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A prototype framework for monitoring and evaluation of Soil Health Business Models (SHBMs) has been
developed and presented in this deliverable, consisting of a number of tables and checklists. It combines
farming practices, ecosystem services (ESs), soil health and farm income. At the farm level, it assists land
managers and farmers in their decision-making process by guiding them on how to alter their farming
practices to enhance ESs, addressing the demand for ESs by other stakeholders. Simultaneously, the
effects of these changes on soil health and farm income are assessed, providing integral insights into
the effects of these changes. On the stakeholders side, the framework helps in ranking and select ESs
that best meet their needs most and identifying the value in terms of payments to farmers. The
framework is ready for use in the Testing Grounds (TGs) and Communities of Practice (CoPs) within
SoilValues, with the understanding that the framework will need adaptation to be locally applicable.
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SoilValues: Enhancing Soil health through Values-based business models (HORIZON-MISS-2021-
SOIL02-05)

Project duration: 1 January 2023 — 31 December 2026 (48 months)
Total project budget: € 4 999 922.50
EU Grant: € 4 999 922.50

Land managers combine man-made resources with natural resources to produce marketable products
like food, feed, fiber and wood, but at the same time produce ecosystem services that are generally not
marketed or compensated. However, land managers generally have little incentive to invest in healthy
soils, as they cannot sufficiently capture the value generated by these ecosystem services. SoilValues
aims to contribute to the conditions for developing successful soil health business models. These are
models in which land managers make production decisions that result in higher levels of soil-based
ecosystem services (SES) and in which they are paid for the non-marketed services they generate. In
order for such business models to function, three important conditions need to be fulfilled: (1) the
outcomes of SES need to be measured, thus requiring knowledge, indicators and models, (2) the data
and information generated by these indicators and models need to be exchanged to facilitate
monitoring, reporting and verification (MRV), and (3) all these activities should be governed by an
appropriate institutional framework consisting of the necessary legislation, standards and incentive
schemes. To enhance the conditions for developing successful soil health business models, SoilValues
will: (1) provide a comprehensive assessment framework addressing all factors influencing the
development of business models for investing in soil health, (2) establish 6 testing grounds across
Europe to test and improve emerging and designing new soil health business models, (3) establish 12
communities of practice of land managers, value chain actors, investors and public authorities for soil
health business models, (4) design a comprehensive toolbox of incentives and policy recommendations
to facilitate soil health business models and (5) raise awareness and exchange knowledge for soil health
business models. This work is structured along five distinct work packages (WPs) as indicated in Figure
1.



1. Introduction

Soil health business models (SHBMs) have a three-fold aim: (1) improve (or in optimal situations
maintain) soil health through (2) the long-term, sustainable provision of a range of ecosystem services
(ESs) which (3) in turn provides long-term, sustainable income to the farmer. Currently, in most farming
enterprises high (if not sole) priority is given to the production of agricultural commodities, i.e. products.
This is regarded as the single most important goal to remain, in the short and mid run, economically
sustainable. However, scientific evidence increasingly suggests that the emphasis on production results
in the overexploitation of the soils, and consequently a reduction in the supply of ESs and of soil health.
In turn, long-run farm sustainability is (or might be) endangered. Hence, an increasing demand for
SHBMs can be observed, both within policy and the agricultural sector as well as within society at large.
This has resulted in initiatives to change current (product-restricted) business models into SHBMs.

Transforming farm management and farming practices into SHBMs requires strategic management,
including (1) careful assessment (and taking into account farm-specific opportunities and threats), (2)
making choices, (3) planning/implementation and (4) evaluation. To manage this as a circular process,
monitoring and/or evaluation of (1) decision options (ex-ante evaluation), (2) preliminary outcomes
(intermediate monitoring) and (3) quasi-final outcomes (ex-post evaluation) is an essential part. This
should be done in a systematic and consistent way, using e.g. a well-targeted and balanced set of
parameters to be monitored over time.

It is clear that soil health improving (management) decisions must be an integral part of SHBMs. Within
SoilValues, one of the final deliverables will be an interactive toolbox of incentives to aid decision-
making aimed at improving soil health (Deliverable D4.3). The development of a monitoring and
evaluation (M&E) framework in work packagaes (WPs) 1 and 2 will support the use of this toolbox by
providing guidance for decision making between the different incentives, and assessing the (potential
and realized) outcomes of those choices. Note that the focus in WP1 and WP2 is the development of
predictive tools for management outcomes and therefore when referring to M&E, the framework is
predominantly referring to ex-ante monitoring rather than the more traditional understanding of ex-
post monitoring, though the latter will also be shortly addressed. At this point, a prototype M&E
framework has been developed, which can be subject to application and testing in the remainder of the
project and will result in the envisaged final evaluation framework (Deliverable D1.4).

The current deliverable, D1.2, describes the prototype framework for M&E of SHBMs. First, the
theoretical context will be described, with emphasis on important aspects of SHBMs, particularly ESs
and their relation to soil health and farmers’ income. Thereafter, the market context of supply and
demand of ESs is explored. Subsequently, first the supply side of ESs is presented: the SHBMs (i.e.
sustainable, long-term ES supply) as a linkage between production management, soil health and farm
income. This provides the core of the M&E-framework. Second, a similar approach is presented with
regard to the demand side: a linkage between ESs and relevant stakeholders. Finally, tables and
checklists to be used in M&E-systems for SHBMs are presented.



2. Theoretical background and context

The key elements of a farm business model are the products and services being generated and
subsequently marketed (or potentially be marketed), in order to serve as a source of income for the
producer. Thinking beyond the traditional focus on biomass production, this is the complete set of ESs
supplied by a farm. However, even when focused on producing/supplying a range of ESs (as opposed to
just biomass production), care must be taken to ensure that production is sustainable from a soil
perspective. That focus on sustainable soil use is the key to shifting from a traditional farm business
model to a SHBM. A SHBM specifically includes long-term soil health as a key priority. Given the
definition of soil health as the “continued capacity of soils to support ecosystem services” (European
Commission, 2020), ESs can be used as the link between the production/supply from a farmer, and the
demand by stakeholders. Therefore, with the caveat that sustainability is integral to the understanding
of a SHBM, ESs are taken as the starting-point for elaboration of the M&E-framework.

Ecosystem services are defined as “the benefits people obtain from ecosystems” (MEA, 2005). Those
benefits include the provisioning services, such as food and feed, as well as regulating, supporting, and
cultural services such as pollination, climate regulation, and aesthetics of ecosystems (MEA, 2005).
While human survival (Kremen, 2005) and well-being (Costanza et al., 1997; McMichael et al., 2005;
MEA, 2005; TEEB, 2010) strongly rely on ESs, ES supply has been strongly modified over the last 50-100
years; mainly because of humans’ considerable and increasing alteration of ecosystems (MEA, 2005;
Vitousek et al., 1997). While the provision of food has increased, the majority of other ESs have been
degraded (MEA, 2005), e.g. reduced biodiversity, a decline in water quality and in water storage capacity
of soils. As a result, there is a demand from society to enhance ES supply (Schulte et al., 2019).

From the above, two sides of the SHBM can be distinguished: (1) supply and (2) demand. Both have
their own peculiarities, which will be briefly explained below. Moreover, they are interlinked as well
through the market of ESs; this will be explained in Section 3.

ES supply: To enhance ES supply, farmers must change their production management. Production
management is defined as the set of decisions that can be made by a farmer in a crop production system
in terms of land use activities, crop management, and soil management (adapted from Kik et al., 2021).
It has been shown that production management changes can affect ES supply in various ways. For
instance, cover crops can improve nutrient cycling and pest control (Schipanski et al., 2014),
conservation tillage can reduce soil, nutrient, and pesticide loss (Swinton et al., 2007), and an increase
in organic input can increase soil organic carbon which is positively correlated with several Ess like
climate change mitigation (Brady et al., 2015).

While altering ES supply occurs through production management changes, those changes can also affect
other farm aspects that play a key role in ES supply. In particular, when aiming at long-term ES supply, it
is important to consider how altering ES supply simultaneously affects soil health. As described above,
while soil health is defined in terms of ES supply, sustainability is intended to be integral to that
definition. Yet the reality is that an estimated 33% of land worldwide is affected by moderate to severe
soil degradation (FAO & ITPS, 2015). Given that soil health is key to many ESs (Drobnik et al., 2018),
which are named soil ESs, a focus on ESs that does not include soil health is not consistent with the
goals of a SHBM.

In addition to soil health, it is important to consider how altering ES supply affects farm income. Changes
that are beneficial for ES supply or soil health can incur income losses for farmers (Swinton et al., 2007),
which in turn could impede farmers” willingness to adopt those changes (Dominati et al., 2019). This is
partly because most ESs demanded by society, as well as soil health itself, are not yet economically
valued in markets (i.e., non-marketed ESs). Still, many ESs are potentially marketable and, when
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marketed, could become a lever to incentivize farmers to alter ES supply. If altering ES supply
simultaneously enhances soil health (the goal of a SHBM), altering marketable ES supply might then also
be a lever to incentivize farmers to improve soil health, consequently ensuring long-term improved ES

supply.

Because altering ES supply can simultaneously affect soil health and farm income, which are important
to improve ES supply, it is crucial to answer the following question:

How does altering ES supply simultaneously affect soil health and farm income through production
management changes?

Answering this research question could support farmers and stakeholders in determining how to
enhance ES supply while improving soil health and farm income. In particular, it would support them to
answer three key questions:

1. Which production management changes result in simultaneous improvement in ES supply, soil
health, and farm income?

2. Under which circumstances are additional incentives (e.g., payment for ESs) required to
improve farm income?

3. When economic incentives are necessary, to which level are they required to improve farm
income?

Several studies have addressed one or more aspects of those questions, by linking some of the following
four elements: ESs, soil health, farm income, and production management. Current literature
extensively addresses the impact of production management changes on ES supply and soil health (e.g.
Bai et al., 2018; Beillouin et al., 2021; Cozim-Melges et al., 2024; Sandén et al., 2018; Tamburini et al.,
2020), and the direct linkage between soil (health) and soil ESs (Adhikari & Hartemink, 2016; E. Dominati
et al., 2010; Drobnik et al., 2018; Schwilch et al., 2016). In addition, in the context of an assessment
framework for sustainable bioeconomy, Helming et al. (2018) linked soil, soil ESs, and production
management with each other. In parallel, Stevens (2018) incorporated soil health, farm management,
and farm income within one framework, but this publication does not explicitly consider ESs. More
recently, Kik et al. (2021) linked all four elements by conceptualizing how production management can
affect long-term farm income and ESs through its influence on soil health.

Nonetheless, there are few studies that address the whole question using an integrated approach. More
specifically, few studies link all four elements of the question, and few studies consider the large range
of ESs (Dominati et al., 2019). Consequently, current literature ignores the various synergies and trade-
offs that can arise among ESs, and in relation to production management, soil health, and farm income.
In particular, while Kik et al. (2021) linked all four elements, they fully ignored ESs diversity as they only
considered ESs as a single black box. In addition, Kik et al. (2021) did not put ESs as the primary objective
at the center of the question, but rather considered ESs as arbitrary benefits resulting from soil health
improvement. This is a key difference from our approach, in which we place ESs at the center of the
guestion, linking each of the other vital elements (management, soil health and income). By definition,
soil health in our framework is a key, overarching goal, which is needed to achieve ecosystem
improvement, but it is the ESs themselves that are marketable and therefore the point at which farmer
decision-making occurs. With that framework definition, what this work adds to the existing literature
on the topic is a focus on how altering ES supply simultaneously affects soil health and farm income
through production management changes. In this deliverable, we elaborate on other literature,
particularly on Kik et al. (2021), and develop the supply side of SHBMs with particular emphasis on
important M&E aspects regarding ESs, soil health, farming practices and farm income.



ES demand: A broad range of (potential) stakeholders (i.e. demanders or consumers) of ESs should be
considered. Kik et al. (2021) carried out a broad actor analysis for sustainable soil management (i.e.
aimed at long-term maintenance of soil health). As previously mentioned, sustainable soil health is
requirement within SHBMs from a soil health perspective, yet only if potential supply is met with
sustainable demand, will a SHBM also be sustainable from the business model perspective. Kik et al.
(2021) elicited actors’ priorities and demonstrated clear differences between different (groups of) actors
with an interest or influence in soil health decision making, like value chain actors, policy makers, water
boards, and, last but not least, farmers and land managers. Moreover, they showed the existence of
some coincidence of this with other related issues in view of SHBMs, particularly the degree of
involvement (in developing and maintaining the SHBM), the influence on actual decision making on the
SHBM (which implies some closer relations with the supply side, i.e. the farmers) and the financial
capabilities for involvement in the SHBM.

A very useful finding for the current deliverable is that Kik et al. (2021) used the linkage of (1) interest
and priorities of different stakeholders, respectively actors, with (2) different ESs grouped as
Environmental, Social and Economic services and impacts agricultural production (and hence provision
of ESs) can potentially have. Particularly, this linkage (embedded in the larger demand context) appeared
to be very useful for incorporating in the M&E framework of SHBMs.
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3. Market context: linking demand and supply for ESs as the basis for
sustainable SHBMs

Figure 1 presents the market context of demand and supply of ESs. The demand side, labeled ‘society
stakeholders’ includes any individuals or groups interested in ESs. This can be on a large scale, such as
the European Union (Schulte et al., 2019), national institutions, NGO'’s (Schulte et al., 2019), companies
(Arla Foods, n.d.; FrieslandCampina, 2024), or even down to consumers (Latvala et al., 2021). The supply
side is represented by farmers and land managers.

ESs
Demand

Society
Stakeholders

Inform
Decision
Making

Incentives 4

_—

Revenues

Legend:
PM : Production management

= = : Links described in section 3

Figure 1. Context of supply and demand for ecosystem services (ESs). Farmers supply ESs while stakeholders express a demand
for them which can be accompanied by incentives towards farm revenues and costs (e.g., payments). Altering ES supply
affects production management, soil health, and consequently farm income through revenues and costs. The effect on farm
income then plays a key role in a farmer's decision-making regarding ESs to be supplied.

Demand can vary over time and between stakeholders (Schulte et al., 2019), and can be accompanied
by incentives (Arla Foods, n.d.) that can encourage farmers to align their supply with demand. Incentives
can be directed toward revenues through payments, or towards costs through, for instance, provision
of land, training, or discounts on machinery. The most well-established incentives are payments for the
provisioning of ESs: food, feed, and bio-based materials. However, financial incentives for other ESs also
exist. Those consist for instance of agri-environmental schemes used by governments and the European
Union to reward farmers for protecting ecosystems and biodiversity (Schaub et al., 2023; Schulte et al.,,
2019), and payments from companies such as Arla Foods, who reward their farmers for climate
mitigation and protection of nature and biodiversity (Arla Foods, n.d.). In certain cases, groups of
stakeholders cooperate to jointly incentivize the provision of ESs. For instance, public-private
partnerships in Brazil organize and finance payments for ESs to farmers to preserve water quantity and
quality by increasing forest cover (Zanella et al., 2014).

Based on the level of incentives offered by stakeholders, farmers can be willing to modify their ES supply.
Changing their ES supply then requires production management changes which can simultaneously also
affect soil health. The changes that occur on the farm, in terms of ESs, production management, and
soil health then have consequences for the farm income through changes in revenues and costs.
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4. The supply side of a sustainable SHBM: linking ES supply to
production management, soil health, and farm income

As stated above, the ES supply is the pivot around which the three vital elements of a SHBM (production
management, soil health and farm income) interact, and will be used as a starting point for elaboration
of the M&E framework. Figure 2 presents the conceptual framework approach. The objective is to alter
ESs. We assume that soil health, production management, and farm income are directly and indirectly
influenced by that objective. Altering ESs results in a sequence of choices and consequences that create
a combined effect on farm income. This sequence can be described in the four relationships seen in
Figure 2:

Altering ESs requires changing production management

Changing production management can influence soil health

Altering ESs indirectly influences soil health through changes in production management?
Altering ESs through potential changes in yield level, and payments for ESs, production
management (through costs), and soil health (through long term productivity) have a combined
effect on farm income.

AN e

Production Legend:
Management e Objective: Improving ESs

1 » Improving ESs requires changing
production management

2 Changing production management
— influences soil health

— = » Improving ESs indirectly influences
soil health

—  ESsimpact farm income through
revenues

Farm
income

Soil health SRR 2 -

—  Production management impact farm
income through costs

#+  Soil health indirectly impact farm

income through long-term effect on
yield

Figure 2. Conceptual framework approach to the supply of ecosystem services (ESs)

In the following sections (3.1-3.4), each relationship is explored in detail and described qualitatively. In
particular, we performed a narrative review of synthesis papers to explore the relationship between ESs
and production management (section 3.1), and production management and soil health (section 3.2).
The narrative review follows a comparable approach to Maenhout et al. (2024) but with a different
scope. In short, the narrative review was performed in Scopus and Google Scholar, and collected
synthesis papers that explored the link between specific production management changes and ESs or
soil health. Synthesis papers consist of systematic and non-systematic reviews, meta-analyses, second-
order meta-analyses, and other types of synthesis papers. Based on the review of synthesis papers we
built two tables (Tables 1 and 2), which we presented to five experts who provided feedback for
improvement. Based on their reviews, we extended our review and consequently further completed

! For clarity, this does not represent the mechanical linkage between soil health and ESs, but rather
represents how ESs and soil health are linked through choices in production management.
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Tables 1 and 2. All information in Tables 1 and 2 is supported with literature and not simply based on
expert judgment. In total, we collected 49 reviews, 28 meta-analyses, and 3 second-order meta-
analyses.

To collect the synthesis papers, we established a list of ESs, production management changes, and soil
health indicators to be considered. Here, we briefly described how those lists were established. The list
of ESs was established based on the three main classification frameworks of ESs: CICES V5.1, MEA, and
TEEB (Haines-Young & Potschin, 2018; MEA, 2005; TEEB, 2010) and then a selection of those was made
to focus on ESs relevant in the agricultural context, based on Paul et al. (2021). Following this, we used
three selection criteria to define our list of ESs: ESs must be impacted by production management
changes (criterion 1), relevant for the general arable context (criterion 2), and distinct from each other
(criterion 3). We ended up with a list of 20 ESs including, among others, water quality, carbon
sequestration, and pollination.

The list of production management changes (commonly named farming practices) was first established
by including the list of production management changes presented in three papers categorizing them
in the context of production management in relation to soil health, and ESs (Helming et al., 2018; Kik et
al.,, 2021; Techen & Helming, 2017). This was then presented to experts at the SoilValues third
consortium meeting, which led to some adaptations of the list. We ended up with 32 production
management changes including, among others, cover crops, reduced tillage, and agroforestry.

The list of soil health indicators was first established based on four papers providing lists of soil health
indicators in the context of production management, ESs, and farm income (Adhikari & Hartemink,
2016; Arshad & Martin, 2002; Kik et al., 2021; Stevens, 2018). Following this we used three selection
criteria. Soil health indicators were required to be: manageable (criterion 1), distinct from each other
(criterion 2), and commonly used, i.e. well-known (criterion 3). Finally, we discussed our pre-selection
with two experienced soil scientists and updated our list. We ended up with 18 soil health indicators
including, among others, bulk density, pH, and cation exchange capacity, of which six were physical,
three were chemical and nine were biological.
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Altering ES supply requires production management changes. Table 1 presents this relation by showing
how 20 ESs can be affected by 21 production management changes. This is based on the review of
synthesis papers.

In many cases, one single ES or a bundle of ESs can be enhanced by several production management
changes (Table 1). For instance, water quality can be improved through agroforestry, field margins,
fertilizer placement, and decreasing fertilizer rate, while carbon sequestration can also be enhanced
through agroforestry, and cover crops but not through fertilizer placement and decreasing fertilizer rate,
simply because this did not come out of the meta-synthesis?. This indicates that if a farmer or land
manager is willing to improve one single ES or a bundle of ESs, he/she can choose between several
production management changes. For instance, if one wants to enhance water quality, carbon
sequestration, and biodiversity, one has the choice between implementing agroforestry, cover crops,
and intercropping (Table 1).

Depending on the exact production management changes selected to enhance the ESs initially targeted,
synergies and trade-offs could arise with other ESs not initially targeted. Based only on the topics
covered in Table 1, all production management changes can affect multiple ESs. For instance, if one
wants to enhance water quality, carbon sequestration, and biodiversity (target ESs), one might opt for
cover crops or intercropping. However, cover crops and intercropping can have differing effects on other,
non-target ESs. For example, cover crops may enhance erosion control and flood control (synergies) but
decrease blue water and green water (trade-offs). On the other hand, in Table 1, intercropping had a
clearer effect on pest and disease control than cover crops.

While Table 1 represents a good starting point for discussion and further analysis, a more detailed
approach is necessary when addressing problems locally. There are several reasons for this. First,
multiple environmental cofactors, such as the climate and inherent soil properties, can influence the
results (Jeffery et al., 2017; Wang et al., 2021). For instance, the meta-analysis of Jeffery et al. (2017)
showed a significant positive effect of biochar on cultivated plants in tropical climates and at the same
time a significant negative impact in temperate climates. Second, experimental cofactors such as
sampling depth (Palm et al., 2014) and experimental duration can also influence the results. Third, other
effects could be expected when looking at more specific levels of production management changes than
the ones used and defined in our framework. This is because production management changes, as used
and defined here, represent categories of production management changes rather than exact changes.
For instance, ‘cover crops’ is a category that encompasses many types of cover crops among which some
are legumes and some are not. While Quemada et al. (2013) showed that cover crops do not affect
cultivated plants when considering them as one category, they showed that legume cover crops have a
significant positive impact on cultivated plants while non-legume cover crops have a negative non-
significant impact.

2 There are relationships, which do exist, but were not addressed in the synthesis papers.
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Table 1. How ecosystem services (ESs) are affected by various production management changes based on the review of synthesis papers. Each cell color indicates the effect of a production
management change (row) on an ES (column) based on one or several synthesis papers. When several synthesis papers were collected for a single cell, the reported effect in that cell was calculated
by combining findings from all its synthesis papers. Effects are described qualitatively as five levels: Dark green: positive effect; Light green: neutral to positive effect; Orange: neutral/unclear effect;
Light red: neutral to negative; Dark red: Negative. Within each cell, the number of stars indicates the evidence level used in our review that describes the relation (i.e., the evidence level supporting
the reported effect). The more synthesis papers were collected for a cell, the higher the evidence level for that cell. Evidence levels vary from an empty star (low evidence) to three stars (high
evidence). Legend: reg = regulation; Carbon seq. = Carbon sequestration; NUE = Nutrient use efficiency .Blank cells indicate that no or not a sufficient number of metastudies have been identified
which cover the relationship referred to.
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The impact of 21 production management changes on 18 soil health indicators based on our review of
synthesis papers is shown in Table 2. As for ESs-production management relationships, it appears that
production management-soil health relationships received various levels of attention in the literature.
For instance, subsoil management and machine weight were understudied compared to tillage
practices, while SOM/SOC were the soil health indicators dominantly studied.

In many cases, one single soil health indicator or a bundle of soil health indicators can be enhanced by
several production management changes (Table 2). For instance, many production management
changes, including cover crops, decreasing crop residue removal, and organic amendments can
contribute to increasing SOM/SOC. Consequently, when attempting to improve specific soil health
indicators, one may choose between several production management changes.

Depending on the exact production management changes selected to improve a specific soil health
indicator or bundle, various trade-offs and synergies may arise with other soil health indicators that may
not be initially targeted. For instance, based on the relationships shown in Table 2, if one wants to
increase earthworm abundance and diversity, one might choose between no tillage and increasing
organic amendments. While no tillage could increase bulk density and have a limited effect on bacteria
abundance and diversity, an increase in organic amendments could decrease bulk density and increase
bacteria abundance and diversity at the same time. Therefore, it depends on the specific ESs that
stakeholders want to reward and the specific soil health characteristics that are important to the
farmer/land manager with his specific farm conditions, which practice(s) may give the best result in
terms of soil health and farm income.
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Table 2. The effect of production management changes on soil health indicators based on the review of synthesis papers. Each cell color indicates the effect of a production management change
(row) on a soil health indicator (column) based on one or several synthesis papers. When several synthesis papers were collected for a single cell, the reported effect in that cell was calculated by
combining findings from all its synthesis papers. Effects are described qualitatively as 5 levels: Dark green: positive effect; Light green: neutral to positive effect; Orange: neutral/unclear effect; Light
red: neutral to negative; Dark red: Negative. Within each cell, the number of stars indicates the evidence level used in our review that describes the relation (i.e., the evidence level supporting the
reported effect). The more synthesis papers were collected for a cell, the higher the evidence level for that cell was. Evidence levels vary from an empty star (low evidence) to 3 stars (high evidence).
Legend: Aggr. = Aggregate; AWC = Available water capacity; Tot. = Total. Blank cells indicate that no or not a sufficient number of metastudies have been identified which cover the relationship
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The supply of ESs can be enhanced by various production management changes, and production
management changes can in turn affect soil health indicators in various ways. Therefore, enhancing ES
supply can have various effects on soil health indicators. This can result in a synergy or trade-off between
ES supply and soil health, depending on whether the change in soil health is considered beneficial or
detrimental, which is context specific.

Figure 3 shows how altering ES supply affects soil health indicators through changes in production
management. For illustration purposes, we use a limited set of ESs, production management changes,
and soil health indicators.

Targeted ESs

Bulk
density

Erosion
control

Pest and
disease Infiltration
control

SOM/SOC

Decreasing
Pollination fertilizer Earthworms

I
i
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1
1
I
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I
I
I
I
i
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Figure 3. How altering ecosystem services (ESs) supply affects soil health indicators through changes in production
management. The color of the arrows indicates the type of expected change: = = “This ES can be enhanced through this
production management change”; = : “The production management change increases the soil health indicator”; = : “The
production management change decreases the soil health indicator”. Note that an increase/decrease does not necessarily
correspond to a beneficial/detrimental effect.

Even when aiming at the same specific ES, synergies and trade-offs with soil health indicators might
differ. For instance, when attempting to enhance water quality, one might decide to plant cover crops
and decrease fertilizer rate, but the individual impact of each of those changes on soil health indicators
will differ. Based on the relationships in Table 2, the use of cover crops may increase earthworms
abundance and diversity, infiltration rate and SOM/SOC, while the use of decreased fertilizer would not
be expected to affect earthworm abundance and diversity, or infiltration rate, but might reduce
SOM/SOC (Figure 3). Therefore, the net change in SOM/SOC is unclear.

It is important to note that, through production management, not only soil ESs are linked to soil health,
but also non-soil ESs are linked to soil health. More specifically, this means that enhancing non-soil ESs
can also affect soil health, potentially improving it, but also potentially creating trade-offs. For instance,
the goal of enhancing pollination may result in the choice to plant cover crops, and consequently,
positively impact SOM/SOC but negatively affect bulk density (Figure 3).
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This section puts the previous sections into an economic perspective, by defining and qualitatively
describing farm income in the context of altering ES supply.

Farmincome (FI) can be defined as the difference between the revenues and costs (C) on a farm, where
the revenues can be sub-divided into crop yield revenues (R_CY), and revenues from other ESs (R_ES'S):

FI=RCY+R.ESs—C )

Revenues from crop yield (R_CY) can be defined as:

C
R.CY = Z Y, x P. (2)
c=1

where C represents the different crops within the cropping plan, Y, is a continuous variable that
depends on each crop C. Each Y, is an ES, and a subcategory to the ES “Cultivated plants” in Table 1. P,
the price of the product, is for simplicity reasons considered as a fixed parameter that depends on each
crop C.

Revenues from other ESs (R_ESs) can be defined as:

E
R_ESs = z ES, x P, 3)

e=1

where E represents different ESs, ES, is a continuous variable defined by the intensity of supply of each
ecosystem service E. P, the price or payment paid for the ES, is a fixed parameter that depends on each
ecosystem service E. For simplicity, revenues from other ESs are further referred to as ESs revenues.

Costs (C) can be defined as:

PM
C = Z(Mpm X Cym) (4)
f=1

where PM represents different production management decisions. My, is a binary or continuous
variable indicating either if the production management decision pm is used on the farm (when binary),
or the intensity of the production management decision pm (when continuous). Cpy, is the cost incurred
for using a certain production management decision pm. For reasons of simplicity, we do not distinguish
between variable and fixed costs, and consider that costs solely depend on the production management
used.

When one decides to alter ES supply, this can affect crop yield revenues, other ESs revenues, and costs,
resulting in either a net positive or negative impact on farm income (relations 4.1-4.3 in Figure 2).

- First, altering ES supply can affect crop yield revenues positively or negatively depending on the
effect of the selected farm practice on Y,. This corresponds to relation 4.1 in Figure 2 as Y, is a
subcategory to the ES “Cultivated plants”. The change in Y, might occur through a change in the
cropping plan and/or a direct effect on the yield. Indeed, as shown in Table 1, some farm
practices used to alter ES supply lead to a change in cropping plan (e.g., intercropping,
agroforestry) and/or can directly affect “Cultivated plants” positively (e.g., mulching) or
negatively (e.g., decreasing fertilizer rate).
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- Second, altering ES supply is expected to increase ES revenues (relation 4.1) as most ESs are
expected to be improved (Table 1). This holds as long as there is a payment for the improved
ESs. However, trade-offs between ESs (Table 1) could potentially result in a negative effect on
the net ES revenues.

- Third, the required changes in production management (Table 1) to alter ES supply can increase
(e.g., cover crops) or decrease (e.g., reduce fertilizer use) costs (relation 4.2).

- Finally, because soil health is key for long-term productivity (Kik et al., 2021), the effect on soil
health can affect the long-term effect on Y., and consequently affect crop yield revenues
(relation 4.3).

As a consequence of the various effects that altering ES supply can have on crop yield revenues, ES
revenues, and costs, the combined effect of altering ES supply on farm income can either be positive or
negative.
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5. The demand side of a sustainable SHBM: linking ESs to
stakeholders acting in a SHBM

This section focuses on the demand side of SHBMs. As shown in Section 3 (Figure 1), ESs are the pivotal
link between the supply side and the demand side of SHBMs. The underlying implication is that, within
the context of a SHBM, if (a group of) stakeholders increase their demand for ESs (which can be
qualitatively and/or quantitatively), this will ultimately provoke changes in farming practices on the
supply side, which will result in changes (i.e. improvements) of soil health. Whether this sequence of
events will actually occur depends on (1) the costs caused by the change/improvement and (2) the
willingness of the stakeholders to pay for this, i.e. the price of the enlarged/improved set of ESs (to be)
supplied. Within the context of developing a prototype for the M&E of a SHBM therefore, two aspects
should be linked: (1) the ESs which can potentially be demanded by the stakeholders, and (2) the set of
stakeholders respectively actors.

The first aspect, the ESs demanded, is assumed to be identical with the ESs which can potentially be
supplied, i.e. the upper part of Table 1. For the second aspect (i.e. the set of stakeholders respectively
actors), use can be made of Kik et al. (2021). In Table 3, the inventory of potential stakeholders
respectively actors which can be involved in a SHBM is depicted (from: Kik et al., 2021).

If the set of potential actors is merged with the potential ESs that can be supplied (or from the
stakeholder perspective, demanded), Table 4 is obtained: a linkage between stakeholders and ESs. This
Table can be used to make an inventory of the stakeholders’ preferences (and potential involvement) in
the ESs supplied within the SHBM. Used in this way, the Table provides a useful tool in the M&E system
to study, follow-up and analyze the evolution of the SHBM. It also helps farmers and land managers to
choose which stakeholder to contact when (s)he expects a certain (set of) ESs to be enhanced in the
current or future management of the farm. This tool is still in the development stage, but the currently
empty cells will be filled following a thorough literature research. This will be done during the application
of the M&E prototype framework within the SoilValues project, in activities related to the TGs (WP2)
and the CoPs (WP3). Especially in WP3, the preferences of the stakeholders involved and their
willingness to pay for a certain (improved) ES supply are investigated.
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Table 3. Description of actors, actor roles and actor classification types involved in sustainable soil management in the Netherlands (from Kik et al). Reference numbers list the following citations:
Reyers et al. (2009)1, Butler et al. (2013)2, Biinemann et al. (2018)3, Calker et al. (2005)4, O’Sullivan et al. (2018)5, Barrios et al. (2006)6, Bouma & Montanarella, (2016)7, (Schulte et al. 2015)8

Actor (group) Acronym Actor role Actor type Reference
Arable farmers AF Use agricultural land with the primary goal of crop production Central actor 2,3,5,6,7
Dairy farmers DF Use agricultural land with the primary goal of feed production for dairy cows Central actor 2,3,5,6

Land & capital providers
Financial institutions Fl Provide loans to farmers to finance purchase and possession of land Primary 3
Land owners LO Own agricultural land, but are not the actual users, lease land to farmers Primary 1,8

Input suppliers
Crop breeders CB Breed and distribute plant reproductive material to arable and dairy farmers Primary
Crop input suppliers CIs Supply crop inputs, e.g. crop protection agents, fertilizers and compost to farmers Primary
Technology suppliers TS Produce and distribute mechanisation and installations to farmers and contractors Primary
Feed suppliers FS Supply and or produce concentrates and by-products (e.g. beet pulp) to dairy farmers Secondary
Intensive livestock farmers IF Own limited or no own land and have to dispose manure, mainly to arable farmer Secondary

Service providers 2
Advisors AD Advice farmers and other actors on soil management Secondary 3,5,6
Soil sensing providers SSP  Offer monitoring of soil properties as a service to farmers and other actors Secondary
Contractors CT Carry out field operations commissioned by farmers, e.g. sugar beet harvest Secondary
Crop insurance providers Cl Offer farmers insurance against uncertain events, e.g. extreme weather Secondary 3
Real estate & land agents RE Moderate in the trade and use of agricultural land Secondary

Post-farm value chain
Agricultural purchasers AP Purchase and process agricultural products from farmers to ready-to-use products Primary 2,3,4,5,8
Distributors & retail DR Distribution of ready-to-use products within distribution network or to consumer Primary 8
Certification bodies CEB Certification of product stream according to a common standard Secondary

Policy makers 7
Regional government RG Develop land management policy on regional level (e.g. at municipality or province level) Primary 1,8
National government NG Develop land management policy on national level, implemented via various ministries Primary 1,58
European Union EU Develop policy on land management via Common Agricultural Policy (CAP) and other directives Primary 5,8

Representative groups
Famers organisations FO Represent farmers' interest, mainly in the field of policy making Primary 3,4
Agricultural communities AC Regional cluster of farmers around certain theme, e.g. nature conservation Primary
Non-governmental organisations NGO Represent societal interest around a certain theme on behalf of a group of citizens Secondary 2,5,6,7

Society
Urban residents UR Citizens that do not live in the direct neighbourhood of agricultural productions systems Secondary 2
Rural residents RR Citizens that live in rural areas and are directly influenced by agricultural production Secondary 2,3

Environmentally engaged actors
Water users WU  Source water in the environment of agro-ecosystems for non-agricultural purposes Secondary
Water boards WB Regional governmental body concerned with management of water streams and water quality Secondary 3
Nature managers NM Manage natural areas in close neighbourhood of agricultural ecosystems Secondary 3

Other
Non-agricultural land-users NAL  Withdraw land from farmers to use it for other purposes (e.g. urbanization) Secondary
Knowledge institutions Kl Conduct research and or provide education concerning soil management Secondary 1,3,5,6,7
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Table 4. Linkage between Stakeholders involved in sustainable soil management and ecosystem services (ESs): in which ESs are different stakeholders interested?
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6. 6 Discussion

Sections 3 and 4 presented key supply and demand aspects of SHBMs, both separately and in how they
relate to each other. This provides the basis for the M&E-framework prototype. The M&E-prototype
framework consists of a set of tables to be used for assessing the two sides of a SHBM: (1) the supply
and (2) the demand.

ES Supply

- Alist of ESs that can be supplied (Table 1 columns)
- Alist of farming practices required for the supply of the ESs (Table 1 and Table 2 rows)

The use of Tables 1 and 2 aimed at choosing target ESs and follow-up actions regarding changes in
farming practices facilitates the identification of additional information:

- The supply of ESs that a farmer may not prioritize or even be aware of. Table 1 helps to identify
the links between ESs and farming practices that could supply additional sources of income in
cases where ESs can be marketed.

- The current or developing status of soil health, as shown by the soil health indicators listed in
Table 2.

- The potential or realized impact of changed farming practices on soil health, as shown by the
soil indicators listed in Table 2.

- Although still to be expanded on in future work, combining the information in Tables 1 and 2
with the theory presented in sub-section 4.4, economic (i.e. income-related) information can
be included into the future M&E-framework.

ES Demand
Although this part of the framework is still under development, in the future, Table 4 can be used as:

- alist of potential stakeholders involved in a SHBM;

- aninventory of the ES preferences of certain stakeholders, including the potential for financial
commitment; and

- astarting tableau for preference and commitment ranking.

Hence, in short, the M&E-framework consists of lists, in the form of tables.
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The supply side of the prototype framework for M&E is currently being used in the SoilValues TGs. An
extensive questionnaire has been developed to:

- provide an overview of the baseline situation of each TG;

- define choice alternatives for a changed SHBM and to support decision making on these; and

- evaluate the impact of changes in the SHBM on the key topics of interest (soil health, ES supply,
farming practices and farm income).

In the development of this questionnaire, the prototype framework for M&E (i.e. Tables 1 and 2) played
a crucial role. They provided not only the framework for an extensive M&E-related inventory, but also
the foundation for future evaluation. Evaluation activities will be related to Task 2.3 (co-design of a
SHBM), Task 2.4 (implementation, monitoring and improvement of the SHBM) and Task 1.5 (bio-
economic analysis).

The envisioned demand side of the prototype framework is currently used in a similar way: a
guestionnaire is currently being developed based on Table 4, aimed at the CoPs. This activity is related
to Task 3.2 (setting-up and developing CoPs) and Task 1.5 (bio-economic analysis).

The testing of the prototype framework will require an extensive task in monitoring data at the four key
topics in this framework (management practices, soil health, ESs and economic results), both in the TGs,
focusing on the supply side of ESs, and in the CoPs, focusing on the demand side of ESs. Extended
guestionnaires have been developed for that reason and are discussed with the TG-leads and-farmers.
Ideally, the meetings with TG-farmers and the results of scenario analyses will lead to clear insights for
the farmers/land managers which ESs are worthwhile to focus on in altering production management
and relating to relevant stakeholders.

After this process of monitoring, the data collected will be analyzed. The process of decision making at
the TGs and the CoPs and the interaction between both will be evaluated, leading to an improved and
a final version of the framework, in order to increase its relevance for suppliers and demanders of ESs.
The selection of CoP-members is a matter of local interest of stakeholders to be involved in SoilValues
and their strategic view on the urgency to enhance ESs besides crop yields. Ideally, the CoP-meetings in
the different partner countries lead to a realistic insight on the willingness of stakeholders to concretely
pay for certain (combinations of) ESs.
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7. Conclusions

The prototype framework for M&E of SHBMs has been developed and presented in this deliverable,
consisting of a number of tables and check-lists. It combines farming practices, ESs, soil health and farm
income. On farm level, it helps farmers and land managers in their decision making process regarding
altering their farming practices in order to enhance ESs addressing the demand by other stakeholders.
At the same time, the effects of such changes on soil health and farm income are assessed, providing
integral insights into the effects of these changes. On the stakeholders side, the framework helps to rank
and select ESs that fulfill their needs most and to identify the value in terms of payments to the farmers.
The framework is ready for use in the TGs and CoPs within SoilValues, with the understanding that the
framework will need adaptation to be locally applicable.
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