ISSN 2083-1587; e-ISSN 2449-5999

$ sciendo

Agricultural Engineering
DOI: 10.2478/agriceng-2022-0004 www.wir.ptir.org

METHODICAL ASPECTS OF SOIL ECOSYSTEM SERVICES
VALUATION

Agnieszka E Latawiec **¢4¢* Aline Rodrigues?, Katarzyna A Korys®®, Bruna Medeiros®f

@ Department of Geography and Environment — Rio Conservation and Sustainability Science Centre,
Pontifical Catholic University of Rio de Janeiro, R. Marqués de Sao Vicente, 225, Gavea, Rio de
Janeiro, 22451-000, Brazil, e-mail: a.latawiec@iis-rio.org ORCID 0000-0003-3036-1870
e-mail: a.rodrigues@iis-rio.org; ORCID 0000-0003-3231-551X

International Institute for Sustainability, R. Dona Castorina 124, Jardim Botanico, Rio de Janeiro,
22460-320, Brazil, e-mail: k.korys@iis-rio.org ORCID 0000-0002-4301-2146, e-mail: b.medei-
ros@iis-rio.org; ORCID 0000-00028830-0053

Department of Production Engineering, Logistics and Applied Computer Science, Faculty of Pro-
duction and Power Engineering, University of Agriculture in Krakow, Balicka 116b, 30-149 Krakéw,
Poland

School of Environmental Sciences, University of East Anglia, Norwich Research Park, Norwich NR4
7TJ, UK

International Institute for Ecology and Sustainable Development (IIS Poland Fund), Teczowa 17/8,
Opole 45-759, Poland

Department of Ecology, Post Graduate Program in Ecology, Federal University of Rio de Janeiro,
Rio de Janeiro, 21941-971, Brazil

=2

I3

[=%

@

-

*

Corresponding author: e-mail: a.latawiec@iis-rio.org

ARTICLE INFO ABSTRACT
Article history: Ecosystem Services Valuation is an important tool for dialogue in the
Received: December 2021 decision-making process and to highlight the society’s dependence on
Received in the revised form: the biosphere for well-being. Soil is the primary source of ecosystem
January 2022 services such as the production of food and regulating the climate, how-
Accepted: February 2022 ever the methodological alternatives for valuing soil ecosystem services
Keywords: remain poorly studied. The aim of this paper is to demonstrate method-
agricultural systems, . . i . . N
biochar ical aspects of ecosystem services valuation, with the special attention
methods, to soil services within agricultural context. We introduce frameworks
frameworks specific for soil ecosystem services. Then, we present a case study
where soil ecosystem services were evaluated within agricultural con-
text. We conclude that such valuation represents the newest trend in
soil science wherein soil resources are treated in the wider context of
impacts on human well-being.
Introduction

Ecosystem services overview

Ecosystem services (ES) can be defined as all the benefits human beings obtain from
ecosystems and as a policy tool to achieve the sustainable use of natural resources. ES have
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been receiving increasing attention since the publication of the Millennium Ecosystem As-
sessment report (MEA, 2005). MEA divides ecosystem services into four categories: (i) pro-
visioning services (direct or indirect food for humans, freshwater, wood, fiber, and fuel); (ii)
regulating services (regulation of gas and water, climate, floods, erosion, biological processes
such as pollination and diseases); (iii) cultural services (esthetic, spiritual, educational and
recreational); and (iv) supporting services (nutrient cycling, production, habitat, biodiver-
sity); (MEA 2005). However, MEA did not provide a fully functional concept to assist poli-
cymakers and provide sufficient economic tools to value ES and natural resources (Arms-
worth et al., 2007; Seppelt et al., 2011).

The ecosystem approach is a well-established strategy for the integrated management of
water, land, and living resources that fairly promotes conservation and sustainable use (Beau-
mont et al., 2017). Ingram et al. (2014) presents the detailed classifications of the ES ap-
proach. It was found that one of the most used and cited approaches is the Payment for Eco-
system Services (PES) as a form of ES valuation. Other approaches include measuring,
modelling and / or mapping the resources and flows of different ES and the synergies and /
or trade-offs that may occur between them because of various decisions, and the identifica-
tion and quantification of the social, cultural and / or economic value of ES (Ingram et al.,
2014).

Conceptual advances were proposed for The Economics of Ecosystems and Biodiversity
(TEEB) project (Balmford et al., 2008). TEEB encouraged identifying the wide range of eco-
system and landscape benefits, using economic tools and methods to make the services eco-
nomically visible, and incorporating ecosystem and biodiversity benefits into decision-mak-
ing through incentives and price signals (Sukhdev et al., 2014). These advances were used
for the review of ES in Europe as well as provided detailed suggestions for enabling eco-
nomic valuation of ES (Fisher et al., 2008).

The Intergovernmental science-policy platform on biodiversity and ES (IPBES) in 2015
published its classification system (Diaz et al., 2015). One of the main contributions of the
IPBES was to show the existence of a different understanding of nature and its benefits by
different cultures. Consequently, value systems will also be different, which vary between
individuals within a group and between groups at various temporal and spatial scales. The
IPBES highlights three types of value: the non-anthropocentric (intrinsic) and the anthropo-
centric (instrumental and relational). Instrumental value can be defined as a value attributed
to something like a means to a specific end. The relational value corresponds to the value
between individuals and society, individuals with non-human nature, and individuals with
other different aspects of the world. On the other hand, the intrinsic value corresponds to the
inherent value, which is the value that something has regardless of human evaluation (Pascual
et al., 2017). The IPBES framework is focused on advancing a common understanding that
improves communication between different disciplines, knowledge systems and stakehold-
ers. The objective of this paper is to discuss the approaches of ES valuation to soil services
in agricultural context through demonstration of frameworks specifics for soil ES and case
studies in agricultural context of Germany, Poland and UK.

Types of valuation of ecosystem services

The valuation of ES is frequently related to the two main concepts: ecological valuation,
with calculations based on biological and physical aspects (e.g. thermodynamic principles
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and exchange between energy and matter in physical environment) and economic valuation,
based on the consumer preferences (e.g. measurement of individual preferences about the
quality or quantity of a natural resource, which is converted to measures of well-being)
(Spangenberg and Settele, 2010; Maes et al., 2018).

Regarding the economic aspect, the valuation of ES assesses the economic value of the
ES through an equivalence comparison with other resources available in the economy (Cos-
tanza and Daly, 1992; Costanza et al., 1997; Spangenberg and Settele, 2010). Economic ter-
minology is a path of dialogue that aims to bring scientific evidence closer to decision-mak-
ing processes (Bingham et al., 1995; de Groot, 1992). Then, it is possible to account for ES
considering aspects such as productivity, efficiency and natural capital (Costanza et al.,
1997). Vegh et al. (2014) organized methodological approaches of ecosystem services valu-
ation in categories: Market-Based Valuation (MV), Non-Market Valuation (NMV) and Syn-
thesis of Existing Studies (SES).

MV considers the price or exchange value of a service on the open market and can be
estimated by methods such as: (a) Market Value, in which is accounted an ecosystem service
or product through your value of sold or bought in the market; (b) Substitute Price, Replace-
ment Cost, Avoided Cost, Avoided Damages, in which is calculated the value to replacing
ES, supply an ES substitute or cover the costs related to the loss of a SE and/or its damages
associated; (c) Change in Productivity, Net Factor Income, in which is obtained the values of
ecosystem products or services commercialized as market goods.

NMV includes methods of ES valuation which is not possible to determine real (directly
or indirectly) or hypothetical market prices. This category considers the non-market goods
(e.g. insurance goods, public value goods) and comprises (a) Stated Preferences and (b) Re-
vealed Preferences. On the Stated Preferences, hypothetical markets of a respective SE are
created in which people interviewed need to set a price for this ecosystem service. The main
methods are Contingent Valuation (in this case, a target group reveals the willingness to pay
and/or willingness to accept a hypothetical scenario) and Choice Modelling (target group
needs to choose the best price among different sets of alternatives - in which price is one
parameter among others). On the Revealed Preferences, indirect calculations are performed
from the effects of behavioral change associated with a service or its absence in the real
market. Values of existence, non-consumptive use values and consumptive use values are
considered in this approach. Travel Cost, one of the most applied Revealed Preference, con-
sists of attributing the value of an ecosystem or site used for recreation through the amount
paid for its enjoyment.

SES comprises the efforts to gather information through existing literature. In this cate-
gory are considered methods such as Meta Analysis (estimation of statistically robust patterns
on the combination of a set of data from different sources); Benefit Transfer (economic value
and its benefits are estimated from displacement of value of another location); Citation (direct
citation of the results of a study); Ecosystem Value Coefficient (estimation of ES values
through multiplication the area by value coefficients according to the type of land use and
based on global averages).
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Developing a Country-Specific Approach on ES - Case Study from Germany,
Poland and UK

At the local scale, an analytical framework for the conceptualization and quantification
of the interactions between ES provisioning was applied in the Leipzig-Halle urban region in
eastern Germany (Haase et al., 2012). The framework was based on assessing the change in
the timing of ecosystem services depending on the change in land cover and proposed to use
aggregate values for the entire urban region, functional zones and spatially separate raster
transformed maps. The analysis showed a loss in the ecosystem services’ provisions because
of soil sealing in the peri-urban areas; however, it showed the synergies of ecosystem services
resulting from brownfield-transition into green space and mining restoration. The study
showed that trade-offs and synergies between ecosystem services are not stable relationships
and that they might change over short periods of time depending on the change in land cover.
At amore general level, the results of the case study showed that the assessment of ecosystem
services’ provisions succeeds at different scales and delivers consistent results. Because the
framework involves a zone-by-zone assessment, the growth and shrinkage processes in the
urban and peri-urban parts of a region can easily be analyzed. Using the spatial map approach,
it is possible to identify and localize areas of change in ecosystem services provisioning syn-
ergies and trade-offs.

Among other European countries, Poland is an interesting case for the analysis of envi-
ronmental policies at the national level (Maczka, 2019). The fall of communism in 1989 and
the accession to the EU in 2004 had a significant impact on the Polish system of environ-
mental protection (Kluvankova-Oravska et al., 2009). The reforming of environmental policy
changed (Grodzinska-Jurczak and Cent, 2011), including the wider participation of stake-
holders and the emergence of new concepts emerged, including ES (Maczka, 2019). Subse-
quent studies have shown that the use of the ES approach in Poland is increasing, however
the knowledge on the practical way of using this approach is still in scarce (Stgpniewska et
al. 2018). The first conceptual framework for the valuation of ES for Poland was proposed
in 2012 by Mizgajski and Stepniewska. It was based on the recommendations of the European
Environment Agency (EEA) with the use of the existing sources of qualitative and quantita-
tive data and adapting the experiences of advanced countries in this field. For ES valuation,
geographic regionalization was used as the basis for spatial differentiation of the structure of
ecosystems in Poland. The authors proposed the separation of seven landscape and ecological
zones (the Baltic Sea with a coastal zone, Lakeland, Lowlands, Uplands, Piedmont Valley,
Middle High Mountains and Alpine Mountains), which correspond to the principle of socio-
ecological landscape units (SELU) through the EEA. In addition, using the Corine Land
Cover 2006 (CLC) spatial database, they proposed to create seven types of land cover: urban
areas, agricultural land, meadows, forests, rivers and lakes, the Baltic Sea, others, which cor-
respond to the functional units of land cover (LCFU) according to EEA. The presented ap-
proach aimed to enable the assessment of ecosystem services in Poland from the perspective
of aggregated forms of land use, considering the specificity of the ecological units and the
main landscape (Mizgajski and Stepniewska 2012). In turn, framework for ES developed by
Maczka et al. (2019) has been identified as an important communication tool for different
stakeholder groups (e.g., NGOs, farmers, the private sector, etc.) to discuss the future man-
agement of Natura 2000 sites in Poland. The authors claimed that the presented ES frame-
work can serve as a descriptive overview of management challenges and can also provide
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a space for prescriptive statements that deserve attention in public forums and minimize con-
flicts over the future of protected areas in Poland. In addition, the authors emphasize that to
better understand and manage complex systems involving biological and human societies,
there is a strong need to develop communication tools that will enable collaboration between
multiple stakeholders and researchers from different fields of science (Maczka et al. 2019).

The UK National Ecosystem Assessment (UK NEA) proposes a framework based on ex-
isting methods, especially those used for the MEA (MEA 2005). In the UK NEA, ecosystem
services are considered under the broad headings of provisioning, supporting, regulating and
cultural services. This classification derives from the MEA (2005) and is a useful means for
distinguishing broad categories of services. ‘Final ecosystem services’ directly contribute to
the good(s) that are valued by people, and people tend to intervene or manage ecosystems to
influence the delivery of final ecosystem services. Intermediate ecosystem services and ‘eco-
system processes’ underpin the final ecosystem services, but are not directly linked to good(s)
and are less often the focus for management. In fact, ecosystem processes are often inadvert-
ently affected by management for final ecosystem services, sometimes with deleterious con-
sequences. The goods that are derived from final ecosystem services have a value, only some
of which is derived from ecosystems because of capital inputs (from manufacturing and re-
manufacturing) that add value. Different goods will have different proportions of value at-
tributable to ecosystems versus human capital inputs. The separation between ecosystem pro-
cesses/intermediate services and final ES is necessary to avoid double counting when valuing
the benefits derived from ecosystems (Fisher et al., 2008). It should be noted that provision-
ing and cultural services are always classed as final ES; regulating services may be either
final services or intermediate services/processes; and supporting services are always inter-
mediate services/processes. The provisioning, regulating, cultural and supporting services
classification maps on to the MEA classification which is already in general use. UK NEA
develops the distinction between final ES and intermediate ES and/or processes in order to
allow the valuation of final ES.

Soil ecosystem services

Although soil is a fundamental resource for human well-being, soil ecosystem services,
such as carbon sequestration and water regulation remain overlooked and poorly understood.
Adequate valuation of soil ecosystem services is largely excluded from environmental impact
assessments and rarely included into environmental policies. Below are a few examples of
frameworks for valuation and their implications for soil management.

By merging the categories of soil functions defined by the Soil Thematic Strategy of the
Swiss Office Federal of the Environment (FOEN) and the Thematic Strategy for Soil Pro-
tection (CEC, 2006), National Research Programme NRP 68 — Swiss National Science Foun-
dation focuses on the following six soil function categories: (1) regulating functions such as
functions regulating water, acting as a carbon sink, filtering and binding heavy metals, con-
taminants, and acids, (2) production functions such as agricultural production, timber pro-
duction, and drinking water, (3) habitat functions such as habitat providing for microorgan-
isms and plants, (4) archive functions such as the capacity to conserve geological and
archaeological heritage, (5) engineering functions such as the physical and cultural environ-
ment for humans and human activities and (6) soil as source of raw materials. While soils
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managed in a sustainable manner can perform their regulating, production, and habitat func-
tions in the long-term, engineering and resource functions are destroyed as soon as humans
use soils for these services. This distinction is emphasized by classifying the latter two func-
tions into “use functions”, and the regulating, production and habitat functions into “ecolog-
ical functions”. There are as well different classification systems for ES. Soil “use functions”
are linked to their services by adding the categories engineering, archive, and resource ser-
vices. FOEN defines FEGS as goods or services that are provided by nature directly and are
consumed by humans or used to produce market goods. The term FEGS allows thus to avoid
double counting of services, making a clear distinction, between services contributing to ES
and services directly generating wellbeing or directly contributing to the production of a good
or a service. Soils, on the one hand, can provide a service directly, such as for example carbon
sequestration, or, on the other hand, they can contribute to ES, for example as intermediate
services in terms of water filtering and/or water storage for the final service of agricultural
production. Agricultural production is thus the final ES, which not only depends on the sup-
porting (soil) services but also on suitable climatic conditions, crop choice, fertilization, pest
management as well as on the socio-economic context in which production takes place.

Dominati et al. (2010) recognized that a combined natural capital and ES approach is
needed for soils. Focusing solely on final goods and services can lead to a problem analogous
to that of using GDP as a welfare indicator: since GDP measures only flows, it tells one
nothing of the sustainability of resource use, or what resource remains. Similarly, focusing
only on final goods and services, tells little about the state of the ecosystem service delivery
mechanisms.

Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) assessment
is focused on land and soil is expressively targeted in the scoping document of the IPBES. It
appreciates the importance to improve soil knowledge, including indigenous and local
knowledge. A fundamental change is a shift towards treating soil as supporting service in
relation to soil formation rather that providing, as soil itself is not used for human well-being
rather it composes foundation for all other ES. As soil degradation is connected to land deg-
radation, it details 11 forms of degradation: soil erosion, contamination, compaction, sealing,
and sedimentation, loss of organic matter, soil and water salinization, degradation of fresh-
water systems, invasion of alien species, changes in natural fire regimes and pollution as
a land degradation process. These threats are more or less equivalent to the list established in
2006 in the Proposal of a soil framework directive of the European Union that was abandoned
in 2014. Moreover, soils serve as an illustration on the Chapter three on direct and indirect
drivers of LDR: “Direct drivers of degradation (e.g., unsustainable levels of biomass extrac-
tion and extractive industries) can result directly in degraded land, including reduction in the
productivity of land, or in processes such as soil erosion due to unsustainable land manage-
ment techniques, and natural drivers, such as floods, wind and drought, that result in land
degradation”. Consequently, soils are an element of the IPBES process, which contributes to
the global recognition that soil knowledge must be part of the assessment and we can expect
that under the cover of land, soil issues will be indirectly addressed, especially by the Chapter
6 that deals with the identification of responses to avoid land degradation and restore de-
graded land and by the Chapter two about “Concepts and perceptions of LDR” (Desrousseaux
etal., 2017).

Recognizing the importance of soils in the provision of ES and inspired by previously
published studies, a recent study published a framework focused on soils (Rodrigues et al.,
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2021). This study reinforces the importance of research, projects and institutions to recognize
well the definitions of the SES concept and other associated concepts such as soil properties,
processes and functions. Soil functions are understood as benefits to human and non-human
nature, while soil services are benefits directed to human. Soil properties are directly meas-
urable and express chemical, physical and biological characteristics. Soil processes are de-
fined as transforming inputs into products, such as the decomposition of organic matter to
form humus. In addition, the study emphasizes a large knowledge gap regarding the approach
to SES in the tropical region.

In a recent paper, Latawiec et al. (2021) evaluated provisioning (food and feed) and reg-
ulating (carbon sequestration) soil ecosystem services from biochar use in soybean farming
(Figure 1). Among different biochar doses, 60 Mg ha* was the most effective one for in-
creasing soybean yields over two years and for two different biochars with additional benefits
for water retention. However, the cost of biochar exceeded the potential financial benefits
from the yield increase as compared to traditional fertilizer. Carbon sequestration was eval-
uated based on direct carbon savings in soil following biochar addition. Based on the dose of
biochar, the proportion of fixed carbon in biochar (approx. 80%) and the fraction of persistent
biochar (70%) Latawiec et al. (2021) calculated financial benefits to farmers from carbon
sequestration in soil given three levels of subsidies for tonne of CO»eq stored (USD 10, USD
20 and USD 30). They found that if with the subsidy of USD 30 t ha* from carbon seques-
tration, the soybean production with the addition of biochar (40 Mg ha?and 60 Mg ha?)
would be profitable already in the first year of cultivation. Interestingly, the carbon price
would have to be in the range of USD 50 to USD 100 in 2030 to achieve the goals of the
Paris Agreement.

Figure 1. Evaluating biochar impact on soybean yields and other soil ecosystem services in
Krakow, Poland. Photo by Maciej Kubon.
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Similarly, Latawiec et al. (2019) calculated food provision (from the additional potential
beef production) and carbon sequestration based on the experiment with forage grasses in
Brazil (Brachiaria spp. and Panicum spp.) (Figure 2). The highest additional meat production
and profit was observed for the treatment with biochar (between US$ 191 and US$ 324 ha
1), followed by the combination of fertilizer with inoculant. Also, each hectare amended with
biochar saved 91 tonnes of CO.e through land sparing effect and 13 tonnes of CO2e seques-
tered in the soil, which could equal to U$ 455 in carbon payments.

Figure 2a. Experimental field in Embrapa Agrobiology, Brazil where the experiment on soil
ecosystem services from forage grasses production was conducted. Photo by VisionDrones.
Figure 2b. Incorporating biochar into soil. Photo by Agnieszka Latawiec.
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Conclusions

1. Soil is an important natural resource that provides a range of ecosystem services, ensuring
human well-being and sustainable socio-economic development. Nevertheless, some soil
ecosystem services, such as carbon sequestration and water regulation, are overlooked
and poorly understood, while services directly related to the provision of food are de-
scribed in more detail in the scientific literature.

2. Since decision-making is based on indicators that provide concise and relevant infor-
mation, valuing ecosystem services indicators can help identify gaps that helps policy-
makers adopting a more comprehensive approach to ecosystem services.

3. The valuation of soil ecosystem services represents the latest trend in soil science, where
soil resources are viewed in the broader context of their impact on human well-being.
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METODYCZNE ASPEKTY WYCENY
USLUG EKOSYSTEMOWYCH GLEBY

Streszczenie. Wycena Ustug Ekosystemowych jest waznym narzedziem dialogu w procesie podejmo-
wania decyzji i podkres$lania zalezno$ci spoteczenstwa od biosfery dla dobrej jakoS$ci zycia. Gleba jest
glownym zrodtem ustug ekosystemowych, takich jak produkcja zywnosci i regulacja klimatu, ale me-
todyczne alternatywy wyceny ushig ekosystemowych gleby pozostaja stabo zbadane. Celem niniejszej
pracy jest przedstawienie aspektoéw metodologicznych wyceny ustug ekosystemowych, ze szczeg6l-
nym uwzglednieniem ustug glebowych w kontekécie rolniczym. W artykule przedstawiono ramy
specyficzne dla ustug ekosystemowych gleby. Na wstepie pokrotce zaprezentowano przeglad ustug
ekosystemowych. Nastepnie oméwiono glowne koncepcje wyceny ustug ekosystemowych, ze szcze-
gblnym uwzglednieniem wyceny ekonomicznej. W kolejnej czesci przedstawiono studium przypadku
oceniajace ustugi ekosystemowe gleby w kontekscie rolnictwa oraz zaproponowano metodologie wy-
ceny korzysci ptynacych z ekosystemu glebowego. W podsumowaniu stwierdzono, ze taka wycena
reprezentuje najnowszy trend w gleboznawstwie, gdzie zasoby glebowe traktuje si¢ w szerszym kon-
tek$cie wptywu na dobrostan cztowieka. Ponadto, niniejsze opracowanie podkresla znaczenie badan,
projektow i instytucji z z wla§ciwym zrozumieniem definicji koncepcji ustug ekosystemowych gleby
(SES- z angielskiego: soil ecosystem services) i innych pokrewnych poje¢, takich jak whasciwosci,
procesy i funkcje gleby.

Stowa kluczowe: systemy rolnicze, biowggiel, metody, framework
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