an indication of the value of ES 
derived from ecological farm management practices in Europe. 

Lastly, empirical analyses allowed us to draw conclusions of the farm environmental performance de-
pending on management practices (rather ecological or conventional). Results from multiple studies 
are presented, each adopting one of four presented methodologies. Methods used include computing 
input use indicators, measuring pressure indicators, estimating trade-offs between farm output and 
environmental (negative or positive) output, or calculating efficiency indicators that account for both 
economic and environmental dimensions. The variety of studies shows that there is no single method-
ology most suitable for evaluating farm environmental performance. 
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Through the pyramid-approach adopted to present the environmental performance assessments car-
ried out in this deliverable, we are able to demonstrate the impact of various management practices 
across a variety of ES using a wide range of methodologies. This assessment allows for a comparison 
to be made between various management practices within each level of the pyramid, and also allows 
for the performance of a single management practice to be assessed across various dimensions when 
moving down the pyramid. However, while each level of the pyramid serves as a continuation of the 
work carried out in the previous level(s), the empirical analyses described in section 5 and the results 
from the biophysical and monetary quantifications described in sections 3 and 4 are not methodolog-
ically linked. That is to say, ideally the empirical analyses carried out in section 5 are based on the 
results derived from the biophysical and monetary quantification, which is not the case in this work. 
The reason for this is that the information necessary for the empirical analyses are not available in 
secondary data, are too complex to collect on a large-scale basis, and because the work carried on the 
study region of Hageland-Haspengouw in Belgium provides a useful methodology but would require 
more research to be able to extend it to the scale necessary for incorporation in empirical analysis. 

Nonetheless, results presented in this deliverable demonstrate that there are a wide variety of meth-
odologies in existence, each with its own strengths and weaknesses. We demonstrate that there is no 
one methodology that is best for evaluating farm environmental performance of (ecological) farm 
management practices, but rather that the choice of methodology depends greatly on the available 
data, the intended scope and depth of the analysis, as well as on more logistical constraints. 
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Annex 1 
Table A1. Final list of management practices included in the REA, adapted from Rega et al. (2018). 

Management practice 

 (practice clusters) 

Individual practices within the clusters 
 

Use of chemical fertiliser inputs - Use of inorganic fertiliser / chemical fertiliser 
- Agrochemical input – fertilisers 
- Mineral fertiliser  

Low fertiliser input - Low nutrient input  
- Reduced fertiliser application  
- Low-solubility mineral fertilisers 

Biological N fixation - Biological nitrogen fixa-
tion  

- Legume-cereal rotations  

- Legumes  
- Pulse crops 

Use of organic fertilisers (incl. ma-
nure) 

- Manure fertiliser  
- Farmyard manure  
- Organic manure 

Use of chemical pesticide inputs - Use of inorganic pesti-
cide inputs 

- Herbicide input  

- Insecticide input  
- Agrochemical input - 

pesticides 
Biological pest control - Bio-control  

- Biological pest control  
- Natural pest control  

- Plant extract bio-control  
- Diversionary strategy 

Use of organic pesticides - Biological insecticide  
- Amendments  

- Copper  
- Sulphur 

Low agrochemical pesticide input - Reduced herbicide appli-
cation  

- Reduced insecticide use  
- Low pesticide input 
- Seed selection 

- Crop variety improve-
ments  

- Varietal diversity  
- Local variety 
- Insect-resistant crops 

Alternative weed management 
strategies 

- Fumigation  
- Mechanical weeding  
- Push-pull system 

- Manual weeding 
- Integrated pest manage-

ment (IPM) 
Cover crops - Catch crop  

- Clover 
Conservation tillage - Strategic tillage  

- Reduced soil cultivation  
- Minimum tillage  
- Shallow tillage  
- No tillage  

- Occasional tillage  
- Ridge till  
- Asynchronous tilling  
- Direct sowing 

Crop rotation - Crop sequence  
- Dryland rotation  

- Irrigated rotation  
- Diversification of crop 

rotation 
Crop residue management - Crop sequence  

- Dryland rotation  
- Irrigated rotation  
- Diversification of crop 

rotation 
Mulching - Organic mulching 

- mulching 
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Sustainable water management - Deficit irrigation  
- Reduced irrigation  
- Drainage  

- No irrigation  
- Flooding 

Agroforestry - Agroforestry 

Extensive livestock systems - Transhumance  
- Silvopasture 

Crop livestock integration - Animal circulation  
- Crop-livestock integration 
- Grassland-livestock integration 

Semi-natural habitats - Diversified field edges  
- Conservation buffers  
- Border planting  
- Ecological compensation 

areas  
- Ecological focus area  
- (Agro) ecological infra-

structure (management)  
- Grassy buffer strips  

- Semi-natural habitat  
- Wildlife plots  
- Hedgerows  
- Insectary strips  
- Living fences  
- Noncrop plantings  
- Beneficial fauna 

Spatial heterogeneity - Diversification  
- Farm heterogeneity  

- Spatial diversity  
- Patch intensification 

Agri-environmental schemes - Agri-environmental schemes 

Sustainable grazing - Grass ley  
- Ley farming  
- Perennial leys with leg-

umes  
- Improved pastures  
- Grassland mixtures  
- Grazing  

- Grazing on crop residues 
- Low density of livestock 
- Low stocking rates  
- Use of fallow  
- Rotational grazing 

Selection of breeds (genetic diver-
sity, traditional/local breeds) 

- Breed selection  
- Genetic diversity  
- Local breed 

Low mechanisation - No mechanisation  
- Low mechanisation  

- Manual cuts  
- Blade mowing machine 

cuts 
Precision farming - Precision farming 

- Precision livestock farming 
Intercropping - Alley intercropping 

- Intercropping 
- Multiple intercropped 

species 

- Relay intercropping 
- Polyculture 
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Table A2. Comprehensive search string and search string components used in the REA. 

Ecological farming practices key words 

1 (((("chemical input$" OR fertili* OR nutrient$ OR nitrogen OR "low input$" OR fertili* 
OR nutrient$ OR nitrogen OR "low input$" OR "seed selection" OR "crop variet*" OR 
"variety improvement" OR "varietal diversity" OR "local variet*" OR "insect resist*" OR 
"water management" OR precision OR "organic farming" OR "organic agrosystems") 
NEAR/2 (farm* OR agr*))) OR (mechani$ation NEAR (farm* OR agr*)) OR ("crop ro-
tation$" OR "crop residue" OR (diversification NEAR/2 (crop OR farm* OR agr*)) OR 
(spatial NEAR/2 (heterogeneity OR diversity) OR habitat NEAR/2 (heterogeneity OR 
diversity)) AND (farm* OR agr*)) OR ((pest$ NEAR management OR bio$control OR 
pest NEAR control OR (("diversionary strategy" OR push-pull) AND pest$)) AND 
(farm* OR agr* OR crop$)) OR ("breed selection" OR "local breed$" OR breed NEAR 
"genetic diversity") OR (((buffer OR flower OR grass) NEAR/1 strip) OR "field margin" 
OR hedgerow) OR (integrat* NEAR/0 (farm* OR agr* OR "crop-livestock$")) OR (ag-
roforestry) OR ("cover crop$" OR "catch crop$") OR (till* AND (farm* OR agr*)) OR 
((ley$ NEAR/1 (grass OR farming OR perennial) OR "improved pasture$" OR "grass-
land mixture$" OR grazing NEAR ( "stocking rate$" OR density OR pressure OR in-
tensity OR management) OR fallow OR "rotational$grazing"))) 

Article type key words 

2 (review OR "meta analysis" OR meta-analysis OR "rapid evidence assessment" NOT "system-
atic map*") 

Geographic qualifier keywords 

3 (Global* OR Temperate OR Mediterranean OR Euro* OR Eurasia OR Albania* OR Andorra* 
OR Armenia* OR Austria OR Austrian OR Azerbaijan* OR Belarus* OR Belgium OR Bosnia* OR 
Herzegovina* OR Bulgaria* OR Croatia* OR Cyprus OR Czech OR Dannish OR Denmark OR 
Escadinavia* OR Estonia* OR Finnish OR Finland OR French OR France OR Georgia* OR Ger-
man* OR Greek OR Greece OR Hungar* OR Iberia* OR Iceland* OR Irish OR Ireland OR Ital* 
OR Kazakhstan* OR Kosov* OR Latvia* OR Liechtenstein* OR Lithuania* OR Luxembourg* OR 
Macedonia* OR Malt* OR Moldova* OR Monegasque OR Monaco* OR Montenegr* OR Dutch 
OR Holland OR Netherlands OR Norwegian OR Norway OR Polish OR Poland OR Portug* OR 
Romania* OR Russia* OR Sammarinense "San Marino" OR Serbia* OR Slovak* OR Slovenia* 
OR Spanish OR Spain OR Swed* OR Swiss OR Switzerland OR Turk* OR Ukrain* OR British OR 
Britain OR English OR England OR Scottish OR Scotland OR Welsh OR Wales OR "United King-
dom" OR UK OR Vatican) 

Topical qualifier key words 

4 (Tropic* OR smallholder OR small$holder OR marine OR aquaculture)  

Final combination of search groups in search string 

5 1 AND 2 AND 3 NOT 4 
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List of 4 reference articles used in REA 

- Palomo-Campesino, S., González, J.A. and García-Llorente, M., 2018. Exploring the connections 
between agroecological practices and ecosystem services: A systematic literature review. Sus-
tainability, 10(12), p.4339. 

- Laura, V.V., Bert, R., Steven, B., Victoria, N., Paul, P. and Kris, V., 2017. Ecosystem service de-
livery of agri-environment measures: a synthesis for hedgerows and grass strips on arable land. 
Agriculture, Ecosystems & Environment, 244, pp.32-51. 

- Snyder, C.S., Bruulsema, T.W., Jensen, T.L. and Fixen, P.E., 2009. Review of greenhouse gas 
emissions from crop production systems and fertilizer management effects. Agriculture, Eco-
systems & Environment, 133(3-4), pp.247-266. 

- Lee, H., Lautenbach, S., Nieto, A.P.G., Bondeau, A., Cramer, W. and Geijzendorffer, I.R., 2019. 
The impact of conservation farming practices on Mediterranean agro-ecosystem services pro-
visioning—a meta-analysis. Regional Environmental Change, pp.1-16. 
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Table A3. PICO (Population, Intervention, Comparator, Outcome) used as inclusion/exclusion criteria in 
the REA. 

PICO COMPONENT OBJECTIVE 

POPULATION Quantitative or qualitative litera-
ture review studies 

Robustly inform environmental as-
sessment indicators using pre-ex-
isting literature reviews, quick 
scoping reviews, rapid evidence 
assessments, meta-analyses, sys-
tematic reviews and reviews of re-
views; quantitative and qualitative 
data was selected to be input into 
indicators 

POPULATION European agricultural land Use the most locally-relevant data 
on practices and their effects 

INTERVENTION/EXPOSURE Ecological farming practices Cover the variety of practices to be 
included in the environmental as-
sessment 

COMPARATOR Conventional agricultural practices Compare conventional ap-
proaches to agriculture with more 
ecological approaches (embedded 
within the literature reviews) 

OUTCOME Ecosystem services/public good 
(ES and PG) provision 

Measure, through the use of indi-
cators, proxies or qualitative data, 
the impact of adoption of farming 
practices on ES and PG provision 
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Table A4. Quality criteria used in the REA to assess quality of articles, adapted from Beillouin et al. 
(2019) and PRISMA (2015). 

Ex-
pected 
section 
in arti-

cle 

Criterion 
number Criterion name Criterion description 

Results  RS-01  Research question(s) and 
objectives are explicitly 
stated 

An explicit statement of the questions and ob-
jectives being addressed is provided, with ref-
erence to their key elements (i.e. population or 
participants, concepts, interventions, compar-
ators, outcomes, context and study designs) or 
other relevant key elements used to conceptu-
alise the review questions and/or objectives. 

Meth-
ods  

SS-01  Literature databases are 
mentioned 

All databases used in the search are listed. 

Intro-
duction  

SS-05  Additional literature   

search is performed 

At least one of the 5 following items is met: 1) 
the literature search is performed in the 
Google Scholar database; 2) additional studies 
were searched through a local scientific journal 
search engine; 3) additional studies were iden-
tified through expert knowledge; 4) additional 
studies were identified in any other way; 5) ad-
ditional studies were collected from the refer-
ence list of published articles. 

Meth-
ods  

SS-04  Date(s) of the 
search(es) are mentioned 

Date(s) of the search(es) for each information 
source are given. Or, at least, the date of the 
most recent search executed is given. 

Meth-
ods  

SS-02  Keywords used in the 
search are given 

The keywords used in the database search(es) 
are given. 

Meth-
ods  

SS-03  Full boolean search   

string is provided 

The full electronic search string for at least 1 
database is presented, including booleans and 
any limits used, such that it could be repeated. 

Meth-
ods  

RS-02  Inclusion and exclu-
sion criteria are men-
tioned 

The study characteristics (e.g. population, in-
terventions, outcomes) and reporting charac-
teristics (e.g. years considered, language, pub-
lication status) used as criteria for eligibility, 
and respective rationale for inclusion/exclu-
sion, are given. 

Meth-
ods  

SS-06  Steps of the screen-
ing process are reported 

The screening process is transparent, i.e. the 
following 3 items are given, ideally using a flow 
diagram: 1) the number of studies originally re-
trieved from the literature search (including 
any grey literature searched); 2) the number of 
selected (included) studies at the end of the 
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screening process; 3) the number of studies ex-
cluded at each step of the screening process, 
with reasons for exclusions at each stage. 

Results  SS-08  Characteristics of the in-
cluded studies are given 

For each study, the characteristics for which 
data were extracted (e.g. study length, popula-
tion, location, specific interventions) are pro-
vided. 

Results  SS-09  List of excluded studies 
is provided 

The study includes the final reference list of ex-
cluded individual studies. 

Results  DS-03  Sofware tools used in the 
review are mentioned 

The names of the software/package(s) used to 
perform statistical analyses (e.g. Metafor in R), 
or any other software tools used in the review, 
are given. 

Results  DS-02  Methods of handling 
and summarising the 
data are described. 

The methods of handling data and combining 
results of studies are described, and statistical 
models used identified. If meta-analyses have 
been done, the model used to estimate aver-
age effect size should be clear and reproduci-
ble (e.g. is other information on the statistical 
model presented (e.g. equations, parameters, 
etc.)? 

Meth-
ods  

DS-01  Method of data   

extraction is described 

Methods for extracting data from figures and 
charts, such as the use of digitising software 
(e.g. Webplot Digitilizer, Datathief, Get-
Data_Graph_Digitizer) or obtaining the source 
data from authors, are described. 

Results  SS-07  List of included studies 
is given 

The study includes the final reference list of the 
selected individual studies used in the review. 

Meth-
ods  

BI-01  A protocol is pub-
lished prior to publication 
of the review 

An a priori review protocol exists and can be 
accessed (e.g. paper, web address), and, if 
available, provides a registration number. 
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Figure A1. Screenshot of the template used to extract meta-analytic (columns D-Q) data from articles included in the REA. 
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Figure A2. Screenshot of the template used to extract qualitative (column S), semi-qualitative (column R) and quantitative (columns T-AD) data from the 
articles included in the REA. 
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Figure A3. Screenshot of the template used to extract quality (columns AG-BE) data from the articles included in the REA using the 26 quality criteria 
adapted from Beillouin et al. (2018) and PRISMA (2015). 
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Annex 2 
In this paper we calculate SIs for 26 management practices at farm and territorial level, holding key 
assumptions regarding the trade-off between quantity and quality of evidence, the definition of an 
observation, as well as the suitability of the consensus measure as a measure of variance. We perform 
sensitivity analyses in which we relax the above-mentioned assumption and look at how this affects 
our SIs. 

As observations were derived from articles which synthesised results from a variety of primary articles, 
and because many of the ES against which management practices were evaluated were quite broadly 
defined during data collection, we allowed for multiple observations to be derived for the same man-
agement practice-ES link derived from the same article. This way we were able to ensure that enough 
variation is captured by the SI. Though output from the REA was thoroughly cleaned prior to SI com-
position, we performed a sensitivity analysis to assess for double counting. To do this, we performed 
a separate calculation of the SIs, this time allowing for only one observation per management practice-
ES link from a single article to be included. A comparison between the two sets of SIs found no signifi-
cant differences, and a ranking exercise demonstrated that the highest and lowest ranked SIs did not 
change between sets. 

Further, we compare the use of consensus (𝑐𝑐) against the use of variance to evaluate the degree to 
which observations within a single SI take the same value. We found a strong correlation between the 
two measures, 𝑟𝑟(861) = −0.9506,𝑝𝑝 < 0.001. Therefore, considering the consensus is more suited 
to reflect agreement amongst ordinal data, we opt to maintain the use of this measure in any further 
reporting. 

Finally, and perhaps most importantly, we test the assumption of the increased importance of evi-
dence quality over quantity made in the correction factor (𝑤𝑤𝑖𝑖𝑖𝑖). We do this by calculating SIs for each 
trade-off factor 𝑟𝑟 ranging from 𝑟𝑟 = 0.1 to 𝑟𝑟 = 0.9, increasing 𝑟𝑟 by 0.1 with each iteration. An ANOVA 
found a significant difference between the SIs composed using 𝑟𝑟 values ranging from 𝑟𝑟 = 0.1 to 𝑟𝑟 =
0.9 at both farm (𝑝𝑝 < 0.001) and territorial (𝑝𝑝 < 0.001) level. This demonstrates that by changing the 
assumptions regarding the trade-off between quality and quantity of evidence to increasingly favour 
quantity, the magnitude of the SIs change. However, a ranking exercise demonstrated that the order 
of the SIs ranked from highest to lowest magnitude at both farm and territorial level does not change 
with increasing 𝑟𝑟 values. Therefore we maintain the assumption made regarding the trade-off between 
quality and quantity of evidence in favour of quality, positing that when considering secondary litera-
ture as a data source, evidence quality more accurately captures confidence reflected within the cor-
rection factor. 
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