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Abstract

Agroecosystems are one of the most important ecosystems for maintaining human wellbeing. Conven-
tional farm management practices focus on maximizing production from these systems. Agroecologically-
friendly farming, however, focuses more on reconciling production with regulating ecological processes
and sociocultural identity through the provisioning of ecosystem service (ES), thereby maintaining both
ecological and human wellbeing. Though many studies have evaluated the performance of (conventional
and agroecological) agricultural practices against ES supply, this is mostly done by focussing on only a few
practices simultaneously. We expand on this literature by incorporating 26 practices in an environmental
performance assessment in order to draw more comprehensive conclusions on the delivery of ES from
farm management practice in European agriculture.

A rapid evidence assessment of secondary literature was carried out evaluating the supply of 17 ES from
26 practices. Results were quantified by calculating indicators reflecting the potential supply of ES from
management practices at the farm and territorial level. By incorporating a measure of evidence quantity
and quality, the indicators also provides insight into the state of the currently available literature. Supple-
mentary measures are reported alongside indicators to ensure transparency and to increase interpreta-
bility. Existing literature evaluates management practices most commonly against regulating and main-
taining services, followed by provisioning services. However, this varied between the considered levels.
At both farm and territorial level, the literature noticeably fails to evaluate cultural services. Disparities
between the number of indicators calculated at both levels indicate a gap in the literature evaluating ES
delivery from management practices at territorial level compared to farm level. Findings reflect not only
the performance of a given management practice, but also the knowledge currently available in the liter-
ature, therefore knowledge gaps likely affect the estimated performance of the different practices.
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1. Introduction

Agroecosystems are arguably one of 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 sequestration.
Historically, however, these systems have been primarily managed to sustain food production and other
provisioning services (Sandhu et al., 2010; Swinton et al., 2007, 2006), with preservation 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 agroecological) we can manage agroecosystems to find a balance between meet-
ing demands for productive output and maximizing environmental performance to ensure long-term sus-
tainability (Bateman et al., 2009; Pretty, 2008a; Pretty and Bharucha, 2014; Wezel et al., 2017).

Conventional farm management practices focus on increasing productive output through the use of agro-
chemical inputs, traditional cropping rotations and limiting non-productive space. While such practices
are effective at maintaining high yield, they may be detrimental to both environmental and human well-
being when left unchecked (Swinton et al., 2007, 2006). Agroecological farm management practices, by
contrast, attempt to improve environmental quality while maintaining agricultural production (Wezel et
al., 2014). This is achieved by improving and maintaining energy flows, nutrient cycling, population-regu-
lating mechanisms and overall system resilience (Pretty, 2008b). Practices such as the use of cover crops
between crop cycles, conservation tillage and integrating various production systems (e.g. agroforestry)
are only a few examples of such agroecological practices (Palomo-Campesino et al., 2018; Wezel et al.,
2014). However, the implementation of these more environmentally-friendly management practices of-
ten comes paired with higher labour and energy demands (Wezel et al., 2014), challenges in overcoming
cognitive and economic barriers (Jeanneaux, 2018; Lucas et al., 2018), as well as threats to yield from
increased disease and pest damage (Wezel et al., 2014).

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 con-
tribution of ecosystems to human well-being (Haines-Young and Potschin, 2018). The Common Interna-
tional Classification of Ecosystem Services (CICES) categorizes ES into three broad categories, i) regulating
and maintaining services, which help maintain proper functioning of ecosystems (e.g. biodiversity), ii) pro-
visioning 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 can also contain a spatial component, i.e. certain ES
emerge only if a minimum scale threshold of specific service-providing processes/functions is met
(Andersson et al., 2015). Relevant scale thresholds vary between ES from global (e.g. global climate miti-
gation) to plot level (e.g. pest control) (Andersson et al., 2015). The human 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).

While the literature on environmental performance evaluation of farm management practices through
the use of ES is very extensive (for examples see Laura et al., 2017; Toivonen et al., 2018; Van den Putte
et al., 2010), only few studies incorporate more than a handful of practices and/or ES. Furthermore, many
studies tend to focus on only a single spatial level. Despite this, there is ample evidence suggesting ES do



not occur in isolation, nor does the impacts of farm management practices on ES ever truly follow a uni-
directional path (Kragt and Robertson, 2014; Martin-Lopez et al., 2014; Zhang et al., 2007; Zhou et al.,
2019). In this paper we address this research gap by incorporating 26 farm management practices and 17
ES into an environmental performance assessment of farm management practices in the context of Euro-
pean agriculture. To achieve this we propose a novel approach by combining two commonly applied meth-
odologies within the field of environmental performance assessments; a rapid evidence assessment (REA)
and the composition of performance indicators.

The use of indicator-based methods to assess environmental performance of agriculture has risen in prev-
alence in recent decades (Bockstaller et al., 2008). Environmental performance indicators’ popularity lies
in their ability to provide an alternative to direct environmental performance measurement of farm man-
agement practices, which is often time-consuming, costly, and methodologically challenging (Bockstaller
et al., 2008).

We attribute values to individual management practices based on their impacts on individual ES with ev-
idence derived from the literature. Firstly we compile a database of synthesized results through an REA of
secondary literature, delineating the impacts of 26 farm management practices on 17 ES across farming
systems throughout Europe. Observations from this database are then used to quantify the impact of
management practices on ES through the calculation of performance indicators at the farm and territorial
level.

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 prac-
tices (both conventional and agroecological) impact the delivery of ES in agroecosystems across Europe?,
and iii) how does environmental performance differ between farm and territorial level? Similarly to Rigby
et al. (2001), we do not claim that the indicators presented in this paper are decisive of farm management
practice impacts on ES. Rather we assert that the proposed indicator are valuable in that they provide a
first attempt at summarizing the multitude of evidence available in the literature in a concise, intuitive
and transparent manner. In this way we hope to gain a better understanding of the current state of affairs
in the literature, identify where (and which) evidence is missing, and open up a discussion on how to go
about utilizing the information we already have and filling the remaining information gaps.

2. Background

2.1. Ecosystem Services: supply and demand
The research objectives of this exercise are framed within an adapted version of the Ecosystem Service
Cascade model as proposed by Potschin and Haines-Young (2011). The Cascade model presents a ‘pro-
duction chain’ in which ecological structures and processes are linked through ES with human wellbeing
through a five-tiered process (Figure 1). The model postulates that an ES may only be considered a service
if human beneficiaries can be identified, thus making it evident that the derivation of benefits and values
from ES is clearly a social construct dependent on the demand derived from contextual characteristics.
On the other hand, the biophysical structures and functions that give rise to ES suggest an underlying
ecological dimension to the model. Through incorporating these two dimensions, the Cascade model may



be interpreted as a social-ecological system, in which humans are considered a part of — rather than sep-
arate from — nature (Folke, 2007). This interaction between the social and ecological dimensions is inter-
preted by Potschin and Haines-Young (2011, p582) as “some kind of supply-demand relationship”. Apply-
ing supply-demand relationships to ES is not a novel concept, and has been considered by various other
authors (e.g. Burkhard et al., 2012; Burkhard and Maes, 2017; Nedkov and Burkhard, 2011). We therefore
see a need to expand on the Cascade model by explicitly incorporating such supply and demand in its
formulation.

As is illustrated in Figure 1, the ecological dimension of the Cascade model is commensurable with the
concept of supply, whereby ecosystems — particularly the biophysical structures and functions underpin-
ning ecosystems — supply ES. At the same time, the contextual characteristics specified in the social di-
mension of the model may be considered the underlying drivers determining demand for particular ES.
These drivers make supply of and demand for particular ES spatially and temporally explicit (Potschin and
Haines-Young, 2011). Certain services may only be supplied at certain spatial scales (e.g. on- vs off-farm
services in the case of agroecosystems) or during certain times of the year (e.g. crop yield). Likewise, de-
mand for ES will differ across different geographic regions, between different end-users, as well as
through time (Potschin and Haines-Young, 2011). For example, in regions particularly prone to droughts,
farmers will likely experience a greater demand for soil water retention during periods of drought to en-
sure stable crop yields. Simultaneously, the wider community in the same area may have a higher demand
for water quality and the sufficient supply of drinking water. In non-drought prone regions, the demand
for these ES would be much lower.

Using this understanding of how supply of and demand for ES may vary across space and time, we expand
on Potschin and Haines-Young's (2011) core model-concept, and postulate that a service is delivered only
if the demand for said service in the social dimension overlaps spatially and temporally with the supply of
said service in the ecological dimension. 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.
Identifying delivery of ES requires a clear delineation of both supply and demand levels. Supply of ES may
be spatially delineated based on purely geographic levels (i.e. plot, regional, national and global). Deline-
ating demand requires consideration of end-users (e.g. farmers vs wider society) and the geographical



location at which the demand is exercised, i.e. locally (e.g. recreation) or non-locally (e.g. carbon seques-

tration).
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Biophysical structure  capture demand for ES |
or processes 3 based on stakeholder 3
\ }Lconsultation 3
- Socio-economic,
Function cultural,
spatiotemporal
Service characteristics
Farm management \
practices Benefit
i Sub-indicators capture i
| potential supply of ES |
| based on evidence from |
! the literature |

Figure 1. ES cascade model framework adapted from Potschin and Haines-Young (2011), specifying supply, demand and delivery
of ES captured by sub- and composite indicators.

2.2. Environmental performance indicators

Performance indicators are widely used to represent the current state of affairs across many different
domains, including the Human Development Index (HDI), the measure of GDP, and the Index for Biological
Integrity (Gan et al., 2017; Oecd and JRC, 2008; United Nations Development Programme, 2013). Perfor-
mance indicators are clearly useful tools in that they summarize complex, multi-dimensional concepts in
a way that is easy to interpret (Gémez-Limdn and Sanchez-Fernandez, 2010). In providing an alternative
to direct impact measurement, indicator composition also provides an opportunity to substantially ex-
pand the scope of the assessment while at the same time overcoming methodological difficulties associ-
ated with practical (e.g. time and budget) and measurement constraints (Bockstaller et al., 2008). None-
theless, performance indicators are often criticized for their subjectivity, for lacking transparency, and for
being prone to mis-interpretation (Gémez-Limdén and Sanchez-Fernandez, 2010). Increasing transparency
and supplementing indicators with additional measures may help address some of these criticisms. For
example, subjectivity often stems from the choice of weights in indicator aggregation. Increasing trans-
parency in reporting these weights therefore not only addresses concerns about subjectivity, it also im-
proves understandability of indicators and may reduce occurrences of mis-interpretation (Gémez-Limén
and Sanchez-Fernandez, 2010).

Indicators can be either measured, estimated, modelled, or calculated by aggregation of data (Girardin et
al., 1999). The approach adopted is often determined by the theoretical framework, as well as the aim
and purpose of the indicators (Nardo et al., 2005). Through their ability to summarize complex information
by incorporating a variety of components, performance indicators provide an opportunity to capture the
various ecological (supply) and social (demand) drivers within an agroecological system as described in
section 2.1. As policy makers become increasingly interested in using ES to inform policy decisions regard-
ing biodiversity conservation, spatial planning and resource management (van Oudenhoven et al., 2018),
performance indicators provide a unique opportunity to facilitate the decision making process.



3. Materials and Methods

In order to estimate the environmental performance of farm management practices on ES supply in Eu-
ropean agriculture, we compose performance indicators per farm management practice — ES combina-
tion. Indicators are calculated through the aggregation of existing evidence in the secondary literature
derived from an extensive REA.

3.1. Data collection: Rapid Evidence Assessment

3.1.1. Selection of papers and inclusion criteria
The comprehensive search string from which articles were derived 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 in a set of pre-defined reference articles. The comprehensive search string (Table S2), the full list
of management practices (Table S1), as well as the reference articles included in this assessment can be
found in the supplementary materials.

Input provided by eight researchers across eight European countries was combined with the extensive list
of European management practices identified by Rega et al. (2018) to select the most relevant practices
for inclusion in this exercise. Rega et al. (2018) performed a literature review to identify which manage-
ment practices were associated with which farming systems in Europe. It was opted to utilise the resulting
36 practices as the methodology adopted by Rega et al. (2018) was transparent, their focus on European
agricultural systems matched our study focus, and the list of farm management practices they put forward
can be validated against the literature (Altieri, 2000; Bourguet and Guillemaud, 2016; Wezel et al., 2015,
2014). Consultation with researchers did not identify any missing management practices.

Prior to carrying out the REA, a PICO with a clear ex ante delineation of Population, Intervention/Exposure,
Comparator and Outcome, was established based on the research questions (Table 1). The PICO compo-
nents were used as inclusion/exclusion criteria for sample selection in the REA. Reviewers consisted of 13
researchers from 9 research institutions across Europe. Through this process, a total of 647 articles were
selected for inclusion based on title and abstract screening. Reviewers extracted meta-analytic data from
the articles such as type of review, location of study, considered management practice(s), level of assess-
ment (i.e. farm or territorial level), and ES assessed. Farm and territorial level of assessment were identi-
fied based on the spatial scale specified within the article, referring to the scale at which the ES were
measured. A targeted selection of the 647 articles was conducted for full text screening. Targeted sam-
pling consisted of, where possible, selecting five articles (of which one a meta-analysis) per management
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.

Table 1. PICO (Population, Intervention, Comparator, Outcome) used to establish inclusion criteria for the REA.

PICO Component Objective

Population Quantitative or qualita- Robustly inform environmental assessment indicators using pre-
tive secondary literature  existing literature reviews, quick scoping reviews, rapid evidence
assessments, meta-analyses, systematic reviews and reviews of
reviews; quantitative and qualitative data was selected to be input
into indicators.



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

Intervention/ex- Farm management prac-  Cover the variety of practices to be included in the environmental

posure tices assessment.
Comparator Conventional agricultural Compare conventional approaches to agriculture with more
practices agroecological approaches (embedded within the literature re-
views).
Outcome Ecosystem service provi-  Measure, through the use of indicators, proxies or qualitative
sion data, the impact of adoption of management practices on ES sup-
ply.

3.1.2. Data extraction
The majority of the articles within the corpus were non-systematic literature reviews (70.65%). A further
21.74% were meta-analyses, 3.26% were systematic reviews and 4.35% were not considered a review of
a specific type. Overall, the majority of articles reported global results (56.52%) of which only results rel-
evant for Europe were extracted. Of the articles specifically considering European case studies, 34.38%
considered Europe broadly, and 28.13% reported results from Northwestern Europe. Few articles re-
ported results from South-eastern and Eastern Europe.

For each article, qualitative, semi-quantitative and quantitative data for the link between management
practices and supply of an ES was extracted into an excel database. Semi-quantitative data was expressed
as either a positive, inconclusive, or a negative relationship between the management practices evaluated
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 indicator calculation. As such, observations are henceforth
defined as semi-quantitative observations reflecting the supply of an ES from a management practice,
which was coded as 1 (negative), 2 (inconclusive) and 3 (positive). As the REA concerned secondary liter-
ature, multiple observations of the same management practice-ES link could be extracted from a single
article.

During full-text screening, partners also evaluated the quality of each article across 26 standardized qual-
ity criteria adapted from Beillouin et al. (2019) and PRISMA (2015) (Table S3, supplementary materials).
(Beillouin et al., 2019). The criteria reflect the quality of the articles across all steps of the review process,
including literature search, data extraction, data analysis and interpretation (Beillouin et al., 2018). Re-
viewers were asked to indicate for each of the 26 criteria whether it was addressed (yes/no) in the article
under consideration. A single final quality score, ranging between 0 and 1,was attribute to each article
based on the performance across the 26 quality criteria. This score was calculated by weighting the dif-
ferent criteria for the degree to which they contribute to the quality of an article from 0 to 1. Weighted
scores were then aggregated across the criteria to obtain a single quality score for each article.

3.2. Sub-Indicator calculation
Indicators reflect the potential supply of an ES from a single farm management practice in the context of
European agriculture. Observations may take a value of 1, 2, or 3, respectively reflecting a potentially
negative, inconclusive, or positive impact on supply. In order to compose indicators from these observa-
tions, a weighted arithmetic mean was calculated at farm level and territorial level separately, in which
observations were weighted against the single quality score of the article from which they were derived.
The integration of the observations with the quality criteria is illustrated in equation 4, and the full process
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of indicator composition is illustrated visually in Figure 2. In total, observations for 26 farm management
practices and 17 ES were extracted during the REA. As such, if linkages between all 26 practices and 17 ES
were to be derived during the REA, a total of 442 indicators could be calculated. However, as not all man-
agement practices impact the supply of all 17 ES, only 193 indicators were calculated in total. 133 indica-
tors were calculated at farm level and 60 were calculated at territorial level.

Relying on semi-quantitative data derived from secondary literature, we are aware of a need to quantify
our confidence in the conclusions put forward by the indicators composed here. Due to the nature of the
semi-quantitative data, we are not able to incorporate traditional confidence measures such as confi-
dence intervals. Instead, we rely on the quality as well as the quantity of the evidence to provide us with
an indication of confidence. Similar to empirical research, sub-optimal research methodologies in second-
ary literature lead to reduced confidence in results (ROSES, 2021). As such, we attempt to quantify the
quality of, and thus our confidence in, the evidence by incorporating a measure of research quality by
following a standardized checklist of quality criteria evaluating research methodologies. Quality scores
were calculated for each article included in the REA separately. Therefore quality of evidence is considered
at the article level. All observations derived from the same article thus have the same article quality score.

Not only the quality of the literature, but also the quantity of evidence that can be derived reflects the
confidence we may have in the results put forward by the secondary literature. Quantity of evidence is an
important measure of confidence, as it illustrates the degree to which a certain management practice-ES
link has been studied in the literature. Our confidence in conclusions drawn from 100 observations is
naturally higher than in those drawn from only 5 observations. We consider quantity of evidence at the
observation level (i.e. number of observations) rather than at the article level (i.e. number of articles)
because observations were derived from secondary literature. As such, multiple observations from a sin-
gle article in the REA reflect evidence from across various primary studies in the literature. By incorporat-
ing both quality and quantity of evidence into a single value, the correction factor serves to give us an
indication of the confidence we may have in the conclusions put forward by the indicators. Equations 1
through 3 illustrate how the quantity and quality of evidence are incorporated into the correction factor.
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Figure 2. Visual representation of the indicator calculation process. The intermediate I;; (the sum product across multiple obser-
vations (x) and their respective article quality score (q.)) is multiplied by the correction factor (w;;) to obtain I;; for each manage-
ment practice i linked to ecosystem service j. The correction factor is composed of a measure of the quantity of observations and
the average article quality (Q) across all articles included in I;j.

As described above, the correction factor is composed of a measure of evidence quantity and quality. For
each Lij,
on the supply of ES j was calculated as follows:
noi]-
g, = Zn=tln 1)
J TlOij

Where q,, is the article quality associated with observation n, and no;; is the total number of observations

the mean article quality ((Z-j) across all articles evaluating the impact of management practice i

evaluating the supply of ES j from management practice i. Qij may take a value between 0 and 1.

Quantity of evidence was incorporated into the correction factor by evaluating no;; per indicator. This
was achieved by using the cumulative distribution function (CDF) for farm and territorial level observa-
tions separately. The CDF estimates the probability that each I;; is based on exactly no;; number of ob-
servations, considering the distribution of the number of observations across all indicators at the consid-
ered level. As such, we gain an understanding of how well a given ES-management practice link is studied
in the literature, and may thus draw conclusions accordingly. Using the exponential distribution, proba-
bilities were estimates as follows:

nojj

P(noij <ﬁ) =1—¢ no (2)

Where 710 is the mean number of observations across all indicators (N0fqrm = 6.06, N0 = 2.17) and

no;; is the number of observations linking management practice i to ES j. The CDF was calculated for each
management practice i linked to ES j at farm and territorial level separately. The probabilities derived
using the CDF were then incorporated with (Z-]- to obtain a single value for the correction factor (w;;)
ranging between 0 and 1:



Wij=Qii+W*r 3)
Where w;; is the correction factor for I;; linking ménagement practice i to ES j, calculated based on the
mean article quality Qij across I;, the probability P(noij) associated with the number of observations in
1;j, as well as a constant r which reflects the trade-off made between the number of observations (no; ;)
and the mean article quality (Qij). Such a trade-off is considered because the quality and the quantity of
evidence are related, but distinct measures influencing the indicator. r may take a value between 0 and
1, where any value closer to 0 results in more importance being placed on the quality of evidence, while

any value closer to 1 results in more importance being placed on quantity of evidence.

By setting v = 0.1, we assume quality of evidence (Qi]-) is more influential in determining our level of
confidence in the indicator compared to the quantity of evidence (no;;). The reasoning behind this is that
we do not have the same level of confidence in a high number of low quality observations as we do in a
low number of high quality observations. Not all secondary literature is created equal. If special care is
not paid to the process of synthesizing evidence from primary literature, there is substantial risk of biased,
misinterpreted and/or incorrect conclusions being drawn (Philibert et al., 2012). Therefore, by placing
more importance on Qij we are able to correct our observations for these risks.

Finally, the correction factor was incorporated into the calculation of the indicator. The indicator was
calculated using a weighted arithmetic mean as described in equation 4.

ZnOijx q

=1*nYn

I = (nnT) wij | = (2 * wyj) (4)
Zn:]_ Qn

Where [;; is the sub-indicator calculated for management practice i linked to ES j. x is the semi-quantita-

tive value of observation n (which takes the value 1, 2 or 3), q,, is the article quality associated with ob-

servation n, and w;; is the correction factor specific to the interaction between management practice i
and ES j (derived in equation 3). Normalisation of the sub-indicator to a scale of -1 to +1 is achieved by

(2% wy).

This above-described process was carried out for the full set of data derived from the REA, and was re-
peated for observations at the farm and territorial level.

3.2.1. Supplementary measures
To increase transparency, supplementary measures are reported alongside the indicators. For each I;;
linking management practice i to ES j, supplementary measures include the correction factor (w;;), the
quantity of observations (no;;), the quantity of articles (na;;), as well as a consensus value (c). While the
former two supplementary measure are also incorporated into the indicator calculation (as illustrated in
section 3.2.1), the latter two are not. Instead, na;; and ¢ are merely reported alongside the indicators to
increase transparency and to facilitate interpretation.

Consensus (c) quantifies the degree to which the various observations included in [;; take the same value.
In other words, the consensus value measures the amount of agreement amongst observations in terms
of the reported impact of management practice i on the potential supply of ES j. Consensus is highly
correlated to variance, but it is more suited to illustrate heterogeneity amongst ordinal observations, as
it considers proximities of observations in ordinal scales more accurately (Tastle and Wierman, 2007).
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Consensus was calculated according to the approach developed by Tastle and Wierman (2007):

-—1+pr1082< i d#”|> (5)

Where p, is the relative frequency of the semi-quantitative observation x (which takes the value of 1, 2
or 3), u;j is the mean value across all observations of x for management practice i linked to ES j as calcu-
lated according to equation 6, and d,, is the width across all observations of x calculated as d, = X4, —

;= zg:pxx (6)

A complete lack of consensus (i.e. observations taking opposing values) would result in a consensus value
of ¢ = 0. In contrast, if all observations took the same value there would be complete consensus and ¢ =
1.

Xmin-

3.2.2. Sensitivity analysis
In this paper we calculate indicators for 26 management practices at farm and territorial level, holding the
key assumptions outlined in section 3.2.1. We perform sensitivity analyses in which we relax the above-
mentioned assumption and look at how this affects our indicators.

As observations were derived from articles which synthesized 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 manage-
ment practice-ES link derived from the same article. This way we were able to ensure that enough varia-
tion is captured by the indicator. Though output from the REA was thoroughly cleaned prior to indicator
composition, we perform a sensitivity analysis to assess for double counting. To do this, we performed a
separate calculation of the indicators, this time allowing for only one observation per management prac-
tice-ES link from a single article to be included.

Further, we compare the use of consensus (c) against the use of variance to evaluate the degree to which
observations within a single indicator take the same value. We found a strong correlation between the
two measures, r(861) = —0.9506,p < 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 report-

ing.

Finally, and perhaps most importantly, we test the assumption of the increased importance of evidence
quality over quantity made in the correction factor (w;;). We do this by calculating indicators for each
trade-off factor r ranging from r = 0.1 to r = 0.9, increasing r by 0.1 with each iteration.

4. Results and discussion

The total number of indicators calculated differed between the considered levels; significantly more indi-
cators were calculated at farm level (133) than at territorial level (60). As a result, we also observe a higher
mean number of indicators calculated per management practice at farm level (Table 2). Combined with
the higher mean number of observations (110) and articles (na) at this level, we may conclude that man-
agement practice-ES linkages are more commonly studied at the farm level than at the territorial level.
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Further, we observe that the quality of the evidence at farm level is slightly higher than at territorial level,
reflected in the higher correction factor, though the difference is slight (Table 2). Unlike previously de-
scribed trends, the mean consensus at farm level is lower than at territorial level (Table 2). This indicates
that observations within indicators at the territorial level more frequently take the same values (positive,
negative, or inconclusive). However, this may be attributed to the fewer number of observations per in-
dicator at territorial level overall.

Significant differences were also found between the number of indicators calculated for each of the three
CICES ES categories (CICES, 2018); more indicators were calculated for regulating and maintaining ES com-
pared to provisioning and cultural ES at both farm and territorial level (p < 0.001). The number of indi-
cators calculated per ES category was further found to differ significantly between farm and territorial
level for regulating and maintaining services and for provisioning services, but not for cultural services. At
farm level, significantly more indicators were calculated for provisioning services compared to territorial
level (p < 0.001), while at territorial level significantly more indicators were calculated for regulating and
maintaining services compared to farm level (p < 0.001). No significant differences were observed for
the correction factors of the indicators between the ES classes, nor between the levels.

Table 2. Mean calculations describing the difference in indicator calculation between farm and territorial level.

Farm level Territorial level

Mean number of indicators per management practice 6 1.85
Mean number of observations (11o) per indicator 6 2.2
Mean number of articles (na) per indicator 3.8 1.8
Mean correction factor (w) across indicators 0.31 0.25
Mean consensus (¢) across indicators 0.75 091

The full set of indicators calculated for the 26 management practices linked to the 17 ES can be found in
the supplementary materials in tabular format and in appendix in graphical format. Indicators and their
respective supplementary measures (correction factor w, consensus ¢, number of observations no and
number of articles na) are tabulated for both farm and territorial level.

Sensitivity analyses found no significant difference between the indicators calculated based on a multiple
versus single observations. As such, all results are reported for indicators calculated based on the former.
Further, we found a significant difference between the indicators composed using r values ranging from
r = 0.1tor = 0.9 at both farm (p < 0.001) and territorial (p < 0.001) level. This demonstrates that by
changing the assumptions regarding the trade-off between quality and quantity of evidence to increas-
ingly favour quantity, the magnitude of the indicators change. However, a ranking exercise demonstrated
that the order of the indicators ranked from highest to lowest magnitude at both levels does not change
with increasing r values. Therefore we maintain the assumption made, and favour evidence quality of
guantity, positing that when considering secondary literature as a data source, evidence quality more
accurately captures confidence than the number of times a given management practice-ES link is reviewed
in the literature.

4.1. Interpretation
indicators delineate the impact of a management practice on the supply of an ES. Following the Cascade
model framework described in section 2.1, we highlight that the supply quantified by the indicators does
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not beget delivery of an ES in practice. Delivery of an ES requires a spatial and temporal overlap with
demand. The indicators presented here do not measure demand, and due to the nature of aggregation
have lost nuance necessary to delineate spatial and temporal factors. Furthermore, indicators cannot be
used to predict the increase or decrease in biophysical units of an ES related to a marginal increase in
management practice. Rather, as indicators are dimensionless, they should be interpreted according to
their directionality and the magnitude. In this sense, indicators illustrate the big picture of how manage-
ment practices influence the potential supply of ES within the context of European agriculture.

The directionality of an indicator refers to the sign taken on by the indicator value, i.e. whether it is posi-
tive or negative. This directionality is determined by the value taken by the included observations. In the
case of an indicator composed of only a single observation, if this observation is positive the directionality
of the indicator will also be positive. Likewise, if the observation is negative the indicator will have a neg-
ative directionality. For example, the indicator composed for the link between cover crops and pollination
at farm level is calculated based on a single positive observation, and therefore has a positive directional-
ity(I =0.71,w=0.71,c = 1,n0 = 1,na = 1).

When multiple observations are included in a single indicator calculation, the link between observations
and indicator directionality becomes more nuanced. The consensus value (c) sheds light on the distribu-
tion of values amongst observations. If ¢ = 1, all observations take the same value. Therefore the direc-
tionality would be determined as above. In this case, the indicator will also take the same value as the
correction factor (w). If not all observations take the same value, ¢ will range between ¢ = 0 and ¢ =
0.99. In this case, the directionality of the indicator is determined in part by the most frequently taken
observations, as well as the quality of the articles from which the observations were derived (see equation
4 in section 3.2.2). The following scenarios illustrate how observation value and article quality interact to
determine indicator directionality.

If an even number of observations are included in an indicator calculation, half of which are positive and
the other half negative, c = 0 because the included observations take opposing values. If article quality
associated with the observations is the same, observations will carry equal weight in the indicator calcu-
lation, and directionality of the indicator will be neutral (I = 0). This scenario is only feasible if the indica-
tor is calculated based on an even number of observations. In the indicator calculated for extensive live-
stock systems linked with biodiversity at territorial level (I = 0,w = 0.77,c = 0,n0 = 2,na = 1) we see
that the indicator is calculated based on 2 observations, with ¢ = 0; indicating that exactly half of the
observations take a positive value while the remaining half take a negative value. If article quality associ-
ated with the observations is not equal, the observations derived from the article(s) of higher quality
would be weighted more heavily within aggregation (equation 4, section 3.2.2) and would thus result in
the indicator directionality shifting towards the value taken by this more heavily weighted observations.
As both observations were derived from the same article (na = 1) in the indicator above, it is easy to see
that the article quality associated with the 2 observations is the same.

In the indicator calculated for crop rotation linked with fresh water quality at farm level (I = —0.01,w =
0.04,c = 0,n0 = 2,na = 2) we once again see ¢ = 0; indicating the two observations included in the
indicator take opposing values. However, we also see that the indicator directionality is negative (I =
—0.01). As described above, this is caused by the higher quality of the article from which the negative
observation was derived, resulting in this observation being weighted more heavily in the final indicator
composition.
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The indicator magnitude refers to the size of the indicator value in the positive or negative direction.
indicators close to +1 or -1 have a high magnitude, while indicators close to 0 have a low magnitude. In
addition to the degree to which observations take the same values, indicator magnitude is also deter-
mined by w, which in turn is influenced by no, the quality of the articles from which observations were
derived, and the trade-off between the two. We thus see that indicator magnitude is reflective of the
current state of the literature, and may be interpreted as an indication of the level of confidence we have
in the directionality of the indicator based on the available evidence. We assume that the combination of
a high level of consensus (¢ = 1) and a large no associated with an indicator implies that the link between
a management practice and an ES is strong and easily observed. Under this assumption we may interpret
the indicator magnitude also as a measure of the strength of the quantified management practice-ES im-
pact.

When indicator magnitude is close to O (e.g. conservation tillage linked to disease and pest control at
territorial level I = 0.01,w = 0.21,c = 0.19,n0 = 4,na = 4), we have little confidence in the direction-
ality of the indicator. This because there may be a low level of consensus amongst observations (¢ — 0),
low quality articles are included in the indicator composition (w — 0) implying questionable research
methodologies/results, and/or few observations (no < 1o) are included in the indicator composition im-
plying a lack of evidence in the literature overall.

The degree to which the indicator magnitude deviates from 0 when ¢ # 1 is jointly dependent on the
quality of the articles from which the observations were derived as well as the number of positive, nega-
tive and/or inconclusive observations. Similarly to the directionality, if more positive/negative observa-
tions are included in the indicator compared to inconclusive observations, and/or if the positive/negative
observations were derived from higher quality articles, the indicator magnitude will increase in the posi-
tive/negative direction. Alternatively, if more inconclusive observations are include, and/or if these incon-
clusive observations were derived from higher quality articles, the indicator magnitude will remain low
and close to 0.

Reflecting on w and ¢ may aid in the interpretation described above. Take the low magnitude indicator
calculated for the use of organic fertilisers linked with decontamination and fixing processes at farm level
(I =—0.09,w =0.31,c = 0.01,n0 = 7,na = 5). We can see that the 7 observations included in this in-
dicator share a low level of consensus (¢ = 0.01). The observations therefore take opposing values, plac-
ing the indicator magnitude close to. Directionality is determined here by the higher quality negative ob-
servations. Indicator magnitude, on the other hand, is determined by the low w, which in turn is being
driven by the low mean article quality. The latter can be determined by evaluating the distance between
no = 7 and N0gqrm = 6. Due to the small distance, mean article quality is not greatly impacted by the
number of observations in equation 3, and w therefore mainly reflects the mean article quality across
observations. We may thus conclude that while the impact of organic fertilisers on the supply of decon-
tamination and fixing processes at the farm level is negative, the lack of consensus and the low quality of
evidence in the literature reduces our confidence in this conclusion. Instead, we contend that more high
quality research is necessary to determine the exact linkage between the management practice and the
ES.

4.2.Farm level performance
Table 3 summarises the five indicators with the highest positive and negative magnitudes calculated at
the farm level. The ranking order is determined by the magnitude of the indicators, thus reflecting the
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strength of the impact as well as the confidence in the respective directionality based on the available
evidence. Of all management practice-ES linkages at farm level, agri-environmental schemes was found
to have the strongest positive impact with the highest degree of confidence on pollination (I = 0.85,w =
0.85,c = 1,n0 = 4,na = 1). Our confidence is derived from the high article quality (w = 0.85), the rel-
atively high no, as well as the complete consensus amongst observations (c = 1). The highest negative
impact was quantified for the link between the use of chemical pesticide inputs on soil formation and
composition (I = —0.71,w = 0.71,c = 1,n0 = 1,na = 1). Here, our confidence is derived from the high
article quality only (w = 0.71), as the indicator incorporates only one observation. In fact, we see that all
except for one of the highest negative magnitude indicators listed in Table 3 are calculated based on a
single observation. The exception to this is the indicator quantifying the impact of the use of organic fer-
tiliser inputs on the regulation of fresh water quality (I = —0.44,w = 0.44,c = 1,n0 = 4,na = 2). Here,
the complete consensus amongst the four observations implies agreement in the literature, though the
low article quality across the included articles decreases our confidence.

Table 3. Five highest positive and negative magnitude indicators linking management practices and ecosystem services (ES) at the

farm level. Results are displayed in descending order starting at highest positive indicator. Correction factor (w), consensus (c), no
of observations (no) and number of articles (na) are included as supplementary measures to aid interpretation.

Management practice ES | w c no na

Five highest positive indicators

Agri-environmental Pollination 0,85 0,85 1 4 1
schemes

Cover crops Pollination 0,71 0,71 1 1 1
Extensive livestock sys- Biodiversity 0,68 0,68 1 1 1
tems

Crop rotation Carbon sequestration 0,65 0,65 1 8 1
Extensive livestock sys- Carbon sequestration 0,62 0,62 1 4 1
tems

Five highest negative indicators

Use of chemical pesticide Soil formation and composi- -0,71 0,71 1 1 1
inputs tion

Extensive livestock sys- Habitat creation/protection -0,68 0,68 1 1 1
tems

Low agrochemical pesti- Production -0,50 0,50 1 1 1
cide input

Use of chemical fertiliser Regulation of fresh water -0,44 0,44 1 4 2
inputs quality

Alternative weed manage- Biodiversity -0,37 0,37 1 1 1
ment

Noteworthy as well is that extensive livestock systems appears twice amongst the practices with positive
indicators for particular ES, and the use of chemical pesticide inputs appears twice amongst the practices
with negative indicators. This indicates that of the 26 considered management practices, extensive live-
stock systems and chemical pesticide inputs seem to impact the potential supply of a wide variety of ES,
but in opposite ways. Indeed, extensive livestock systems also appears once in the five highest negative
indicators.
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Figure 4 illustrates the full set of indicators calculated for extensive livestock systems and chemical pesti-
cide inputs at the farm level. The plots provide a complete overview of the amount of ES evaluated for
each management practice, as well as information on how the magnitudes and directionalities of the in-
dicators differ between the ES. We see here that seven indicators were calculated for extensive livestock
systems, while three were calculated for chemical pesticide inputs. Further, we see that the magnitudes
of the indicators for extensive livestock systems are all relatively high, while for chemical pesticide inputs
there is more discrepancy in indicator magnitudes across ES. Combined with the observation that no
seems to be lower for negative indicators in Table 3, Figure 4 highlights a discrepancy between the amount
of positive and negative indicators calculated at farm level.
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Figure 3. Plots illustrating the full set of indicators calculated for extensive livestock systems and chemical pesticide inputs at the
farm level.

When considering the number of observations, we see that the indicators in Table 3 have widely ranging
no values. At no = 8, the indicator for crop rotation linked to carbon sequestration was calculated based
on the highest amount of observations. Six of the ten listen indicators were calculated based on only one
observation. Of these six, four had a negative directionality. This may indicate a lack of evidence in the
literature looking at the negative impacts of management practices on the supply of ES at farm level.
Indeed, when consulting the full set of indicators included in the supplementary materials, we see that of
all negative indicators, the highest recorded number of observations is no = 7. This is the case for the
indicator linking the use of organic fertilisers to decontamination and fixing processes (I = —0.08,w =
0.31,c = 01,n0 = 7,na = 5). At the same time, no = 68 was the highest number of observations across
all positive indicators at farm level; a great deal more than for the negative indicators. Furthermore, we
were only able to calculate 30 negative indicators at farm level, as opposed to 101 positive indicators.
While this may potentially be caused by our REA not fully capturing the evidence in the literature, we do
not think this is the case. The selection procedure for articles included in the REA was rigorous (section
3.1), and post-data collection analysis of the REA database illustrates that our corpus is indeed representa-
tive of the literature.
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Rather, we consider the cause of this discrepancy to be two-fold; on the one hand, the management prac-
tices that are reviewed here consist mainly of ecological farm management practices. These by definition
are designed to reduce externalities and may thus result is less available evidence for their negative im-
pact on the supply of ES. On the other hand, the discrepancy may be indicative of a gap in the literature,
with more research focusing on the positive impacts of management practices on ES rather than the neg-
ative impacts. We consider both explanations feasible, and conclude that there is likely a combination of
both occurring; with positive impacts being more widely reported in the literature (in a trend similar to
publication bias), while at the same time having included an unbalanced selection of management prac-
tices in the analysis.

4.3. Territorial level performance
Table 4 summarizes the five indicators with the highest positive and negative magnitudes calculated at
the territorial level. Here we see that extensive livestock systems has the strongest positive impact on the
supply of habitat creation/protection at the territorial level (I = 0.72,w = 0.72,c = 1,n0 = 1,na = 1).
The high indicator magnitude implies that our confidence in the positive impact of extensive livestock
systems on the supply of habitat creation/protection is high. However, based on only a single observation,
we cannot conclude that the magnitude of the indicators completely reflects the strength of the impact.

Cover crops linked to ground water provisioning (I = 0.59,w = 0.59,c¢ = 1,n0 = 3,na = 2) and agri-en-
vironmental schemes linked to biodiversity (I = 0.58,w = 0.78,c = 0.69,n0 = 4,na = 1) are the only
two indicators in Table 4 with no > 1. For the former, the combination of ¢ = 1 and no = 3 implies a
high level of consensus across a high quantity of evidence. However, the quality of the evidence is such
that our confidence in the reported positive impact is somewhat diminished, reflected in a lower indicator
magnitude. For the latter, the magnitude of the indicator reflects a decrease in confidence in the positive
impact of agri-environmental schemes on the supply of biodiversity due to a lack of complete consensus
in the literature. Nonetheless, the indicator is still ranked third highest across all positive indicators at
territorial level, indicating that the quality of the evidence is high despite the disagreement amongst ob-
servations.

Across all indicators calculated at territorial level, agri-environmental schemes has the strongest negative
impact on the supply of disease and pest control (I = —0.18,w = 0.18,c = 1no = 1,na = 1). Despite
its ranking, the magnitude of the indicator remains low; especially when compared to the strongest neg-
ative indicators magnitudes at farm level. Indeed we see that indicator magnitude is low across all listed
negative indicators in Table 5. Consulting the supplementary measures we see that all negative indicators
at territorial level have low w values and are all calculated based on a single observations.

Table 4. Five highest positive and negative magnitude indicators linking management practices and ecosystem services (ES) at the
territorial level. Results are displayed in descending order starting at highest positive indicator. Correction factor (w), consensus
(c), no of observations (no) and number of articles (na) are included as supplementary measures to aid interpretation.

Management practice ES | w c no na

Five highest positive indicators

Extensive livestock sys- Habitat creation/protection 0,72 0,72 1 1 1
tems

Cover crops Ground water provisioning 0,59 0,59 1 3 2
Agri-environmental Biodiversity 0,58 0,78 0,69 4 1
schemes
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Semi-natural habitats Disease and pest control 0,50 0,50 1 1 1
Semi-natural habitats Erosion regulation 0,50 0,50 1 1 1
Five highest negative indicators

Agri-environmental Disease and pest control -0,18 0,18 1 1 1

schemes

Use of organic fertilisers Regulation of fresh water -0,13 0,13 1 1 1
quality

Use of organic fertilisers Soil formation and composi- -0,13 0,13 1 1 1
tion

Crop rotation Carbon sequestration -0,11 0,11 1 1 1

Sustainable grazing Erosion regulation -0,11 0,11 1 1 1

Similarly to at farm level, in Table 4 we see a number of management practices appearing multiple times
amongst the strongest positive and negative indicators. At territorial level we see that semi-natural habi-
tats appears twice amongst the positive indicators and that organic fertiliser inputs appears twice
amongst the negative indicators. In Figure 5 we observe that a lot of high magnitude, positive indicators
have been calculated for semi-natural habitats. Consulting the supplementary measures, we see that for
half of the indicators calculated for semi-natural habitats no > no;,,.-. This indicates that semi-natural
habitats is one of the most well studied management practices at the territorial level. While the quality of
the evidence for this practice is also high, the high no values is a significant driver of the high indicator
magnitudes.
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Figure 4. Plots illustrating the full set of indicators calculated for semi-natural habitats and organic fertiliser inputs at the territorial
level.

Also in Figure 5 we see that, though an above average amount of indicators have been calculated for
organic fertiliser inputs at the territorial level, the magnitudes of these indicators are all relatively low.
Once again, consulting the supplementary measures sheds light on what is driving these low magnitude
indicators. In this case, we see that both the quantity and quality of the evidence used to calculate the
indicators linking organic fertilisers to ES is low. As the distance between no and 10, across all indica-
tors calculated for organic fertiliser inputs is small, the quantity of evidence is not sufficient to correct for
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the low quality of the evidence. This illustrates that though we can find evidence for both the positive and
negative impact of organic fertilisers on ES in the literature, this is not of a high enough quality to confi-
dently draw conclusions upon. Our indicators thus demonstrate that there is not only more research
needed into the impact of organic fertilisers on ES at the territorial level, care should be taken to ensure
that this research is of sufficiently high quality. The consistently high magnitude indicators calculated for
semi-natural habitats provide an example of how more high quality research at the territorial level could
influence the indicators, and provides insights into the value of such work in gaining a more substantiated
understanding of the impact of management practices on ES supply at the territorial level.

4.4, Considerations and drawbacks

Based on results from the present exercise we are able to identify some noteworthy shortcomings in the
literature on agricultural practices linked to ES. First, we see that there is a clear gap in the literature
evaluating management practice performance at territorial level when compared to farm level. When
comparing between the considered levels, quantity of evidence differed significantly between farm and
territorial level, with 0¢ 4y, > TOery- Surprisingly though, no significant difference in the correction fac-
tor (w) between the two levels was found, though the average at territorial level was slightly lower than
at farm level. While we are therefore not able to draw any conclusions on the difference in the quality of
evidence between the levels, we are able to conclude that there is more research being done at farm level
than at territorial level.

Second, we find a lack of evidence in the literature linking management practices to cultural ES at both
levels (Figure 4). We speculate this may be caused by inherent difficulties in linking cultural ES to a single
management practice as well as difficulties in quantifying particular cultural ES. These evidence gaps may
illustrate a systematic trend in the secondary literature towards easily-synthesized results, i.e. small-scale
studies of more readily quantified ES. Simultaneously, this evidence gap may illustrate an underlying bias
within the primary literature towards such easily quantified and synthesized ES. This coincides with our
findings where we see higher no values incorporated in positive indicators compared to negative indica-
tors, as well as overall more positive indicators being calculated at both farm and territorial level. This
may be indicative of an underlying tendency in the literature to report positive impacts of management
practices on ES supply in a trend similar to publication bias.

A third shortcoming in the literature was identified through inconsistencies in defining a comparator when
evaluating performance of agroecological farm management practices across articles. The PICO described
in section 3.1.1 outlines the comparator (conventional management practices) that was adopted in the
REA. The comparator was assumed to be embedded within the considered articles, and was therefore not
explicitly defined in the exclusion/inclusion criteria. It was noticed, however, that this assumption was not
self-evident. During data extraction there were some inconsistencies related to comparators amongst ob-
servations. While this was accounted for during data cleaning, this raises a caveat within our indicators
and their ability to accurately reflect reality. Furthermore, this also identifies what seem to be systematic
inadequacies in secondary literature in appropriately identifying comparators. From the REA, it was noted
that comparators are not always clearly defined in the secondary literature, despite forming a major part
of discussions and conclusions. While common guidelines for evidence syntheses (e.g. Collaboration for
Environmental Evidence, 2013) may help mitigate this shortcoming, many reviews are able to be more
flexible in their definition of comparators compared to primary studies, signalling a systematic drawback
in secondary literature on environmental performance.
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A drawback related to the proposed indicator framework rather than the underlying literature is the ina-
bility of the indicator to provide information on why a particular management practice may or may not
have a particular impact on ES supply. The observed change in directionality of the indicator linking ex-
tensive livestock systems to habitat creation/protection between the farm and territorial level is a case in
point. Understanding why this shift is observed requires consulting the article from which observations
were derived, and cannot be readily interpreted from the indicators nor from the supplementary
measures. This reflects an inherent drawback of performance indicators, in which information is lost dur-
ing data synthesis and aggregation (Girardin et al., 1999). Indeed this is often a key critique regarding
sustainability indicators more broadly (Bockstaller et al., 2008; Petkovova et al., 2020). However, we argue
that in order to obtain a meaningful overview of the environmental performance of a large amount of
management practices to potentially inform policy-making decisions, this is a necessary trade-off. Indeed,
as was pointed out by Girardin et al. (1999), indicators are partial; inherently they will not be able to
provide an exhaustive vision of reality, or complete information about the system. By being transparent
in our methodology and providing access to all relevant supplementary materials we hope to minimize
the impact of this trade-off significantly.

5. Conclusion and next steps

The work presented in this paper derives performance indicators quantifying the impact of farm manage-
ment practices on potential ES supply within the context of European agricultural systems. Here, indica-
tors shed light on both the potential of a management practice to supply a particular ES, as well as on the
state of the literature evaluating said practice-ES in terms of quality and quantity of evidence. The indica-
tors we propose give a first indication of causality, though they should not be used to estimate marginal
effects of management practice implementation on potential ES supply. Rather, indicators should be used
to quantify these impacts in an intuitive manner and to shed light on the current state of knowledge. We
present the proposed approach as a framework which may be easily adopted in various contexts, poten-
tially expanding on the types of management practices, ES, as well as the farming systems and/or geo-
graphic contexts considered.

We hope to inform policy makers by demonstrating which management practices, based on the available
evidence, are most interesting to focus attentions on considering their potential impact(s) on the supply
of the considered ES. We find that of the 26 considered ES, extensive livestock systems have a tendency
to have the highest consistently positive impact on potential ES supply across various ES at farm level,
ranking third highest in indicator magnitude after agri-environmental schemes and cover crops. At terri-
torial level we see a shift towards semi-natural habitats having the highest consistently positive impact on
the potential supply of ES, also ranking third highest in indicator magnitude after extensive livestock sys-
tems and cover crops. Simultaneously we hope to inform the scientific community by quantifying the
current scientific landscape and illustrating where research gaps remain and where more work is needed.
Here, we find that the literature could benefit greatly from an increase in high quality research at territo-
rial level as well as for cultural ES.

The indicators presented in the paper fall within the ecological dimension of the ES cascade model pre-
sented in Figure 1 by quantifying the supply of ES from management practices. However, as was high-
lighted previously, indicators quantify only the potential supply of an ES. In order for an ES to be delivered,
a consideration of the demand for ES in the social dimension is required. In succeeding work we propose
to incorporate this demand-side dimension in the ES cascade model by consulting with local stakeholders
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across three case study areas in Belgium and England. Using insights gained from this consultation we will
calculate composite indicators with the indicators presented here, which consider the realised supply (i.e.
delivery) of an ES to obtain an indicator of overall environmental performance of the 26 considered man-
agement practices. In doing so we illustrate how the proposed indicators may be applied to evaluate over-
all environmental performance of management practices considering nuanced spatiotemporal character-
istics.
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Appendix A: indicators at farm and territorial level for full set

Agri-environmental schemes
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Use of organic fertilisers
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