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ABSTRACT

Soils have the capacity to contribute to human wellbeing through a variety of pathways.
Preserving these contributions in light of human and climate-induced changes requires
consideration of the numerous benefits — both in research and policy-making. Previous
research has demonstrated how the benefits can be recognized through valuation, but
a comprehensive understanding of how different types of valuation of soil-mediated con-
tributions to people (SmCPs) are incorporated across various contexts is missing. Under the
framework of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES), the current study undertook a systematic review of the literature to identify
knowledge gaps and future research agendas in understanding the value of SmCPs to people.
We analyse the frequency of methods, data and actors included in the studies as well as the
consideration of drivers and quality of life categories linked to the valuation of SmCPs.
Although the majority of studies were solely concerned with either monetary or non-
monetary valuation approaches, several studies acknowledged the limitations of pure eco-
nomic valuation and attempted an integrated valuation of both non-monetary and monetary
approaches. Despite these efforts, there is further potential for fully integrating both mone-
tary and non-monetary valuation methods to encompass a more comprehensive valuation
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approach through interdisciplinary approaches.

KEY POLICY HIGHLIGHTS

® Soils provide important contributions to human wellbeing that have so far been given too

little consideration in policymaking

® The value of soil mediated contributions to people is manifold and clearly calls for an
interdisciplinary perspective to understand and to acknowledge the complexity of soil

ecosystems

® The contributions can be valued with both monetary and nonmonetary methods, and
integrative approaches that incorporate both types of methods and better take the

diversity of values into account.

® Recognising the values of soils by taking an interdisciplinary and integrated perspective
that capture the value of the full range of contributions and the associated tradeoffs with

changes in soil management improves policy outcomes

1. Introduction

Soils provide essential benefits to human wellbeing
while being threatened by continuing land degrada-
tion through human activities (IPBES 2018). Soils
have the capacity to store and supply nutrients to
plants, regulate water supplies and detrimental organ-
isms (e.g. Samaddar et al. 2021), provide habitat to
soil organisms, produce raw materials and store car-
bon (Greiner et al. 2017). Hence, soils are critical to
food supply, to the adaptation and mitigation of
climate change, and water security.

At the same time, soils are affected by multiple
drivers of change, such as climate, natural hazards,

land use change, and farming practices, that directly
impact soil ecosystem services and soil biodiversity
(Dominati et al. 2010). For instance, in the future,
extreme weather events, such as heavy rainfall or
drought, will likely have an impact on provisioning
services, as they can directly damage crops or nega-
tively impact water supply that reduces plant produc-
tivity (Orwin et al. 2015). These climate-induced
effects on soil functioning are intensified by changes
in land use management, such as intensifying agri-
cultural management through harvest frequency,
monoculture, over-fertilization or overgrazing
(Smith et al. 2015). Particularly, the multiplicity of
stressors, such as the concurrent incidence of
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pesticides, microplastics and general human distur-
bance can negatively impact the provision of soil
ecosystem services (Rillig et al. 2023). As most of
the soils’ benefits happen underground, despite their
vital importance to human life, they frequently
remain unseen and often unacknowledged by their
recipients.

Given this vital importance, it is critical to build
the foundational aspects of value under the umbrella
of Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES), encom-
passing a diverse range of worldviews and knowledge
systems onto which broad and specific values are
based in order to understand how nature contributes
to the wellbeing and good qualities of humans
(Balvanera et al. 2022), the plural values categorized
as ‘Nature’s contribution to people’ (NCP). This
diversity of perspectives allows for the understanding
of specific values, including instrumental, intrinsic
and relational values, under which value indicators
can be used for elicitation of values to support policy
and decision making in informing, deciding and
designing. Monetary valuations, for example, can be
incorporated into cost-benefit analyses under the
total economic value framework (Pearce and Moran
1994), and are used for awareness raising while also
providing both the opportunity to prioritize policy
options ex ante as well as to legitimize policy deci-
sions ex post (Dehnhardt et al. 2022). Drawing on
a broader range of disciplines, non-monetary valua-
tion with, for example, socio-cultural valuation
approaches sheds light on the preferences, impor-
tance or needs with regard to nature-people connec-
tions (Chan et al. 2012). Within this framework, such
a holistic approach makes it possible to recognize that
a good quality of and a fulfilled human life is depen-
dent on the (perceived) wellbeing of various involved
actors and how the achievement of social, security
and cultural identity needs are achieved through the
connection to nature (Diaz et al. 2015). The defini-
tion of a good quality of life can therefore vary from
society to society along the dimensions of the security
of food, water and energy, physical, mental and emo-
tional health, cultural heritage, identity and steward-
ship, and environmental justice and equality (Christie
et al. 2019).

With this lens, the elicitation of instrumental
values is the focus of this systematic literature
review, with emphasis on the elicitation of monetary
and non-monetary values. These two perspectives
are part of the valuation method families as defined
within the IPBES framework as nature-based, state-
ment-based, behavior-based and integrated valua-
tion methods (Termansen et al. 2022). To increase
the visibility of soil functions and the relevance of
soils for society, several studies have valued soils and
associated ecosystem services in the past. Given the

similarity between the concepts of ecosystem ser-
vices and NCPs (Kadykalo et al. 2019) and in line
with the framework of IPBES, we refer to these
ecosystem services associated with soils as ‘soil-
mediated contributions to people’ (SmCPs).
Research on the multi-functionality and related
value of soils emerged in the mid 1960’s, gaining
momentum with the rise of the ecosystem services
concept in 1997 and the Millennium Ecosystem
Assessment in 2005 (Baveye et al. 2016). Similar to
other realms of ecosystem research, studies initially
mostly focused on monetary values generated by soil
functions, leaving non-monetary values underex-
plored (Scholte et al. 2015). Two literature reviews
on the topic reveal which soil-mediated ecosystem
services are subject to monetary valuation, which
valuation methods were used and the range of
monetary values that were assessed for these ecosys-
tem services (Jonsson et al. 2017; Bartkowski et al.
2020). However, the sole use of monetary methods is
disputed, mainly based on the difficulty of quantify-
ing soil functions and services and determining ade-
quate indicators, which makes the assignment of
monetary values extremely difficult (Baveye et al.
2016). As in other realms of ecosystem research,
the use of monetary methods for the valuation of
SmCPs can be criticized for its narrow focus on
instrumental values, which often coincide with only
material NCPs, and neglecting relational values that
specify how people relate with nature and with
others conducive to a good life (Chan et al. 2016).
Here, the consideration of non-monetary values
provides an opportunity to explore a more compre-
hensive set of values associated with SmCPs
(Harrison et al. 2018). An interdisciplinary research
approach to assess the plural values of SmCPs and
soil biodiversity is essential for studying interactions
between socio-economic and ecologic soil systems.

In this study, we explore the extent to which
previous research has assessed the values of soil-
mediated contributions to people and ecosystem
services aiming to identify knowledge gaps and future
research agendas for a full account of the multiple values
associated with soils and soil biodiversity. Leaning on
recent publications of the IPBES, we explore the extent
to which research has assessed the value of SmCPs with
regard to the main components of IPBES (which pro-
vides a clear synthesis of interlinkages between people
and nature). Our research questions are:

e Which bio-geographical aspects and compo-
nents relevant to the IPBES conceptual frame-
work (i.e. indirect and direct drivers, and aspects
of quality of life) are prevalent in studies that
examine SmCPs?

e Which SmCPs are subject to valuation in
research?



e Which direct and indirect drivers and which
aspects of a good quality of life are mostly asso-
ciated with specific SmCPs?

e Which monetary and non-monetary methods
and indicators are used to assess SmCPs and
how were the corresponding data collected
(data types, actors)?

2. Methods

In order to investigate which SmCPs are valued in the
literature and which methods were used for valua-
tion, we performed a keyword search in
February 2022 following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses
(PRISMA) protocol in Clarivate’s Web of Science
Core Collection (Page et al. 2021), as described in
supplementary materials S1, S2 and S3. The search
was conducted for academic publications that fea-
tured ‘soil’ and one of several further keywords (in
varying notations) (‘preference’, ‘perception’, ‘socio-
cultural value’, ‘cultural value’, ‘ecosystem services’,
‘ecosystem benefits’, ‘nature’s contribution to peo-
ple’). Although we make use of the IPBES framework
(Diaz et al. 2015) for the classification of SmCPs, we
rely on ‘ecosystem services’ and ‘ecosystem benefits’
in our search string. Given the novelty of the IPBES
framework, the term ‘nature’s contributions to peo-
ple’ has rarely yet been applied in soil research and its
single use in the search string does not provide mean-
ingful results.

A total of 557 peer-reviewed studies were
retrieved, and all abstracts were reviewed for fit.
After excluding studies in other languages than
English (n=10) and studies that either could not be
retrieved (n=6), did not perform a monetary or
socio-cultural value assessment of ES or NCPs (e.g.
conceptual frameworks, biophysical assessments; n =
269), were meta-analyses of several studies (n=50),
were not explicitly linked to the concept of NCPs/ES,
or the results were not comprehensible (n=3), 214
publications were included in the analysis (see sup-
plementary materials S4 for a list of the articles).

In a double-blind review process, a list of items for
each of these studies was recorded that served as
a basis for analysis. For each of these items, a list of
possible classes was assigned to simplify the subse-
quent analysis. The following items (and classes) were
included: (1) biome (i.e. arable, grassland, woodland,
wetland or other), (2) land use (i.e. agriculture, live-
stock, pasture, forest, recreation and protected area),
(3) direct drivers (i.e. land use change, climate
change, pollution, natural resource use and invasive
species, status quo and other), (4) indirect drivers (i.e.
socio-economic trends, demographic trends, techno-
logical innovation, culture trends, government and
other), (5) land use change (i.e. intensity, sustainable
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soil management, crop management, sward manage-
ment, forest management and landscape manage-
ment), (6) ES (Table 1), (7) NCPs (Table 1), (8)
quality of life indicator (i.e. security, health, heritage
and justice), (9) valuation type (i.e. monetary, non-
monetary and mixed), (10) methods in valuation,
(11) data type (i.e. survey, interview, workshop,
observation, model and statistic), (12) actors (i.e.
local people, farmers, visitors, landowners, decision-
makers, experts and managers), (13) classes of indi-
cators (i.e. WTP, preference score, perception-based
valuation, unit value, functional value and net eco-
system production/potential) and (14) method
families (statement-based, behavior-based and inte-
grated valuation). The data from each paper was
independently extracted by two reviewers in an
uncoupled database with room for comments. After
the data extraction was concluded, the reviewers met
to discuss discordances between the entries. Issues
that could not be resolved were discussed within the
full author team. The dataset was finalized and orga-
nized in a shared database.

To explore SmCPs, we associated the ecosystem
services we encountered in the reviewed studies with
one of the 18 NCPs based on (Diaz et al. 2018), as
shown in Table 1. To allow for a precise attribution in
studies that value more than one NCP, the valuation
method, indicator classes, data source, and actors
were recorded individually. This resulted in a total
of 1177 SmCP valuation applications with one entry
of data for each valuation.

We analysed the above-mentioned items in terms
of their frequencies, relative frequencies and distribu-
tions, using their differences in counts or, where
applicable, their means, as summary measures. Data
were displayed in barplots for total and treemaps to
show relative frequencies. For the SmCPs, we addi-
tionally conducted a network analysis to explore the
co-occurrence of SmCPs in our sample. In the net-
work, nodes represent SmCPs and the links between
the nodes (i.e. edges) represent the number of co-
occurrences between the SmCPs. The weight of the
edges is therefore based on the number of studies in
which a pair of nodes appear together.

3. Results

3.1. Content of bio-geographical aspects and
components of IPBES framework

The systematic literature screening resulted in the
review of 214 publications from a range of geogra-
phical contexts under a variety of land uses that were
categorized along a set of similar ecosystems includ-
ing arable land, woodland, grassland, wetland and
other ecosystems. The majority of publications
stemmed from Asia (35%) and Europe (29%)
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(Figure la) and carried out their studies in agricul-
tural (36%) forest (33%) and grassland settings (23%)
(Figure 1b). Accordingly, the land uses most fre-
quently explored are agriculture (32%), forest (26%)
and pasture (13%) (Figure 1c).

3.2. Soil-mediated contributions to people

From the overall 1177 SmCPs valued in the reviewed
publications, regulating SmCPs were the most preva-
lent followed by material and non-material SmCPs
(Figure 2). Given the keywords of the search criteria,
soil formation and protection received the highest
number of valuations, whereas several different con-
tributions were valued under this SmCP. For exam-
ple, Zhou et al. (2020) estimated the willingness to
pay to preserve cropland and grassland at the urban-
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rural fringe of Amstelland in the Netherlands.
Contrarily, Zhang et al. (2012) estimated the mone-
tary value of waste water treatment with rice paddy
agriculture, although this only made up only the
smallest percentage of all those monetarily valued.
Interestingly, although regulation of the climate as
well as food and feed production also ranked highly
among the valued SmCPs, physical and psychological
experiences were the focus of 131 valuations for
a variety of ecosystems. Only four studies evaluated
this SmCP under the IPBES framework as an NCP,
whereas the majority of studies accounted for aes-
thetic or recreational values under the ecosystem
service framework, such as the non-monetary valua-
tion and analysis of perceptions provided by
Vanermen et al. (2021) that provided insights on
the differentiation between recreational users and

a) Continents b) Biomes c¢) Land uses
n=214 n=2373 n =430
o NS - T oo I
Europe Forest
Neith Arerica - woodiand | pesturs: -
Afica [N Grassland _ Livestock [
South America - Wetlands - Recreational -
Australia . Residential -
Worldwide | Other l Protected [l
0 20 40 60 0 50 100 0 50 100

Figure 1. (@) number of studies conducted per continent, (b) number of studies per biome and (c) number of studies per land
use type. Sample size deviates from number of reviewed studies as several publications examine more than one biome and land

use type.

Soil formation and protection

Physical and psychological experiences
Regulation of climate

Food and feed production

Regulation of freshwater quantity
Production of materials

Habitat creation

Regulation of freshwater quality
Supporting identities

Regulation of air quality

Regulation of detrimental organisms
Regulation of hazards and extreme events
Pollination

Production of medicinal resources
Learning and inspiration

Maintenance of options

Energy production

_-..lllllll
3
2
o
<

Ocean acidification

Figure 2. Number of SmCP valuations.

- Material

- Non-material

. Regulating
0 50 100 150 200
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environmentalists for forest soil biodiversity. Material
SmCPs were naturally evaluated to a significant
degree in the literature given the necessity of produc-
tive soils for maintaining the quality of life in terms
of security of food resources.

Given that almost all studies evaluated more than
a single SmCP, a further investigation into the co-
occurrence of SmCPs in valuation studies provides
some insights. Figure 3 depicts the frequency of
SmCPs valued as well as the frequency of simulta-
neous valuations within the same study. Soil forma-
tion and protection was valued in combination with
almost all other SmCPs but most frequently with
regulation of climate, habitat creation and physical
and psychological experiences. Although some regu-
lating SmCPs, such as the regulation of freshwater
quality, received less attention in the literature, they
were still valued frequently in combination with other
SmCPs.

The status quo of the ecosystem services value was
most frequently subject to valuation (47%), followed
by drivers such as a change of value through land use
change (45%) (Figure 4a). Barely 5% of the reviewed
studies focused on a change of ecosystem services
value through climate change. Of the studies that
investigate the effects of land use change on SmCP
valuation (Figure 4c), 29% examine opportunities of
landscape management, such as Admasu et al. (2021),
who estimate Ethiopian farmers’ willingness to pay
for attributes like slope, irrigability and water holding
capacity or Ahiale et al. (2019), who explore the
determinants of Ghanaian farm household’s willing-
ness to accept for conservation technologies such as

@ Regulating
Material
@ Non-Material

Figure 3. Network analysis of interactions of SmCPs.

soil and stone bunds. Other studies investigate the
effects of forest management (10%), crop manage-
ment (5%), management intensity (5%) or sustainable
soil management (5%). Of the 76 studies that indicate
indirect drivers (Figure 4b), most consider socio-
economic trends, such as Chuvieco et al. (2013),
who consider socio-economic factors to assess wild-
fire vulnerability or government-related issues, such
as Bernués et al. (2015), who consider implications of
socio-cultural and economic valuation for policy
design.

Less than half of the studies cited direct links of
management changes or pressures to quality-of-life
concerns (Figure 4d). Of those food, energy and
water security (42%) or environmental justice and
equity (33%) were the primary concerns such as in
Acharya et al. (2019) concerning fragile mountain
ecosystems in Nepal. The distribution of these cate-
gories among the NCPs was mostly uniform
(Figure 5). Given the direct damage associated with
poor air quality, maintaining and improving physical,
mental and emotional health made up the largest
proportion of citations in regulation of air quality
valuations. Liu et al. (2014) provided an example of
how traditional eco-cultivation can produce oxygen
and valued this contribution through the avoided
costs of industrial oxygen production. The quality-of-
life category concerning cultural heritage and identity
was expectantly mentioned primarily in non-material
NCP valuations. Dou et al. (2019) assessment of the
perceptions of locals in the rural communities on
agricultural landscapes to provide for cultural heri-
tage and a sense of place in western China showed
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b) Indirect drivers
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Figure 4. Percentage of studies considering (a) drivers, (b) indirect driver, (c) land use changes, (d) quality of life categories.
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Figure 5. Distribution of quality-of-life categories per SmCP.
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how only recreational services outranked cultural
heritage as opposed to mental and physical health
or education and science.

4, Methods of valuation

In the literature, monetary valuation methods have
received more attention than non-monetary meth-
ods overall (Figure 6a). The majority of valuations
relied on data stemming from statistics or models
(59%), but surveys and interviews still accounted
for a significant portion of the data types (33%,
Figure 6b). Several studies incorporated multiple
types of data, and especially statistics and models
were used together in 23% of the valuations.
Among those actors in participatory data collection
methods, locals and farmers represented the largest
shares (Figure 6c¢). Figure 7 furthermore depicts the
relative frequency of valuation methods per study
(i.e. as opposed to per SmCP) according to the
method families of IPBES considered in this
study. This depicts a relatively high number of
statement-based methods when considering the
study-based totals over the total number of meth-
ods for each SmCP. Figure 8, moreover, highlights
the share of the methods from the method families
according to the valued SmCP.

4.1. Statement-based valuation

The most prevalent non-monetary valuation method
across the NCPs was the preference assessment
(Figure 7, applied in 29% of the reviewed studies).
Preference assessment allows for the simultaneous
elicitation of preferences for multiple SmCPs. In
practice, preference assessments come in different
forms such as the elicitation of importance on Likert-
based scales (‘not important at all’ to ‘very impor-
tant’) for eliciting the importance of maintaining soil
fertility, as in Bernués et al. (2015) for example, or the
ranking of different SmCPs against one another to

a) Methods b) Data types
n=367 n=328
Market prica
Prefarence Statistic
assessment
Scenaria
Stated preferance Models
Other cost
Avoided damage cost 3
Survey
Replacement cost
Benefit transler
Intervi
P Type nterviews
Damage cost Monetary
h.{u-‘.i-r:mar-_a Workshop
analysis Mon-monatary
Content Analysia
Revealed preferanca Obsarvation
FPPGIS
o 20 40 B0 o 25

provide an overall prioritization of contributions
(Acharya et al. 2019). Such methods were applied in
surveys (72%), interviews (24%), or workshops (17%)
and allowed for the elicitation of preferences across
all stakeholder groups in the studies.

In addition to preference assessments, stated pre-
ference methods primarily for monetary valuation
were also common in the literature (15%). Whereas
contingent valuation studies elicit directly the will-
ingness to pay (WTP) for a change in provision of
SmCPs, discrete choice experiments further offer the
opportunity to make trade-offs between the provision
of several SmCPs. Dupras et al. (2018) highlighted the
importance of including landscape aesthetics as a part
of agri-environmental beneficial management prac-
tices for a study site in the Saint-Jacques region of
Canada, estimating a high WTP for improved land-
scape aesthetics through a contingent valuation
method and integrating this with trade-offs of other
contributions like water quality and fish and bird
biodiversity in light of the evolution of the agricul-
tural landscape.

Less common was the employment of narrative
analysis, which offers a more holistic approach to
capturing people’s experiences and perceptions
than the preference assessment as it relies on the
expertise of participants (6% of the studies). Farley
and Bremer (2017) use narrative analysis to explore
local perceptions associated with Payment for
Ecosystem Services (PES) in Paramo grasslands in
the Ecuadorian Andes linked to basic needs, secur-
ity, health, and social relations. Here, the improved
understanding of local perception was found useful
to design more effective policies and programs.
Hegazy et al. (2014) explore differences between
indigenous and scientific knowledge of wild plants
in the highlands of southwest Saudi Arabia. They
highlight the added value of the approach for cap-
turing indigenous knowledge by going beyond the
supply of information to portraying socio-cultural
realities.

c) Actors
n=172

Local peopls
Farmers
Experts
Decision makers
Managers
Visitors

Landownars

50 75 100 0 20 40 B0

Figure 6. Frequencies of (a) methods of valuation, (b) data types, (c) actors.
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Figure 7. Relative distribution of valuation methods within sample (content analysis = CA, revealed preference =RP, damage
cost = DC, multi-criteria analysis = MCA, public participation geographic information system = PPGIS).
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4.2. Behavior-based valuation

The market price method has been frequently
employed for valuing various SmCPs such as the
reduction of CO, emissions from soils based on the
current market price of CO, permits on the EU
Emissions Trading Scheme. Dominati et al. (2014)
proposed a methodology to quantify and value the
ecosystem services arising from agro-ecosystems and
used the carbon market price of 13 NZD per ton for
the valuation. Although CO, permits are traded in
a market and allow for a valuation based on market
prices, similar to other goods and services in typical
markets, such methods do not account for the cur-
rent and future damage through climate change
incurred by society. Bartkowski et al. (2020) high-
lighted the concerns about using market prices
instead of monetary estimates of societal damage
caused by CO, emissions (i.e. social cost of carbon).
Other studies in our review proposed using the social
cost of carbon from integrated assessment modelling
in order to account for the societal damages asso-
ciated with climate change as opposed to relying
solely on market prices. Fan et al. (2018) investigated
the improvements in soil carbon sequestration fol-
lowing conversion from conventional to organic
farming in Denmark and elicited the value thereof
based on the social cost of carbon at 132.7 USD per
ton. Such approaches were used to both elicit the
current monetary value of damage given the land
management (damage cost method) and the avoided
damages following a change (avoided damage cost
method). Edens et al. (2019) provide a thorough dis-
cussion on the advantages and disadvantages of dif-
ferent methods for the valuation of changes in CO,
sequestration or emission.

The replacement cost was most commonly used to
value soil formation and protection. Various aspects
were covered under this SmCP in the literature such
as improved fertility associated with reduced mitiga-
tion costs of nitrogen leaching (Dominati et al. 2014)
or reduced soil erosion of agro-foresry systems based
on the cost of new soil (Ghaley et al. 2015).
Furthermore, valuations of groundwater recharge
with agro-forestry (Kay et al. 2019), climate regula-
tion in mangroves (Jerath et al. 2016) or flood pre-
vention (Dominati et al. 2014) also utilized the
replacement cost method.

4.3. Integrated valuation

As integrated valuation approaches emphasize the
need for a comprehensive understanding of
SmCPs, including not only their economic value
but also their social, cultural and environmental
dimensions, recognition of the interconnectedness
of these dimensions is crucial for effective

conservation and  sustainable = management.
Integrated approaches stress the importance of
engaging diverse stakeholders in the valuation pro-
cess, including local communities, indigenous peo-
ples, policymakers, and scientists. Such approaches
incorporate multiple perspectives to capture a more
nuanced understanding of the values placed on
SmCPs. Under the IPBES conceptual framework,
the valuation methods of integrated valuation
found in the literature included scenario analysis,
benefit transfer, multi-criteria analysis (MCA) and
public participation geographic information systems
(PPGIS). Moreover, we furthermore assess here
valuation studies from the literature that included
both monetary and non-monetary approaches to
provide an integrated understanding of value.

A handful of studies in the literature integrated both
monetary and non-monetary valuation methods to
address the need for a plural elicitation of values.
Bernués et al. (2015) performed a sociocultural assess-
ment of perceptions on multifunctional agriculture in
fjords and mountains through qualitative interviews
with farmers and stakeholders and furthermore elicited
the WTP for several SmCPs by means of a choice experi-
ment in a survey of local and nearby residents. This
integrative approach captured in depth the interests of
a variety of interests from stakeholders while further
setting those interests and perceptions in the context of
the preferences of the wider population. Other attempts
at integrative approaches in the literature included the
study by Eusse-Villa et al. (2021) that went beyond
a simple choice experiment on the SmCPs of the
Veneto Region in Italy by estimating a mixed logit
model to account for spatial heterogeneity of both atti-
tudes and welfare measures. Their study highlighted how
the WTP for carbon sequestration, earthworm density,
rainfall water infiltration and avoiding nitrates in
groundwater is associated with attitudes towards soil
conservation in different spatial contexts. Moreover,
Eusse-Villa et al. (2021) proposed a link between the
spatial heterogeneity and WTP in that a higher sensitivity
to soil conservation may be associated with citizens
residing within developed agricultural areas and found
that strong attitudes towards soil conservation coincided
with higher WTP for SmCPs in the majority of regions.

5. Discussion

In this review, we examined a growing body of lit-
erature on the valuation of soils contribution to
human wellbeing. The analysis showed a great variety
of values and emphasized an integrative perspective
on values, valuation approaches and valuation frames
to create necessary conditions for incorporating
values into decision-making. In the following, we
discuss some of the findings. The IPBES conceptual
framework, as outlined by Diaz et al. (2015), connects



nature and people, highlighting the interdependence
of ecosystem services and human wellbeing and inte-
grates the multiple social values and knowledge sys-
tems into assessments to support a holistic approach
to ecosystem services. This framework has been
instrumental in guiding research on NCP in various
ecosystems. The valuation of NCPs, particularly with
respect to soils (i.e. SmCPs), encompasses both
monetary and non-monetary aspects. While mone-
tary valuation methods are pragmatic and commonly
used for communication within institutional contexts
of politics and business (Legesse et al. 2022), it is
crucial to acknowledge the limitations of economic
valuation and consider alternative or non-monetary
methods, especially for addressing social and cultural
aspects of SmCPs (Bartkowski et al. 2020). Our
review of the literature has found considerably more
non-monetary valuations in addition to integrated
valuation approaches, especially for non-material
SmCPs, in contrast to the review by Bartkowski
et al. (2020) and highlights the value of less main-
stream methods, such as narrative analysis to portray
indigenous and local knowledge to enhance the
socio-ecological understanding.

The role of non-use values of soil ecosystems
for society should not be disregarded (Eusse-Villa
et al. 2021). The complexity of valuing SmCPs also
requires interdisciplinary cooperation, including
collaboration with anthropologists and archaeolo-
gists in soil science (Teuber et al. 2022). Such
interdisciplinary approaches can provide insights
into the cultural and social valuation of soils that
go beyond the economic realm, contributing to
a more comprehensive understanding of the
value of soils to society. This provides the means
to transcend knowledge and value systems by
including the voices of different types of actors
(Polk 2015) given that culture and society are
intrinsic elements in the interdependencies of eco-
systems and people (von Heland and Folke 2014).
Moreover, the literature highlights the need to
shift from static, purely monetary valuation
toward the consideration of trade-offs between
the current flow of benefits from ecosystems and
the ability of those ecosystems to provide future
flows (Abson and Termansen 2010). Indeed, our
review of the literature showed that important
direct and indirect drivers leading to SmCP loss
were not always made apparent. This led to many
valuations focusing on of the current state of eco-
systems as opposed to a valuation of a change that
is critical to provide policy information concern-
ing agri-environmental practices, for example
(Dupras et al. 2018).

Although not included in the review, the study
by Prado et al. (2016) underlines the importance
of identifying which ecosystem services should be
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assessed, the required data, and the methods for
valuation in different contexts. This aligns with
the concept of integrating different environmental
valuation methods, as discussed by Majdalawi
et al. (2016). Moreover, Makwinja et al. (2021)
underscored the need for integrated valuation
approaches to comprehensively assess the trade-
offs and implications of land use changes on eco-
system services by investigating the impact of land
use dynamics on various ecosystem
Thereby, the authors emphasized the expansion
of social and policy research in valuation, indicat-
ing the development of methods for valuation to
supply indices for planning and policymaking
(Chan et al. 2020). Such developments are cru-
cially important for addressing growing calls for
more pluralistic value integration into policy mak-
ing processes to foster a transformative change
(Pascual et al. 2023).

Alternatives for more integration in the valua-
tion of SmCPs could be inspired from examples in
the literature elsewhere. Saarikoski et al. (2016)
compared multi-criteria decision analysis and
cost-benefit analysis as frameworks for integrated
valuation of ecosystem services. Their results indi-
cate a generally better performance than cost-
benefit analysis in several areas, such as the ability
to account for multiple dimensions of wellbeing
and facilitating more transparent discourses on the
advantages and disadvantages of courses of action.
Such approaches may aid in alleviating the con-
cerns of policymakers and stakeholders in the use
of cost-benefit analyses as a decision criterion for
prioritizing measures (Dehnhardt et al. 2022).
Furthermore, Czembrowski et al. (2016) proposed
using non-monetary and monetary valuation
methods including SoftGIS and hedonic pricing
to provide a more comprehensive assessment of
ecosystem services. Participatory mapping, systems
modeling and deliberative monetary valuation
provide further opportunities to pursue a holistic
approach to valuation by assessing shared values
of ecosystem services as demonstrated by Kenter
(2016). Such approaches shed light on the issues
discussed by Kronenberg and Andersson (2019),
in which even if full integration is not possible or
meaningful, the interdisciplinary combination of
different valuation methods, both non-monetary
and monetary, has the potential to support
a more comprehensive depiction than simplistic,
singular methods.

services.

5.1. Limitations and future directions

Although steps were taken to ensure a thorough and
comprehensive approach was maintained, there are
a few limitations of the study. Given the search
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criteria, only peer-reviewed and original publications
were assessed. However, it is possible that grey litera-
ture or literature published in languages other than
English could have provided insights that were not
summarized here. Furthermore, the aim of this study
was to identify different methodologies behind valua-
tion and propose future research agendas in this area,
but a more comprehensive approach could have
strived to understand further details of purpose and
usefulness of the valuation procedures in the indivi-
dual case studies.

6. Conclusion

A systematic review of the literature on the valuation
of SmCP was performed in this study. In conclusion,
the reviewed literature provided a comprehensive
understanding of the challenges and approaches to
valuing SmCPs. Indeed, a wide range of SmCPs has
been valued in a variety of contexts and methods
across the method families. Although the majority
of studies were solely concerned with either monetary
or non-monetary valuation approaches, several stu-
dies acknowledged the limitations of pure economic
valuation and attempted an integration valuation of
both non-monetary and monetary valuations. Such
approaches provide the basis for adopting an inter-
disciplinary approach to fully capture the diverse
values of SmCPs. However, there appears to be yet
further potential for fully integrating both monetary
and non-monetary valuation methods to encompass
a more comprehensive valuation approach. Although
the steps in this direction became apparent in the
literature, a further stride towards bridging different
worldviews and knowledge systems and eliciting the
plurality of values associated with SmCPs would also
require an investigation into how these aspects are
incorporated into decision and policymaking.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This project has received funding from the European
Union’s Horizon 2020 research and innovation programme
under grant agreement No. 101000371.

References

Abson DJ, Termansen M. 2010. Valuing ecosystem services
in terms of ecological risks and returns: economic valua-
tion of ecosystem services. Conserv Biol, no-no. 10.1111/
j.1523-1739.2010.01623.x.

Acharya RP, Maraseni TN, Cockfield G. 2019. Local users
and other stakeholders’ perceptions of the identification

and prioritization of ecosystem services in fragile moun-
tains: a case study of chure region of Nepal. Forests. 10
(5):421. doi: 10.3390/f10050421.

Admasu WF, Van Passel S, Nyssen J, Minale AS,
Tsegaye EA. 2021. Eliciting farmers’ preferences and
willingness to pay for land use attributes in Northwest
Ethiopia: a discrete choice experiment study. Land Use
Policy. 109:105634. doi: 10.1016/j.Jandusepol.2021.
105634.

Ahiale ED, Balcombe K, Srinivasan C. 2019. Determinants
of farm households” willingness to accept (WTA) com-
pensation for conservation technologies in Northern
Ghana. Bio-Based Appl Econ. 211-234. doi: 10.13128/
BAE-8931.

Balvanera P, Pascual U, Christie M, Baptiste B,
Guibrunet L, Lliso B, Monroy-Sais AS, Anderson CB,
Athayde S, Barton DN, et al. 2022. Chapter 1. The role of
the values of nature and valuation for addressing the
biodiversity crisis and navigating towards more just and
sustainable futures. Zenodo. 10.5281/zenodo.7701873.

Bartkowski B, Bartke S, Helming K, Paul C, Techen A-K,
Hansjiirgens B. 2020. Potential of the economic valua-
tion of soil-based ecosystem services to inform sustain-
able soil management and policy. Peer]. 8:e8749. doi: 10.
7717/peer;j.8749.

Baveye PC, Baveye ], Gowdy J. 2016. Soil “ecosystem”
services and natural capital: critical appraisal of research
on uncertain ground. Front Environ Sci. 4:4. doi: 10.
3389/fenvs.2016.00041.

Bernués A, Rodriguez-Ortega T, Alfnes F, Clemetsen M,
Eik LO. 2015. Quantifying the multifunctionality of fjord
and mountain agriculture by means of sociocultural and
economic valuation of ecosystem services. Land Use
Policy. 48:170-178. doi: 10.1016/j.Jandusepol.2015.05.022.

Chan KMA, Balvanera P, Benessaiah K, Chapman M, Diaz S,
Gomez-Baggethun E, Gould R, Hannahs N, Jax K, Klain S,
et al. 2016. Why protect nature? Rethinking values and the
environment. Proc Natl Acad Sci. 113(6):1462-1465. doi:
10.1073/pnas.1525002113.

Chan KMA, Satterfield T, Goldstein J. 2012. Rethinking
ecosystem services to better address and navigate cul-
tural values. Ecol Econ. 74:8-18. doi: 10.1016/j.ecolecon.
2011.11.011.

Chan KMA, Satterfield T, Pascual U. 2020. The matura-
tion of ecosystem services: social and policy research
expands, but whither Dbiophysically informed
valuation? People Nat. 2(4):1021-1060. doi: 10.1002/
pan3.10137.

Christie M, Martin-Lépez B, Church A, Siwicka E,
Szymonczyk P, Mena Sauterel J. 2019. Understanding
the diversity of values of “Nature’s contributions to
people”: insights from the IPBES assessment of Europe
and Central Asia. Sustainability Sci. 14(5):1267-1282.
doi: 10.1007/s11625-019-00716-6.

Chuvieco E, Martinez S, Roman MYV, Hantson S,
Pettinari ML. 2013. Integration of ecological and socio-
economic factors to assess global vulnerability to wild-
fire. Global Ecol Biogeogr. 23(2):245-258. doi: 10.1111/
geb.12095.

Costanza R, De Groot R, Braat L, Kubiszewski I,
Fioramonti L, Sutton P, Farber S, Grasso M. 2017.
Twenty years of ecosystem services: how far have we
come and how far do we still need to go? Ecosystem
Serv. 28:1-16. doi: 10.1016/j.ecoser.2017.09.008.

Czembrowski P, Kronenberg ], Czepkiewicz M. 2016.
Integrating non-monetary and monetary valuation


https://doi.org/10.1111/j.1523-1739.2010.01623.x
https://doi.org/10.1111/j.1523-1739.2010.01623.x
https://doi.org/10.3390/f10050421
https://doi.org/10.1016/j.landusepol.2021.105634
https://doi.org/10.1016/j.landusepol.2021.105634
https://doi.org/10.13128/BAE-8931
https://doi.org/10.13128/BAE-8931
https://doi.org/10.5281/zenodo.7701873
https://doi.org/10.7717/peerj.8749
https://doi.org/10.7717/peerj.8749
https://doi.org/10.3389/fenvs.2016.00041
https://doi.org/10.3389/fenvs.2016.00041
https://doi.org/10.1016/j.landusepol.2015.05.022
https://doi.org/10.1073/pnas.1525002113
https://doi.org/10.1073/pnas.1525002113
https://doi.org/10.1016/j.ecolecon.2011.11.011
https://doi.org/10.1016/j.ecolecon.2011.11.011
https://doi.org/10.1002/pan3.10137
https://doi.org/10.1002/pan3.10137
https://doi.org/10.1007/s11625-019-00716-6
https://doi.org/10.1111/geb.12095
https://doi.org/10.1111/geb.12095
https://doi.org/10.1016/j.ecoser.2017.09.008

methods - SoftGIS and hedonic pricing. Ecol Econ.
130:166-175. doi: 10.1016/j.ecolecon.2016.07.004.

Dehnhardt A, Grothmann T, Wagner J. 2022. Cost-benefit
analysis: what limits its use in policy making and how to
make it more usable? A case study on climate change
adaptation in Germany. Environ Sci & Policy.
137:53-60. doi: 10.1016/j.envsci.2022.08.005.

Diaz S, Demissew S, Carabias J, Joly C, Lonsdale M, Ash N,
Larigauderie A, Adhikari JR, Arico S, Baldi A, et al. 2015.
The IPBES conceptual framework—connecting nature
and people. Curr Opin Environ Sustainability. 14:1-16.
doi: 10.1016/j.cosust.2014.11.002.

Diaz S, Pascual U, Stenseke M, Martin-Lépez B,
Watson RT, Molnar Z, Hill R, Chan KMA, Baste IA,
Brauman KA, et al. 2018. Assessing nature’s contribu-
tions to people. Science. 359(6373):270-272. doi: 10.
1126/science.aap8826.

Dominati E, Mackay A, Green S, Patterson M. 2014. A soil
change-based methodology for the quantification and
valuation of ecosystem services from agro-ecosystems:
a case study of pastoral agriculture in New Zealand.
Ecol Econ. 100:119-129. doi: 10.1016/j.ecolecon.2014.
02.008.

Dominati E, Patterson M, Mackay A. 2010. A framework
for classifying and quantifying the natural capital and
ecosystem services of soils. Ecol Econ. 69(9):1858-1868.
doi: 10.1016/j.ecolecon.2010.05.002.

Dou Y, Zhen L, Yu X, Bakker M, Carsjens G-J, Xue Z.
2019. Assessing the influences of ecological restoration
on perceptions of cultural ecosystem services by resi-
dents of agricultural landscapes of western China. Sci
Total Environ. 646:685-695. doi: 10.1016/j.scitotenv.
2018.07.205.

Dupras J, Laurent-Lucchetti ], Revéret J-P, DaSilva L. 2018.
Using contingent valuation and choice experiment to
value the impacts of agri-environmental practices on
landscapes aesthetics. Landscape Res. 43(5):679-695.
doi: 10.1080/01426397.2017.1332172.

Edens B, Elsasser P, Ivanov E. 2019. Discussion paper 6:
defining and valuing carbon related services in the SEEA
EEA. Paper submitted to the expert meeting on advan-
cing the measurement of ecosystem services for ecosys-
tem accounting. https://seea.un.org/events/expert-
meeting-advancing-measurement-ecosystem-services-
ecosystem-accounting.

Eusse-Villa LF, Franceschinis C, Thiene M, Meyerhoff J,
McBratney A, Field D. 2021. Attitudes and preferences
towards soil-based ecosystem services: how do they vary
across space? Sustainability. 13(16):8722. doi: 10.3390/
sul3168722.

Fan F, Henriksen CB, Porter J. 2018. Long-term effects of
conversion to organic farming on ecosystem services—a
model simulation case study and on-farm case study in
Denmark. Agroecol Sustain Food Syst. 42(5):504-529.
doi: 10.1080/21683565.2017.1372840.

Farley KA, Bremer LL. 2017. “Water is life”: local percep-
tions of Paramo grasslands and land management stra-
tegies associated with payment for ecosystem services.
Ann Am Assoc Geogr. 107(2):371-381. doi: 10.1080/
24694452.2016.1254020.

Ghaley BB, Sandhu HS, Porter JR, Silva LCR. 2015.
Relationship between C: N/C: O stoichiometry and eco-
system services in managed production systems. PLOS
ONE. 10(4):0123869. doi:  10.1371/journal.pone.
0123869.

Greiner L, Keller A, Grét-Regamey A, Papritz A. 2017. Soil
function assessment: review of methods for quantifying

ECOSYSTEMS AND PEOPLE 13

the contributions of soils to ecosystem services. Land Use
Policy. 69:224-237. doi: 10.1016/j.Jandusepol.2017.06.025.

Haines-Young R, Potschin MB. 2018. Common interna-
tional classification of ecosystem services (CICES) V5.1
and guidance on the application of the revised structure.
One Ecosystem. 3:¢27108. doi: 10.3897/oneeco.3.e27108.

Harrison PA, Dunford R, Barton DN, Kelemen E,
Martin-Lopez B, Norton L, Termansen M,
Saarikoski H, Hendriks K, Gémez-Baggethun E, et al.
2018. Selecting methods for ecosystem service assess-
ment: a decision tree approach. Ecosystem Serv.
29:481-498. doi: 10.1016/j.ecoser.2017.09.016.

Hegazy AK, Alatar AA, Thomas J, Faisal M, Alfarhan AH,
Krzywinski K. 2014. Compatibility and complementarity
of indigenous and scientific knowledge of wild plants in
the highlands of southwest Saudi Arabia. J Forestry Res.
25(2):437-444. doi: 10.1007/s11676-014-0473-y.

IPBES. 2018. Summary for policymakers of the assessment
report on land degradation and restoration of the inter-
governmental SciencePolicy platform on biodiversity
and ecosystem services. Zenodo. 10.5281/ZENODO.
3237411.

Jerath M, Bhat M, Rivera-Monroy VH, Castafieda-Moya E,
Simard M, Twilley RR. 2016. The role of economic,
policy, and ecological factors in estimating the value of
carbon stocks in everglades mangrove forests, South
Florida, USA. Environ Sci & Policy. 66:160-169. doi:
10.1016/j.envsci.2016.09.005.

Jénsson JOG, Davidsdéttir B, Nikolaidis NP. 2017.
Valuation of soil ecosystem services. In: Advances in
agronomy Vol. 142, Elsevier; p. 353-384. 10.1016/bs.
agron.2016.10.011.

Kadykalo AN, Lépez-Rodriguez MD, Ainscough J,
Droste N, Ryu H, Avila-Flores G, Le Clech S,
Muifioz MC, Nilsson L, Rana S, et al. 2019.
Disentangling ‘ecosystem services’ and ‘nature’s contri-
butions to people’. Ecosystems People. 15(1):269-287.
doi: 10.1080/26395916.2019.1669713.

Kay S, Graves A, Palma JHN, Moreno G, Roces-Diaz JV,
Aviron S, Chouvardas D, Crous-Duran ], Ferreiro-
Dominguez N, Garcia de Jalén S, et al. 2019.
Agroforestry is paying off - economic evaluation of
ecosystem services in European landscapes with and
without agroforestry  systems. Ecosystem  Serv.
36:100896. doi: 10.1016/j.ecoser.2019.100896.

Kenter JO. 2016. Integrating deliberative monetary valua-
tion, systems modelling and participatory mapping to
assess shared values of ecosystem services. Ecosystem
Serv. 21:291-307. doi: 10.1016/j.ecoser.2016.06.010.

Kronenberg J, Andersson E. 2019. Integrating social values
with other value dimensions: parallel use vs. combina-
tion vs. full integration. Sustainability Sci. 14
(5):1283-1295. doi: 10.1007/s11625-019-00688-7.

Legesse F, Degefa S, Soromessa T. 2022. Valuation methods
in ecosystem services: a meta-analysis [preprint]. In
Review. 10.21203/rs.3.rs-1935778/v1.

Liu M, Xiong Y, Yuan Z, Min Q, Sun Y, Fuller AM. 2014.
Standards of ecological compensation for traditional
eco-agriculture: taking rice-fish system in Hani terrace
as an example. ] Mt Sci. 11(4):1049-1059. doi: 10.1007/
s11629-013-2738-x.

Majdalawi MI, Raedig C, Al-Karablieh EK, Schlueter §,
Salman A, Tabieh M. 2016. Integration of different
environmental valuation methods to estimate forest
degradation in arid and semi-arid regions. Int J Sustain
Devel & World Ecol. 23(5):392-398. doi: 10.1080/
13504509.2015.1124934.


https://doi.org/10.1016/j.ecolecon.2016.07.004
https://doi.org/10.1016/j.envsci.2022.08.005
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1016/j.ecolecon.2014.02.008
https://doi.org/10.1016/j.ecolecon.2014.02.008
https://doi.org/10.1016/j.ecolecon.2010.05.002
https://doi.org/10.1016/j.scitotenv.2018.07.205
https://doi.org/10.1016/j.scitotenv.2018.07.205
https://doi.org/10.1080/01426397.2017.1332172
https://seea.un.org/events/expert-meeting-advancing-measurement-ecosystem-services-ecosystem-accounting
https://seea.un.org/events/expert-meeting-advancing-measurement-ecosystem-services-ecosystem-accounting
https://seea.un.org/events/expert-meeting-advancing-measurement-ecosystem-services-ecosystem-accounting
https://doi.org/10.3390/su13168722
https://doi.org/10.3390/su13168722
https://doi.org/10.1080/21683565.2017.1372840
https://doi.org/10.1080/24694452.2016.1254020
https://doi.org/10.1080/24694452.2016.1254020
https://doi.org/10.1371/journal.pone.0123869
https://doi.org/10.1371/journal.pone.0123869
https://doi.org/10.1016/j.landusepol.2017.06.025
https://doi.org/10.3897/oneeco.3.e27108
https://doi.org/10.1016/j.ecoser.2017.09.016
https://doi.org/10.1007/s11676-014-0473-y
https://doi.org/10.5281/ZENODO.3237411
https://doi.org/10.5281/ZENODO.3237411
https://doi.org/10.1016/j.envsci.2016.09.005
https://doi.org/10.1016/j.envsci.2016.09.005
https://doi.org/10.1016/bs.agron.2016.10.011
https://doi.org/10.1016/bs.agron.2016.10.011
https://doi.org/10.1080/26395916.2019.1669713
https://doi.org/10.1016/j.ecoser.2019.100896
https://doi.org/10.1016/j.ecoser.2016.06.010
https://doi.org/10.1007/s11625-019-00688-7
https://doi.org/10.21203/rs.3.rs-1935778/v1
https://doi.org/10.1007/s11629-013-2738-x
https://doi.org/10.1007/s11629-013-2738-x
https://doi.org/10.1080/13504509.2015.1124934
https://doi.org/10.1080/13504509.2015.1124934

14 (&) D.JOHNSON ET AL.

Makwinja R, Mengistou S, Kaunda E, Alamirew T, Ok YS.
2021. Land use/land cover dynamics, trade-offs and
implications on tropical inland shallow lakes’ ecosys-
tems’ management: case of Lake Malombe, Malawi.
Sustain Environ. 7(1):1969139. doi: 10.1080/27658511.
2021.1969139.

MEA. 2005. Ecosystems and human well-being: Synthesis;
a report of the Millennium ecosystem assessment. Island
Press.

Orwin KH, Stevenson BA, Smaill SJ, Kirschbaum MUF,
Dickie IA, Clothier BE, Garrett LG, Van Der
Weerden TJ, Beare MH, Curtin D, et al. 2015. Effects of
climate change on the delivery of soil-mediated ecosystem
services within the primary sector in temperate ecosys-
tems: a review and New Zealand case study. Global
Change Biol. 21(8):2844-2860. doi: 10.1111/gcb.12949.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE,
etal. 2021. The PRISMA 2020 statement: an updated guide-
line for reporting systematic reviews. Syst Rev. 10(1):89.
doi: 10.1186/513643-021-01626-4.

Pascual U, Balvanera P, Anderson CB, Chaplin-Kramer R,
Christie M, Gonzélez-Jiménez D, Martin A,
Raymond CM, Termansen M, Vatn A, et al. 2023.
Diverse values of nature for sustainability. Nature. 620
(7975):813-823. doi: 10.1038/s41586-023-06406-9.

Pearce DW, Moran D. 1994. The economic value of biodi-
versity. London: Routeledge.

Polk M. 2015. Transdisciplinary co-production: designing
and testing a transdisciplinary research framework for
societal problem solving. Futures. 65:110-122. doi: 10.
1016/j.futures.2014.11.001.

Prado RB, Fidalgo ECC, Monteiro JMG, Schuler AE,
Vezzani FM, Garcia JR, Oliveira APD, Viana JHM,
Pedreira BDCCG, Mendes IDC, et al. 2016. Current
overview and potential applications of the soil ecosystem

services approach in Brazil. Pesqui Agropecuaria
Brasileira.  51(9):1021-1038.  doi:  10.1590/s0100-
204x2016000900002.

Rillig MC, Van Der Heijden MGA, Berdugo M, Liu Y-R,
Riedo J, Sanz-Lazaro C, Moreno-Jiménez E, Romero F,
Tedersoo L, Delgado-Baquerizo M. 2023. Increasing the
number of stressors reduces soil ecosystem services
worldwide. Nat Clim Change. 13(5):478-483. doi: 10.
1038/541558-023-01627-2.

Saarikoski H, Mustajoki J, Barton DN, Geneletti D,
Langemeyer ], Gomez-Baggethun E, Marttunen M,
Antunes P, Keune H, Santos R. 2016. Multi-criteria
decision analysis and cost-benefit analysis: comparing

alternative frameworks for integrated valuation of eco-
system services. Ecosystem Serv. 22:238-249. doi: 10.
1016/j.ecoser.2016.10.014.

Samaddar S, Karp DS, Schmidt R, Devarajan N,
McGarvey JA, Pires AFA, Scow K. 2021. Role of soil in
the regulation of human and plant pathogens: soils’
contributions to people. Phil Trans R Soc B. 376
(1834):20200179. doi: 10.1098/rstb.2020.0179.

Scholte SSK, Van Teeffelen AJA, Verburg PH. 2015.
Integrating socio-cultural perspectives into ecosystem
service valuation: a review of concepts and methods.
Ecol Econ. 114:67-78. doi: 10.1016/j.ecolecon.2015.
03.007.

Smith P, House JI, Bustamante M, Sobocka ], Harper R,
Pan G, West PC, Clark JM, Adhya T, Rumpel C, et al.
2015. Global change pressures on soils from land use
and management. Global Change Biol. 22(3):1008-1028.
doi: 10.1111/gcb.13068.

Termansen M, Jacobs S, Mwampamba TH, SoEun A,
Castro Martinez AJ, Dendoncker N, Ghazi H,
Gundimeda H, Huambachano M, Lee H, et al. 2022.
Chapter 3. The potential of valuation. Zenodo. 10.5281/
zenodo.7701879.

Teuber S, Bartelheim M, Hardenberg R, Knopf M,
Knopf T, Kithn P, Schade T, Schmidt K, Scholten T.
2022. Why do we need interdisciplinary cooperation
with anthropologists and archaeologists in soil science?
J Plant Nutr Soil Sci. 185(6):752-765. doi: 10.1002/jpln.
202200120.

Vanermen I, Kessels R, Verheyen K, Muys B, Vranken L.
2021. The effect of information transfer related to soil
biodiversity on Flemish citizens’ preferences for forest
management. Sci Total Environ. 776:145791. doi: 10.
1016/j.scitotenv.2021.145791.

von Heland J, Folke C. 2014. A social contract with the
ancestors—culture and ecosystem services in southern
Madagascar. Global Environ Change. 24:251-264. doi:
10.1016/j.gloenvcha.2013.11.003.

Zhang D, Min Q, Liu M, Cheng S. 2012. Ecosystem service
tradeoff between traditional and modern agriculture:
a case study in Congjiang County, Guizhou Province,
China. Front Environ Sci & Eng. 6(5):743-752. doi: 10.
1007/s11783-011-0385-4.

Zhou T, Kennedy E, Koomen E, van Leeuwen ES. 2020.
Valuing the effect of land use change on landscape
services on the urban-rural fringe. J Environ Plann
Manag. 63(13):2425-2445. doi: 10.1080/09640568.2020.
1726732.


https://doi.org/10.1080/27658511.2021.1969139
https://doi.org/10.1080/27658511.2021.1969139
https://doi.org/10.1111/gcb.12949
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1038/s41586-023-06406-9
https://doi.org/10.1016/j.futures.2014.11.001
https://doi.org/10.1016/j.futures.2014.11.001
https://doi.org/10.1590/s0100-204x2016000900002
https://doi.org/10.1590/s0100-204x2016000900002
https://doi.org/10.1038/s41558-023-01627-2
https://doi.org/10.1038/s41558-023-01627-2
https://doi.org/10.1016/j.ecoser.2016.10.014
https://doi.org/10.1016/j.ecoser.2016.10.014
https://doi.org/10.1098/rstb.2020.0179
https://doi.org/10.1016/j.ecolecon.2015.03.007
https://doi.org/10.1016/j.ecolecon.2015.03.007
https://doi.org/10.1111/gcb.13068
https://doi.org/10.5281/zenodo.7701879
https://doi.org/10.5281/zenodo.7701879
https://doi.org/10.1002/jpln.202200120
https://doi.org/10.1002/jpln.202200120
https://doi.org/10.1016/j.scitotenv.2021.145791
https://doi.org/10.1016/j.scitotenv.2021.145791
https://doi.org/10.1016/j.gloenvcha.2013.11.003
https://doi.org/10.1016/j.gloenvcha.2013.11.003
https://doi.org/10.1007/s11783-011-0385-4
https://doi.org/10.1007/s11783-011-0385-4
https://doi.org/10.1080/09640568.2020.1726732
https://doi.org/10.1080/09640568.2020.1726732

	Abstract
	Abstract
	1.  Introduction
	2.  Methods
	3.  Results
	3.1.  Content of bio-geographical aspects and components of IPBES framework
	3.2.  Soil-mediated contributions to people

	4.  Methods of valuation
	4.1.  Statement-based valuation
	4.2.  Behavior-based valuation
	4.3.  Integrated valuation

	5.  Discussion
	5.1.  Limitations and future directions

	6.  Conclusion
	Disclosure statement
	Funding
	References

