
I

Ecosystem services assessment 
in livestock agroecosystems
Ecosystem services assessment 
in livestock agroecosystems





Food and Agriculture Organization of the United Nations
Rome, 2025

Ecosystem services assessment
in livestock agroecosystems



Required citation
FAO. 2025. Ecosystem services assessment in livestock agroecosystems. 
Rome. https://doi.org/10.4060/cd6705en

2025

Cover design: Giada Semeraro

The designations employed and the presentation of material in this information product do not imply the 
expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the United 
Nations (FAO) concerning the legal or development status of any country, territory, city or area or of its 
authorities, or concerning the delimitation of its frontiers or boundaries. The mention of specific companies or 
products of manufacturers, whether or not these have been patented, does not imply that these have been 
endorsed or recommended by FAO in preference to others of a similar nature that are not mentioned.

ISBN 978-92-5-140079-1
© FAO, 2025

Some rights reserved. This work is made available under the Creative Commons Attribution- 4.0 International 
licence (CC BY 4.0: https://creativecommons.org/licenses/by/4.0/legalcode.en).

Under the terms of this licence, this work may be copied, redistributed and adapted, provided that the work 
is appropriately cited. In any use of this work, there should be no suggestion that FAO endorses any specific 
organization, products or services. The use of the FAO logo is not permitted. If a translation or adaptation of 
this work is created, it must include the following disclaimer along with the required citation: “This translation 
[or adaptation] was not created by the Food and Agriculture Organization of the United Nations (FAO). FAO is 
not responsible for the content or accuracy of this translation [or adaptation]. The original [Language] edition 
shall be the authoritative edition.” 

Any dispute arising under this licence that cannot be settled amicably shall be referred to arbitration in 
accordance with the Arbitration Rules of the United Nations Commission on International Trade Law 
(UNCITRAL). The parties shall be bound by any arbitration award rendered as a result of such arbitration as the 
final adjudication of such a dispute. 

Third-party materials. This Creative Commons licence CC BY 4.0 does not apply to non-FAO copyright 
materials included in this publication. Users wishing to reuse material from this work that is attributed to a third 
party, such as tables, figures or images, are responsible for determining whether permission is needed for that 
reuse and for obtaining permission from the copyright holder. The risk of claims resulting from infringement of 
any third-party-owned component in the work rests solely with the user.  

FAO photographs. FAO photographs that may appear in this work are not subject to the above-mentioned 
Creative Commons licence. Queries for the use of any FAO photographs should be submitted to: photo-library@
fao.org. 

Sales, rights and licensing. FAO information products are available on the FAO website (www.fao.org/
publications) and print copies can be purchased through the distributors listed there. For general enquiries 
about FAO publications please contact: publications@fao.org. Queries regarding rights and licensing of 
publications should be submitted to: copyright@fao.org.



iii

Contents

Foreword 	 viii
FAO Livestock Environmental Assessment and Performance (LEAP) Partnership	 ix
Collaborators	 x
Multistep review process	 xii
Abbreviations	 xiii
Glossary	 xiv
Executive summary	 xvi

PART 1
Background	 1

1.1	 The general concepts	 1
1.1.1	 Introduction: the history behind the concept of ecosystem services	 1
1.1.2	 Ecosystem services	 2
1.1.3	 The “cascade” principle of ecosystem services: intermediate  

versus final ecosystem services	 3
1.1.4	 The existing frameworks for classifying ecosystem services	 4

1.1.4.1	 The Common International Classification of Ecosystem Services (CICES) 5

1.1.5	 Ecosystem services and ecosystem disservices	 5

1.2	 The case of livestock agroecosystems	 6

PART 2
Roadmap for the evaluation of ecosystem services from livestock 
agroecosystems and the conceptual framework of this report	 11

2.1	 Roadmap for the evaluation of ecosystem services from livestock 
agroecosystems	 11

2.2	 Conceptual framework: linking concepts to methods 		
to assess ecosystem services	 16

2.3	 Comparison of methods based on resource requirements	 18
2.3.1	 Considerations on biophysical methods	 18
2.3.2	 Considerations on sociocultural methods	 19
2.3.3	 Considerations on economic methods	 20
2.3.4	 Considerations on modelling methods	 21
2.3.5	 Comparison of resources and skills required for each method	 21

PART 3
Methods for ecosystem services valuation in agroecosystems 25

3.1	 Biophysical assessment methods 25
3.1.1	 Conceptualization 25
3.1.2	 Methods 25

3.1.2.1	 Direct measurements: metrics and indicators  	
using ground reference primary data 25

3.1.2.2	 Indirect measurement: benefit transfer using data and land cover proxies 26

3.1.2.3	 Indirect measurement: remote sensing 26

3.1.2.4	 Indirect measurement: proximal sensing 28

3.1.3	 Advantages and limitations 29

3.2	 Sociocultural valuation methods 31
3.2.1	 Conceptualization 31

3.2.1.1	 Sociocultural values and sociocultural valuation 31



v

4.3	 Considerations and limits of this report	 68

4.4	 Other sustainability considerations	 69
4.4.1	 Introduction	 69
4.4.2	 Animal resilience and genetics	 69
4.4.3	 Environmental resilience and biodiversity	 70
4.4.4	 Micronutrients and human health	 70

Appendices	 73
Appendix 1.	 Case studies on the application of the steps to design 		

	 and perform the valuation of ecosystem services	 75

Case study 1: Ecosystem services provided by pasture-based systems in Uruguay 
(example of five steps taken)	 75

1	 Purpose of the evaluation	 75

2	 Framing the valuation	 75

3	 Selection of valuation frameworks and methods	 75
3.1	 Proportion of natural habitats	 76
3.2	 Diversity of ecosystems functional types	 76
3.3	 Ecosystem services supply index	 77
3.4	 Temporal trends of the ESSI	 77
3.5	 Human appropriation of net primary production	 77

4	 Implementation of valuation methods.	 77
4.1	 Percentage of natural habitats	 77
4.2 - 4.3. Ecosystem services supply index and its temporal trends	 78
4.4	 Diversity of ecosystems functional types	 78
4.5	 Human appropriation of the net primary production	 78

5	 Application of the outcomes of the valuation	 78

Case study 2: Ecosystem services provided by pasture-based systems in Brazil 
(example of three steps taken)	 80

1	 Introduction	 80

2	 Metrics to measure the impacts of livestock on ecosystem services in Brazil	 81

3	 Preliminary methodological framework to evaluate integrated production 
systems impacts on ecosystem services	 82
3.1	 Methodology	 82
3.2	 Results	 82

4	 Reflection/take-home message	 82

Appendix 2.	 Ecosystem services classification following the CICES classification 		
	 (VERSION CICES 5.1)	 85

References	 89
Appendix 1 References	 111



vi

FIGURES
1.	 The categories of ecosystem services and their link to constituents 		

of human well-being	 2

2.	 The cascade model of ecosystem services generation and flow	 4

3.	 Livestock agroecosystems (in the interface between the ecological 		
and the social system) as receivers and producers of ecosystem (dis)services 	 8

4.	 Fit-for-purpose framework for selection of methods to value 		
ecosystem services provided by livestock agroecosystems	 12

5.	 Guiding framework for the assessment and valuation 		
of ecosystem services in livestock agroecosystems	 13

6.	 Conceptual framework of the guidelines, integrating 		
the “cascade principle” with approaches of methods 		
to assess ecosystem services in livestock agroecosystems	 16

7.	 Interrelations between the conceptual frameworks and the approaches  
of methods	 19

8.	 Positive externalities from livestock farming, as defined  
by means of utility function	 40

9.	 Potential production relationship between ecosystem services,  
portrayed as competitive	 41

10.	 Examples of scatter plots showing different relationships among ecosystem 
services: decreasing or trade-off (a), increasing or synergistic (b), 		
or non-existent (c)	 56

11.	 Representation of the projection of a multi-dimensional Pareto frontier  
on the plan dedicated to ecosystem service 1 and ecosystem service 2,  
representing a trade-off (a) or a synergy (b)	 58

12.	 Basic idea of payment for ecosystem services	 63

13.	 Number of contracts issued per beneficiary type (women, men,  
legal entities or Indigenous territories)	 66

14.	 Hectares protected (left), trees paid for, and amount paid far (right)	 67

A1.1.	Indicators measured for Uruguay at the country/police section scale	 76

A1.2.	Percentage of the surface of each police section classified  
as natural habitat (natural grassland, forest, wetland)	 77

A1.3.	Average values of the Ecosystem Services Supply Index (ESSI) for livestock 		
and non-livestock areas by police section for the 2020-2021 campaign. 		
Higher ESSI values represent a greater supply of ecosystem services	 78

A1.4.	Percentage of the surface with a negative trend in the values of the  
Ecosystem Service Supply Index (ESSI) for livestock and non-livestock areas  
at the police section. The trend was evaluated for a time series  
from 2000 to 2021. The negative trend means that the supply  
of ecosystem services has decreased	 79

A1.5.	Diversity of Functional Types of Ecosystems (TFE) that do not correspond 		
to natural habitats described using the Shannon index 		
for each police section. A higher index corresponds to greater diversity	 79

A1.6.	Percentage of appropriation of net primary production by police section. 	  
Higher levels of appropriation are associated with more intensive 		
use of natural resources and greater human intervention	 79

A1.7.	Integrated crop-livestock-forestry area in the Brazilian states (2020/2021)	 81

A1.8.	Preliminary methodological framework to evaluate the impacts 		
of integrated production systems on ecosystem services	 84



vii

TABLES
1.	 A key outlining the concepts and their symbols within the framework of 

ecosystem services assessment	 17

2.	 Resources required (X) or recommended (O) for implementing each method	 22

3.	 Resources required (X) or recommended (O) for implementing each method	 23

4.	 Advantages and limitations of the different types of methods used for the 
biophysical assessment of ecosystem services	 30

5.	 Advantages and limitations of the different types of methods used for the 
sociocultural assessment of ecosystems services.	 39

6.	 Ecosystem services and possible valuation methods	 45

7.	 Advantages and limitations of the different types of methods 		
used for the economic assessment of ecosystem services	 46

8.	 Examples of ecosystem service models applied to the assessment 		
of livestock and agroecosystems	 52

9.	 Examples of common ecosystem services modelling platforms 		
previously used in livestock or agroecosystem assessments	 53

10.	 Advantages and limitations of the different modelling methods 		
are revised in this chapter.	 55

11.	 Sustainable management approaches in agriculture 		
that enhance ecosystem services	 62

12.	 The two modalities and activities rewarded under the programme.	 68

A1.1.	Correlation among indicators at the “Police Section” level. In bold 		
are those correlations statistically significant at p<0.05	 80

A1.2.	Ecosystem services (CICES classification), indicators, analytics, 		
methods or reference and scale to evaluate the impacts 		
of integrated crop-livestock-forestry on ecosystem services in Brazil	 83

A2.1.	Ecosystem services classification (CICES classification)	 85

BOXES

1.	 Consideration of other animals and production systems	 9

2.	 National forage production observatories	 27

3.	 Remotely estimated synthetic ecosystem services indices. The case of the 
Ecosystem Services Supply Index (ESSI)	 28

4.	 Steps specific to sociocultural valuation processes	 32

5.	 Definitions of a few common modelling terms used in this section	 48



vii

TABLES
1.	 A key outlining the concepts and their symbols within the framework of 

ecosystem services assessment	 17

2.	 Resources required (X) or recommended (O) for implementing each method	 22

3.	 Resources required (X) or recommended (O) for implementing each method	 23

4.	 Advantages and limitations of the different types of methods used for the 
biophysical assessment of ecosystem services	 30

5.	 Advantages and limitations of the different types of methods used for the 
sociocultural assessment of ecosystems services.	 39

6.	 Ecosystem services and possible valuation methods	 45

7.	 Advantages and limitations of the different types of methods 		
used for the economic assessment of ecosystem services	 46

8.	 Examples of ecosystem service models applied to the assessment 		
of livestock and agroecosystems	 52

9.	 Examples of common ecosystem services modelling platforms 		
previously used in livestock or agroecosystem assessments	 53

10.	 Advantages and limitations of the different modelling methods 		
are revised in this chapter.	 55

11.	 Sustainable management approaches in agriculture 		
that enhance ecosystem services	 62

12.	 The two modalities and activities rewarded under the programme.	 68

A1.1.	Correlation among indicators at the “Police Section” level. In bold 		
are those correlations statistically significant at p<0.05	 80

A1.2.	Ecosystem services (CICES classification), indicators, analytics, 		
methods or reference and scale to evaluate the impacts 		
of integrated crop-livestock-forestry on ecosystem services in Brazil	 83

A2.1.	Ecosystem services classification (CICES classification)	 87

BOXES

1.	 Consideration of other animals and production systems	 9

2.	 National forage production observatories	 27

3.	 Remotely estimated synthetic ecosystem services indices. The case of the 
Ecosystem Services Supply Index (ESSI)	 28

4.	 Steps specific to sociocultural valuation processes	 32

5.	 Definitions of a few common modelling terms used in this section	 48



viii

Foreword 

This publication represents an important achievement for the FAO Livestock Environmental Assessment 
and Performance (LEAP) Partnership, a multistakeholder initiative that has evolved over more than a 
decade. 

The livestock sector is a key component of sustainable food systems, contributing to food and 
nutrition security, economic development and employment. To date, however, there has been no 
comprehensive, science-based framework for assessing the environmental impacts of livestock – 
including both positive and negative dimensions. In particular, the ecosystem services provided through 
livestock-related activities have often been underrepresented in such assessments. The LEAP guidelines 
on ecosystem services in livestock agroecosystems seek to address this gap.

The FAO LEAP guidelines are grounded in scientific evidence and developed through a 
multistakeholder process that fosters inclusive dialogue and balanced outcomes. They benefit from 
contributions by internationally recognized academic experts, as well as engagement from public and 
private sector actors and civil society organizations. This collaborative model supports the development 
of outputs that are technically robust and globally relevant.

Since its inception in 2012, LEAP has produced 11 guidelines covering various environmental topics 
– from greenhouse gas emissions (GHG) to biodiversity – across the main livestock species. These 
guidelines promote methodological consistency while allowing for adaptation to specific production 
systems, species and regions. More than 400 academic contributors from around the world have 
supported this work, ensuring that the guidance reflects a diverse and extensive knowledge base.

I express my sincere appreciation for the achievements of this partnership. Particular recognition is 
due to the Food and Agriculture Organization of the United Nations (FAO) for its role as host, and to 
the dedicated staff whose professionalism and commitment have made this work possible.

It is a privilege to offer these reflections at this important juncture, and with the publication of this 
significant work. I remain confident that the best is yet to come.

 

      

Hsin Huang 
FAO LEAP Chair (2016, 2022)
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Glossary

Bias
The deviation of results or inferences from the truth, or processes leading to such deviation. More 
specifically, the extent to which a statistical method fails to estimate the intended quantity or test 
the intended hypothesis.

Biodiversity
Variability among living organisms from all sources, including, inter alia, terrestrial, marine, and 
other aquatic systems and the ecological complexes that they are part of. This includes diversity 
within species, between species and of ecosystems (Article 2 of the Convention on Biological 
Diversity).

Biomass
Material of biological origin, excluding material embedded in geological formations and material 
transformed to fossilized material and excluding peat (ISO/TS 14067:2013, 3.1.8.1).

Ecosystem
A system in which the interaction between different organisms and their environment generates a 
cyclic interchange of materials and energy (OECD, 2001).

Ecosystem services
The direct and indirect contributions of (agro-)ecosystems to human well-being.

Emissions
Release of polluting substances to the atmosphere and discharges to water and land.

Environmental impact
Any change to the environment, whether adverse or beneficial, wholly or partially, resulting from 
an organization’s activities, products or services (ISO/TR 14062:2002, 3.6).

Extensive system
Low-input, low-output and consequently low-intensity system using minimal inputs of labour, 
fertilizers and capital relative to the land area being farmed. In less developed regions, these are 
often small-scale, mixed cropping subsistence farming systems. In highly developed regions, they 
are typically grassland-based farming systems, such as cattle and sheep grazing.

Feed (feeding stuff)
Any single or multiple materials, whether processed, semi-processed or raw, intended to be fed 
directly to animals (CODEX Alimentarius, 2004).

Footprint
Metrics used to report life cycle assessment (LCA) results that address a specific area of interest. 
They represent the sum of emissions and/or discharges caused by the production of one unit of 
the final product. LCA is based on international standards (ISO 14040:1997, ISO 14041:1999, ISO 
14042:2000, ISO 14043:2000).

Grasslands
Synonymous with pastureland when referring to an imposed grazing-land ecosystem. The 
vegetation of grassland in this context is broadly interpreted to include grasses, legumes, other 
forbs and occasionally woody species.

Greenhouse gases (GHGs)
Gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit 
radiation at specific wavelengths within the spectrum of infrared radiation emitted by Earth’s 
surface, the atmosphere and clouds (ISO 14064-1:2006, 2.1).

Habitat
The place or type of site where an organism or population naturally occurs (Article 2 of the 
Convention on Biological Diversity).
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Input
A product, material, or energy flow that enters a unit process.

Life cycle assessment (LCA)
Compilation and evaluation of the inputs, outputs and potential environmental impacts of a 
product system throughout its life cycle (ISO 14044:2006, 3.2).

Meat
Fresh, chilled, or frozen edible carcass, including offal, derived from food animals.

Nutrient
Substance required by an organism for growth and development. The primary crop nutrients are 
nitrogen, phosphorus and potassium.

Output
A product, material or energy flow that leaves a unit process. Products and materials include raw 
materials, intermediate products, co-products and releases.

Primary data
Quantified value of a unit process or activity obtained from a direct measurement, collected data or 
from a calculation based on direct measurements at its original source (ISO, 2014, 3.6.1).

Secondary data
Information obtained from sources other than direct measurement. This data has typically been 
collected by other parties, for a different purpose (and is used for new research or analysis) or 
obtained through modelling. Secondary data are used when primary data are unavailable or 
impractical to obtain.

Soil quality
Encompasses two distinct, but related parts: the innate elements and properties of soils (physical, 
chemical and biological conditions) and the capacity of soil to perform desired functions, such as 
biomass production or environmental services, considering its response to inputs and management. 
Soil quality varies, and soils respond differently depending on management inputs.

Soil health
The capacity of soil to function as a living system within ecosystem and land use boundaries, 
sustaining plant and animal productivity, maintaining or enhancing water and air quality, and 
promoting plant and animal health. Healthy soils maintain a diverse community of soil organisms 
that help control plant disease, insect and weed pests, form beneficial symbiotic associations with 
plant roots, recycle essential plant nutrients, and improve soil structure with positive repercussions 
for soil water and nutrient holding capacity, ultimately improving crop production (FAO, 2008). Two 
elements distinguish soil health from soil quality: (i) the inclusion of a time component (e.g. “the 
continued capacity of...”), and (ii) recognition of soil “as a vital living system”.

Stock
Stocks represent real-world accumulations of materials. Each pool can store a quantity of nutrients, 
for example, as mineral or organic nitrogen in soils (such as in agricultural or semi-natural lands/
pools). This quantity is the nutrient stock. Nutrient stocks may be very large relative to nutrient flows 
(e.g. for soil pools) and are often difficult to quantify. However, the most relevant parameter for 
nutrient budgets is potential stock change – a variation over time in the respective accumulation 
– rather than the nitrogen stock itself. Nutrient stocks can be composed of nutrients in any form 
(adapted from UNECE, 2012).

Water use
Amount of water used (applied or consumed) for a specific purpose, such as irrigation in agriculture, 
industrial processes, cleaning or consumption (by drinking animals or domestic use).
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Executive summary

Livestock agroecosystems drive much of rural economic activity and landscape management. Although 
they contribute significantly to food security and nutrition, public debate tends to polarize around 
their environmental, animal welfare and human health impacts. This focus on negative aspects often 
overshadows the beneficial services livestock systems provide to society –  services that are seldom 
recognized or quantified.

Ecosystem services (ES) are the benefits people derive from ecosystems. For agroecosystems 
specifically, these services represent the direct and indirect contributions to human well-being. They fall 
into four categories: provisioning services like food and fibre production; regulating services including 
air quality control, climate regulation, water management, disease control, pollination and natural 
hazard mitigation; cultural services that provide recreational, aesthetic, educational, social and spiritual 
values; and supporting services such as soil formation, photosynthesis, and water and nutrient cycling.

To build strategies for truly sustainable livestock production systems, we need to understand and 
acknowledge how these systems rely on and support ecosystem services. A harmonized international 
approach is therefore needed to assess and evaluate ecosystem services in livestock production. This 
would ensure consistent methodologies and support sustainable management and policymaking 
in livestock agroecosystems. This document, which captures international experts’ perspectives on 
ecosystem services assessment, represents an important first step towards developing more detailed 
guidance for assessing ecosystem services in livestock agroecosystems.

The guide explains the general concept of ecosystem services provided by livestock agroecosystems 
and explores various assessment methods to help readers effectively assess and promote these services. 
It covers biophysical, sociocultural, economic and modelling valuation methods, including their 
principles, advantages and limitations.

The guide makes two main recommendations:
•	 Use the Common International Classification of Ecosystem Services (CICES) as a standardized 

framework for identifying and categorizing ecosystem services.
•	 Apply the five-step roadmap to ensure robust valuation processes that produce reliable results 

for decision-making.
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Part 1

Background

1.1 THE GENERAL CONCEPTS

1.1.1 Introduction: the history behind the 
concept of ecosystem services
The concept of ES is used to communicate the dependence 
of society on the biosphere (Daily, 1997; Groot et al., 2002). 
It is attracting increasing attention in science (across disci-
plines), as well as in policymaking, the private sector and 
among practitioners.

The terms and concept of ecosystem services as a field 
of research, as we currently know it, emerged in the late 
1970s and early 1980s (Gómez-Baggethun et al., 2010). 
The work of Westman (1977) was one of the first attempts 
to measure the social benefits of ecosystem functioning. 
This led to the recognition that ecosystem functions can 
generate benefits to humans. These benefits were referred 
to as “services” and helped increase awareness and interest 
in nature conservation.

In the 1990s, the literature consolidated society’s 
dependence on ecosystems through terminology such as 
“nature’s services” or “ecosystem services” (Daily, 1997; 
Costanza et al., 1997), and there was growing interest in 
valuing those services, particularly in monetary terms and 
natural capital accounting (Costanza et al., 1997). In 1998, 
UNEP (United Nations Environment Programme), NASA 
(National Aeronautics and Space Administration, United 
States of America), and the World Bank published the 
report Protecting Our Planet, Securing Our Future (Watson 
et al., 1998), which explored and explicitly recognized the 
inextricable linkages between environmental systems and 
basic human needs.

In the early 2000s, the United Nations launched the Mil-
lennium Ecosystem Assessment (MA), which was published 
in 2005. The MA was a landmark effort to assess human 
impacts on the environment and to report extensively on the 
contributions of nature and ecosystems to human well-be-
ing. The publication of the MA popularized the term “eco-
system services” and the benefits ecosystems provide to 
people. Moreover, the MA contributed to a surge in studies 
on ecosystem services (Fisher et al., 2009; Rodríguez-Ortega 
et al., 2014); supported adoption of the concept across 
scientific disciplines, including agroecosystems (Zhang et al., 
2007; Power, 2010) and livestock farming (Rodríguez-Orte-
ga et al., 2014); and helped bring the concept onto policy 
agendas (Gómez-Baggethun et al., 2010).

From the mid-2000s, another international initiative was 
launched, commissioned by the Government of Germany 
and the European Commission, to conduct a global analy-
sis of the economic significance of biodiversity, the cost of 
biodiversity loss and the failure to take protective measures 
versus the costs of effective conservation (TEEB, 2010). This 
initiative culminated in the publication of The Economics 
of Ecosystems and Biodiversity (TEEB, 2010), which aimed 
to estimate the economic (monetary) value of ecosystem 
services across global biomes. It also delivered the TEEB 
dataset, which has evolved over the last decade into the 
Ecosystem Services Valuation Database (ESVD) (Brander 
et al., 2024).

In 2010, the United Nations General Assembly appoint-
ed UNEP to convene a plenary meeting to establish the 
Intergovernmental Science–Policy Platform on Biodiversity 
and Ecosystem Services (IPBES). IPBES is an intergovernmen-
tal body intended to strengthen the science–policy interface 
on biodiversity and ecosystem services, in a similar role to 
the Intergovernmental Panel on Climate Change (IPCC) in 
the field of climate science. IPBES released an initial con-
ceptual framework in 2013 (IPBES, 2013) and published its 
global assessment report in 2019 (IPBES, 2019).

Today, the concept of ecosystem services continues to 
evolve, and research continues to expand across disciplines. 
Moreover, the use of the concept extends beyond academia 
into policy and government institutions, non-governmen-
tal organizations, and the private and financial sectors 
(Gómez-Baggethun et al., 2010; Braat and de Groot, 2012; 
Jax et al., 2018). For instance, there is an increasing devel-
opment of economic incentives to steer decision-making 
toward conservation of biodiversity and ecosystem services 
– such as Payments for Ecosystem Services (PES) (Wunder, 
2007; Engel et al., 2008; Wunder, 2015). A more recent 
report has also highlighted growing evidence that biodi-
versity loss can have significant economic and financial 
implications, with declines in ecosystem services posing 
physical risks to economic actors who depend on them 
(NGFS–INSPIRE, 2021).

This increasing relevance also presents challenges for 
operationalizing the concept (Jax et al., 2018). First, the 
concept of ecosystem services remains contested: i) it 
assigns a utilitarian function to nature, overlooking other 
dimensions such as intrinsic value and the right to exist; 
ii) the valuation and monetization of ecosystem benefits 
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remains controversial (Westman, 1977) and has been 
perceived as commodification (Wilson, 2013; Silvertown, 
2015); and iii) the term can be abstract and may not res-
onate with the general public (Díaz et al., 2018; Bernués 
et al., 2016).

Second, although widely used across scientific disci-
plines and increasingly adopted in policy and practice, the 
lack of harmonized terminology and conceptualization still 
makes implementation a challenge (Jax et al., 2018).

Still, it is only possible to identify degradation or 
improvement in the environment and the services it pro-
vides when monitoring is in place. Monitoring, however, 
depends on shared definitions, clear metrics and estab-
lished methodologies. The sections that follow in this chap-
ter aim to guide the reader through the concepts related to 
ecosystem services, current frameworks, and their applica-
tion in agroecosystems and livestock systems. Later sections 
will examine methodologies and metrics in more detail.

1.1.2 Ecosystem services
The definition of ecosystem services has been subject 
to debate in the scientific literature (Daily, 2007; Wal-
lace, 2007; Fisher and Turner, 2008). Some authors (e.g. 
Costanza et al., 1997; Daily et al., 1997; Millennium 
Ecosystem Assessment [MA], 2005) defined ecosystem 
services as “the benefits people obtain from ecosystems”. 
However, several aspects of this definition have been 
contested. For instance: i) whether “ecosystems” refers 
only to natural systems or also includes human-managed 
ecosystems. Authors note the increasingly blurred line 
between the two (Daily, 2007); ii) whether ecosystem 
services represent direct benefits obtained from ecosys-
tems, with immediate impacts on human lives (e.g. Boyd 
and Banzhaf, 2007; Wallace, 2007), or whether indirect 
effects derived from ecological processes also constitute 
ecosystem services (as argued by Fisher and Turner, 2008); 
iii) whether “benefits” and “services” are essentially the 
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FIGURE 1
The categories of ecosystem services and their link to constituents of human well-being
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same concept and can be used interchangeably (MA, 
2005; Wallace, 2007), or whether they should be differen-
tiated to facilitate integration and avoid double counting 
(Boyd and Banzhaf, 2007; Fisher and Turner, 2008); and 
iv) whether “benefits” or “services” are too technical and 
overly focused on utilitarian use, and whether “contri-
butions” is a more appropriate and accessible term for a 
broader audience (Díaz et al., 2018).

It is not the aim of this report to resolve these ongoing 
discussions. Instead, building on the existing literature, 
this report defines ecosystem services as “the direct and 
indirect contributions of (agro) ecosystems to human 
well-being”.

As described in the Millennium Ecosystem Assessment 
(MA, 2005), ecosystem services are generally classified into 
four groups (see Figure 1):

1.	 Provisioning – Products obtained from ecosystems, 
such as food, fibre, timber, water, biochemicals or 
genetic resources.

2.	 Regulating – Benefits obtained from the regulation 
of ecosystem processes, such as climate regulation, 
pest control, water regulation, water purification or 
pollination.

3.	 Cultural – Non-material benefits obtained from 
ecosystems, such as cultural heritage, aesthetics or 
recreation.

4.	 Supporting – Necessary for the production of all 
ecosystem services, such as soil formation, nutrient 
cycling, water cycling or primary production.

The category of supporting ecosystem services is well 
defined (MA, 2005). However, there is ongoing debate 
as to whether “supporting ecosystem services” should 
be included as a distinct category when accounting for 
ecosystem services (see for example CICES, 2025), as 
they underpin the other categories of ecosystem services 
and do not constitute direct services to humans. Typically, 
they represent indirect services to human well-being only, 
and are delivered over long timeframes. In some cases, 
supporting ecosystem services are considered part of 
the regulating ecosystem services category. Often, the 
decision to include supporting ecosystem services in an 
assessment depends on the specific ecosystem, context 
and relevance (CICES, 2025). Further discussion on this 
issue is provided below (see Section 1.3), while guidance 
on whether to include this category in assessments is 
offered in Part 2 of this report.

Although the concept of ecosystem services is gener-
ally associated with those provided by natural ecosystems 
or nature, it also applies more broadly to forest ecosys-
tems, grassland ecosystems, aquatic ecosystems and 
agroecosystems. Further information on agroecosystems 
and their role in providing ecosystem services is presented 
in Section 1.2.

1.1.3 The “cascade” principle of ecosystem 
services: intermediate versus final ecosystem 
services
Across the literature, multiple definitions of ecosystem ser-
vices exist. However, a shared underlying concept emerges: 
a ”pathway” for delivering ecosystem services that begins 
with ecosystems – that is, their ecological structures and 
processes – and flows towards people, contributing to their 
well-being. This pathway has been described as a series 
of steps, or a cascade (see e.g. Fisher and Turner, 2008; 
Potschin and Haines-Young, 2011; Lamarque et al., 2011; 
Maes et al., 2012; Potschin and Haines-Young, 2016). 
Figure 2, adapted from Potschin and Haines-Young (2016), 
provides a visualization of the cascade.

The cascade begins by distinguishing between the bio-
physical system (related to ecosystems) and the social and 
economic system. These two systems are defined in various 
ways across the literature. For example, the biophysical 
system is also referred to as the biosphere, environment or 
nature, while the social and economic system is also termed 
the socioeconomic system, technosphere or anthropo-
sphere. Each term carries slightly different meanings and 
nuances. This report does not promote one term over 
another but rather presents the biophysical components on 
the one hand, and the human components and their activ-
ities on the other – emphasizing their interconnectedness.

The cascade starts with supporting or intermediate 
services. These refer to the biophysical structures and 
processes in ecosystems (e.g. woodlands or net primary 
production), as well as their functions (e.g. the rate of water 
flow or biomass generation). These processes give rise to 
final services (still within the biophysical domain) that are 
ready to be harvested or experienced by humans. These 
final services relate to the formal categories of ecosystem 
services and include, for example, flood protection or har-
vestable products. While Figure 2 delineates a clear bound-
ary between intermediate and final services, in practice, 
the distinction may be ambiguous. Intermediate services 
often stem from complex interactions between ecosystem 
structure and processes and can lead to final services (Fisher 
et al., 2009). For instance, biodiversity or hydrological yield 
can be considered either final or intermediate services, 
depending on the context and the benefits of interest to 
stakeholders (see e.g. Fisher et al., 2009).

Despite these nuances, the cascade principle assumes 
that final services are those that generate goods and benefits 
for humans. These services enter the social and economic 
system either as marketable products or as contributions to 
aspects of well-being. Ultimately, this links to the concept 
of the value of ecosystem services. “Value” refers to how 
humans perceive and appraise the services they receive, and 
should be understood in its broadest sense, encompassing 
value systems and worldviews (IPBES, 2022). Value systems 
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differ among individuals, groups, and across spatial and tem-
poral scales (Díaz et al., 2015). The “valuation” of services 
can therefore be conducted using a range of methodologies 
– from economic valuation (e.g. beneficiaries’ willingness to 
pay) to sociocultural valuation (e.g. stated preferences for 
certain services in specific contexts). These valuation methods 
are central to this report and are discussed in Part 3.

Ultimately, understanding values and valuation across 
time and space should inform the management of and 
mitigation of impacts on ecosystems. For example, Maes 
et al. (2012) and Wong et al. (2014) emphasize the need 
to distinguish between ecosystem characteristics and final 
ecosystem services, and to apply a cascade approach. This 
offers clarity and guidance for decision-making – both for 
those managing (agro)ecosystems and for those designing 
public policies to conserve or enhance the delivery of valued 
ecosystem services (Maes et al., 2012; Wong et al., 2014).

While the cascade has been widely accepted for the 
clarity it brings and its usefulness in communicating termi-
nology, it has also faced criticism. One prominent critique 
is its portrayal of a linear relationship between ecological 
structures and processes on the one hand, and benefits 
and values on the other. In reality, these relationships are 
far more complex, challenging the oversimplified nature 
of the cascade model (Fischer et al., 2009). Even within a 
single ecosystem, multiple linkages typically exist between 
ecological structures and processes, the functions they 

support, the other ecosystem services they interact with, 
and how these services are ultimately perceived and valued 
by their beneficiaries (Potschin and Haines-Young, 2016). 
Another criticism relates to definitions and terminology. For 
example, the concepts of “intermediate” ecosystem servic-
es or supporting ecosystem services originate from different 
disciplines and carry varying interpretations. As a result, 
the concept remains prone to confusion and controversy 
(Lamothe and Sutherland, 2018). Using the elements of the 
cascade to describe nature–human relationships, therefore, 
should not be seen as an end in itself. Rather, the cascade 
offers a framework and vocabulary for representing and 
better understanding the richness and complexity of these 
relationships (Potschin and Haines-Young, 2016).

1.1.4 The existing frameworks for classifying 
ecosystem services
The fluid nature of the concept of ecosystem services can 
stimulate discussion, but it also creates challenges when 
attempting to measure these services or design a classifica-
tion system for consistent reporting.

The identification and classification of ecosystem services 
has been the subject of extensive study and debate among 
scholars (Fischer and Turner, 2008). To address differences 
in terminology across studies, initiatives and regions, several 
influential publications and frameworks have been devel-
oped, proposed and adopted. Readers interested in publi-
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services. Routledge.

FIGURE 2
The cascade model of ecosystem services generation and flow

https://doi.org/10.1177/0309133311423172
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cations that focus on the identification and classification of 
ecosystem services are referred to Daily (1997), Boyd and 
Banzhaf (2007), Wallace (2007) and Fischer et al. (2009).

For those seeking to understand which frameworks or 
classification methods are most commonly used in recent 
studies, which ecosystem services have been analysed, or 
how the different publications and frameworks compare, 
we recommend consulting Lamarque et al. (2011), Götzl 
et al. (2013), Keane (2016) and Merida et al. (2016).

In short, several prominent frameworks have been pro-
posed to classify ecosystem services at both the international 
and (supra-)national levels. The most widely recognized 
include: the Millennium Ecosystem Assessment (MA, 2005); 
The Economics of Ecosystems and Biodiversity (TEEB) (TEEB, 
2010); the UK National Ecosystem Services Assessment (UK 
NEA) (UK-NEA, 2014); the US National Ecosystem Services 
Classification System (NESCS) (US-EPA, 2015); the United 
Nations Statistical Division’s System of Environmental-Eco-
nomic Accounting (SEEA) (Edens et al., 2022); the Common 
International Classification of Ecosystem Services (CICES, 
2025), hosted by the European Environment Agency; and 
the Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES, 2019).

Each of these publications and frameworks exhibits dis-
tinctive features. Some aim to provide a broad representa-
tion of ecosystem services that can be generalized across 
global contexts, supporting international standardization 
(e.g. MA, 2005; TEEB, 2010; CICES, 2025). Others are 
designed for specific applications, such as national-level 
accounting (e.g. UK-NEA, 2014; US-EPA, 2015). While ter-
minology for individual ecosystem services may differ across 
classification systems, there is often scope to “translate” 
or align services across frameworks. It is therefore essential 
that practitioners indicate which framework or classification 
method they are applying when identifying and classifying 
ecosystem services.

Given the scope of this report and the need to ensure 
comparability and facilitate adoption of frameworks by 
users – particularly those conducting accounting based on 
administrative or geographic boundaries worldwide – it is 
recommended (though not exclusively) to adopt the CICES 
classification. Five reasons support this recommendation:

1.	 It aims to be comprehensive and was developed from 
the interaction between key partners in ecosystem 
service classification, including the European Envi-
ronment Agency (EEA), US Environmental Protection 
Agency (US-EPA) and United Nations Statistical Divi-
sion (UNSD) (CICES, 2025).

2.	 It is aligned with the System of Environmental-Eco-
nomic Accounting (SEEA), currently led by UNSD, 
making it suitable for widespread adoption by coun-
tries and subnational authorities within their account-
ing and statistical systems.

3.	 It is widely referenced in academic literature – more 
than 1 000 scientific papers have cited the CICES 
classification since 2018 (CICES, 2025).

4.	 It is continuously revised and improved based on 
feedback from peer-reviewed publications. 

5.	 It has proven useful and applicable to both scientific 
and policy communities.

1.1.4.1 The Common International Classification of 
Ecosystem Services (CICES)
According to CICES (2025), this classification method is 
not intended to replace any existing systems. Rather, it 
facilitates interoperability between different classification 
approaches and enhances clarity in the way ecosystem ser-
vices are measured and analysed.

CICES adopts the “cascade” principle and, accordingly, 
focuses only on “final ecosystem services” within the cat-
egories of provisioning, regulating and cultural services. It 
does not include supporting services, as these are consid-
ered intermediate services that are part of the underlying 
ecological structures, processes and functions.

Final ecosystem services in CICES are organized into 
a five-level hierarchical structure: section, division, group, 
class and class type. Each level offers increased specificity 
and detail. This structure is aligned with UNSD best practice 
guidance and supports both information aggregation (e.g. 
when data are missing or reporting at different scales) and 
fine-grained analysis at local levels.

A complete list of the ecosystem services classified 
under CICES (see CICES v5.1), along with the five hierar-
chical aggregation levels, is available in Appendix 2. For 
further information and the latest updates, please consult 
the official website: https://cices.eu

1.1.5 Ecosystem services and ecosystem 
disservices
Although the ecosystem services framework was developed 
to illustrate the dependence of human well-being on nature 
through its goods and services, a substantial body of litera-
ture also recognizes the so-called disservices.

Disservices can be understood as ecosystem structures 
and processes that ultimately reduce human well-being 
by generating nuisances and disturbances. While these 
disservices may originate in nature and ecosystems in 
general, they are especially prominent in the literature 
concerning agroecosystems (Oostvogels et al., 2024). 
Agroecosystems are often seen as both recipients of 
disservices (e.g. pests, weeds, diseases or predators) and 
sources of disservices (e.g. habitat reduction, increased 
erosion or pollution). These, in turn, generate negative 
feedback loops that reinforce disservices from ecosystems 
back to agroecosystems (Zhang et al., 2007; Oostvogels 
et al., 2024).

https://cices.eu
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In the literature, disservices are referred to using various 
terms, including “disservices” (Zhang et al., 2007), “nega-
tive effects” (Pascual et al., 2023; Oostvogels et al., 2024), 
“negative externalities” (Visser et al., 2022), “undesired 
effects” (Bernués et al., 2016) and “disvalues” (Lliso et al., 
2022; Oostvogels et al., 2024).

Some studies address both ecosystem services and 
disservices in their scope and analysis (Zhang et al., 2007; 
Merida et al., 2022). However, a comprehensive and con-
trasted framework that encompasses both ecosystem ser-
vices and disservices remains lacking.

Disservices are also linked to environmental impacts. 
Current food systems – including agriculture and livestock 
production – are recognized as major contributors to 
environmental impacts. Prominent environmental impacts 
associated with livestock production include greenhouse 
gas (GHG) emissions, nutrient losses and soil and water 
pollution, freshwater withdrawal, land use change, land 
degradation (e.g. due to overgrazing) and biodiversity loss. 
These impacts are well established and acknowledged in 
the scientific literature. The livestock sector, therefore, has 
a major responsibility to assess and mitigate such impacts.

In this regard, FAO LEAP has established technical advisory 
groups (TAGs) and published a suite of guidelines to assess a 
wide range of positive and negative impacts in livestock sup-
ply chains. These guidelines go beyond impact assessment 
and promote the adoption of good production practices that 
contribute to impact mitigation. For further information on 
the assessment and mitigation of such impacts, readers are 
referred to the relevant FAO LEAP guidelines on:
Greenhouse gas emissions and other environmental 
impacts of livestock species:

•	 Environmental performance of large ruminant supply 
chains

•	 GHG emissions and fossil energy demand from small 
ruminant supply chains

•	 GHG emissions and fossil energy demand from poul-
try supply chains

•	 Environmental performance of pig supply chains
Environmental impacts of feed and additive production:

•	 Environmental performance of animal feed supply 
chains

•	 Environmental performance of feed additives in live-
stock supply chains

Nutrient flows:
•	 Nutrient flows and associated environmental impacts 

in livestock supply chains
Water use:

•	 Water use in livestock production systems and supply 
chains

Biodiversity loss:
•	 Biodiversity and the livestock sector – Guidelines for 

quantitative assessment

The contributors to these guidelines are aware of and 
acknowledge the environmental impacts arising from 
livestock production at both local and global scales. How-
ever, the scope of the current guidelines is limited to the 
assessment of ecosystem services. Therefore, they do not 
address the impacts or disservices associated with livestock 
agroecosystems. Instead, they focus exclusively on assess-
ing ecosystem services (and eventually limiting negative 
impacts and disservices).

1.2 THE CASE OF LIVESTOCK 
AGROECOSYSTEMS
Agroecosystems are “ecological systems modified by 
human beings to produce food, fibre or other agricultural 
products” (Conway, 1987), and they currently cover a sig-
nificant percentage of the globe. Agriculture is the largest 
land use globally, covering almost 40 percent of available 
land (Power, 2010; Foley et al., 2011). Livestock uses 
50 percent of that total agricultural land globally, which 
accounts for the use of grasslands as well as arable land to 
produce feed (Mottet et al., 2017). The largest share of that 
land used to feed livestock is made up of grasslands (total 
agricultural land currently used for livestock is 2.5 billion 
ha, with almost 2 billion ha being grasslands) (Mottet et al., 
2017). Some of the grasslands could be converted into ara-
ble land, but 65 percent of the currently existing pastures 
and rangelands can be considered non-convertible (Mottet 
et al., 2017). Therefore, livestock agroecosystems play a 
key role in managing grasslands and maintaining the flow 
of ecosystem services to people within a globalized system.

Agroecosystems are very diverse and constitute an 
umbrella term for all forms of agricultural production, 
including various livestock production systems. These types 
of production exist across a gradient of human modification 
of natural systems, which have evolved. The classification of 
livestock systems may be based on animal species, breed, 
land use, agroecological zone, the integration of livestock 
with cropping systems, the intensity of production and the 
kind(s) of products produced (Steinfeld, Wassenaar and 
Jutzi, 2006). However, it tends to mainly rely on land use, 
agroecological zone and integration with cropping (Seré 
and Steinfeld, 1996). FAO and the International Livestock 
Research Institute (2011), based on Notenbaert et al. 
(2009), have developed a widely used classification system, 
which includes: (1) agro-pastoral, silvo-pastoral and other 
pastoral systems; (2) mixed crop–livestock systems in which 
natural resources are most likely to be extensively managed; 
(3) mixed crop–livestock systems in which natural resources 
can be managed to intensify the productivity of the system; 
and (4) intensive systems, which include an amalgamation 
of urban and landless systems (see Box 1 for other animals 
and farming systems not considered in this report, but of 
increasing relevance in the ecosystem services domain).
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At one end of the spectrum, the agro-pastoral and 
pastoral systems and the most extensive forms of mixed 
crop–livestock can demonstrate coexistence and coevolu-
tion between humans, agricultural activities and natural 
habitats. These systems are bonded to the natural environ-
ment and must avoid excessive stocking and overgrazing 
to prevent degradation of natural resources. For example, 
in many parts of the world, traditional agroecosystems 
are complex social–ecological systems that result from the 
integration of domestic and wildlife biodiversity evolving 
together over millennia. In this context, farming can be 
considered an intermediary that modulates the flow of eco-
system services from nature to people (Tenza-Peral et  al., 
2023). Traditional production systems have strong links 
with local agroecosystem characteristics and are closely 
connected with the maintenance of the health of the local 
environment (Hocquette et al., 2018). These systems usual-
ly rely on minimal inputs, but their capacity to provide out-
puts (i.e. marketable products, such as food) is also limited.

At the other end of the spectrum are modern, inten-
sive and specialized livestock production systems. These 
systems require high inputs (e.g. fertilizers, agrochemicals, 
feeds, labour, energy, capital) to sustain a higher delivery 
of outputs. The reliance on agricultural inputs has largely 
replaced the ecological processes and functions of the 
ecosystems that underpin agriculture. For instance, nutrient 
cycling and nitrogen fixation (by legumes and Rhizobium) 
have been substituted by nitrogen fertilizers; natural pest 
control has been replaced by pesticides and herbicides; and 
water cycles have been adapted to serve crop productivity 
through irrigation. While successful in boosting the produc-
tion of affordable and safe food (despite existing challenges 
of accessibility and distribution of such food globally), this 
trend has also yielded adverse effects on ecosystems, lead-
ing to environmental impacts and limiting the provision of 
ecosystem services (Hazell and Wood, 2008).

Currently, there is a generalized trend of specialization 
and intensification in agriculture and livestock production 
with the primary aim of increasing food production. For 
agroecosystems, this means that there is a tendency to 
intensify or abandon more traditional ways of farming and 
shift toward more intensive forms of production. Striving 
for systems that rely on external inputs over the ecological 
processes underpinning agriculture will ultimately erode 
the wider provision of ecosystem services if no other pres-
ervation strategies are adopted alongside intensification. 
For instance, many studies relate to grassland ecosystems, 
which are influenced by livestock production and man-
agement. Grasslands are one of the most important and 
extensive agroecosystems and are key in delivering eco-
system services (Taube et al., 2024; Lindborg et al., 2023; 
Schils et al., 2022). Nevertheless, the provision of ecosystem 
services depends on the management intensity and compo-

sition of the grasslands (Schils et al., 2022; Lindborg et al., 
2023). Several studies report that there is evidence that 
these ecosystem services have been decreasing due to land 
use/land cover change and the degradation of native grass-
lands in favour of more intensive grassland management 
(Modernel et al., 2016; Paruelo et al., 2016; Staiano et al., 
2021; Lindborg et al., 2023).

Agroecosystems and ecosystem services are intertwined 
and relate in different ways, including feedback loops 
(Zhang et al., 2007; Tenza-Peral et al., 2023) (Figure 3). 
Figure 3 illustrates how agroecosystems are positioned at 
the interface between the ecological system (expressed as 
ecosystem) and the socioeconomic system (expressed as 
society). Agroecosystems depend on a continued supply 
of ecosystem services (i.e. they are receivers of ecosystem 
services, namely provisioning and regulating) as well as 
providers of ecosystem services to society (namely provi-
sioning, regulating and cultural). Agroecosystems, mean-
while, are both sources and recipients of disservices (Zhang 
et al., 2007; Moonen and Barberi, 2008). As receivers, 
agroecosystems largely rely on ecosystem services such as 
pollination, nutrient cycling and pest control. As providers 
of ecosystem services to society, agroecosystems have been 
managed to increase the provisioning services of food and 
fibre. Nonetheless, they can also contribute to nutrient 
cycling, habitat provision or the maintenance of cultural 
landscapes, among others (Alders et al., 2021). The disser-
vices, which largely relate to environmental impacts from 
livestock agroecosystems or risks to production, are further 
elaborated in the previous section (Section 1.5 – Ecosystem 
services and disservices).

The feedback loops in Figure 3, which can be positive or 
negative, represent the capacity of agroecosystems to gen-
erate favourable or unfavourable conditions for the mainte-
nance of the same agroecosystems and their functions. For 
instance, a positive feedback loop could be exemplified by 
an agroecosystem that creates habitats and conditions for 
pollinators (to pollinate crops or fruit trees). The presence of 
those conditions may increase the number of pollinators in 
the agroecosystem itself (hence not dependent on habitats 
adjacent to the agroecosystem), which may boost yield and 
perpetuate the conditions and presence of those desired 
pollinators. A negative feedback loop could be explained 
by an agroecosystem that, for instance, diminishes the pres-
ence of habitats and conditions for natural pest control. This 
can lead to fewer predators that control pests, and hence 
increase the incidence of pests. The subsequent manage-
ment to further control the pests may continue to hinder the 
presence of the predators (and the favourable conditions for 
their presence) that would help suppress the pests.

Both the range of ecosystem services provided and 
the magnitude of those services depend on how people 
manage the agroecosystems (Power, 2010). Hence, the 
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provision of ecosystem services from agroecosystems is 
context- and farming system-specific. That is exactly the 
primary scope of these guidelines (Figure 3; box in dashed 
lines): to guide the assessment of ecosystem services pro-
vided by livestock agroecosystems.

Several publications have reviewed and reported eco-
system services provided by livestock agroecosystems and 
the diverse production systems (e.g. Rodriguez-Ortega et 
al., 2014; Leroy et al., 2018; Adlers et al., 2021; Merida et 
al., 2022). We briefly report on the ecosystem services from 
terrestrial livestock agroecosystems below, with a focus on 
the available literature.

Provisioning ecosystem services. A principal role of 
livestock keeping is to produce food (i.e. dairy, meat, eggs). 
Livestock contribute most to food security when trans-
forming feed inedible by humans (e.g. utilizing grasslands, 
co-products or waste streams) into nutritious foods (Adlers 
et al., 2021). However, the increased inclusion of high-qual-
ity feeds in livestock diets may entail feed–food competition 
and hinder food security (van Zanten et al., 2018; Muscat 
et al., 2020). Meanwhile, the ecosystem services framework 
falls short in capturing the quality aspects associated with 
the foods produced (see Chapter 14.3 of Bernués et al., 
2016;). In addition to food, livestock production generates 

Primary scope of the guidelines
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- Climate regulation
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- ...
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Note: The box (dashed line, in blue) depicts the primary scope of the guidelines.

Source: Authors’ own elaboration.

FIGURE 3
Livestock agroecosystems (in the interface between the ecological and the social system) as receivers and producers  

of ecosystem (dis)services.
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a range of other products, such as wool, hides and leather, 
or feathers, and provides the basis for cosmetics, adhesives 
and pharmaceutical products, among others.

The production of manure by livestock is also a provi-
sioning service. It provides nutrients and organic matter 
to soil and plants when applied in a balanced manner. 
Manure is important for supporting crop production in 
mixed crop–livestock systems and in grassland ecosystems, 
and it can improve soil health (Briones and Schmidt, 2017; 
Cozim-Melges et al., 2024). On occasion, manure can be 
burned and used as a fuel source or as an energy carrier 
to produce energy in biodigesters (Muscat et al., 2020). 
Nonetheless, excessive use and concentration of manure 
in particular geographical areas has become a widespread 
problem, creating disservices and resulting in negative envi-
ronmental impacts (Sutton et al., 2011).

Regulating ecosystem services. As shown in Figure 3 
and extensively reported in the literature, agroecosystems 

largely depend on regulating ecosystem services. The man-
agement of intensive and extensive production systems, or 
the adoption of certain individual practices, influences the 
capacity of agroecosystems to deliver regulating ecosystem 
services. The regulating services are generally linked to 
grassland and pastoral systems and to extensively managed 
mixed systems (Cooper et al., 2009), but smaller, marginal 
areas in intensive systems also provide regulating ecosystem 
services (e.g. riparian areas, buffer strips, field margins, 
wetlands). The services include the provision of habitats for 
a wide variety of plant, invertebrate and vertebrate species 
(Brandle et al., 2004; Blumetto, 2022; de Santiago et al., 
2022; Kok et al., 2020), as well as soil life and decomposi-
tion of organic matter (Merida et al., 2022; Cozim-Melges 
et al., 2024); contributing to seed dispersal of native plants 
(Manzano and Malo, 2006); biological control of insects 
and weeds (Gorosábel et al., 2020); pollination (Kimoto 
et al., 2012; Maccagnanie et al., 2020); reducing the risk 

BOX 1

Consideration of other animals and production 
systems

Fisheries

Fish and bivalve aquaculture represent other types of 

agroecosystems of global importance with relevance to 

ecosystem services. Several studies have examined the 

ecosystem services provided by aquaculture (Alleway et 

al., 2019; Gentry et al., 2020; van der Schatte Olivier et al., 

2020; Weitzman, 2019). These systems have been shown to 

provide habitat (Gentry et al., 2020), nutrient remediation 

(van der Schatte Olivier et al., 2020) and various cultural 

services (Alleway et al., 2019). However, the classification 

of fish and bivalves as livestock remains contested and 

uncertain. For instance, FAO does not typically categorize 

fish and bivalves as livestock. Nonetheless, the tools and 

methodologies proposed in these guidelines may also be 

relevant and applicable to fish and bivalve aquaculture 

systems. Furthermore, the latest revision of the CICES 

classification method includes increased attention to the 

ecosystem services provided by aquaculture and fisheries.

Beekeeping

Many insect species – including beetles, flies and others 

– contribute to pollination, but bees are considered the 

most important group of insect pollinators for crops and 

wild plants. Both wild bees and honeybees provide polli-

nation services. Honeybees, which are managed by bee-

keepers in most parts of the world, are considered live-

stock and part of agriculture. Although beekeepers pri-

marily manage honeybees to obtain bee products such as 

honey, pollen and wax, the pollination service provided is 

usually an inadvertent but essential and often financially 

uncompensated ecosystem service. While beekeepers may 

feed their bees during periods of insufficient forage, wild 

bees rely solely on floral resources in their surroundings 

and typically have smaller flight ranges than honeybees. 

Therefore, providing year-round forage for bees – in both 

agricultural and non-agricultural landscapes (including 

urban areas) – is essential to sustaining their pollination 

services. To promote and support beekeeping, FAO has 

published specific resources, such as Good beekeeping 

practices for sustainable apiculture for the different bee 

species (https://www.fao.org/3/cb5353en/cb5353en.pdf).

Insects

In recent years, the production of insects for food and 

feed has grown significantly, driven mainly by the demand 

for more sustainable protein sources (Larouche et al., 

2023). Compared to conventional meat production, rear-

ing insects for food is generally less resource-intensive, and 

insects are widely discussed as a sustainable feed option 

for livestock (van Huis and Gasco, 2023). Although insects 

are animals and industrial insect farming shares similarities 

with livestock production, it is currently regarded more 

as an alternative to livestock than as a form of livestock 

production. Because industrial insect farming is typically 

conducted indoors, its direct impacts on ecosystem services 

are minimal. However, insect excreta (frass) are gaining 

attention as an organic fertilizer, with promising implica-

tions for sustainable agriculture (Poveda, 2021).

Source: Authors' own elaboration, based on cited sources.

https://www.fao.org/3/cb5353en/cb5353en.pdf
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of wildfires by lowering fuel loads (Leroy et al., 2018); or 
maintaining floodplains clear and contributing to water 
regulation (Merida et al., 2022; Faccioni et al., 2019).

The capacity to store and sequester carbon in soils, and 
the contribution to climate regulation, is also well docu-
mented (Rodriguez-Ortega et al., 2014; Merida et al., 2022; 
Wang et al., 2024). This usually relates to land use and land 
use intensity, ranging from arable land to temporary and 
permanent grasslands and (semi-)natural grasslands. The 
relevance of this topic in livestock agroecosystems is prom-
inent. For instance, FAO LEAP has already published the 
Guidelines on measuring and modelling soil carbon stocks 
and stock changes in livestock production systems (2019).

Cultural ecosystem services. Literature also explores 
the role of livestock agroecosystems in providing cultural 
ecosystem services (Ripoll-Bosch et al., 2014; Rodriguez-Or-
tega et al., 2014). In many regions, livestock have a strong 

influence on sociocultural systems, contributing to cultural 
identity and religious experiences (Adlers et al., 2021; Meri-
da et al., 2022).

Livestock agroecosystems have a prominent role in 
shaping landscapes. Hence, they are acknowledged for 
their capacity to provide cultural landscapes and aesthetic 
experiences (Bernués et al., 2016; Bernués et al., 2019). 
Cultural ecosystem services from livestock agroecosystems 
are particularly prominent when livestock themselves and/
or the historical structures associated with them (e.g. stone 
walls, barns and shelters, haystacks) are an identifiable part 
of the landscape.

Meanwhile, this promotes the generation of recreation 
and agritourism services (Faccioni et al., 2019; Leroy et al., 
2018), stimulates artistic inspiration (Merida et al., 2022) 
and contributes to cognitive development (Rodriguez-Orte-
ga et al., 2014; Merida et al., 2022).



11

Part 2

Roadmap for the evaluation of ecosystem 
services from livestock agroecosystems and 
the conceptual framework of this report

2.1. ROADMAP FOR THE EVALUATION OF 
ECOSYSTEM SERVICES FROM LIVESTOCK 
AGROECOSYSTEMS
Given the wide range of methodological approaches and 
specific methods available for valuing ecosystem services 
provided by livestock agroecosystems, selecting appropriate 
methods requires consideration of: (i) their relevance to the 
purpose of the valuation exercise, (ii) their methodological 
reliability; and (iii) their feasibility within practical, contex-
tual constraints. These guidelines propose a fit-for-purpose 
procedure for method selection, whereby chosen methods 
must meet user needs and be credible and feasible to apply 
(Hamilton et al., 2022). The ideal valuation method lies at 
the optimal intersection of the following three dimensions 
(Figure 4):

•	 Relevance: This concerns how useful and informative 
the method is for end users, given the purpose of 
the valuation. Relevance extends beyond the tech-
nical quality or functionality of a method. Complex 
methods may provide more detailed outputs but may 
also be constrained by the availability of data and 
resources. Depending on the valuation’s scope and 
objectives, it may not be necessary to model process-
es at high temporal or spatial resolution or to capture 
detailed inputs and outputs of livestock management 
systems. In such cases, simpler approaches may be 
more appropriate.

•	 Reliability: Reliability is contingent upon both credi-
bility and legitimacy (Hamilton et al., 2019; Hamilton 
et al., 2022). Credibility refers to the technical and 
scientific validity and robustness of a method. Reli-
able methods are theoretically sound, transparently 
applied and well-documented throughout selection, 
implementation, analysis and interpretation. This is 
especially critical when valuations inform policy-level 
decisions. Legitimacy refers to fairness and equity, 
ensuring that selected methods adequately consider 
diverse ecosystem services and sociocultural values. 
Methods must also clearly acknowledge their scope 
and limitations.

•	 Feasibility: The feasibility of a valuation method 
depends on the specific context in which it is applied. 

The three most common constraints include finan-
cial, technical and human resource limitations. Time 
availability may also restrict the use of some meth-
ods. Suitability extends beyond how a method will 
be used to include the broader context in which it 
will be applied. These practical considerations are as 
important as scientific ones when selecting methods 
for ecosystem services valuation.

Fit-for-purpose method(s) are best identified through 
the involvement of multiple actors. Engaging both experts 
and end users in the selection process helps avoid choosing 
methods that are ill-suited to the valuation context. While 
stakeholder involvement may not resolve all challenges 
associated with method selection, it can help align priori-
ties and enhance the overlap between utility, reliability and 
feasibility.

These guidelines propose five steps as a roadmap to 
support a robust and sound valuation process that yields 
meaningful results and provides quality input for deci-
sion-making:

1.	 Defining the purpose of the valuation
2.	 Framing the valuation
3.	 Selecting valuation approaches and methods
4.	 Implementing the valuation methods
5.	 Applying the outcomes of the valuation
These five steps (described below and illustrated in Fig-

ure 5) are adapted from previous frameworks (e.g. IPBES, 
2022) for the valuation of ecosystem services. Each step 
begins with key questions that must be addressed, and all 
require decisions that affect the relevance, reliability and 
feasibility of the valuation process.

STEP 1. Defining the purpose of the valuation
Why is the valuation performed? Which outcomes 
are expected? Which decisions are aimed at?
The purpose of the assessment process is often clear from 
the context in which it takes place but fine-tuning and 
explicitly defining this purpose – particularly the expected 
outcomes – will aid in designing the assessment. A clear 
statement of why the valuation is being conducted and the 
type(s) of decision(s) it seeks to inform will help select the 
most appropriate method(s) (Barton and Harrison, 2017).
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In general, seven main purposes for valuation processes 
can be distinguished:

i) Evaluate the impact of (changes in) livestock agroecosys-
tem management; ii) inform policy development; iii) aware-
ness raising; iv) understanding ecosystem service dynamics; 
v) advancing knowledge; vi) inferring people’s preferences; 
and vii) benchmarking.

These seven purposes are not mutually exclusive and 
often complement and relate to each other.

i.	  	 Evaluate the impact of (changes in) livestock agro-
ecosystem management			    
This includes assessing the impact of changes in socio-
economic, environmental or policy domains, or more 
specifically, of changes in livestock farm management 
and practices, on the provision of ecosystem services 
from the agroecosystems in which the farms are 
embedded. Ideally, this assessment involves pre- and 
post-implementation valuation of ecosystem services, 
before and after a defined timeframe, changes at a 
regional scale, or shifts in farms and farming systems.

ii.	 	 Inform policy development	 
The assessment aims to inform the development of 
new policies at any scale of interest (local to inter-

national). It is essential for identifing the livestock 
agroecosystem(s) and the ecosystem services likely 
affected by the policies being developed. Bench-
marking the current state of ecosystem services is 
central to assessing future policy implementation. 
In some cases, the purpose of the valuation process 
would be to anticipate the impacts of draft policies, 
which implies the use of methodologies that allow 
for future scenario analysis.

iii.		 Awareness-raising	  
Valuation processes often seek to raise awareness 
of the full range of ecosystem services provided by 
particular livestock agroecosystems, or of specific 
services undervalued or overlooked by society or cer-
tain actors (e.g. farmers, policymakers, consumers, 
environmental activists). Failure to account for these 
services typically leads to policies or farm manage-
ment changes that ultimately diminish agroecosys-
tem capacity to provide them. Overlooking the wide 
array of ecosystem services may result in prioritizing 
a reduced set of services rather than striving for an 
equitable balance between the benefits and draw-
backs they entail.

RELEVANT

RELIABLE

FEASIBLE

Usefulness and 
informativeness
to end-users
for the speci�c
purpose of the
valuation

Within the practical
constraints of the context
(�nancial, technical,
time and labour
availability)

Credibility
of the method(s)
and legitimacy of the 
valuation process

FIT FOR
PURPOSE

(4)

Source: Adapted from Hamilton, S. H., Pollino, C. A., Stratford, D. S., Fu, B., & Jakeman, A. J. (2022). Fit-for-purpose environmental modelling: Targeting the 
intersection of usability, reliability and feasibility. Environmental Modelling & Software, 148, 105278. 
https://doi.org/10.1016/j.envsoft.2021.105278

FIGURE 4
Fit-for-purpose framework for selection of methods to value ecosystem services provided by livestock agroecosystems

https://doi.org/10.1016/j.envsoft.2021.105278
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iv.	 	 Understanding ecosystem service dynamics	  
Valuation processes aim to understand the provi-
sion of ecosystem services by livestock agroecosys-
tems and, in particular, the interactions (synergies 
and trade-offs) between them. Understanding the 
dynamics of ecosystem services could be a final 
purpose of the valuation per se, but also a first step 
needed to complement and inform other purposes, 
such as informing policy development.

v.	 	 Advancing knowledge	  
The main purpose here is to develop new scientific 
or technical knowledge – for example, valuing eco-

system services previously unvalued, developing new 
valuation methods or improving existing ones. This 
requires a sound, robust and transparent valuation 
process to ensure reliable and repeatable results. As 
in the previous case, advancing knowledge can be a 
final or intermediate purpose supporting other aims 
like awareness raising.

vi.	  Inferring people’s preferences		   
Valuation may seek to understand the values, pri-
orities and preferences of individuals or stakeholder 
groups regarding ecosystem services. This includes 
understanding human values, quantifying prefer-

Which livestock 
agroecosystems?
Which ES? Which resources?

- Specify livestock agroecosystem 
components, boundaries in space 
and time

- Identify ES from livestock 
agroecosystem (see CICES 
classi�cation in the annexes)

- Specify available resources

Which valuation method or 
combination of methods?

- Biophysical (see Section 3.1)
- Sociocultural (see Section 3.2)
- Economic (see Section 3.3)
- Modelling (see Section 3.4)

What expertise?
What practical issues
are to be considered?

- See Part 3 of the
guidelines

How can 
outcomes be used?
What are the gaps
and uncertainties?

- Transparent reporting of 
results, uncertainties and 
limitations

- Identify the risks these 
uncertainties and 
limitations entail

STEP 2       
  Framing
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  Selecting valuation
  approaches
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STEP 4 
  Implementing
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STEP 5
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        valuationITERATIVE PRO

CESS

Why is the evaluation performed?
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- Evaluate the impact (of changes)
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- Inferring people’s 
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INFORM

DECISION-MAKING

(5)

Iteration if needed

Source: Authors’ own elaboration.

FIGURE 5
Guiding framework for the assessment and valuation of ecosystem services in livestock agroecosystems
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ences (e.g. prioritization, ranking or monetary eval-
uation), and exploring trade-offs among different 
stakeholder groups’ preferences.

vii.	 Benchmarking	  
Benchmarking involves comparing the performance 
of businesses (e.g. farms or companies), processes or 
products regarding their capacity to (co-)deliver eco-
system services. This may also include product certifi-
cation or typification. However, further development 
and standardization of methodologies and metrics 
may still be necessary for robust benchmarking.

STEP 2. Framing of the valuation 
Which particular livestock agroecosystem is being 
assessed? Which specific ecosystem services are 
important to consider for the valuation? Which 
resources (financial, technical, human and time) are 
available?
The framing of the valuation defines what livestock agroe-
cosystem and which ecosystem services are being valued, as 
well as the financial, human and technical resources avail-
able for the valuation. The definition of ecosystem services 
provided by the agroecosystem has two components: (i) 
specifying the agroecosystem itself; and (ii) identifying the 
specific ecosystem services of interest. Therefore, Step 2 can 
be further divided into three substeps:

A.	  Specify the livestock agroecosystem com-
ponents and boundaries in space and time 
The specific livestock agroecosystem under consider-
ation needs to be clearly defined in terms of the farm-
ing systems involved, as well as the social and environ-
mental context in which it is embedded. Depending 
on the valuation scope, spatial boundaries may range 
from a single farm to a regional (e.g. Huntsinger et al., 
2014) or global scale. The components to be speci-
fied will largely depend on these spatial boundaries. 
Generally, key components of farming systems include 
livestock species, farm inputs and outputs and their 
origins and destinations, land use (and/or land cover) 
and land use intensity, the development of the farming 
system, and the stakeholders involved in managing the 
agroecosystem (i.e. producers who leverage ecosystem 
services) and the beneficiaries of those services.	  
	 For the wider context, key components include 
the type of biome or “natural” ecosystem bound-
aries (e.g. grain basin, watershed, plain, mountain) 
and climate or other factors determining the eco-
logical functioning of the agroecosystem. When a 
dynamic approach to ecosystem service provision 
is required (i.e. when the evolution of ecosystem 
services provision needs to be assessed), the time 
scale of analysis should always be specified. Natural 
processes are continuously evolving, and natural 

resources do not have static values. The capacity 
of agroecosystems to deliver services is inherently 
time-dependent; therefore, including a time scale is 
essential for comprehensive valuation.

B.		  Identify the ecosystem services provided by 
livestock agroecosystems			    
The ecosystem services to be valued must be identified 
and described using standardized frameworks. Given 
the scope of this report (see Section 1.1), it is recom-
mended to adopt the Common International Classifi-
cation of Ecosystem Services (CICES) (see Appendix 2 
on Ecosystem service classification following the CICES 
classification). It is important to clearly outline the con-
nection between the identified ecosystem services and 
the particular agroecosystems examined, as this may 
influence the chosen methodological approaches. 
Special attention should be given to identifying all 
ecosystem services relevant to the valuation’s purpose 
as defined in Step 1. A clear and standardized defi-
nition of ecosystem services to be valued will enable 
review and, if necessary, redefinition of the valuation 
purpose. In some cases, components and boundaries 
of the agroecosystem under study may also need to 
be redefined. Generally, all ecosystem services provid-
ed by the livestock agroecosystem should be explicitly 
stated, including which will be assessed or excluded, 
with appropriate justification. This ensures no ecosys-
tem services are overlooked and that the valuation’s 
scope and reach are acknowledged.	

C.		  Specify available resources and resources 
expected to be raised			    
Finally, limitations related to financial, human and 
technical resources, as well as time constraints, must 
be evaluated. Existing resources available for the val-
uation should be explicitly stated, alongside potential 
additional resources to be raised. These available 
resources must be considered in the subsequent step 
when selecting valuation methods, and any mismatch 
between resources needed and those available should 
prompt replanning. In the long run, this will help pre-
vent embarking on a valuation that is unfeasible to 
complete within the available resources. This iterative 
process may involve reconsideration of Steps 1, 2 and 
3 or elements within them. Guidance on resource-re-
lated decision-making is provided in Section 2.3.

STEP 3. Selection of valuation approaches and 
methods
Which valuation approach, method or combination 
of approaches and methods is relevant to the 
decision? What is the balance between the 
usefulness and reliability of each methodological 
alternative? What expertise is needed to design and 
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implement the valuation method(s) and analyse 
their results? Which are affordable given financial, 
technical and time constraints?
Once the framing of the valuation has been clearly 
defined, the most appropriate methodological approach 
(i.e. modelling, biophysical, economic, sociocultural) or 
combination of approaches needs to be selected to achieve 
the valuation’s purpose. The selected method should be 
appropriate to address the assessment’s objective (Step 1). 
Several methods may fulfil the same purpose; therefore, 
understanding the context of different valuation methods 
is important. Section 2.3 provides an overview and com-
parison of methods based on resource and skill require-
ments to assist in method selection. Part 3 of this report 
offers detailed explanations of each method. The choice of 
approach and specific methods within each approach has a 
significant impact on the valuation results.

When selecting the most appropriate method(s), facil-
itators should consider the trade-offs between usefulness, 
reliability and feasibility among existing approaches (IPBES, 
2022). It is rarely possible to conduct ecosystem services 
valuation using methods that simultaneously provide all 
relevant information from key stakeholders (relevance), 
robust data on all ecosystem services and their trade-offs 
(robustness), and require minimal financial, human and time 
resources (feasibility). These guidelines aim to provide a port-
folio of available methods, clearly describing their strengths 
and limitations, to assess ecosystem services provided by 
livestock agroecosystems and facilitate method selection.

There is a growing consensus that no single valuation 
method can fully capture the performance of livestock 
agroecosystems, especially regarding ecosystem services 
provided to society. Combining methods broadens the 
scope and perspectives of the analysis, leading to a bet-
ter understanding of ecosystem services and their diverse 
benefits to actors, stakeholders and society. Integrating 
diverse and complementary methodologies in valuation 
is recommended where possible (e.g. Gómez-Baggethun 
et al., 2014; Scholte et al., 2015; Dunford et al., 2018; 
Rincón-Ruiz et al., 2019). This is particularly critical for deci-
sion-making in practice, policy and research, since a narrow 
set of valuation methods risks overrepresenting the values 
of dominant or powerful groups in the valuation space 
(Jacobs et al., 2023).

STEP 4. Implementation of valuation methods
What specific method or combination of methods 
will be implemented? What specific considerations or 
steps are further needed, depending on the method 
applied? What expertise is required to carry out the 
valuation? What practical issues must be considered 
when implementing the methods? What are the 
strengths and limitations of the selected methods?

This step addresses the implementation of the valuation 
method(s) selected in Step 3, whether biophysical, eco-
nomic, sociocultural, modelling or a combination of the 
methods. Practitioners should recognize that implementing 
any valuation method requires different resources, skills and 
expertise (see Section 2.3). Therefore, having appropriate 
personnel to carry out the valuation is critical. Each method-
ological approach has specific requirements in this regard. 
Part 3 of this report details the particularities of each 
approach and valuation method, along with practical and 
theoretical considerations. Each method also has specific 
requirements that should be considered in Steps 2 and 3. 

Nonetheless, this guideline should be considered an ini-
tial framework for selecting methods, and further literature 
and expertise will be necessary for the proper implementa-
tion of any valuation methods described herein.

STEP 5. Application of the outcomes of the 
valuation
How can the outcomes of the valuation be 
used? How should outcomes not be used? 
What uncertainties and risks are inherent in the 
methodology and the outcomes? What risks do 
these uncertainties entail?
The final stage of the valuation process is to achieve the 
original purpose established in Step 1. This involves explain-
ing how to implement the valuation results and transpar-
ently communicating the entire process that produced 
them, with particular emphasis on the role of livestock in 
delivering ecosystem services and the value of the services 
under consideration. For effective decision-making incor-
porating valuation findings, information must be commu-
nicated clearly and transparently.

Reporting should specify the livestock farming systems 
and ecosystem services examined in the valuation, as 
framed in Step 2, to highlight non-representative or specific 
aspects of the studied livestock agroecosystem, as well as 
those with potential for extrapolation. The process involves 
recognizing gaps and uncertainties in the valuation and 
acknowledging the potential effect of chosen methods on 
the relevance and reliability of the outcomes. These con-
siderations were the focus of Step 3 and should be refined 
through practical implementation as described in Step 4.

Appendix 1 provides two examples of how ecosystem 
service valuation is performed in agroecosystems. These 
serve as illustrations of the application of Part 2 “Roadm-
ap for the evaluation of ecosystem services from livestock 
agroecosystems,” detailing the steps to design and conduct 
ecosystem service assessments in agroecosystems. They also 
demonstrate how individual methodologies described in 
Part 3 can be applied.

The two cases presented in Appendix 1 were developed 
by different authors. While both are in Latin America and 



Ecosystem services assessment in livestock agroecosystems16

study pasture-based systems, they cover different regions, 
use different methodological approaches and address dif-
ferent steps in the valuation process. Case study 1 assesses 
pasture-based systems in Uruguay and illustrates the full 
assessment process encompassing the five steps defined in 
Section 2.1. Case study 2 assesses pasture-based systems in 
Brazil and demonstrates steps up to Step 3, focusing on the 
design and selection of methods (and indicators) to assess 
ecosystem services from agroecosystems.

2.2 CONCEPTUAL FRAMEWORK: LINKING 
CONCEPTS TO METHODS TO ASSESS 
ECOSYSTEM SERVICES
This chapter presents the overarching framework for these 
guidelines. The conceptual framework is graphically illus-
trated in Figure 6. Building on the concepts introduced in 
Part 1, the proposed framework aligns with the “cascade” 
model (Potschin and Haines-Young, 2011, 2016; see Sec-
tion 1.3) but is simplified and adapted to the specific con-
text of these guidelines. Furthermore, Figure 6 depicts how 

approaches and methods to assess ecosystem services in 
livestock agroecosystems relate to these concepts.

The starting point of the conceptual framework is a live-
stock agroecosystem (represented as a large circle in Figure 
6). In the context of these guidelines, and as described in 
Part 1, the livestock agroecosystem is the ecosystem under 
study. In parallel with the “cascade principle” this is consid-
ered the environmental component, comprising biophysical 
structures, processes and functions. In summary, it corre-
sponds to the supporting and intermediate services.

Key ecosystem services (indicated by rounded rectan-
gles in Figure 6) originate from the management of the 
given livestock agroecosystem. These ecosystem services 
are regarded as final services, consistent with the “cas-
cade principle” and correspond to the ecosystem services 
classified by frameworks such as CICES (CICES, 2025). The 
arrows represent the biophysical processes linking agroeco-
system components and dynamics to the provision of these 
services. Up to this point, ecosystem services are delivered 
and can be measured in biophysical terms, using biophys-
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Note: The framework builds from the “cascade principle” described in section 1.3 and Figure 2. ES: Ecosystem services; SV: Social Values.

Source: Authors’ own elaboration.

FIGURE 6
Conceptual framework of the guidelines, integrating the “cascade principle” with approaches of methods  

to assess ecosystem services in livestock agroecosystems
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ical methods as well as modelling approaches. Modelling 
generally relates to understanding the mechanisms that 
generate and provide these services, but can also incor-
porate social values, including economic and sociocultural 
values.

Ecosystem services generated by agroecosystems then 
flow to society, encompassing public and private stakehold-
ers with corresponding interests. According to the “cascade 
principle” ecosystem services enter the social and economic 
system and constitute benefits and values for society. In 
this framework, the flow of ecosystem services to society 
is represented as social values (SV), shown as a diamond in 
Figure 6. The concept of “social value” refers to “the val-
ues assigned to ecosystem services” by individuals, groups 
or society at large, which originate from moral principles 
and life goals (Pascual et al., 2023). These social values are 
typically expressed in sociocultural and monetary terms and 
can also be modelled (as depicted in Figure 6).

It is important to note that “social values” do not refer 
exclusively to the common good for society; in livestock 
agroecosystems, there is substantial economic value for 
private stakeholders as well. However, public or private 
benefit should not be conflated with sociocultural and 
monetary valuation. Therefore, value assessments may 
need to address the distribution of different ecosystem 

services among diverse beneficiaries, such as private and 
public stakeholders.

Ecosystem services and social values require measure-
ment through indicators (van Oudenhoven et al., 2018). 
Indicators, represented by small circles originating from the 
ecosystem services (rounded rectangles) and social values 
(diamonds), denote measurable quantities that provide 
information about otherwise difficult-to-access aspects 
(Lebacq et al., 2013); in this case, an ecosystem service or 
its associated social value. Defining or selecting suitable 
indicators is therefore fundamental. The suitability of an 
indicator depends on factors such as the study’s purpose, 
data availability and resources (e.g. instruments, availability 
of expertise or stakeholder engagement willingness).

To properly frame research, readers are encouraged 
to consult Section 2.1, “Roadmap for the evaluation of 
ecosystem services from livestock agroecosystems”; for 
selecting methods based on requirements, Section 2.3, 
“Requirements to apply methods”; and for insight into 
individual methods, Part 3, “Methods.”

Table 1 provides a schematic representation of the com-
ponents (i.e. symbols) and concepts depicted in the frame-
work proposed by these guidelines. It also includes guiding 
questions practitioners should consider when designing 
ecosystem service assessments in livestock agroecosystems.

TABLE 1
A key outlining the concepts and their symbols within the framework of ecosystem services assessment

Symbol Concept, question, definition

LIVESTOCK

AGROECOSYSTEM
ES SV

Livestock agroecosystem

What system is under consideration?

Includes any type of farmed animal production agroecosystem, such as ruminants, monogastrics, aquaculture and insect rearing. 
Boundaries will vary depending on the point of application, e.g. livestock enterprise, farm, regional or national scale.

LIVESTOCK

AGROECOSYSTEM
ES SV

Ecosystem service

What is the contribution of the livestock agroecosystem to human well-being?

Includes any contribution provided by the livestock agroecosystem to human well-being. These contributions should originate 
within the boundaries of the livestock agroecosystem, although they may also be perceived beyond those boundaries. Ecosystem 
services can be provisioning, regulating or cultural (see Background and Framework sections).

LIVESTOCK

AGROECOSYSTEM
ES SV

Social values (society or individual)

What importance is assigned to a given ecosystem service by the whole society, a stakeholder group or an individual?

“...the moral principles and life goals held and expressed by individuals, groups and through the institutions (norms and rules) that 
guide people’s interactions with nature and with each other…. [they] refer to how judgements regarding the importance of nature 
and its contributions to people are justified in ‘specific’ contexts” (Pascual et al. 2023).

The social values are expressed with “value estimates’’ which stem from economic and/or sociocultural research methods.

LIVESTOCK

AGROECOSYSTEM
ES SV

Ecosystem service indicator

Which variable will be used to quantify the ecosystem services?

An indicator of an ecosystem service is a variable that provides information on the provision of a specific ecosystem service. It can 
be measured, estimated or simulated using appropriate methods. Indicators may have quantitative or categorical values. Their 
values should be easily accessible through existing data, measurements, surveys or modelling simulations.

LIVESTOCK

AGROECOSYSTEM
ES SV

Social value indicators

Which variables, themes or criteria quantify or qualitatively describe the social value assigned to a given ecosystem service 
by society, groups or individuals?

An indicator of social value is a variable, theme or criterion that can be measured, estimated, simulated or elicited. They can 
be assessed using existing data, surveys, interviews, focus groups, etc. Social value indicators can be qualitative or quantitative 
(including economic) in nature.

Source: Authors’ own elaboration.
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Relating the framework to the methods for the 
evaluation of ecosystem services 
As explained above, this conceptual framework is a sim-
plified representation of the “cascade model” by Potschin 
and Haines-Young (2011, 2016) (see Section 1.1). The 
added value of our framework lies in the enhanced link-
age between the generation of ecosystem services, the 
indicators and the main groups of methodologies used to 
evaluate ecosystem services.

Methods for ecosystem service evaluation correspond 
to different ways of assigning scores to ecosystem service 
indicators and/or the associated social values. Methods may 
differ in how they measure or model scores, their underly-
ing hypotheses, the resources required and the extent to 
which they actively involve stakeholders.

Biophysical methods focus on estimating ecosystem 
functions in their natural units by assigning scores to eco-
system service indicators (Figure 7a). They accomplish this 
through diverse means such as direct measurement of indi-
cators with appropriate instruments, elaboration of satellite 
data on vegetation and land cover, or remote and proximal 
sensing (see Section 3.1).

Sociocultural methods assign scores or qualitative 
descriptions to indicators of ecosystem service social values 
(Figure 7b). These methods are especially suited for intangible 
ecosystem services, such as cultural and aesthetic services, 
which are difficult to measure or model. This category encom-
passes a wide range of methods, many involving stakeholders 
individually (e.g. interviews, surveys) or in groups (e.g. focus 
groups). Others rely on quantitative or qualitative analysis of 
documentation or social media content (Section 3.2).

Economic methods address both ecosystem service 
and social value indicators by assigning appropriate mone-
tary values (Figure 7c). This facilitates comparability across 
diverse ecosystem services. Economic valuation methods 
include changes in productivity, cost-based approaches, 
hedonic pricing, travel cost methods and contingent valua-
tion (Section 3.3).

Modelling methods simulate scores of ecosystem 
service indicators (Figure 7d). These require mathematical 
functions linking driving variables within the agroecosystem 
to ecosystem service provision. Models can be conceptual, 
process-based, spatially implicit or explicit, or statistical 
(Section 3.4).

The following sections provide detailed descriptions of 
each family of methods, including specifications of individ-
ual methods.

2.3 COMPARISON OF METHODS BASED ON 
RESOURCE REQUIREMENTS 
This section provides a straightforward comparison of the 
different approaches and individual methods addressed in 
this report (see Part 3). The approaches to assessing ecosys-

tem services include biophysical, sociocultural, economic and 
modelling methods. Individual methods within each approach 
are summarized in Tables 2 and 3 below and are further 
developed and explained in their respective chapters in Part 3.

Other projects and initiatives have attempted to sum-
marize similar information. A prominent example is the 
EU-funded OpenNESS project (Jax et al., 2018), which 
proposed a decision-tree approach for selecting methods 
for ecosystem service assessment (see Harrison et al., 2018).

However, the methods addressed in this report differ 
slightly, as do the considerations derived. The text below 
systematically provides insights for each approach to eco-
system service assessment, allowing comparison in terms of 
the spatial scales addressed, time and budget requirements, 
and necessary resources and skills. These considerations 
should be viewed as indicative. Depending on study design, 
context and existing resources, the applicability of these 
considerations may vary significantly.

For a more detailed comparison of individual methods 
regarding requirements necessary (marked with an X) or 
desirable (marked with an O) for method application, we 
provide overviews based on expert judgment in Table 2 
(resources needed to apply the method) and Table 3 (skills 
needed to apply the method).

2.3.1 Considerations on biophysical methods
Spatial scales. Depending on the specific method, bio-
physical approaches cover different spatial scales. Direct 
measurement and indirect measurement based on proximal 
sensing are typically applied to relatively small areas (field to 
farm) with high spatial detail. In contrast, indirect measure-
ments relying on benefit transfer and land cover proxies can 
be applied at all spatial scales, albeit with varying levels of 
uncertainty related to the spatial resolution of available data.

Time requirements. Time demands vary among bio-
physical methods. Direct measurements and proximal 
sensing methods can be time-consuming, often requiring 
on-site presence, equipment setup and data collection 
over multiple seasons or years. Conversely, methods using 
remote sensing or benefit transfer are generally less 
time-intensive, assuming relevant data are readily acces-
sible. However, time requirements may increase if signif-
icant data processing, elaboration or curation – such as 
meta-analyses – are necessary.

Budget requirements. Budget considerations also 
differ. Direct measurements may incur costs related to 
personnel, equipment and data analysis. Benefit transfer 
methods may require specialized expertise, which can 
increase expenses. Remote sensing can be relatively cost-ef-
fective, but costs vary with data resolution and access fees. 
Proximal sensing, while becoming more affordable due to 
technological advances, still entails expenses, particularly 
for equipment acquisition.



19Roadmap for the evaluation of ecosystem services from livestock agroecosystems and the conceptual framework of this report\

Necessary resources (see also Table 2). All biophysical 
methods require access to stakeholders and experts. Exper-
tise is needed in all cases for operating equipment and for 
data acquisition and processing. Direct measurements and 
proximal sensing use or produce primary data, while remote 
sensing and benefit transfer rely on secondary data. Both 
remote and proximal sensing generally require specialized 
software or tools to process data and extrapolate the 
relevant ecosystem services. Equipment is essential for all 
indirect measurements.

Necessary skills (see also Table 3). Skills in quantitative 
statistics, data management and curation, coding, and trial 
and experimental design are highly desirable for imple-
menting these methods. Specifically, quantitative statistics 
is essential for proximal sensing; data management and 
curation are required for remote and proximal sensing; 
coding is necessary for remote sensing; and trial and exper-
imental design is required for direct measurements.

2.3.2 Considerations on sociocultural methods
Spatial scales. Sociocultural methods, by their nature of 
involving experts and stakeholders, are inherently well-suit-
ed for ecosystem service assessments at local scales, ranging 
from small territories to watersheds. These local scales are 
often well known by the stakeholders involved. However, 
these methods can also be applied at larger spatial scales, 
extending from regional to (inter)national levels. Techniques 
such as participatory mapping, social media analysis and 
Delphi methods enable engagement of stakeholders across 
broader geographic areas. It is important to note, however, 
that scaling up to larger territories may challenge the main-
tenance of the same level of accuracy.

Time requirements. The time needed to apply soci-
ocultural methods depends on how easily stakeholders 
can be engaged and the mode of interaction. For individ-
ual stakeholder engagement (e.g. ranking, ratings, choice 
experiments, Q-methodology), arranging appointments 
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Notes: a) biophysical scores to ES indicators, b) scores or qualitative description to the ES SV indicators, c) assign economic value to both ES and SV indicators, 
d) model the scores of the ES, showing the performance of the agroecosystem analysed.

Source: Authors’ own elaboration.

FIGURE 7
Interrelations between the conceptual frameworks and the approaches of method
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can be relatively straightforward but requires significant 
time for preparation, conducting interviews and analysing 
qualitative data. Group discussion methods (e.g. deliber-
ative multicriteria analysis, participatory mapping) pose 
scheduling challenges to maximize participation but reduce 
time for implementers by consolidating activities into fewer 
sessions. Timing between sessions is crucial, especially if 
multiple focus groups are conducted. Delphi methods, 
primarily online, require allowing experts ample time for 
thoughtful responses at each round. Planning for an appro-
priate response period is essential. Methods like content 
analysis and social media analysis do not require direct 
individual interaction. For content analysis, time depends 
on document accessibility and qualitative analysis require-
ments. Social media analysis is generally straightforward if 
data, software and tools are readily available.

Budget requirements. Sociocultural methods are gen-
erally considered cost-effective as they do not require 
expensive technology. Potential expenses include travel 
costs for researchers visiting various locations to engage 
with stakeholders or conduct fieldwork; venue rentals 
for focus groups or meetings (particularly in costly urban 
areas), participant remuneration for time invested, and soft-
ware licensing or subscriptions for interview transcription, 
semi-qualitative analysis, or social media analysis. Budget-
ing for incidental expenses such as lunch or coffee breaks 
during extended stakeholder engagement sessions is rec-
ommended to foster a conducive discussion environment 
and acknowledge participants’ time.

Necessary resources (see also Table 2). Access to 
stakeholders is fundamental for implementing sociocultural 
methods, except for social media analysis. Access to experts 
is often necessary, but less so for preference expression 
methods (rankings, rating, scoring, scaling, social media 
and content analysis). All methods generate or require 
primary data and are thus marked as necessary. Secondary 
data supports deliberative multicriteria analysis and Delphi 
methods and becomes essential for participatory mapping 
and scenario development. Specific software tools are gen-
erally not mandatory but may be required for rating, scor-
ing, scaling, choice experiments, social media and content 
analysis (e.g. transcription of interviews, qualitative analysis, 
social media data extraction, or text analysis).

Necessary skills (see also Table 3). Required skills vary 
by method. Quantitative statistics are needed for rankings, 
rating, scoring, scaling, choice experiments, Q-method-
ology and deliberative democratic monetary evaluation, 
primarily for result analysis. Data management is useful 
for some methods. Coding is essential for social media 
and content analysis. Interview techniques and design are 
required for content analysis. Methods involving focus 
groups require group facilitation skills (e.g. deliberative 
multicriteria analysis, deliberative democratic monetary 

evaluation, participatory mapping, participatory scenario 
development). Questionnaire survey design is necessary for 
rankings, rating, scoring and scaling, choice experiments, 
Q-methodology and Delphi methods. Specific procedures 
and formats are important for each method.

2.3.3 Considerations on economic methods
Spatial scales. Economic methods can be a priori applied 
at any scale, provided that the necessary data are available 
and reliable. Methods requiring stakeholder interaction 
(e.g. contingent valuation, choice experiments) are general-
ly better suited for territorial scales familiar to stakeholders 
but can also be applied at larger scales.

Time requirements. For methods not requiring stake-
holder access, the time needed depends on data availability. 
When data are readily accessible, analyses can be completed 
relatively quickly if the method is well established. However, 
when data must be collected and compiled (maybe from 
multiple sources), time requirements are based on acquisi-
tion complexity. Meta-analyses require longer timeframes for 
both data collection and analysis due to the comprehensive 
research across sources and standardization of data formats. 
Methods involving stakeholder engagement (hedonic pric-
ing, contingent valuation and choice experiments) require 
preparation time and individual interview sessions.

Budget requirements. Budget considerations are 
mostly influenced by data accessibility, as some sources may 
charge fees depending on institutional policies. Data anal-
ysis typically incurs minimal cost unless specific software 
licenses are needed. For methods involving stakeholders, 
travel expenses and provision of refreshments (e.g. lunch, 
coffee) during interviews should be budgeted as standard 
practice.

Necessary resources (see also Table 2). Access to stake-
holders is essential for hedonic pricing, travel cost methods 
and contingent valuation. Expertise in economic theory, 
data analysis and result interpretation is crucial across all 
methods, necessitating the involvement of experts knowl-
edgeable about the specific economic approaches. Primary 
data are required and produced by travel cost and contin-
gent valuation methods, and may be relevant for production 
function, cost-based and hedonic pricing methods. Second-
ary data are essential for all methods except travel costs and 
contingent valuation. Familiarity with statistical techniques 
enables implementation on various open-source platforms, 
although specialized software may be advantageous.

Necessary skills (see also Table 3). Strong statistical 
proficiency is essential for all economic methods. Coding 
skills are beneficial, except for meta-analysis and value 
transfer methods. Data management and curation exper-
tise are required for all approaches. Where stakeholder 
interaction occurs, interview techniques and survey design 
skills are necessary.
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2.3.4 Considerations on modelling methods
Spatial scales. Modelling methods can be applied at any 
spatial scale depending on their formulation. For example, 
the Ecological Footprint method typically refers to scales 
ranging from country to global, but can also be applied to 
individuals or businesses.

Time requirements. Time needed for modelling involves 
model construction, model parameterization and valida-
tion, computational processing and result analysis. Model 
construction time is largely reduced when an established 
framework exists in the literature, such as emergy assess-
ment (EMA), material flow analysis, ecological footprint, or 
life cycle assessment. Conversely, agent-based modelling, 
system dynamics modelling and telecoupling require con-
ceptualization, construction and coding of models, includ-
ing relevant rules and hypotheses, demanding more time 
and expert interaction. Parameterization is typically intensive 
across all modelling techniques, yet it also depends on data 
availability. Computational time varies with the number of 
model variables, simulation time horizon, and complexity 
of model rules. It can be particularly high for agent-based 
models with many simulated agents. Result analysis usually 
requires less time, though this depends on the model’s use.

Budget requirements. Modelling methods are gen-
erally not considered expensive, except when specialized 
licensed software is required.

Necessary resources (see also Table 2). While access to 
stakeholders or experts is not strictly necessary for all mod-
elling methods, maintaining communication with experts 
and stakeholders is important to ensure model accuracy and 
relevance. Expert input supports validation of assumptions, 
parameter value selection and scenario identification. Expert 
involvement is particularly critical for methods such as life 
cycle assessment, where specialist knowledge is essential for 
determining the parameter values. Primary data is not always 
mandatory, although it can often provide valuable insights if 
available. However, certain situations may require the collec-
tion of primary data to ensure accuracy and reliability. Tele-
coupling primarily relies on conceptual mind mapping and 
does not require extensive data inputs, whereas parameteri-
zation generally depends on secondary data to inform model 
parameters and ensure output accuracy. Certain modelling 
approaches – such as life cycle assessment, agent-based 
modelling and system dynamics modelling – require special-
ized software, while many others can be implemented with 
standard tools like Microsoft Excel or open-source coding 
platforms. No specialized equipment is typically necessary 
beyond a standard computer for modelling tasks.

Necessary skills (see also Table 3). Modelling requires 
proficiency in data curation and management, with strong 
statistical skills beneficial for result analysis and, in certain 
instances, inferring parameter values. Coding skills are 
advantageous, especially when models lack intuitive inter-

faces or require customization, and are essential for agent-
based modelling due to model construction from scratch. 
Expertise in trial and experimental design is crucial for 
informed decision-making about model scenarios based on 
research questions. For telecoupling, which uses conceptual 
mind mapping rather than mathematical models, effective 
stakeholder engagement skills, including focus group facili-
tation, are important. Life cycle assessment may also require 
expert input for parameterization, making survey design 
skills beneficial.

2.3.5 Comparison of resources and skills 
required for each method 
The two tables below provide an overall comparison of all 
methods in terms of the resources (Table 2) and skills (Table 
3) necessary for implementation. For each method, an “X” 
indicates that the resource or skill is essential for imple-
mentation, while an “O” indicates that it is not necessary 
but still beneficial. Skills refer to those required by the 
people performing the method, e.g. as would be specified 
in a job announcement.

In Table 2, the following resources needed to implement 
each method are considered: 

•	 Access to stakeholders: The possibility to engage 
relevant individuals or groups whose input is crucial 
for implementation. For example, in interviews assess-
ing livestock ecosystem services, stakeholders may 
include farmers, landowners, conservationists and 
local community members.

•	 Access to experts: Availability of individuals with 
specialized knowledge or skills relevant to the method 
or system assessed. For instance, employing satellite 
imagery analysis requires access to experts in remote 
sensing or geographic information systems (GIS).

•	 Primary data: Original data collected specifically for 
the study. In livestock ecosystem service evaluation, this 
could include direct measurements of soil health, vege-
tation cover, animal populations or stakeholder prefer-
ences obtained via on-site surveys or field experiments.

•	 Secondary data: Existing datasets or information 
collected for other purposes but applicable to the 
current study. Examples include satellite imagery, 
agricultural records, previous research findings or 
environmental monitoring data.

•	 Specialized software: Software tools or programmes 
necessary for data analysis, modelling or visualization. 
Examples include open-source statistical packages like 
R, commercial software like SPSS or GIS software.

•	 Specialized equipment: Physical tools or instruments 
required for data collection or experiments. Examples 
include Global Positioning System (GPS) devices for 
geolocation, soil testing kits for assessing soil quality, 
proximity sensors or drones.
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In Table 3, the following skills needed for method imple-
mentation are considered:

•	 Statistical analysis. This involves the ability to anal-
yse and interpret data using statistical techniques 
to uncover patterns, trends and relationships. For 
example, statistical analysis skills might include cal-

culating averages, correlations, regression analyses, 
or conducting hypothesis testing to determine the 
significance of results.

•	 Data management. Data management refers to 
the ability to organize, clean, store and manipulate 
data effectively. This includes tasks such as creating 

TABLE 2
Resources required (X) or recommended (O) for implementing each method

Access to 
stakeholders

Access to 
experts on methods

Access to 
primary data

Access to 
secondary data

Software 
(specific tools) Equipment

Biophysical methods

Direct measurements, metrics and 
indicators using primary data Xa X X X

Indirect measurements, benefit transfer 
using data and land cover proxies X O X

Indirect measurements, remote sensing Oa X O O X X

Indirect measurements, proximal sensing Oa X O O X X

Sociocultural methods

Rankings X O X

Rating, scoring and scaling X O X O

Choice-based approaches X X X O

Social media analysis O X O

Content analysis X O X O

Q-methodology X X X

Deliberative multicriteria analysis X X X O
Deliberative democratic monetary 
evaluation X X X

Delphi methods X X X O

Participatory mapping X X X X

Participatory scenario development X X X X

Economic methods

Market price methods X X

Production function methods X O X O

Cost-based methods X O X O

Hedonic pricing methods X X O X O

Travel cost methods X X X O O

Contingent valuation X X X O

Choice experiment X X X O

Meta-analysis X X

Value transfer X X

Transformation function method X X

Modelling methods

Emergy assessment O X O X O

Material flow analysis O O X

Ecological footprint O O O X

Life cycle assessment O X O X X

Agent-based modelling O O O X X

System dynamics modelling O  X  X X X  

Telecoupling X O O O    
a	 When dealing with livestock agroecosystems, some information will need to be collected or validated in private holdings. Hence, on occasion, 
it might be a must to count on stakeholders (i.e. land owners and/or managers). This may be particularly relevant when dealing with productivity 
parameters considered as provisioning ecosystem services.

Source: Authors’ own elaboration.
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databases, data entry, data validation and ensuring 
data integrity. For instance, skills in data management 
might involve using spreadsheet software or database 
management systems.

•	 Coding. Coding involves writing and executing com-
puter programmes or scripts to automate tasks, 
perform data analysis or develop models. This could 
include programming languages such as Python, R, 

MATLAB, or specialized software languages for statis-
tical analysis or modelling. However, for some socio-
cultural methods, coding may refer to text analysis 
(e.g. documents or interviews).

•	 Experimental design. Experimental design refers 
to the planning and organization of experiments 
or studies to effectively test hypotheses and gather 
meaningful data. This includes designing protocols, 

TABLE 3
Skills required (X) or recommended (O) for implementing each method

Quantitative 
statistics

Data management 
and curation Coding

Trial and 
experimental 

design

Interview 
techniques 
and design

Group 
facilitation

Questionnaire 
survey design

Biophysical methods

Direct measurements, metrics and 
indicators using primary data O O O X

Indirect measurements, benefit transfer 
using data and land cover proxies O O O O

Indirect measurements, remote sensing O X X O

Indirect measurements, proximal sensing X X O O

Sociocultural methods

Rankings X O O X

Rating, scoring and scaling X O O X

Choice-based approaches X O O X

Social media analysis O X O

Content analysis O O X X O

Q-methodology X O O X

Deliberative multicriteria analysis O X
Deliberative democratic monetary 
evaluation X O X

Delphi methods O X X

Participatory mapping X

Participatory scenario development X

Economic methods

Market price methods X X O

Production function methods X X O

Cost-based methods X X O

Hedonic pricing methods X X O

Travel cost methods X X O X X

Contingent valuation methods X X O X X

Choice experiment X X O X X

Meta-analysis X

Value transfer X

Transformation function method

Modelling methods

Emergy assessment O X O X O

Material flow analysis O X O X

Ecological footprint O X O X

Life cycle assessment O X O X O

Agent-based modelling O X X X

System dynamics modelling O  X O X  

Telecoupling     O

Source: Authors’ own elaboration.
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selecting variables, determining sample sizes and con-
trolling for potential confounding factors. 

•	 Interview techniques. Interview techniques involve 
the ability to conduct structured, semi-structured, or 
unstructured interviews to gather information from 
stakeholders or participants. This includes skills such 
as active listening, asking open-ended questions and 
probing for additional information. 

•	 Group facilitation. Group facilitation entails the 
ability to lead and manage group discussions, work-

shops, or focus groups effectively. This includes 
skills such as agenda setting, managing group 
dynamics, fostering participation and synthesizing 
group input. 

•	 Survey design. Survey design involves creating and 
implementing surveys to collect data from a sample 
of individuals or populations. This includes designing 
survey questions (including their order and formula-
tion), selecting survey methods, and ensuring survey 
validity and reliability.
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Part 3

Methods for ecosystem services valuation in 
agroecosystems

3.1 BIOPHYSICAL ASSESSMENT METHODS

3.1.1 Conceptualization
Biophysical methods aim to assess ecosystem services 
derived from the functioning of agroecosystems and 
express the estimation of these services in their natural 
units. Biophysical methods conceptualize nature’s variables 
as stocks and flows of materials, organisms or energy 
(Chapin et al., 2011), as well as information (e.g. genetic 
information). This includes ecosystem components (e.g. 
species diversity, soil organic carbon stocks), processes 
(e.g. hydrological and nutrient cycles, state-and-transition 
models) and interactions (e.g. the structure of food and/or 
pollinator webs) (IPBES, 2022).

Livestock agroecosystems focus mainly on the appro-
priation of photosynthesis products by humans through 
domesticated animals – in other words, the conversion of 
mainly inedible feed for humans into highly nutritious foods 
(see Section 1.2; Mottet et al., 2017). Furthermore, certain 
livestock systems, such as agro-pastoral or pastoral systems, 
are recognized as complex agroecosystems. Complexity 
refers to the number of components (e.g. animals, forages, 
soil, manure, landscape elements) and processes to be con-
sidered, as well as the numerous interactions and functions 
among these components (Ominski et al., 2021). These 
measurements include intermediate ecosystem services, 
such as soil organic carbon gains, which are essential to 
deduce final ecosystem services like carbon sequestration.

Given the extensive land use by most livestock agroe-
cosystems and the diverse types of animal management 
worldwide, many functions require an accurate spatial 
and temporal representation. The spatial and temporal 
representation of ecosystem services (Maes et al., 2012) 
demands detailed information about the studied indicators. 
For many analyses (e.g. soil organic carbon sequestration, 
recharge of the water table), indicators must be estimated 
over long periods with fine spatial and temporal resolution. 
These requirements often make direct estimation unaf-
fordable from a practical perspective.

To overcome this limitation, it is common to represent 
needed indicators indirectly. One approach involves using 
benefit transfer data (see Section 3.1.2.2) or space-for-time 
substitution. Another approach combines primary data and 
functions, represented by models (see modelling methods 

for further details in Section 3.4), to describe specific eco-
system services. A specific case of this is the use of sensor 
data, whether remote or proximal.

This chapter describes methods applicable to estimating 
ecosystem service indicators in their natural units. The focus 
is on livestock agroecosystem service estimation, whether 
direct or indirect, while considering advantages and limita-
tions in practical application.

3.1.2 Methods 
Biophysical methods can be divided into two main 
approaches to estimate the biophysical supply of ecosystem 
services (Wong et al., 2015). These methods can broadly be 
classified as direct, involving the collection of primary data 
on ecosystem service indicators, and indirect, involving the 
use of mainly secondary data on ecosystem service indica-
tors. Regarding the latter, three main indirect approaches 
are presented: first, benefit transfer using secondary data 
and land cover proxies; second, the use of sensors, either 
remote or proximal; and third, modelling (Vihervaara et al., 
2018; Richter et al., 2021).

In the following sections, we describe the direct 
approach and two of the indirect approaches. The mod-
elling approach is not described in detail here as it is 
covered separately in the Modelling Methods chapter (see 
Section 3.4).

3.1.2.1 Direct measurements: metrics and indicators 
using ground reference primary data
Direct measurement methods of ecosystem services quan-
tify the state, value or process through direct observations 
that represent the entire study area in a representative 
manner. These measurements can be applied at different 
scales and express ecosystem service values in physical units 
corresponding to their indicators, ultimately measuring a 
stock or flow value.

While biophysical measurements can be very accurate, 
specific intra- and extrapolation protocols are required to 
generalize point data, which is especially critical in hetero-
geneous landscapes. This often involves carefully designed 
trials and field experiments, such as the long-term Park 
Grass experiment (Silvertown et al., 2006), advanced and 
costly technologies like Eddy-Covariance towers for moni-
toring GHG emissions (Charteris et al., 2021), expertise in 
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handling specialized equipment (e.g. insect traps, soil bulk 
density samples), sample analysis (soil chemistry, biomass or 
water quality indicators), and skills for managing, analysing 
and storing large datasets (McAuliffe et al., 2018). Peri-
odic or continuous direct monitoring of ecosystem service 
indicators is both costly and time-consuming. Although 
biophysical measurements can be highly accurate, gener-
alizing results and comparing ecosystem services involving 
different units remains challenging.

Direct measurements serve as foundational references for 
calibrating and validating all indirect measurements. Howev-
er, translating direct observations into indirect estimates is 
not straightforward. For example, the primary provisioning 
service from livestock systems – high-quality food from ani-
mals – is rarely observed at meaningful spatial and temporal 
resolutions. Consequently, at the global scale, data spatial 
resolution limits detailed examination of the heterogeneity 
in the provisioning of this service within countries or across 
different biomes and land uses, with few detailed exceptions 
(Raynor et al., 2024; Gutierrez et al., 2020; Irisarri and Oes-
terheld, 2020; Irisarri et al., 2014). Addressing this limitation 
is a key focus area for comprehensive consideration of eco-
system services in livestock systems.

Confidentiality legislation presents a challenge by limit-
ing the disclosure of individual-level information. To over-
come these issues, promoting data sharing and publicly 
accessible datasets is essential. Specific working groups, 
including local specialists, could facilitate access to data not 
only at administrative boundaries but also at biome and 
land-use scales.

A few publicly funded initiatives actively address these 
limitations. For instance, the North Wyke Farm Platform 
and the Central Plains Experimental Range have provided 
essential open-access data. This data is used to monitor 
biophysical aspects of ecosystem services and also serves 
as input to process-based models (Wu et al., 2016) or to 
analyse long-term grazing system variability and market 
volatility (Irisarri et al., 2019; Baldwin et al., 2022).

3.1.2.2 Indirect measurement: benefit transfer using 
data and land cover proxies
Benefit transfer refers to applying measured values from 
one place and time to infer values at another place and 
time (Plummer, 2009). To enable benefit transfer that meets 
decision-makers’ needs, a comprehensive database of pri-
mary data – derived from multiple primary studies – must 
be created to develop “general” ecological production 
functions. These general functions can be obtained through 
meta-analysis (Brander et al., 2012).

However, the lack of data or limited data accessibility 
undermines the usefulness of benefit transfer for timely 
assessments of ecosystem services at meaningful scales 
(Wong et al., 2015).

3.1.2.3 Indirect measurement: remote sensing
Conceptually, satellite Earth observation is attractive for 
measuring ecosystem services because it enables periodic 
observations of the entire planet and has the potential to 
provide long-term datasets. The number of observations 
depends primarily on three factors: the spatial resolution 
of each observation (pixel size), the frequency at which 
each observation is collected, and the capacity to store and 
process the acquired data. Over the last 40 years, satellite 
missions have significantly improved the first two aspects. 
For instance, today’s observations have a spatial resolution 
of 100 m² and a revisit frequency of every five days (e.g. 
Sentinel-2 satellite mission by the European Space Agency).

The third factor – data storage and processing capacity 
– constitutes a bottleneck for democratizing (i.e. making 
publicly available) satellite information. However, the most 
impactful democratizing change occurred with the launch 
of the Google Earth Engine platform (Gorelick et al., 2017). 
This platform provides access to the world’s largest cata-
logue of satellite images at no cost and enables the process-
ing of satellite observations within the platform.

A key ecosystem function currently monitored through 
remote sensing is the Aboveground Net Primary Production 
(ANPP). ANPP is an integrative variable of ecosystem func-
tioning (McNaughton et al., 1989) that also determines the 
input level of many ecosystem services (Costanza et  al., 
1997). For pastoral systems, ANPP represents the main 
driver of ruminant spatial density variations (Oesterheld 
et al., 1992).

ANPP is the organic matter accumulated by plants at 
a specific time and surface (aboveground). ANPP results 
from the transformation of incoming photosynthetic active 
radiation (PAR) into biomass, which is mediated by the pro-
portion of incoming radiation absorbed by active photosyn-
thetic tissues (fPAR), which yields the amount of incoming 
radiation absorbed through photosynthesis (APAR) and 
transforms to biomass through the Radiation Use Efficiency 
(RUE) (Monteith, 1972). Remote sensing estimates reflec-
tance in the red and near-infrared portions of the spectrum, 
enabling calculation of the widely used Normalized Differ-
ence Vegetation Index (NDVI) (Tucker, 1979). NDVI shows 
a strong, mostly non-linear, positive association with fPAR 
(Zeng et al., 2022). In the special case of ANPP, RUE varies 
according to photosynthetic pathways, life form, and envi-
ronmental factors such as water and nutrient availability or 
temperature (Druille et al., 2019).

National initiatives have described the state of ANPP for 
grazing areas within their countries for the last two decades 
(see Box 2). These initiatives rely not only on remotely esti-
mated ANPP but also on land cover classifications derived 
from remote sensing data.

Grasslands, as open agroecosystems (Bond, 2019), 
supply both provisioning ecosystem services (e.g. meat, 
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BOX 2

National forage production observatories

In Argentina (http://produccionforrajes.org.ar/), there is 

an initiative that reports the relative growth of vegeta-

tion in grazing areas every three months compared to 

the last 24 years. This information is derived from remote 

estimates of pasture growth.

In the United States of America (https://grasscast.unl.

edu/), the scale of the initiative for the central plains 

surpasses that of the total area of Argentina and provides a 

forecast for the expected forage situation under different 

scenarios using a 36-year period. Three precipitation 

scenarios are considered (below average, average and 

above average) and describe the relative change in ANPP 

compared to the average for each scenario.

Note: Refer to the disclaimer on page ii for the names and boundaries 

used in this map.

Source: Producción de Forrajes. (n.d.). Retrieved September 18, 2025, 

from http://produccionforrajes.org.ar/ and University of Nebraska–

Lincoln. (n.d.). GrassCast: Grassland productivity forecast. Retrieved 

September 18, 2025, from https://grasscast.unl.edu/

https://grasscast.unl.edu/
https://grasscast.unl.edu/
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wool or milk products) and regulating ecosystem services 
(e.g. carbon sequestration, water supply or habitats for 
biodiversity conservation). Given this dual role, there is a 
need for synthetic indicators that integrate these various 
services. Paruelo et al. (2016) proposed a synoptic indicator 
that groups supporting and regulating ecosystem services 
related to carbon and water dynamics: the ESSI (see Box 3 
and the Case study 1 “Ecosystem services from pastoral 
livestock systems in Uruguay” in Appendix 1).

Originally, the ESSI was supported by positive relation-
ships with four ecosystem services estimated from empirical 
data or mechanistic models: groundwater recharge and 
avian richness in Dry Chaco forests, and soil organic carbon  
in the Rio de la Plata Grassland (Paruelo et al., 2016). ESSI 
represents a very attractive option to compare the supply of 
diverse ecosystem services across different land covers, over 
broad spatial areas and through long-term periods.

3.1.2.4 Indirect measurement: proximal sensing
The use of precision agricultural technologies, including 
proximal sensors for livestock, is rapidly developing and 
being deployed in both extensive and intensive agricultural 
ecosystems to provide key data in real time. Agriculture 
4.0, characterized by the integration of digital technologies, 
is transforming the dynamics of near-time reporting of 
ecosystem services. Examples include livestock health and 
welfare monitoring through remotely monitored walk-over 
weighing (RMWOW) (Sawyer et al., 2022), grazing pattern 
monitoring through global navigation satellite positioning 
systems (GNSS) (Bailey et al., 2021), and nutritional obser-
vations via automatic feeders and greenhouse gas emission 
monitoring (Gonzalez et al., 2018).

RMWOW allows measurement of liveweight (LW) and 
growth rate of animals in the paddock without the 
need for mustering (Sawyer et al., 2022; Wishart, 2019; 

BOX 3

Remotely estimated synthetic ecosystem services 
indices. The case of the Ecosystem Services Supply 
Index (ESSI)

ESSI aims to integrate the seasonal phenological activity 

of actively growing vegetation through two components, 

NDVI’s annual mean and its seasonal standard deviation 

(Paruelo et al. 2022). Consequently, as the annual mean 

reaches higher values and its seasonal variation lower 

ones, ESSI reaches its maximum.

ESSI = NDVIMEAN x (1 - NDVICV).

Note: Refer to the disclaimer on page ii for the names and boundaries 

used in this map.

Source: Paruelo, J., Oesterheld, M., Altesor, A., Piñeiro, G., Rodríguez, 

C., Baldassini, P., … & Pillar, V. D. (2022). Grazers and fires: Their 

role in shaping the structure and functioning of the Río de la Plata 

Grasslands. Ecología Austral, 32(2bis), 599–820.  

https://doi.org/10.25260/EA.22.32.2.1.1880
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González-García et al., 2018; González et al., 2014). The 
objective of RMWOW is to collect near-time data on animal 
weights while they drink or consume supplements, grain 
or preserved roughage. This is important for animal-related 
indicators associated with liveweight changes, including 
feed-to-meat conversion from LW gains, or female repro-
ductive outcomes linked to significant LW loss. Liveweight 
monitoring can provide precise estimates of feed required 
by individual animals for growth – thereby improving pro-
duction efficiency and reducing GHG emissions and emis-
sions intensity (Gebbels et al., 2022).

Global Navigation Satellite Positioning Systems (GNSS) 
have significantly enhanced farm data collection via elec-
tronic collars, ear tags and accelerometers. These technolo-
gies have fundamentally transformed farmers’ and graziers’ 
understanding of livestock interactions within their envi-
ronments (Roberts, 2020). GNSS outputs enable livestock 
managers to locate animals in difficult terrain and weather 
conditions, track animal movement throughout the grazing 
season and improve handling practices (Bailey et al., 2021). 
Specifically, GNSS sensor technology can map livestock 
distribution within a region, offering economic benefits by 
informing resource allocation, disease monitoring and land 
use planning (Manning et al., 2017). It can assist in assess-
ing grazing intensity, identifying overgrazed areas and 
guiding pasture management to prevent land degradation. 
Ultimately, this approach helps prevent ecosystem disser-
vices and promotes delivery of desired ecosystem services, 
such as optimizing biomass utilization, enhancing carbon 
sequestration and storage, providing habitat or supporting 
nutrient cycling.

Automatic feeders and GHG emission monitoring allow 
better control of feed nutritional content and improve feed 
efficiency, ensuring animals receive appropriate nutrition to 
support growth and productivity (Gonzalez et al., 2018). 
Efficient feeding can enhance digestion and reduce meth-
ane emissions from enteric fermentation (Gebbels et al., 
2022; Gonzalez et al., 2023).

3.1.3 Advantages and limitations
The selection of the type and components of biophysical 
methods to quantify ecosystem services in livestock agro-
ecosystems depends on the case, as highlighted in the 
roadmap for evaluation of ecosystem services (Part 2), and 
particularly the steps to undertake the evaluation (Section 
2.1). The implementation of ecosystem services valuation 
methods is always limited by resource constraints. Conse-
quently, the opportunity to reduce costs and provide con-
tinuous measurements across wide spatiotemporal areas 
has increased interest in applying remote and proximal 
sensing methods.

While these methods offer clear advantages, their devel-
opment and application have not been without challenges. 

Here, we consider the pros and cons of various biophysical 
approaches to quantifying indicators, to support their selec-
tion and application. An overview of the main advantages 
and limitations of biophysical methods for ecosystem servic-
es valuation is presented in Table 4.

A key advantage of remote sensing, using archival data, 
is the possibility for time-series analysis. By monitoring 
spatiotemporal patterns, it is possible to evaluate the sta-
tus, trends and impacts of ecosystem services (De Araujo 
Barbosa et al., 2015). This information can be used at local 
to global scales to identify areas of change, hotspots of 
service provision, and potential risks or opportunities for 
management and conservation, thereby providing evi-
dence-based information for decision-makers (Crossman 
and Bryan, 2009).

Time-series analysis also enables the detection and 
quantification of ecosystem services resilience. Temporal 
trends, spatial distribution and magnitude of ecosystem 
services provide key reference data. These data may be 
applied, for example, when assessing the consequences of 
specific policy implementations. De Araujo Barbosa et al. 
(2015) reported that 44 percent of studies using remote 
sensing for ecosystem service assessment had a temporal 
extent greater than ten years, and about half of these used 
observations extending over more than 20 years. As Earth 
observation data are collected from satellites typically oper-
ating for 20 to 30 years (Belward and Skøien, 2015), the 
ongoing provision of data services for estimating ecosystem 
service metrics needs to be considered.

As De Araujo Barbosa et al. (2015) point out, research 
efforts integrating Earth observation data into ecosystem 
services will need to ensure that temporal analyses and 
projected impacts are consistent. Furthermore, a sufficiently 
long time series is required to account for the effects of 
seasonal variability on ecosystem service metrics. 

Measurement of ecosystem services is widely applied; 
however, these measurements are not always recognized 
under the term “ecosystem services” and span multiple 
scientific disciplines, including grassland sciences, animal 
sciences, soil sciences, biology and ecology, hydrology and 
climate sciences, among others. Consequently, maintaining 
a comprehensive overview of available data per ecosystem 
service is challenging. Moreover, such observations often 
become impractical and expensive beyond the site level. 
Nonetheless, these methods remain essential as inputs 
for biophysical mapping and modelling approaches or 
to validate certain mapping and assessment elements. In 
some cases, measurements are simply unavailable for all 
ecosystem services.

Remote sensing requires consideration of measurement 
error through standardized protocols, as well as adequate 
calibration and validation of ecosystem indicators. Sourcing 
required data is challenging for multiple reasons, such as i) 
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estimating values beyond the temporal bounds of calibra-
tion data; ii) mismatches between plots and pixel scales; 
iii) available data not intended for remote sensing model 
calibration; iv) variable expert understanding of ground 
reference data; and v) limited ground reference data avail-
ability for validating estimated services across spatial and 
temporal resolutions (Senf, 2022). National initiatives, such 
as the North Wyke Farm Platform, the LTAR USDA-led net-
work, and open long-term landscape-scale experiments, are 
valuable resources for ground referencing. However, their 
extrapolation is limited to the types of livestock systems in 
which they are implemented.

Ensuring data continuity, harmonization, and quality 
control across sensors and platforms remains a major chal-
lenge. Integrating data from multiple sensors and platforms 
to capture different ecosystem process scales is complex 
(Fritz et al., 2019) – and harmonization efforts do not 
always improve product accuracy (Swinnen et al., 2022). 
For example, merging data from Landsat, Sentinel-2 and 
MODIS sensors – each with different spatial resolutions (30 
m, 10 m and 250 m, respectively) – requires resampling 
and interpolation, which may introduce uncertainties and 
distortions. Platforms such as Google Earth Engine provide 
tools to help overcome these challenges. Areas for improve-
ment include atmospheric correction, which shows poten-
tial for enhancing data quality across sensors and spectral 
bands (Swinnen et al., 2022).

The trade-off between cost and information accuracy in 
both assessing and economically valuing ecosystem services 

is evident and can threaten the robustness of policy advice 
and decision-making. Advances in data fusion techniques, 
machine learning algorithms, and cloud computing help 
mitigate these challenges and improve the accuracy and 
reliability of time series-derived ecosystem service assess-
ments – thereby reducing the trade-offs between direct 
and indirect methods. We also recommend incorporating 
economic and cultural services valuation to generate more 
comprehensive outcomes.

Finally, two main points merit emphasis. First, the 
implementation of this or any other ecosystem services 
guideline will face budget constraints. Using open-source 
datasets and indirect indicators may help overcome such 
limitations, but these indirect indicators must be support-
ed by extensive ground references for validation. Second, 
the main provisioning services of livestock systems – such 
as wool or highly nutritious food – cannot be estimated 
indirectly and will require other supply-chain-based data 
collection approaches. Furthermore, the spatial resolution, 
or “granularity” of available open information is too coarse 
for many key analyses. We strongly encourage the inter-
national community – including stakeholders interested in 
ecosystem service valuation and related domains such as 
food security and greenhouse gas emissions – to address 
this critical topic.

TABLE 4
Advantages and limitations of the different types of methods used for the biophysical assessment of ecosystem services 

Method Advantages Limitations

Measurement •	High-quality data

•	Spatial extent closely managed

•	Gold standard for use to develop models

•	Costly and time consuming

•	Spatial extent limited to local site

•	Limited opportunity for temporal analysis

•	Great variety of methods and indicators that might make 
comparability difficult

Indirect measurement. Benefit 
transfer using secondary data 
and land cover proxies

•	Low-cost •	Assumes livestock agroecosystems behave in similar ways 
across space and time.

Indirect measurement

Remote sensing

•	Low-cost

•	In some cases, decades of historical data sets 
are available

•	Total global coverage

•	Relies on third parties for access to data

•	Longevity of data streams determined by the life of the 
satellite

•	Atmospheric interference can limit the frequency of data 
availability

•	Needs broader skills to manage data

Indirect measurement

Proximal Sensing

•	Provides continuous data

•	End user has more control over the 
deployment and operation of the sensor

•	Hardware can be maintained or modified if 
required

•	Limited coverage, only for the local area

•	Requires validation, possibly even for individual sensors in 
a sensor network due to variability in hardware

•	High-cost

•	Requires specific skills to manage the sensors and the data

•	Need for equipment maintenance

Source: Authors’ own elaboration
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3.2 SOCIOCULTURAL VALUATION METHODS

3.2.1 Conceptualization

3.2.1.1 Sociocultural values and sociocultural 
valuation 
Sociocultural valuation methods assess the values that 
people place on ecosystem services. Sociocultural values of 
ecosystem services can be defined as the importance that 
people (as individuals or groups) attach to ecosystem servic-
es (Iniesta-Arandia et al., 2014; Scholte et al., 2015; Walz 
et al., 2019). These values are based on a combination of 
instrumental, intrinsic and relational values that shape the 
way people relate to livestock agroecosystems, and, more 
specifically, to their economic, social and environmental 
components, and through them to the ecosystem services 
they provide (IPBES, 2022).

In the case of livestock agroecosystems, instrumental 
values refer to the material contribution of these agro-
ecosystems to people (e.g. economic capital to farmers, 
food products to society, etc.). Intrinsic values refer to the 
values of livestock agroecosystems that are expressed inde-
pendently of any reference to people and include entities 
such as habitats, species or livestock breeds that are worth 
protecting as ends in and of themselves. Relational values 
refer to the meaningfulness of interactions between people 
and livestock agroecosystems, and between people (includ-
ing across generations) through these agroecosystems (e.g. 
sense of place, sense of belonging, spirituality, care).

It is important to clarify that sociocultural values are 
conceptually distinct from cultural ecosystem services. Cul-
tural ecosystem services refer to “all the non-material and 
normally non-rival and non-consumptive outputs of eco-
systems (biotic and abiotic) that affect physical and mental 
states of people” (Young et al., 2018), such as the aesthetic 
value of livestock agroecosystems as mountain pastures 
or the symbolic meaning that livestock have for pastoral 
communities throughout the world (e.g. Parel, 1969; Bet-
tencourt et al., 2015; Quinlan et al., 2016). Sociocultural 
values refer to the importance people give to the benefits 
(both material and non-material) that derive from ecosys-
tem services, which could be associated with the full set 
of provisioning, regulating and cultural ecosystem services.

In a broad sense, sociocultural valuation stems from 
social science and participatory methods, which are used 
for various purposes, including identifying and developing a 
ranking and/or rating of people’s preferences for ecosystem 
services, analysing the underlying motivation of these pref-
erences, or disentangling the relationships between differ-
ent ecosystem services (e.g. Rodríguez-Ortega et al., 2014; 
Bernués et al., 2014; Garcia-Llorente et al., 2015; Faccioni 
et al., 2019; Gómez-Baggethun, 2016). The participation 
of the actual beneficiaries of the services – both local and 

distant – in their empirical measurement is a cornerstone of 
these methods (Scholte et al., 2015).

Sociocultural valuation is a heterogeneous collection of 
methods whose common feature is that they do not rely on 
biophysical or monetary metrics. These methods allow us 
to go beyond the simple association of ecosystem services 
values with money, markets and/or biophysical indicators, 
and provide an in-depth and comprehensive view of the 
plurality of perceptions and values that people attach to 
livestock ecosystem services. They provide contextualized 
quantitative and qualitative information on how different 
ecosystem services are interpreted and framed by individ-
uals, stakeholders and communities, unravelling different 
perceptions between people and stakeholders with differ-
ent values, interests, experiences and knowledge.

Sociocultural valuation methods are particularly suited 
to the valuation of intangible ecosystem services, allowing 
exploration of the contribution of livestock agroecosystems 
to society in terms of cultural, educational, spiritual or 
aesthetic values, among others. However, sociocultural val-
uation methods can be used to elicit any type of ecosystem 
services category. Indeed, one of their advantages is that 
they can assess the relative importance that people attach 
to different ecosystem services, thus providing robust infor-
mation for decision-making processes to manage trade-offs 
between ecosystem services (Scholte et al., 2015).

Nevertheless, where biophysical quantification of eco-
system services (including non-provisioning) is feasible, it 
is usually more appropriate and accurate for measuring, 
benchmarking and monitoring the condition of livestock 
agroecosystems and ensuring their integrity (Bernués et al., 
2014). However, in many cases (i.e. ecosystem service types 
and livestock production systems) and world regions, the 
data and sociotechnical and governance structures to gen-
erate biophysical or monetary measures are non-existent or 
very limited. In such cases, sociocultural valuations are the 
best option to fill the knowledge gap.

In many cases, different sociocultural valuation methods 
are combined with biophysical, monetary or modelling 
methods in valuation processes aiming at obtaining a com-
prehensive and complete view of the ecosystem services 
supply and/or demand, often with the ultimate aim of artic-
ulating ecosystem services values with decision-making.

3.2.1.2 Heterogeneity of sociocultural values and 
involvement of stakeholders
Due to the diversity of motivations, values and underlying 
worldviews, guiding principles and life goals that influence 
people’s views and perceptions of ecosystem services, the 
value of ecosystem services provided by livestock agroe-
cosystems may vary greatly between and within cultural 
traditions, socioeconomic systems, institutional settings, 
bio-geographical areas, interest groups, stakeholders and 
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individuals (e.g. Kaye-Zwiebel et al., 2014; Orenstein et al., 
2014; Muñoz-Ulecia et al., 2022). Moreover, individual 
characteristics such as gender, age, education, environ-
mental values and personal identity further influence how 
people within these contexts perceive and value ecosystem 
services (e.g. Zoderer et al., 2016; Mensah et al., 2017; 
Fortnam et al., 2019). As people’s worldviews and experi-
ences evolve, so too do the values they assign to ecosystem 
services, making valuation a dynamic and evolving process 
(e.g. Martín-López et al., 2009).

Despite this variability in ecosystem services values 
across people, when used in an appropriate context and 
within specified and clear limits, ecosystem services valua-
tion can promote awareness of the dependence of society 
on ecosystem services and foster the deployment of polit-
ical agendas or social movements for their protection and 
sustainable management (Gómez-Baggethun et al., 2016). 
This is particularly true in the case of livestock agroeco-
systems. The variability of values across stakeholders and 

temporal, geographical and sociocultural contexts poses 
some methodological challenges that are central to the 
use and interpretation of sociocultural method results. 
Addressing these challenges is critical to creating a robust 
and meaningful valuation process. The follow-up to the 
steps proposed below aims to address these challenges in 
a structured way.

Particularly, the type and quality of the information gen-
erated in the sociocultural valuation process will depend on 
the objectives and design of the process and, in particular, 
on the participants (or information considered in the case 
of media analysis) included in the valuation exercise. Partic-
ipants involved in the analysis will define the stakeholders 
considered and, consequently, the extent to which the 
findings can be extrapolated to other geographical and 
sociocultural contexts. Participant sample representative-
ness is therefore central to achieving robust and reliable 
results in most sociocultural valuation exercises. Although 
participatory valuation rarely fulfils everyone’s needs and 

BOX 4

Steps specific to sociocultural valuation processes

In addition to the general steps (see Roadmap section) 

for designing and implementing valuation processes in 

general, sociocultural methods have the following partic-

ularities, which should be integrated into the roadmap.

Defining the purpose of the valuation

In general, five main purposes are distinguished for eco-

system services valuation processes: i) evaluate (changes 

in) livestock agroecosystems management; ii) inform poli-

cy development; iii) assessment and awareness raising; iv) 

understanding ecosystem services dynamics; v) advance 

knowledge; and vi) inferring people’s preferences.

In the specific case of sociocultural valuation, processes 

are to be established when there is particular interest in 

facilitating interaction and dialogue between stakeholders 

about conflicting issues regarding ecosystem services 

(IPBES, 2022), which could be critical for all purposes but 

particularly to evaluate policy implementation and to 

inform policy development.

Establishment of a legitimate valuation process

Given the participative and multistakeholder nature of 

sociocultural valuation, it is particularly important to 

build legitimate processes (IPBES, 2022). This will ensure 

transparency about the robustness of the valuation in 

terms of representativeness or participation. The first step 

to build legitimacy is to explicitly define the stakeholders 

involved in the process, taking into account who is affect-

ed by the ecosystem services provided by the studied live-

stock agroecosystem and who has the capacity to modify 

such agroecosystems and thus the provision of ecosystem 

services. Key stakeholders to be considered in most live-

stock agroecosystem valuation processes are farmers, 

residents of the region under study and social groups, 

such as tourists, consumers or environmental activists. It 

is also necessary to consider the degree of dependency 

of the stakeholder on these ecosystem services. Finally, 

it is crucial to make explicit the power relations between 

those involved in the process and how these might affect 

the outcomes of the process. Where power relations are 

considered to be relevant, policies and procedures should 

be in place to ensure that the process is inclusive.

Articulating the values in decision-making

In many cases, the final step of a sociocultural valuation 

process should be to inform the decision that originally 

led up to its implementation. The use of the process out-

comes in decision making requires transparent communi-

cation of the results, in particular an acknowledgement 

of the limitations, omissions and uncertainties regarding 

their relevance and robustness, and how these might 

affect their applications. In addition to which specific 

ecosystem services have been targeted, it should be clear 

which stakeholders have been considered, and therefore 

which views are considered in the values elicited in the 

process.

Source: Authors' own elaboration.
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points of view, it increases stakeholders’ understanding 
of the positions and points of view of others. However, 
as Gómez-Baggethun et al. (2016) highlight, sociocultural 
valuation processes in general, and participatory methods 
in particular, when used out of context or with an approach 
that does not robustly capture how people value, or even 
perceive and define ecosystem services, stakeholders may 
bring their concerns into the valuation process. Hence, 
when applying sociocultural methods, it is recommended 
to take further consideration or steps than the ones defined 
in Section 2.1, Roadmap for the evaluation of ecosystem 
services (find the extra considerations/steps in Box 4).

Given the multiple stakeholders and interests that 
influence the condition, use and development of livestock 
agroecosystems, an essential outcome of sociocultural 
valuation processes is to identify shared group values and 
social values towards ecosystem services beyond the indi-
vidual-specific values. While social values are understood 
in these guidelines as the set of values on which a par-
ticular society generally agrees, group values refer to the 
shared values within a particular group of people (usually 
stakeholders, such as livestock farmers) within that particu-
lar society. Sociocultural approaches can identify shared 
individual social values as well as group values. There are 
two main approaches to do this, depending on the nature 
of the information analysed (qualitative or quantitative). 
Firstly, individual values measured in qualitative terms can 
be aggregated into group values (i.e. stakeholders or inter-
est groups), which in turn could be aggregated into social 
values, weighted according to some criteria defined for 
practical or representational purposes. Secondly, qualitative 
(or mixed) approaches can be used to identify collective and 
shared values following sociocultural valuation approaches 
such as deliberative methods.

3.2.2 Methods
There exists a myriad of sociocultural valuation methods 
and approaches, and consequently, several attempts have 
been made to sort and classify these methods into groups 
(e.g. Scholte et al., 2015; Walz et al., 2019; Barton and 
Harrison, 2017). In these practical guidelines, we address 
those methods that have been used extensively enough to 
value ecosystem services provided by agroecosystems and 
therefore have clear methodologies and sufficient examples 
to guide the reader in their design and implementation in 
livestock agroecosystems.

Methods are broadly grouped in these guidelines into: 
3.2.2.1) Individual preferences assessments, which refer 
to quantitative structured processes and methods to elicit 
individual values from people expressing their preferences; 
3.2.2.2) Narrative analysis, which gathers a range of 
methods that collect qualitative data from participants and 
are used to determine the core narratives regarding how 

they value ecosystem services; and 3.2.2.3) Deliberative 
processes, which bring together a diversity of stakeholders 
who engage in various modalities of collective discussions 
with the general purpose of reaching a common value.

3.2.2.1 Individual preference assessment
Individual preference assessment methods are widely used 
in many decision contexts beyond ecosystem services valua-
tion (e.g. Burns et al., 2022). This group of methods shares 
the common feature of employing structured processes to 
derive quantitative values reflecting people’s perceptions 
and preferences towards ecosystem services. It is a useful 
approach for identifying relevant ecosystem services from 
various stakeholder perspectives (Garcia-Llorente et al., 
2012). This method can reveal differences and similarities in 
the values that different social groups place on ecosystem 
services provided by livestock agroecosystems.

Individual preference assessment methods can be cat-
egorized into ranking, rating, scoring and scaling, choice-
based approaches and social media. The following subsec-
tions describe the main features and uses of each method.

Information on values is gathered by collecting peo-
ple’s statements through various tools, such as question-
naires and other data collection instruments (IPBES, 2022). 
Questionnaires are the most commonly used method for 
assessing individual preferences and can be administered 
face-to-face, by telephone, by email, by post or via the 
internet. At the core of the questionnaire is the assess-
ment tool, which can be a ranking, rating, scoring, scal-
ing exercise or a choice experiment, as described below. 
Questionnaires can be fully structured or semi-structured. 
The choice between these depends on the assessment 
objectives. Fully structured questionnaires offer limited 
flexibility and may not capture people’s underlying moti-
vations for valuing ecosystem services. Questionnaires can 
provide additional qualitative and quantitative information 
on factors of interest beyond the central assessment tool. 
This information can be statistically analysed and modelled 
to understand the drivers of people’s values towards eco-
system services. However, it can be challenging to capture 
certain drivers of ecosystem services valuation – such as 
relational, instrumental or existing values – through ques-
tionnaires. Narrative analysis methods are better suited for 
analysing these aspects.

When designing questionnaires and survey processes to 
elicit sociocultural values attached to ecosystem services, it 
is essential to consider the technical aspects, challenges and 
limitations of questionnaire design to obtain reliable and 
meaningful results and to understand their interpretation 
and extrapolation. Special consideration should be given to 
the accuracy of statements used in conceptualizing ecosys-
tem services, as well as the representativeness of respond-
ents selected (IPBES, 2022).
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To date, individual preference assessment in ecosystem 
services has mainly been used to raise awareness and, to 
a lesser extent, to set priorities and develop measurement 
tools (Walz et al., 2019). There is a lack of standardized 
survey-based tools to measure how people value ecosystem 
services provided by agroecosystems, such as those existing 
in other disciplines (e.g. the New Environmental Paradigm 
Scale) (Dunlap et al., 1978). The development of such a tool 
would promote comparability of ecosystem service values 
across agroecosystems, farming systems or geographical 
locations. In addition, it would provide benchmark informa-
tion to monitor the evolution of ecosystem services provi-
sion and the impact of management and policy measures to 
improve it. However, creating such a tool poses significant 
challenges, primarily due to the difficulty of ensuring its rel-
evance and applicability to each livestock agroecosystem of 
interest, while catering to the vast array of existing livestock 
agroecosystems and the particular combination of ecosys-
tem services they might provide across different farming 
systems and geographical scales.

Rankings exercises
Ranking-based methodologies are commonly used to elicit 
ecosystem services values (Scholte et al., 2015; Gómez-
Baggethun, 2016; Walz et al., 2019). Ranking exercises 
typically involve asking participants to order the importance 
they attach to a predefined list of ecosystem services. 
However, the use of simple rankings to generate robust 
quantitative values for ecosystem services is less advisable 
compared to other alternatives for assessing individual pref-
erences, as the information produced is often too coarse. 
Specifically, rankings do not reveal the magnitude of the 
difference in importance between consecutive items (e.g. 
between 1st and 2nd, or 2nd and 3rd ranked ecosystem 
services). Additionally, if the list of items to be ranked is 
large, participants may find it challenging to provide an 
accurate and meaningful ranking of all items. Despite 
these limitations, rankings are extremely easy to design and 
implement. Therefore, they can be useful when combined 
with other methods. For example, rankings can serve as 
a preliminary step to select a subset of ecosystem servic-
es for more detailed evaluation – particularly when the 
subsequent methods, such as choice experiments, cannot 
consider the full range of ecosystem services provided by 
an agroecosystem.

Rating, scoring and scaling
Various methods for eliciting people’s ratings, scores or 
scales of importance for ecosystem services are commonly 
used in ecosystem studies in general, and agroecosystems 
in particular. These methods provide more detailed infor-
mation about the value of ecosystem services than simple 
rankings, as they generate scaled values for each specific 

service. The specific methodologies and scales employed 
are usually designed ad hoc for each valuation exercise and 
the particular ecosystem being assessed, which allows great 
flexibility to adapt to the context of interest. The drawback 
is that the comparability of values across different studies 
is often limited.

Choice-based approaches 
Choice-based approaches involve multi-attribute valuation 
techniques that derive the relative utility of each attribute, 
based on Lancaster’s theory of consumer demand (Lancas-
ter, 1966). Similar to real-world decisions, respondents are 
asked to choose between a set of hypothetical alternatives 
defined by several variables at different levels. In ecosystem 
services valuation, the variables correspond to the different 
ecosystem services being evaluated, and the levels repre-
sent the degree of provision of these services. Respondents 
are expected to trade off the individual attributes (i.e. eco-
system services) of the alternatives and select the option 
providing the greatest utility (Horne et al., 2005; Koemle 
et al., 2020).

As with other individual preference assessment meth-
ods, choice-based approaches allow multiple ecosystem 
services of different types to be evaluated using the same 
unit of measure. However, the number of attributes 
assessed is generally limited to 5–7 to ensure the cognitive 
load on participants remains manageable (Caussade et al., 
2005; Hensher, 2006).

Although not strictly required, a monetary attribute is 
usually included to translate relative utility into monetary 
terms. This is particularly useful for valuing ecosystem 
services that lack a direct market value in monetary units. 
Since choice experiments are central to economic valuation 
methods, detailed methodological information is provided 
in the economic valuation chapter (Section 3.3).

Social media analysis
Social media is emerging as an important and useful tool 
and data source for the sociocultural valuation of ecosys-
tem services (Velasco-Muñoz et al., 2022; Hermes et al., 
2018). It uses individual data voluntarily provided on social 
media platforms to elicit values in the form of geolocated 
posts – that is, people’s preferences can be inferred based 
on where they visit – and expressed ideas through textual, 
video, or photo content about key issues or events related 
to livestock. The opportunities and limitations associated 
with social media depend on the platforms used (Tian et al., 
2021).

Social media provides spatial data, if georeferenced, 
which can be used to map multiple dimensions of ecosys-
tem services and preferences (Hermes et al., 2018; Tian 
et al., 2021). It can also assess cultural ecosystem services 
through sentiment analysis and other approaches (Retka 
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et al., 2019). Furthermore, social media offers a means 
to demonstrate revealed preferences, such as travel cost, 
which assist in valuation (Ghermandi, 2018; Tian et al., 
2021). It can be used to study the public’s perceived value 
of various ecosystem services (Tian et al., 2021).

Social media methods are useful for understanding 
ecosystem services provided by livestock agroecosystems, 
such as grasslands, particularly related to aesthetics and 
cultural ecosystem services, as well as flower presence 
and abundance, which in turn relate to various ecosystem 
services (Richter et al., 2021). These methods generally 
involve working with geotagged textual or visual data 
(e.g. images) sourced from various platforms, enabling 
geographical analysis of ecosystem service provision. For 
example, Le Clec’h et al. (2019) use image data from Flickr 
to understand cultural ecosystem services in Switzerland’s 
Canton of Solothurn grasslands. They use the number of 
images posted as an indicator of cultural importance (Le 
Clec’h et al., 2019).

Potential sampling bias exists – for instance, data are 
limited to people using social media and the subset who 
choose to post – and there can be errors in interpretation. 
Enrichment by drawing on multiple data sources and anal-
yses can help address such errors (Fox et al., 2021). Social 
media data are also limited by the content provided online, 
in print, or through various other sources, which may or 
may not aim to document ecosystem services. Additionally, 
social media data availability may be geographically une-
ven, meaning these methods may not be applicable in all 
contexts.

3.2.2.2 Narrative analysis 
Narrative methods encompass a range of social science 
techniques that collect qualitative data from participants 
to identify the core narratives around an issue of interest. 
In the field of ecosystem services, narrative analysis can be 
used to understand the meaning of livestock agroecosys-
tems and their benefits to people (e.g. Openness Project 
Method Factsheet: Narrative Assessment of Ecosystem 
Services). These methods do not force participants to value 
ecosystem services within a predefined framework but 
allow them to freely articulate their values in their own 
words and worldviews (De Oliveira and Berkes, 2014; Sat-
terfield, 2001).

Narrative analysis is usually employed to understand 
the underlying values and worldviews that shape people’s 
perception of ecosystem services without requiring them 
to use the ecosystem services concept explicitly. Therefore, 
its application can improve understanding of why certain 
ecosystem services are important to people, reveal bundled 
cultural and social values associated with ecosystem servic-
es, and highlight hidden aspects of human–agroecosystem 
relationships that do not fit neatly within the ecosystem 

services framework (Klain et al., 2014; Gould et al., 2015). 
Narrative methods can be used to analyse any ecosystem 
service, but are particularly suited to studying cultural 
ecosystem services. They are generally applied to generate 
background and contextual information on stakeholder 
perceptions of ecosystem services to inform the develop-
ment of more qualitative valuation or deliberative processes 
(see Section 3.2.2.3).

Narrative analysis employs tools from ethnograph-
ic, anthropological and social science research, such as 
in-depth and semi-structured interviews, voice and video 
recordings of events or artistic expression. In ecosystem 
services research, interviews are the most commonly used 
method to collect information about participants’ expe-
riences, views and beliefs. Sometimes interviews precede 
quantitative techniques and may generate individual infor-
mation as part of individual preference assessment or 
inform deliberative processes.

Interviews tend to be time-consuming; however, new 
technologies such as mobile phones and online meeting 
platforms have greatly reduced time demands, particularly 
by eliminating travel time required for face-to-face inter-
views. While there are no specific guidelines for develop-
ing interviews focused on narrative analysis of ecosystem 
services, Young et al. (2018) developed guidelines centred 
on conservation research that can be useful for those inter-
ested in applying interviews in the analysis of ecosystem 
services provided by livestock agroecosystems.

Participants’ responses to interviews can be analysed 
using structured semi-quantitative methodologies, with 
content analysis being among the most prominent. An 
alternative to structured interview-based narrative analysis 
is Q-methodology. Both content analysis and Q-methodol-
ogy help identify existing narratives on ecosystem services 
and determine their relative importance (e.g. Pike et al., 
2015; Hermelingmeier et al., 2017), or develop typologies 
of stakeholders according to their views on ecosystem 
services (e.g. Bredin et al., 2015; Hubatova et al., 2023), 
among other applications.

Content analysis
Content analysis is a social science research method to 
study any text (including recorded discourse) to identify pat-
terns in ideas and narratives in a replicable and systematic 
manner. It entails reading texts systematically to pinpoint 
meaningful content units, which are then labelled or coded 
and analysed to reveal patterns of occurrence or relation-
ships among codes, either quantitatively or qualitatively. 
This approach typically requires the transcription of inter-
views and is increasingly common because computer-assist-
ed coding greatly reduces the workload. Various computer 
programmes automate text coding to varying extents and 
generally offer analytic methods for the resulting codes.
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Content analysis has most often assessed stakeholder 
awareness of ecosystem services provided by livestock 
agroecosystems (Tauro et al. 2018) and their relation to 
agricultural practices (Bernués et al. 2016). Other applica-
tions include analysing narratives about ecosystem services 
in policy documents (e.g. Leduc et al. 2021; Maczka et al. 
2016) to explore how concepts and, in particular, valuation 
methodologies have been embedded in policy-making and 
regulatory reforms. Similarly, analysing news media can 
capture the broad framing of ecosystem services within a 
society or location and typically yields spatial data useful for 
sociocultural valuation studies (Duffy et al. 2020). The most 
widespread new media analysis application aims to under-
stand public perceptions and framing of ecosystem services 
(McLellan and Shackleton 2019; Weber et al. 2017; Martin 
and Doucet 2022; Lyytimäki 2014), which can inform valu-
ation studies or infer different value orientations. However, 
so far, news media analysis has not been applied to the val-
uation of ecosystem services provided by agroecosystems. 
Finally, narrative analysis may be applied to social media 
data – for example, to assess users’ experiences, preferenc-
es and values regarding different places or agroecosystems.

Q-methodology 
Q-methodology provides a structured, replicable approach 
for analysing social perspectives on ecosystem services, 
thereby enhancing the reliability and credibility of narrative 
analyses. Originally developed in psychology and subse-
quently adopted across the social sciences, Q-methodology 
has also found application in environmental studies focus-
ing on social perceptions.

This method involves the sorting of statements – 
reflecting individuals’ perspectives and attitudes towards 
ecosystem services – according to a defined protocol; the 
resulting data are then subjected to factor analysis. The 
initial identification of narratives, which are transformed 
into the statements to be evaluated, typically draws on 
stakeholder surveys (e.g. Hubatova et al., 2023), focus 
groups (e.g. Ciftcioglu, 2020) or literature reviews (Hermel-
ingmeier et al., 2017). A key strength of Q-methodology 
is its combination of quantitative and qualitative data and 
analytical techniques (Zabala et al., 2018), offering a middle 
ground between the structure of surveys and the depth of 
interviews, and combining advantages of both.

Beyond the identification of ecosystem services, 
Q-methodology has been applied to practical contexts, 
such as determining preferences for farming practices and 
their relation to ecosystem services (Berg et al., 2023), or 
disentangling value justifications and stakeholder narra-
tives in cases of conflicting views on ecosystem services 
management to inform policy design (Maniatakou et al., 
2020). Zabala et al. (2018) offer comprehensive guidelines 
for conducting a Q-study, from design through to interpre-

tation, with a focus on conservation studies that can be 
readily adapted to analyse ecosystem services in livestock 
agroecosystems.

3.2.2.3 Deliberative valuation processes
Single valuation methods are often insufficient to address 
the diverse and complex array of ecosystem services pro-
vided by livestock agroecosystems and to account for the 
needs and perspectives of all stakeholders involved – both 
in provision (e.g. land managers or livestock farmers) and 
demand (e.g. consumers of livestock products and servic-
es, locally and beyond). Deliberative valuation processes 
borrow methods from the political and social sciences and 
are founded on active stakeholder engagement, typically 
integrating knowledge systems, disciplines, diverse tools 
and data to elicit shared social values, views and opinions 
(Christie et al., 2012; Spash, 2007). These processes provide 
a platform for stakeholders to gain insight into each other’s 
worldviews and appreciate different perspectives, promot-
ing social learning, conflict resolution and the development 
of socially robust policies (Murphy et al., 2017; Huitema 
et al., 2010). Through deliberation and discourse (Kenter 
et al., 2011; Mavrommati et al., 2017), stakeholders or 
experts actively engage to reach consensual decisions, facil-
itating the transition from individual to shared social values 
(Mavrommati et al., 2021). Typically, deliberative methods 
yield group preferences that deviate consistently from those 
derived by simply aggregating individual preferences (Mur-
phy et al., 2017).

Deliberative valuation encompasses a suite of methods 
whose common feature is the engagement of stakeholders 
in open discussions to elucidate the values of ecosystem 
services. These processes are typically designed with the 
practical aim of informing decision-making related to the 
management of ecosystem services derived from livestock 
agroecosystems. Deliberative valuation employs different 
methods at distinct stages to guide the process toward its 
objectives, integrating a range of complementary valuation 
tools that often extend beyond traditional sociocultural 
approaches.

Typically, both the process design and selection of val-
uation methods are tailored to the specific objectives of 
each study. While well suited to identifying and valuing 
cultural ecosystem services, deliberative methods are equal-
ly effective for measuring stakeholder values for any other 
ecosystem service, enriching biophysical assessments and 
economic valuations (Slovák et al., 2023). Method integra-
tion can range from simple combinations of two or three 
techniques to complex multilayered processes that consider 
varying geographical scales or future scenarios. The steps 
outlined in Box 4 are particularly relevant for structuring 
deliberative assessments. A common combination of meth-
ods consists of using some kind of narrative analysis – such 
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as in-depth interviews with key stakeholders – to identify 
relevant ecosystem services, which are then used to inform 
the design of a statement-based assessment that generates 
qualitative value data (e.g. Bernués et al., 2014). More 
comprehensive deliberative processes may involve one or 
multiple focus groups, enabling iterative discussion and 
consensus-building among participants.

Focus groups are a type of group interview that specifi-
cally incorporate group interaction as an integral aspect of 
the methodology. They are mainly structured in different 
moments with one or more facilitators. It is often necessary 
to involve stakeholders more than once along the deliber-
ative process, focusing on different aspects and with the 
opportunity to elaborate on feedback from previous focus 
groups. During focus groups, participants have the oppor-
tunity to ask questions, share anecdotes and comment 
on each other’s experiences and perspectives. Interaction 
may occur in plenary or subgroups, often supported by 
graphical or computer-based tools – such as mind maps or 
other graphic aids – which serve as intermediary objects to 
integrate diverse viewpoints through graphical representa-
tions. Graphical tools are particularly helpful in facilitating 
group discussions and bringing together stakeholder per-
spectives. For example, Ryschawy et al. (2019) introduced 
“the Barn”, an integrated graphical tool that provides a 
visual representation of the ecological and socioeconomic 
aspects of livestock farming – highlighting multiple services 
and impacts across different systems. This tool showcases 
the diversity of livestock farming, fosters knowledge shar-
ing and exchange of viewpoints, and aims to explore more 
sustainable options. Dernat et al. (2023) later transformed 
the Barn into a serious game. Although the tool was devel-
oped for broader livestock systems rather than exclusively 
for ecosystem services, it can easily be used to facilitate the 
deliberative valuation of ecosystem services provided by 
livestock agroecosystems.

There are a variety of ways in which different types of 
focus groups and other forms of interaction can be com-
bined (Slovák et al., 2023). To give an example, Shipley 
et al. (2020) organized a focus group after the implemen-
tation of a Delphi survey. How methods are combined to 
advance the deliberative process often depends on the 
particular context, the available resources, the local culture 
and other contingencies, such as the possibility of bringing 
stakeholders together.

A key challenge of deliberative methods – common to 
all group-based approaches (Schaafsma et al., 2018) – lies 
in their complex organization. Securing the involvement of 
key representatives from all relevant stakeholder groups can 
be difficult. Moreover, because outcomes largely depend on 
who participates, a careful and context-sensitive selection 
of participants is essential. It is also important to acknowl-
edge and address power relations that may exist between 

the participants before, during and after the deliberative 
process. In group discussions, dominant individuals or 
stakeholder groups can bias outcomes by marginalizing 
other voices (Dietz et al., 2009). Therefore, process design 
should include strategies and tools to ensure that all partic-
ipants’ views are heard and considered (Barnaud and Van 
Paassen, 2013; Felt et al., 2016; Turnhout et al., 2020).

Furthermore, clear classification of deliberative methods 
is challenging given the diversity of techniques, variable 
reporting standards and highly context-specific designs. 
These guidelines do not aim to catalogue every method, 
but Table 5 presents six examples of widely used, relatively 
standardized approaches for ecosystem services valuation.

Deliberative multicriteria evaluation (DMCE)
Deliberative multicriteria evaluation integrates multi‐criteria 
decision analysis with stakeholder deliberation. Multicriteria 
decision analysis explicitly considers multiple criteria to sup-
port complex decision‐making. In the context of ecosystem 
services, this approach provides a framework for collective-
ly assessing and valuing multiple, sometimes competing 
objectives – enabling participants to explore and represent 
trade‐offs among ecosystem services (Mavrommati et al., 
2017; et al., 2021). In the study by Mavrommati et al. 
(2021), participants were recruited and invited to a one‐day 
workshop. During the workshop, scientists presented infor-
mation on the scientific aspects of the ecosystem services 
under consideration. Participants then individually assigned 
preferences to predefined scenarios in which ecosystem 
services were delivered in different ways. In a subsequent 
phase, participants discussed their preferences together, 
guided by a facilitator and with the opportunity to seek 
additional information. The process concluded with the 
elicitation of individual values and the calculation of shared 
group values based on these inputs.

Deliberative democratic monetary evaluation
These evaluation methods aim to elicit social preferences 
and monetary valuations through structured deliberation. 
Deliberated preferences represent an advanced iteration 
of evaluation, they build on stated‐preference techniques 
– such as contingent valuation and choice experiments – 
by embedding collective deliberation into the valuation 
process. The deliberative democratic monetary evaluation 
method (Orchard-Webb et al., 2016) provides a platform 
for participants to debate the benefits and costs of policy 
options related to ecosystem services, while also incorpo-
rating non‐instrumental concerns, including deontological 
motivations – such as social norms, rights and duties – and 
virtues like fairness and responsibility, thus accommodating 
plurality and incommensurability of values.

Often, participants deliberate in small groups to dis-
cuss policy scenarios and allocate hypothetical budgets or 
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payments across ecosystem services, guided by facilitators 
who ensure that non‐economic values are voiced and con-
sidered. This approach yields both deliberated monetary 
values and a richer understanding of the ethical and social 
dimensions underpinning stakeholder preferences.

Delphi method
The Delphi technique is an iterative consultation method 
in which a group of experts or knowledgeable participants 
contribute information or judgements to build collective 
knowledge until convergence of opinions is reached. It may 
be employed alone or combined with other approaches 
within a broader deliberative process. Typically, individuals 
are asked in an iterative process to rate various aspects 
of interest. After each round, respondents receive an 
anonymized summary of the group’s responses and the 
reasons underlying their judgements. Participants then 
revise their ratings, which may or may not change. Typically, 
respondents’ answers converge during the iterative process. 
The process repeats until a predefined stopping criterion, 
such as a set number of rounds, consensus reached or sta-
bility of responses is met. 

The Delphi method is widely used across disciplines, 
including medicine, sociology, policy analysis, ecology and 
conservation, and other environmental sciences (Mukher-
jee et al., 2015; Okoli et al., 2004). In ecosystem services 
research, it has been applied to elicit valuations in agro-
ecosystems (Rositano and Ferraro, 2014; Shipley et al., 
2020; Larsen et al., 2019). Within livestock agroecosystems 
specifically, Delphi approaches have assessed the effects 
of management practices on ecosystem service delivery in 
a variety of systems, such as mountain livestock agroeco-
systems and Mediterranean silvopastoral systems, Alpine 
permanent grasslands and semiarid rangelands (Lecegui 
et  al., 2022; RodríguezOrtega et al., 2018; Mack et al., 
2023; Azimi et al., 2020).

Participatory mapping 
Deliberative or participatory mapping is an approach that 
integrates scientific information with stakeholder input 
to produce spatially explicit maps representing ecosystem 
services (Palomo et al., 2013). This method is particularly 
useful for generating spatialized information on ecosystem 
services when objective spatial data are not fully available, 
especially for cultural ecosystem services. It can be used to 
map not only the supply of ecosystem services, but also 
their demand and associated social values. Stakeholders, 
selected to ensure diverse perspectives and based on their 
expertise and knowledge, engage in interactive work-
shops where, with appropriate support, they collectively 
produce maps by combining their knowledge, experience 
and preferences with scientific data. This process serves 
as a platform for capacity building and for incorporating 

experiential knowledge into the mapping process (Sieber, 
2006). Traditionally, the mapping of ecosystem services has 
predominantly focused on the supply side, often neglect-
ing societal demand and values. Using the deliberative 
mapping method, Palomo et al. (2013) aimed to explore 
the most significant ecosystem services associated with 
protected areas.

Participatory scenario development 
Participatory scenario planning is a means of developing 
a range of plausible future trajectories of systems through 
the engagement of diverse actors within a given system 
(Oteros-Rozas et al., 2015). Participatory scenarios are par-
ticularly useful for understanding processes of change, both 
historical and future, from the perspective of local people 
(Malinga et al., 2013). They stimulate dialogue among par-
ticipants about the nature of change in ecosystem services 
and provide insights into the multiple values that exist with-
in a system (Oteros-Rozas et al., 2015; Palomo et al., 2011). 
Participatory scenario approaches can complement other 
scenario development methods, including those based 
on modelling or other analytical techniques (Oteros-Rozas 
et al., 2015).

3.2.3 Advantages and limitations
In Table 5, the advantages and limitations of the sociocul-
tural methods are presented. These are reported by groups 
of methods (i.e. individual preference assessment, narrative 
analysis or deliberative valuation methods). In general 
terms, the advantages and limitations apply to the meth-
ods described within each category. However, there may 
be additional considerations for a few specific individual 
methodologies.

3.3 ECONOMIC VALUATION METHODS

3.3.1 Conceptualization
Economic thinking about ecosystem services and their 
appropriate valuation follows a utilitarian framework. 
Accordingly, people assign value to ecosystem services 
based on direct use values through consumptive use (for 
example, consuming food products) or non-consumptive 
use (such as recreational use or landscape aesthetics), 
indirect use values (such as goods used as intermediates in 
production), or option values, by maintaining the possibility 
of using goods in the future (see also Section 1.1 of this 
report for further detail). Finally, people may also derive 
utility from non-use values, that is, from simply appreciating 
the fact that the ecosystem service exists, even if they never 
make use of it (Alcamo, 2003).

When applying these concepts to agroecosystems, 
farmers may derive some non-use values from ecosystem 
services arising during production (Hansson and Lagerkvist, 
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2016). However, they arguably place greater weight on use 
values, particularly on marketable products, as these repre-
sent the ecosystem services that translate into farm revenue 
and, consequently, farmers’ income. Several studies have 
explored how farmers and non-farmers (such as Bernués 
et al., 2016), or local and distant citizens (such as Bernués 
et al., 2014), recognize and assign value to ecosystem ser-
vices, particularly in relation to their use and non-use values.

Moreover, many ecosystem services are considered pub-
lic goods that are non-rivalrous in consumption (such as 
landscape aesthetics) and not traded in markets. As a result, 
these services tend to be under-provided, and the socially 
optimal quantity is not achieved (see also Lankoski, 2003). 
In summary, traditional agricultural markets experience 
market failure because only a portion of ecosystem servic-
es, those with direct consumptive use, are marketed and 
generate revenue. The others are typically neglected and 
undersupplied. This situation may be addressed if non-mar-
keted ecosystem services are remunerated through, for 
example, payments for ecosystem services or agri-environ-
mental schemes (see also Antle and Stoorvogel, 2006; and 
Section 4.2 of this report).

3.3.1.1 Ecosystem services as positive externalities
The failure of markets to support the provision of ecosys-
tem services can be framed as a classical economic problem 
of positive externalities. This occurs whenever the actions of 
one economic agent (e.g. a farmer) directly affect another 

agent outside the market mechanism (e.g. society). A 
primary example in the context of livestock farming is the 
maintenance of natural or traditional landscapes through 
livestock grazing. In this case, the production efforts of the 
livestock farmer improve societal well-being, yet the farmer 
is not compensated by those who benefit. In other words, 
the societal value of grazing livestock exceeds the private 
value derived from livestock farming. As a result, the mar-
ket mechanism leads to a lower-than-optimal provision of 
grazing livestock.

Such positive externalities are illustrated in Figure 8. 
In the figure, the blue lines define the traditional market 
equilibrium (Qmarket), where the transaction of private goods 
(i.e. livestock products) occurs at a given production cost. 
However, this equilibrium does not account for the delivery 
of positive externalities, such as landscape maintenance. 
The optimal quantity of production – for example, through 
grazing livestock – would be higher.

These positive externalities are represented by the red 
line in Figure 8. The delivery of such externalities (i.e. 
landscape) would come at a higher cost of farming. Conse-
quently, a new equilibrium (Qoptimum) would be established, 
where production costs would be higher, but the price of 
the products would also increase. Since traditional markets 
fail to reach Qoptimum, there is no incentive to provide posi-
tive externalities, which results in a welfare loss for society. 
This welfare loss is represented by the triangle between 
private demand and societal value in the figure.

TABLE 5
Advantages and limitations of the different types of methods used for the sociocultural assessment of ecosystems services

METHODOLOGIES Advantages Limitations

INDIVIDUAL PREFERENCES 
ASSESSMENT

•	Relatively simple setup with a list of distinct 
options 

•	Easily understood by the participants and 
allows engagement with a large number of 
people

•	It can provide robust quantitative 
information (from a sample of people)

•	In the case of social media, it is easy to collect 
readily available data in some locations

•	Highly demanding in personnel 

•	They cannot capture underlying motivations for making 
certain decisions (sometimes, extra qualitative information 
is needed to understand the reasons behind the responses 
given)

•	Strong skills in questionnaire and survey design to avoid 
common limitations. Reliability of statements is a concern, 
as is the representativeness in the selection of respondents

•	Potential sampling bias

NARRATIVE ANALYSIS •	Does not force research participants to value 
ecosystem services within a given framework

•	It is suited for a large variety of stakeholders, 
regardless of their background and 
knowledge

•	Enables exploring bundles of ecosystem 
services

•	Highly sensitive to interview biases

•	Implementing the field work and preparing, analysing and 
interpreting the data is very time-consuming and resource 
intensive.

•	Results are contextual; extrapolation outside the case 
study is limited

DELIBERATIVE VALUATION 
PROCESSES

•	It can incorporate in the same analysis a 
diversity of ecosystem services, including 
those that are hard to measure quantitatively 
(notably, cultural ecosystem services)

•	A diverse group of stakeholders reaches a 
shared understanding of the system and 
gains insight into the worldviews and needs 
of others.

•	It can be tailored to specific contexts or 
situations.

•	It is somehow difficult to involve all the relevant 
stakeholders and bring them together in the same place 
and at the same time

•	Power relations among participants can bias the outcomes 
of the process by excluding the perspectives of less 
dominant participants.

•	Difficult to replicate, with a high risk of inconsistency 
across different methods; outcomes often depend on 
contextual factors and the skills of the facilitator.

Source: Authors’ own elaboration
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To achieve the socially optimal level of grazing livestock, 
the welfare loss would need to be compensated. This could 
be done, for example, by offering compensation payments 
to livestock farmers that incentivize them to provide a high-
er quantity of grazing services (see also Section 4.2 of this 
report for further detail).

Hence, a primary objective of economic methods is 
to demonstrate the importance of ecosystem services for 
society and human well-being. This generally implies deter-
mining the gap between the supply of ecosystem services 
(that is, those derived from market mechanisms) and the 
demand, or desired level of supply, of ecosystem services by 
individuals, groups of individuals or society at large. It also 
involves identifying the resulting loss of human welfare or 
well-being caused by the mismatch between the supply and 
demand of non-marketed ecosystem services, and deriving 
potential compensation mechanisms to incentivize their 
provision.

For illustration purposes, we introduced the concept 
using the classical example of grazing livestock and its 
contribution to human well-being, specifically through 
increased welfare resulting from the provision of aesthet-
ically pleasing landscapes. However, the concept includes 
several important nuances that must be considered. 

These include: i) determining which livestock farming 
systems contribute to human well-being through the gen-
eration of positive externalities, and identifying the specific 
externalities involved (see Part 2 of this report for further 

information). While the example focuses on landscape pro-
vision, the same concept can apply to other ecosystem ser-
vices such as pollination, habitat provision, or carbon stor-
age and sequestration; ii) determining the level of farming 
intensity that delivers the optimum amount of service. In 
livestock farming systems, both excessively high and overly 
low production intensity may degrade or undersupply the 
desired level of service. Therefore, to deliver positive exter-
nalities, incentives may need to support the maintenance 
of certain low-intensity production systems, for example, to 
prevent the abandonment or intensification of traditional 
systems, or to promote destocking to reduce production 
intensity; iii) Identifying the beneficiaries of those externali-
ties. While beneficiaries are often referred to generically as 
“society”, they may include a wide range of actors. These 
can include local or distant populations (Bernués et al., 
2016) or businesses. For instance, some farmers may create 
conditions that enhance pollinators, thereby generating 
benefits for other farmers who do not contribute to polli-
nation services and who do not compensate those who do. 
Similarly, businesses may benefit from a well-maintained 
landscape by attracting clients, such as in the tourism 
sector or the hospitality, restaurant and catering industry, 
without contributing to the upkeep of the farming systems 
and agents, such as farmers, that shape those landscapes; 
and iv) designing appropriate compensation and incentive 
mechanisms to reward the delivery of positive externalities 
(see further insights in Section 4.2 of this report).
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Source: Authors’ own elaboration.

FIGURE 8
Positive externalities from livestock farming, as defined by means of a utility function
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FIGURE 9
Potential production relationship between ecosystem services, portrayed as competitive

https://doi.org/10.1093/erae/jbs040
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3.3.1.2 Interrelationships between ecosystem services
Interrelationships among ecosystem services are discussed 
in general terms in Section 3.5.1, Assessing trade-offs 
and synergies in ecosystem services. However, this topic 
is also central to the field of economics and is therefore 
addressed here from an economic perspective. In econom-
ic science, welfare economics and production theory have 
shaped the way relationships between different ecosystem 
services are described and measured (see, for example, 
Wossink and Swinton, 2007; Smith et al., 2013; or Bekele 
et al., 2013).

The set of production possibilities refers to all combina-
tions of ecosystem service levels that can be “produced” 
(that is, provided or accommodated) within a specific 
spatially defined area or system (for example, a land-
scape), given its natural resource endowments and the 
human and technological inputs available (such as labour, 
machinery and information technology). At the boundary 
of this production set, known as the production possibil-
ities frontier (PPF), it is no longer possible to increase the 
provision of one ecosystem service without reducing the 
provision of another. This reflects a Pareto-optimal combi-
nation of ecosystem service levels.

Following this logic, economists conceptualize the 
provision of multiple services from the same ecosystem as 
a multiproduct scenario, in which trade-offs arise because 
different services compete for the same limited resources 
(for example, land). To measure such trade-offs empirical-
ly, economic approaches have explored the relationships 
between marketed and non-marketed ecosystem servic-
es. For instance, Sauer and Wossink (2013) distinguish 
between competitive, complementary and supplementary 
relationships in the joint production of marketed and 
non-marketed ecosystem services. As these relationships 
change, the marginal costs of providing the combined set 
of ecosystem services also change.

However, it is important to note that the concepts of 
jointness in production (in functional terms) and of com-
plementarity, competitiveness or supplementarity (in terms 
of the production possibility set) are not mutually exclu-
sive. For example, the provision of a specific service, such 
as landscape maintenance, may follow one type of prod-
uct–product relationship, while each farm may still provide 
a bundle of services that cannot be produced separately.

In the context of livestock farming, significant bio-
physical trade-offs may occur. For example, there may be 
trade-offs between regenerative forms of farming that 
generate marketed outputs, or between carbon seques-
tration as a marketed service on the one hand, and the 
non-marketed service of landscape maintenance through 
grazing on the other. The economic implications of such 
biophysical trade-offs can be analysed and evaluated at 
the plot, farm or more aggregated level.

Figure 9 illustrates these relationships, including poten-
tial trade-offs and synergies between marketed and 
non-marketed ecosystem services in livestock farming. In 
panel (a), a marginal increase in landscape maintenance 
beyond level L1 enhances output from regenerative farm-
ing. In panel (b), the reallocation of agricultural inputs to 
marginally increase landscape maintenance through graz-
ing beyond L1 has a direct negative effect on regenerative 
farming output, but a compensating positive indirect effect 
through the enhancement of regulating ecosystem services. 
Panel (c) presents the case where reallocation of productive 
inputs is not feasible without a net loss in marketed output 
from regenerative farming.

These cases of production relationships between eco-
system services can be empirically identified for a sample 
of livestock farmers by quantifying the opportunity costs 
of marginal changes in ecosystem service provision. Both 
farmers and policymakers are likely to be most interested 
in cases (b) and (c), where marginal increases in ecosys-
tem service provision through livestock production occur 
without opportunity costs. In other words, the increased 
provision of non-marketed ecosystem services (for exam-
ple, from level L1 to L2) is achieved without reducing the 
supply of marketed goods, and therefore, no monetary 
loss occurs.

This type of evidence can also be used to evaluate 
the cost-effectiveness of existing agri-environmental or 
other green payment schemes. A marginal increase in the 
provision of ecosystem services through livestock grazing 
is costly for the individual farmer if they are under-com-
pensated for the income foregone from regenerative 
livestock farming. In contrast, livestock producers who are 
over-compensated may, at the margin, be able to provide 
more ecosystem services through grazing without incur-
ring additional costs.

Based on this empirical classification of livestock farms, 
further investigation into the farm and production char-
acteristics of each group can provide valuable insights to 
enhance the cost-effectiveness and economic efficiency 
of payment schemes. This may include offering regionally 
differentiated payment rates or tailored scheme options.

It is worth noting that the examples provided here 
(in relation to Figure 9) are simplified for illustrative pur-
poses. For instance, the figure refers broadly to “grazing 
livestock” without identifying all the individual ecosystem 
service indicators associated with grazing. These relation-
ships may vary depending on which ecosystem services are 
considered, whether individually or as part of a bundle. To 
better harness these interrelationships for financial incen-
tives or improved management practices, it is important to 
integrate as many relevant ecosystem services as possible 
into the analysis.
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3.3.2 Valuation methods
Ecosystem service valuation refers to the process of 
assigning appropriate monetary values to place ecosys-
tem services of different natures and forms on a common 
scale. Depending on the extent to which use and non-
use values are associated with an ecosystem service, suit-
able valuation methods must be selected. These methods 
vary in their underlying assumptions, data requirements 
and the reliability of the estimates produced (see also 
Alcamo, 2003).

Valuation methods that rely on observed market prices 
are suitable for ecosystem services associated with use val-
ues. These approaches are often referred to as “revealed 
preference” methods because valuation is derived from 
directly or indirectly observing how market participants 
value ecosystem services, either through real or surrogate 
markets. For example, prices for consumer goods are 
usually directly observable in existing markets. When the 
ecosystem service in question is the marketed good itself, 
its value is determined by its market price.

If an ecosystem service is only one component of a 
marketed product’s total value, hedonic pricing models can 
be used to decompose the product’s price into the values 
of individual attributes, including environmental charac-
teristics. For ecosystem services that serve as inputs in the 
production of marketable goods, the production function 
approach can be applied. This method estimates the 
change in productivity resulting from the loss of the service 
as an input (Barbier, 2007).

Cost-based approaches estimate the expenses required 
to replace the ecosystem service using alternative technol-
ogies. For instance, these may include the cost of water 
treatment plants in areas where ecosystems no longer pro-
vide groundwater of sufficient quality, or the cost of flood 
protection infrastructure in the absence of natural barriers 
such as mangrove forests. Manual pollination (labour) in 
the absence of natural pollinators is another example (Bar-
bier, 2007). The travel cost approach estimates the value of 
ecosystem services based on the expenditures individuals 
are willing to incur to enjoy them, such as visiting national 
parks for recreation.

Contingent valuation methods are used for valuing 
ecosystem services that reflect non-use values. Since con-
ventional or surrogate markets do not exist for these 
services, hypothetical markets are created to assess the 
preferences of potential beneficiaries. One such method is 
the choice experiment, in which respondents are present-
ed with a selection of hypothetical products that differ in 
their attributes. By analysing respondents’ choices using 
regression-based techniques, it is possible to estimate their 
willingness to pay for specific attributes, including those 
related to ecosystem services.

3.3.2.1 Market price-based valuation
Market price-based valuation can be used for ecosystem ser-
vices for which actual markets exist. These services are typi-
cally associated with direct use values and, more specifically, 
represent provisioning services. Examples include agricultur-
al products that are traded on markets, or entrance fees to 
national parks that reflect their recreational value. According 
to market theory, well-functioning markets arrive at prices 
that reflect both marginal production costs and consumers’ 
willingness to pay. This approach, therefore, makes use 
of the directly observable behaviour of buyers and sellers 
(Alcamo, 2003). The main limitation of this approach is that 
it cannot be applied to many ecosystem services that are not 
privately owned and for which no markets exist. In addition 
to the complete absence of markets, distortions such as 
subsidies, taxes or other imperfections may lead to mispric-
ing. In such cases, adjustments to the estimated ecosystem 
service values may be required (Atkinson et al., 2014).

3.3.2.2 Production function method
The production function method evaluates the value of an 
ecosystem service based on its role as a production input. 
This approach is particularly applicable to services that 
contribute positively to production without being directly 
purchased on input markets. Such services typically have 
indirect use values, for example, regulating services. In this 
sense, the production function method is a market-based 
approach, as it assesses the contribution of the ecosystem 
service to the production of a marketed good. The value of 
the ecosystem service is derived from the market value of 
that good. The service can be assessed by incorporating it 
into a production function estimation, examining its role in 
enhancing output – by increasing the productivity of other 
inputs – and valuing the resulting increase in output using 
prevailing market prices (Barbier, 2007). Conceptually, the 
value of the ecosystem service is reflected in higher produc-
tivity, which leads to lower average production costs. These 
cost savings are then passed on as increased surplus for 
either producers or consumers (Pascual et al., 2010). One of 
the main drawbacks of this approach is its demanding data 
requirements. Sufficient data must be available to capture 
production outcomes under varying levels of ecosystem 
service provision to estimate its marginal contribution accu-
rately.

3.3.2.3 Cost-based method
The cost-based method is another form of market-based 
valuation that uses market values to indirectly estimate the 
value of an ecosystem service. Specifically, it is examined 
what costs would be incurred if the ecosystem ceased to 
provide the service in question. The value of the ecosystem 
service can then be expressed as the direct costs resulting 
from the loss of the service, the costs required to replace 
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the service through artificial means, or the costs necessary 
to restore the ecosystem’s functionality after it has been 
impaired (Pascual et al., 2010). Common examples include 
ecosystems that purify water for human consumption, 
compared with the cost of artificial water treatment if that 
natural service were no longer available (Alcamo, 2003). 
A central criticism of this method concerns its underlying 
assumption that costs are equal to benefits. This assump-
tion may not be valid in all contexts, leading to potentially 
misleading valuations. As a result, researchers have recom-
mended using this approach with caution (Barbier, 2007).

3.3.2.4 Hedonic pricing
The hedonic pricing method is primarily used to assess the 
value of ecosystem services that directly influence market 
prices. A common example is housing prices, which often 
reflect the value assigned to local environmental attributes. 
The method is based on the assumption that the price 
of a marketable good correlates with its characteristics, 
allowing the estimation of how much people are willing to 
pay as those characteristics vary. Implementing the method 
requires cross-sectional or time-series data on both the 
marketable good and the associated ecosystem service. 
Using regression analysis, it is then possible to estimate the 
extent to which changes in the ecosystem service influence 
the price of the good. Most applications of this method use 
residential housing prices to estimate the value of environ-
mental amenities. In the agricultural sector, hedonic pricing 
is used to estimate how land prices change in relation to 
their production potential, reflecting environmental and 
agronomic factors that affect land productivity.

3.3.2.5 Travel cost method
The travel cost method is used to capture the use values 
people attribute to specific sites that provide recreational 
services, such as public parks or natural areas. The method 
is based on the assumption that the time and travel expens-
es people incur to visit a site reflect the recreational value 
they assign to it. Both secondary data on site visits and 
survey data from visitors can be used to derive a demand 
curve for the site. The quantity of the environmental good 
demanded is typically a function of variables such as price, 
visitors’ income and socioeconomic characteristics. The 
price that respondents are willing to pay is usually calculat-
ed as the sum of the site’s entry fee, the cost of travel and 
the opportunity cost of time spent reaching the location. 
The consumer surplus associated with the demand curve 
provides an estimate of the value of the ecosystem service 
offered by the recreational site under investigation.

3.3.2.6 Contingent valuation
The contingent valuation method is a stated preference 
approach used to estimate economic values for various eco-

system and environmental services, encompassing both use 
and non-use values. The method involves directly eliciting 
individuals’ willingness to pay or willingness to accept com-
pensation for an increase or decrease in some non-marketed 
good or service. In a typical contingent valuation survey, 
respondents are presented with a scenario describing a spe-
cific ecosystem good or service, and they are asked about 
their willingness to pay or accept to achieve the conditions 
described. The method’s reliance on stated preferences, rath-
er than revealed behaviour, has drawn some criticism due 
to its dependence on respondents’ subjective opinions and 
their ability to accurately assess the hypothetical scenarios 
presented to them (often referred to as hypothetical bias).

3.3.2.7 Choice experiments
A choice experiment is a survey approach designed to elicit 
individual preferences within hypothetical markets. Respond-
ents are presented with different bundles of goods, each 
described by its attributes or characteristics and the corre-
sponding levels. One of these attributes typically includes 
either the price paid (to assess willingness to pay) or the 
payment received (to assess willingness to accept). In the 
context of environmental valuation, respondents are asked 
to choose among different options representing environ-
mental services and goods. Grounded in the assumption 
that individuals will select the alternative offering the highest 
utility, the method enables the estimation of economic values 
for each characteristic of the goods, including those related 
to the ecosystem services under analysis. This experimental 
approach facilitates the identification of trade-offs that indi-
viduals make between different attributes and alternatives.

3.3.2.8 Meta-analysis
Meta-analysis is an established method for quantitatively 
analysing a large body of existing information to provide 
clear guidance and insights for decision-making and pol-
icy formulation. In the case of environmental valuation, a 
meta-analysis allows for a systematic review and aggre-
gation of economic values for multiple ecosystem goods 
and services from a range of studies applying different 
valuation techniques. The construction of an econometric 
model enables the investigation of the effect of different 
context-specific independent variables on the economic 
value of ecosystem services. By analysing and combining 
data from multiple studies, a meta-analysis provides a more 
comprehensive and generalizable understanding of the 
economic values associated with environmental resources 
and ecosystem services.

3.3.2.9 Value transfer
Evaluating a policy or management change in terms of its 
impact on the aggregate value of ecosystem services pre-
sents the challenge of valuing multiple ecosystem services 
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in a specific context. While not a stand-alone method, value 
(or benefit) transfer addresses this challenge by applying 
results from past studies to the context being researched. 
For example, the recreational value estimated for a nation-
al park (the “policy site”) may be transferred to a similar 
national park under study (the “study site”). Although it 
may seem like a makeshift solution, value transfer can be 
cost-efficient and sometimes the only feasible option for 
many research projects, especially when a comprehensive 
assessment of multiple ecosystem services is required. 
There is a growing consensus that value transfers are valid 
if adjustments are carefully made between the original data 
source and the target context (Alcamo, 2003; Pascual et 
al., 2010). Nonetheless, possible valuation errors may arise 
from differences between study contexts and insufficient 
adjustments. Sources of error include variable returns to 
scale when ecosystems of different sizes are compared, 
spatial decay when the distance between ecosystem servic-
es and beneficiaries varies, or differing income levels when 
socioeconomic contexts diverge (Pascual et al., 2010).

3.3.2.10 Transformation function method
Finally, the transformation function method aims to evalu-
ate product relationships, that is, trade-offs and synergies, 
between ecosystem services – both marketed and non-mar-
keted. This method is similar to the production function 
method described above, as it evaluates the value of an 
ecosystem service in terms of its role as a production input, 
compensation payment received or marketed output. A 
transformation function represents the output that can be 
produced from a given input base under existing condi-
tions, which also defines the feasible production set (see 
Sauer and Wossink, 2013, or Felthoven and Morrison-Paul, 
2004). As such, this method is a market-based or poli-
cy-based approach and is data-intensive.

3.3.3 Advantages and limitations of economic 
valuation methods
As described above, various valuation methods exist and 
have been applied in numerous studies to estimate mone-
tary values of different ecosystem services. These methods 

TABLE 6
Skills required (X) or recommended (O) for implementing each method

Direct market methodsa Indirect market methodsa Non-market methodsa

MP PF CB HP TC CV CE

Provisioning services

Food X X Xb Xb

Freshwater X X Xb Xb

Wood and fibre X X Xb Xb

Fuel X X Xb Xb

Regulating services

Climate regulation X Xb Xb

Flood regulation X X Xb Xb

Disease regulation X X Xb Xb

Water purification X X X Xb Xb

Cultural services

Aesthetics X Xc Xc

Recreation X X Xc Xc

Education Xc Xc

Spiritual Xc Xc

Supporting services

Nutrient cycling X X X

Soil formation X X X

Primary production X X X

a	 MP = market price method; PF = production function method; CB = cost-based methods; HP = hedonic pricing method; TC = travel 
cost method; CV = contingent valuation method; CE = choice experiment method;

b	 Although markets exist for most provisioning and regulating services, valuation of hypothetical changes and changes that have not 
yet taken place can only be done through non-market valuation methods;

c	 For most cultural services markets do not exist, implying that the valuation of both current and hypothetical situations and changes 
can only be done through non-market valuation methods.

Source: Adapted from Koetse, M.J., Brouwer, R. & Van Beukering, P.J.H. 2015. Economic valuation methods for ecosystem services. In 
J.A. Bouma & P.J.H. Van Beukering, eds. Ecosystem services, 1st ed., pp. 108–131. Cambridge University Press. https://doi.org/10.1017/
CBO9781107477612.009

https://doi.org/10.1017/CBO9781107477612.009
https://doi.org/10.1017/CBO9781107477612.009
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TABLE 7
Advantages and limitations of the different types of methods used for the economic assessment of ecosystem services

Advantages Limitations

Market price method •	Easy to apply as it makes use of generally 
available information on prices, quantities 
and costs

•	Simple modelling and few assumptions

•	Uses data on actual consumer preferences, 
in contrast to non-market methods that use 
data on stated consumer preferences

•	Many environmental services are not traded directly on markets

•	If markets for environmental services do exist but are highly 
distorted, the available price information will not reflect true 
social and economic values

•	Cannot be easily used to measure the value of larger-scale 
changes that are likely to affect the supply and demand for a 
good or service

Production function method •	In theory, well suited to value ecosystem 
services since it is based on the notion that 
ecosystem services and economic benefits 
are strongly linked

•	Technically difficult to apply in practice

•	Substantial data requirements

•	Market value of other inputs in the production process needs 
to be considered

•	Limited to valuing those ecosystem services that can be used 
as inputs in production of marketed goods

Cost-based methods •	Relatively simple and inexpensive to apply 
(do not require the use of detailed surveys 
or complex analysis)

•	Provide surrogate measures of value that are 
as consistent as possible with the economic 
concept of use values, for services that may 
be difficult to value by other means 

•	Integrate well with the types of economic 
analysis commonly used in practice

•	Do not produce a strictly correct measure of economic value

•	Measures produced are not based on people’s preferences 
for the ecosystem service, but on the assumption that if 
people pay to replace a lost ecosystem service or avoid 
damages, then that service must be worth at least the cost of 
replacement or damages avoided

•	Since the reduction measures will in most cases only reduce 
part of the negative spillovers experienced, the estimates 
produced by these methods likely understate the true values

•	Often difficult to find exact replacements for ecosystem 
services that provide an identical level of benefits

•	Subject to circularity: if a service is assumed to be 
unimportant and little or no replacement or avoidance costs 
are incurred, its estimated value will be low

•	Tend to yield inconsistent value estimates, as higher levels 
of ecosystem quantity or quality often entail increasing 
marginal costs for further improvements

Hedonic pricing method •	Estimation is based on data from an implicit 
but real market

•	Relatively inexpensive to apply if data is 
already available

•	Estimates reflect willingness to pay for a non-marketed 
commodity specific to the site under investigation only

•	Possible omitted variable bias, especially in hedonic house 
price functions where it may be difficult to control for all 
factors influencing property prices

•	Multicollinearity – when independent variables in a valuation 
model are highly correlated, making it difficult to isolate the 
effect of each variable on the estimated value

•	Market segmentation – different population groups may 
assign different values to the same ecosystem service 
attributes, leading to varying coefficients and valuation 
outcomes across segments (e.g. based on income, 
preferences, or sociodemographic characteristics)

•	Difficult to apply for valuing ecosystem services in poorly 
documented areas due to large data requirements 

•	Results depend heavily on model specification 

Travel cost method •	Applies standard economic techniques for 
measuring value

•	Uses information on revealed rather than 
stated behaviour and preference

•	Based on the simple and well-founded 
assumption that travel costs reflect 
recreational value

•	In order to be effective and reliable, it requires a relatively 
large data set and a large amount of information for each 
respondent, making it expensive and time-consuming

•	Complex statistical analysis and modelling are required to 
derive the required recreation values

•	Defining and measuring the opportunity cost of time, or the 
value of time spent travelling, is problematic

•	Simplest models assume that individuals take a trip for a 
single purpose

•	Availability of substitute sites will affect values

•	People who highly value certain sites may choose to live 
nearby, implying lower travel costs despite high appreciation

Contingent valuation 
method

•	Does not rely on actual markets or observed 
behaviour, i.e. can be applied to any 
situation and any ecosystem good or service

•	Can estimate both use and non-use values

•	Responses to willingness to pay questions are hypothetical 
and may not reflect true behaviour

•	Hypothetical scenarios described in contingent valuation 
questionnaires might be misunderstood or found to be 
unconvincing to respondents, leading to biased responses

•	Requires complex data collection and sophisticated statistical 
analysis and modelling

•	Large-scale surveys that are necessary for contingent 
valuation can be expensive to conduct

(Cont.)
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–  summarized in Table 6, which presents an overview of 
ecosystem services and the commonly used methods to 
value them – show how ecosystem services influence soci-
etal welfare either directly (e.g. as consumer goods) or indi-
rectly (e.g. as intermediate goods). An important distinc-
tion exists between market-based and non-market-based 
methods. While market-based valuation methods rely on 
actual market behaviour and transactions to derive values 
for ecosystem services, indirect market valuation methods 
(revealed preference methods) are based on the real behav-
iour of decision makers and examine how non-marketed 
goods influence markets for other goods. Stated preference 
techniques, by contrast, are applied when market prices are 
unavailable, when revealed preference methods cannot be 
used, and when changes in ecosystem services are hypo-
thetical (Koetse et al., 2015).

Two additional methods, meta-analysis and value trans-
fer, do not fit neatly into the categories above. In a narrow 
sense, these do not represent valuation methods them-
selves but rather tools for synthesizing or applying existing 
valuation data.

In the remainder of this section, we do not discuss each 
valuation method in detail. Instead, we present the general 
advantages and disadvantages of the methods most often 
used for ecosystem services valuation. This discussion is not 
intended to be exhaustive; readers interested in the under-
lying theory and practical application of these methods 
may consult Bateman et al. (2003), Kanninen (2007), or 
Freeman III (2014).

The advantages and limitations of the various valuation 
methods outlined above are summarised in greater detail 
in Table 7, followed by guidance on when to apply each 
method.

When choosing a valuation method, the first question 
to ask is which kind of ecosystem services are to be valued 
(see Table 6). If one is interested in provisioning services 
only, direct market methods can be applied. When potential 
future changes in the quantity or quality of these services 
are to be studied, non-market methods are probably more 
appropriate. A similar picture appears for most regulating 
services, which can generally be valued through direct or 
indirect market methods. For cultural services, markets 

Advantages Limitations

Choice experiment method •	Efficient means of collecting information

•	Economic values are not elicited directly but 
are inferred by the trade-offs respondents 
make between monetary and non-monetary 
attributes (bias less likely)

•	Research is not limited by pre-existing 
market conditions

•	Useful to use as a policy tool for exploring 
proposed or hypothetical futures or options

•	Allow individuals to evaluate non-market 
benefits described in an intuitive and 
meaningful way

•	Choices made are hypothetical and may not reflect true 
preferences or behaviour

•	Requires complex data collection, sophisticated statistical 
analysis and choice modelling

•	Large-scale surveys that are necessary can be expensive

Meta-analysis •	Pooling the estimates from various studies 
may provide a preferable estimate of value

•	Meta-analysis generally provides greater 
possibilities for generalization than a single 
case study does

•	Development of Geographical Information 
Systems allows for gathering spatially 
specific case study data

•	Time-consuming

•	Research is dependent on the availability of empirical 
evidence

•	Excludes case study-specific features

Value transfer •	Quick and affordable alternative to original 
valuation research

•	Relatively little published evidence exists about its validity 
and reliability

•	Value predicted by a value transfer exercise, which can 
largely overstate or understate the true value

•	Conditions must be met if it is to provide reliable results, 
especially since local circumstances and conditions in the 
new decision-making context are closely related to those 
prevailing in the original research

Transformation Function 
Method

•	Conceptually well developed

•	Assumes strong links between ecosystem 
services and economic benefits

•	Technically difficult to apply in practice

•	Substantial data requirements at the farm level

•	Market value of other inputs in the production process needs 
to be considered

•	Limited to valuing those ecosystem services whose value can 
be proxied by market prices or or policy-based payments for 
ecosystem services

Source: Adapted from Koetse, M.J., Brouwer, R. & Van Beukering, P.J.H. 2015. Economic valuation methods for ecosystem services. In J.A. Bouma & 
P.J.H. Van Beukering, eds. Ecosystem services, 1st ed., pp. 108–131. Cambridge University Press. https://doi.org/10.1017/CBO9781107477612.009

TABLE 7 (cont.)

Advantages and limitations of the different types of methods used for the economic assessment of ecosystem services
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BOX 5

Definitions of a few common modelling terms 
used in this section

Several common ecosystem service models are described 

below. These models vary in their complexity and data 

requirements. Multiple descriptors may be used to 

describe a single model.

Conceptual

Conceptual models are simplified, theoretical represen-

tations of socioecological systems that illustrate major 

elements and the interactions between them. They are 

usually qualitative depictions of the complex interactions 

between livestock and components of the atmosphere, 

hydrosphere and biosphere, and they can also include 

dynamics between natural and human systems. Concep-

tual models assist with the visualization and communica-

tion of the multifaceted relationships between livestock, 

direct and indirect drivers of change, ecosystem func-

tioning and biodiversity, and nature’s benefits to people. 

They are complementary to quantitative models, as model 

development begins with conceptual models.

Example: The Barn (Duru et al., 2018).

Empirical

Unlike conceptual models, empirical models, rely on 

observational and experimental data to identify rela-

tionships between an ecosystem service and other vari-

ables. While useful for predicting outcomes based on 

observations or experimentation, these models do not 

necessarily provide mechanistic understanding of eco-

system processes. Statistical models are likely the type 

of empirical model that biophysical scientists are most 

familiar with, as regression models are often used to 

analyse experimental data.

Example: Regression models (Nyberg et al., 2020).

Mechanistic

Mechanistic models differ from empirical models in that 

instead of modelling simple input–output relationships, 

they explicitly account for the processes that transform 

inputs into outputs. For example, an empirical model 

could relate soil carbon accumulation to a single factor 

assigned to a management practice based on observa-

tional data. A mechanistic model would instead simulate 

the biogeochemical interactions between plant, soil and 

microbes in order to estimate soil carbon accrual.

Example: MEMS (Robertson et al., 2019).

Static

Models differ in the ways that they account for time. Stat-

ic models consider inputs and outputs from a single point 

in time, without regard for how things change over time.

Dynamic

In contrast to static models, dynamic models include some 

representation of time. These models are commonly com-

posed of differential equations and simulate changes in 

the relationships between variables over time.

Deterministic

Deterministic models do not account for randomness. As 

such, they will return the same output for a single set of 

inputs.

Stochastic

Stochastic models account for randomness by assigning 

probability distributions to one or more variables in the 

model. Statistical models with error terms would be an 

example of a stochastic model. Monte Carlo simulations 

can be used to introduce stochasticity into static models. 

As model inputs vary randomly according to pre-assigned 

probability distributions, each run of a stochastic model 

will generally return a different result.

Process-based

These models are mechanistic and explicitly account for 

each step in a biological, physical or chemical process that 

governs ecosystem behaviour. Process-based models can 

also capture time-dependent interactions and feedback 

loops between livestock activities, ecological processes and 

the provisioning of ecosystem services. These models are 

often used to explore how ecosystems respond to different 

scenarios or perturbations. They can be useful for exploring 

how changes in one ecosystem component impact others.

Example: LPJ-GUESS (Willcock et al., 2019).

Spatially explicit

Models of this type incorporate spatial information, 

allowing users to explore how ecosystem dynamics vary 

across different geographic areas. Spatially explicit mod-

els integrate geographical and ecological data to cap-

ture the spatial patterns and interactions involved in 

ecosystem services related to livestock. These models are 

valuable for assessing the localized and landscape-level 

impacts of livestock activities and for guiding spatially 

informed management decisions.

Example: InVEST (Crossman et al., 2013).
(Cont.)
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typically do not exist, which is why direct market methods 
are not applicable. Hedonic pricing can, and often is, used 
to assign value to recreation and aesthetic services, while 
travel cost methods are generally used for recreation ser-
vices only. In general, non-market methods are applied for 
valuing cultural services. Supporting services are typically 
valued through direct market methods, although the possi-
bilities may vary strongly depending on the specific service 
(Koetse et al., 2015).

Besides considering the type of ecosystem service to be 
valued, some general points need to be considered – name-
ly, the type of economic value to be estimated, the purpose 
of the valuation, data and information availability and the 
required accuracy of the results. Finally, potential trade-
offs and synergies between marketed and non-marketed 
ecosystem services can be addressed by the transformation 
function method, if data availability permits.

3.4 MODELLING VALUATION METHODS

3.4.1 Conceptualization 
Models are powerful tools for answering questions about 
the past, better understanding the present and exploring 
potential futures regarding ecosystem services provided 
by agroecosystems. As simplified representations of bio-
logical and social systems, models not only represent our 
understanding of ecological processes and their interac-
tions but also reflect different and sometimes competing 
theoretical perspectives. Ecosystem services models couple 
socioeconomic systems, particularly actions or interventions 

of individuals or governments, to ecological processes 
whereby ecosystem services or disservices emerge from 
the interactions and feedback between these systems. 
Models also fulfil an important role in ecosystem service 
evaluation because they enable the assessment of services 
that are difficult to measure directly, such as pollination or 
erosion, using indicators that combine earth observation 
or other big data products with conceptual understanding 
(Ramirez-Reyes et al., 2019).

For decision-makers, models are useful for quantifying 
outcomes of previous policies and exploring hypothetical 
what-ifs using scenarios (see further information on scenar-
io analysis in Section 3.5.3). Ecosystem service models ena-
ble users to model the impacts of livestock management on 
ecosystem services and other global change drivers, as well 
as to translate policy questions into scientifically informed 
actions that can support progress towards food system 
transformation. While ecosystem services models generally 
only provide a snapshot in time about the status of eco-
system services, growing data availability and computing 
capacity will enable dynamic, real-time assessment and 
the feedback between policies, management and agroeco-
systems (Ramirez-Reyes et al., 2019). A brief discussion of 
model descriptors is presented in Box 5. 

This chapter does not aim to provide an exhaustive 
overview of how to select appropriate models for specific 
decision-making contexts. Rather, it reviews modelling 
approaches and common ecosystem service models applied 
to livestock in agroecosystems. The focus is further nar-
rowed to modelling approaches and models capable of 

Hybrid

Hybrid or coupled models are usually novel modelling 

frameworks that incorporate two or more models in an 

ecosystem services assessment. They are particularly use-

ful when assessing multiple systems in a landscape, e.g. 

cropland and rangeland, natural and social. There are 

often existing models available to assess dynamics within 

one of these systems, but not both. The outputs of one 

model are generally used to initialize another. Coupling 

models with different capabilities can allow users to 

bypass the need to develop an entirely new model.

Example: Alternative crop–livestock management in 

South Africa (APSIM + aDGVM2; Pfeiffer et al., 2022).

Grey box

Process-based and spatially explicit ecosystem service mod-

els described above are “white box” models developed 

with theoretical knowledge and mathematical equations. 

Grey box models combine prior knowledge with data-driv-

en approaches like artificial intelligence. This is different 

from machine learning methods (below), as the structure 

of the grey box model is partly based on expert knowl-

edge, allowing for some interpretation into mechanisms.

Example: Ag-EcoSOpt Tool (Nguyen et al., 2019).

Data-driven

Data-driven models are useful when there is limited 

mechanistic understanding of a system or systems. They 

can also be applied in situations where there are large 

volumes of data with high dimensionality. These models 

are developed with machine learning approaches, which 

can be supervised (e.g. regression trees) or unsupervised 

(e.g. neural networks). Machine learning models are 

often considered to be “black box” because they do not 

incorporate causal relationships or theoretical under-

standing (Scowen et al., 2021).

Example: Random forest for carbon–diversity hotspots 

in Brazil (de Oliveira Silveira et al., 2019).

Source: Authors' own elaboration.

(Cont.)
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evaluating the relationships between livestock manage-
ment decision-making (i.e. indirect drivers), ecosystem 
changes (i.e. direct drivers), ecosystem function and the 
delivery of ecosystem services to society.

3.4.2 Methods
Quantitative ecosystem services models are numerical or 
statistical representations of relationships between living 
organisms (plants, animals and microorganisms) and their 
physical environment (air, water and soil), and how they 
respond to various environmental changes (direct drivers) 
and human decision-making (indirect drivers) within agro-
ecosystems. Ecosystem service models are used to under-
stand and predict the behaviour, interactions and dynamics 
of the system of interest.

Models vary in their approach to representing these 
relationships. For example, some models are conceptual and 
designed to help organize mental models (e.g. telecoupling), 
whereas others are biophysical and designed to calculate 
mass and energy flows through ecosystems (e.g. material 
flow analysis [MFA]). Some are product-centric (e.g. life 
cycle assessment), while others are natural resource-centric 
(e.g. ecological footprint [EF]). These models are developed 
according to several methods, described in this section. Some 
methods, such as EMA, LCA, EF and MFA, among others, can 
be combined in a multicriteria analysis since all of them share 
most of the same database and their indicators can broaden 
the scope of the analysis by providing a better understanding 
of the system behaviour (Patterson et al., 2017; Yu et al., 
2019). Examples of models developed using each of the 
methods discussed in this section can be found in Annex 3.

3.4.2.1 Emergy assessment
Emergy assessment is a biocentric method based on ther-
modynamics (Odum, 1983, 1996). Emergy is the available 
energy (exergy) of a single class (e.g. solar energy) that is 
used directly and indirectly in a process to obtain a product 
or service, or to sustain a determined flow (Odum, 1983, 
1996). It accounts for the total amount of energy provided 
by nature and society to create or sustain a product, service 
or flow through its full life cycle. As EMA is based on the 
laws of thermodynamics, ecosystem services are measured 
in terms of energy output (Zhang et al., 2024; Wang et al., 
2020; Brown and Ulgiati, 2016; Coscieme et al., 2014; 
Rugani and Bennetto, 2012).

This method assumes that an entity’s value is deter-
mined according to what was invested to obtain it (“value 
from the giving side”, or donor value), whereas exergetic 
analysis and economic evaluations maintain that a product, 
service or flow’s worth is its utility (“receiver value”). Thus, 
emergy has been proposed as a measure of environmental 
support for a multitude of processes in the biosphere and 
for economies (Ulgiati et al., 2010). It has been applied to 

the evaluation of ecosystem services in several contexts 
(Zhang et al., 2024; Nadalini et al., 2021; Wang et al., 
2019; Franzese et al., 2017; Rótolo et al., 2015; Zhao and 
Wu, 2015; Campbell and Brown, 2012). An example of 
its application to livestock systems can be found in Rótolo 
et al. (2007), which used EMA to assess the environmental 
impacts of livestock grazing in the Argentine pampas.

Several indicators can be obtained from EMA, including 
the Emergy Yield Ratio (EYR) – also referred to as the emergy 
appropriation ratio – which indicates the ability of the ana-
lysed system to use and make available local natural resourc-
es (renewable and slowly renewable, such as soil) through 
human intervention. Another indicator is the Emergy Load-
ing Ratio (ELR), which reflects the pressure of the system 
on natural resources and may be considered a measure of 
ecosystem stress. EMA is among the most commonly used 
methods in natural capital assessments (Pulselli et al., 2011).

3.4.2.2 Material flow analysis
Whereas EMA is used to evaluate energy flow, materi-
al flow analysis tracks the flow of materials diverted or 
extracted from their natural ecosystem and used in the 
production of a good, from extraction through recycling 
and disposal (Bringezu and Moriguchi, 2018). MFA, often 
referred to as an “ecological rucksack” (Lettenmeier et al., 
2009), evaluates the environmental disturbance induced 
by the withdrawal or use of a material in the ecosystem 
(Ulgiati et al., 2006; Schmidt-Bleek, 1993). Indicators used 
in MFA include direct material inputs, domestic material 
consumption and others (Cárdenas-Mamani et al., 2022; 
Kovanda, 2021; EUROSTAT, 2018).

As an example, MFA has been applied as a tool to 
support policy decision-making in the field of resource 
and environmental management in Vienna and the Swiss 
lowlands, for early recognition and priority setting, and to 
analyse and improve sustainability (Hendriks et al., 2000).

3.4.2.3 Ecological footprint
The ecological footprint is a biophysical accounting approach 
for provisioning and regulating ecosystem services. It is a 
tool for measuring and visualizing the land and water area 
required to support the flow of matter and energy from 
nature to economies and vice versa (Rees and Wacker-
nagel, 2023; Wackernagel and Rees, 1996). EF tracks the 
use of productive surface areas such as cropland, grazing 
land, fishing grounds, built-up land, forest area and carbon 
demand on land. The unit of measurement is the global 
hectare (gha). By relating “biocapacity” – the productivity 
of an ecosystem defined by area (Mancini et al., 2018) – 
to consumption patterns, EF estimates whether a society 
is operating within the carrying capacity of an ecosystem. 
When the ecological footprint exceeds the carrying capacity, 
resource use is considered unsustainable (Zhao et al., 2005).
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For example, in 2022, the global ecological footprint 
was 2.6 gha per person, while available biocapacity was 
only 1.5 gha per person – indicating a 70 percent over-
shoot of Earth’s regenerative capacity at the time (Rees and 
Wackernagel, 2023). Ecological footprints can be reported 
at scales ranging from country to field level. They can also 
be calculated from both consumption (e.g. the biocapacity 
required to maintain household consumption) and produc-
tion (e.g. the resource needs driven by income required to 
support household consumption) perspectives.

3.4.2.4 Life cycle assessment
Similar to EMA and MFA, life cycle assessment evaluates 
the environmental impacts of goods and services over 
the entirety of their life cycle. LCA is carried out in four 
stages: (1) goal and scope definition; (2) data collection 
for a detailed life cycle inventory of all inputs and outputs, 
including emissions to the environment; (3) impact assess-
ment by aggregating the inventory data into impact cate-
gories such as climate change, ozone depletion potential 
or natural resource depletion; and (4) interpretation of the 
results. LCA is governed by ISO 14040.

As LCA is product-centric and primarily designed to 
evaluate negative environmental impacts, ecosystem ser-
vices are often excluded from analysis. A framework was 
recently developed to guide the inclusion of ecosystem 
services in LCA (Alejandre et al., 2019). A few studies have 
proposed approaches for incorporating ecosystem services 
into livestock system analyses, though the approaches vary, 
as do the number and types of services considered. These 
approaches are typically applied either at the allocation 
stage (during goal and scope definition) or at the impact 
assessment stage of LCA.

Examples of allocation-based approaches include the 
use of conservation payments as a proxy for non-provi-
sioning ecosystem services, as in the case of grazing sheep 
in the Andes for biodiversity conservation and landscape 
preservation (Ripoll-Bosch et al., 2013). Another example 
is the use of stakeholder-ranked functions to develop a 
“livelihood allocation” to account for cultural ecosystem 
services in an assessment of milk and meat from smallhold-
er Kenyan dairy farms (Weiler et al., 2014).

Alternatively, characterization factors have been devel-
oped to account for ecosystem services at the impact 
assessment stage. The FAO LEAP Guidelines on Biodiversity 
Assessment propose characterization factors for biodiversity 
impacts based on land use intensity (FAO, 2020). At the 
time of this report, the approach has been piloted in a com-
parison of livestock grazing on intensively and extensively 
managed pastures (McClelland et al., 2023). Finally, based 
on estimates of relative pollinator abundance, Alejandre 
et al. (2023) developed a set of global-scale characteriza-
tion factors to translate land use into relative impacts on 

wild pollinator abundance. These are proposed as a first 
step toward systematically incorporating pollinator impacts 
in LCA studies.

3.4.2.5 Agent-based modelling
This bottom-up approach allows for interaction among 
agents with the capacity to update norms and preferences 
over time (Sun et al., 2013; Chen et al., 2012). Agent-
based models (ABMs) are based on their ability to represent 
individual behaviours; they typically integrate participatory 
data and quantitative survey data with traditional equa-
tion-based ecological models to simulate decision-making 
processes and ecological impacts (Sun et al., 2013; Chen 
et al., 2012; Helbing, 2012).

Agent-based modelling is a method for representing 
complex decision-making by individuals or multiple stake-
holders (i.e. agents) in order to assess social and envi-
ronmental outcomes (Murray-Rust et al., 2011). Among 
other uses, ABM has been applied as a dynamic simulation 
method to explore feedback loops between animals, land 
and people (Boone et al., 2011, 2014). In contrast with top-
down modelling approaches, where populations may be 
represented as aggregate entities or “stocks”, agent-based 
modelling adopts a bottom-up approach by modelling 
population members as autonomous individuals interacting 
with one another.

ABM has been widely used to model links between 
decision-making and ecosystem services in pastoral and 
grassland-based systems (Moritz et al., 2023; Bateki et al., 
2019). Unlike the previously discussed methods, ABM is 
neither product-centric nor a direct environmental impact 
assessment tool. Rather, it is used to model how deci-
sion-making affects ecosystem services or how agent 
decisions evolve in response to changes in ecosystem 
services. ABM is facilitated by software platforms such as 
AgentScript, GAMA and NetLogo.

3.4.2.6 System dynamics modelling
System dynamics (SD) is a modelling approach commonly 
applied to complex systems with nonlinear relationships 
that evolve over time (Sterman, 2000). SD models are 
composed of partial differential equations and structured 
using stocks and flows. Unlike some other approaches used 
for modelling ecosystem services, SD enables bi-directional 
interactions and feedback between systems. Causal rela-
tionships can be represented as time-dependent or nonline-
ar (Berrio-Giraldo et al., 2021). SD is particularly well suited 
to represent complex interactions and feedback within and 
between coupled systems across time and space (Aspinall 
and Staiano, 2019; Uehara et al., 2016).

SD and ABM share many similarities but differ in their 
approach. Like ABM, SD facilitates dynamic representations 
of interactions among animals, land and people, and their 
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influence on ecosystem services or other key outcomes 
of interest. However, while ABM models individuals with 
agency, SD typically adopts a more top-down approach, 
representing populations as single groups with defined 
behaviours (albeit capable of including variability within 
those behaviours), rather than modelling individuals whose 
interactions produce emergent behaviours (Boone et al., 
2014).

SD has been used to assess whether payments for envi-
ronmental services lead to improved restoration, preservation 
and conservation outcomes in grazed highlands in Colombia 
(Benavides et al., 2023); to link the management of agricul-
tural systems with provisioning and other ecosystem service 
outcomes in Scotland (Aspinall et al., 2019); and to eval-
uate the effectiveness of common agricultural and natural 
resource management practices in achieving improved natu-

ral resource outcomes (Turner et al., 2016). SD modelling is 
supported by software such as Stella and Vensim.

3.4.2.7 Telecoupling
Telecoupling is a conceptual framework for examining 

complex relationships between social and environmental 
systems across multiple spatial and institutional scales (Liu 
et al., 2019). Each location in a telecoupling framework is 
represented as a coupled socioecological system, with flows 
between locations driven by agents (Liu et al., 2016; Liu et al., 
2013; Liu et al., 2007). This framework facilitates the assess-
ment of feedback between systems, including the long-dis-
tance exchange of ecosystem services (Liu et al., 2016).

Telecoupling enables the analysis of causes and effects 
arising from the interactions among producers, consumers 
and spillover systems. It captures the complexity of increas-

TABLE 8
Examples of ecosystem service models applied to the assessment of livestock and agroecosystems

Model Classification Description References

DayCent 
(Daily Century)a and 
other ecosystem 
models

Process-based, 
spatially-explicit

Models simulate the 
dynamics and movement 
of carbon, nitrogen, 
phosphorus and/or sulphur 
in vegetation, soil and the 
atmosphere at daily and 
sub-daily time scales.

Shepherd, A., Hartman, M. D., Fitton, N., Horrocks, C. A., Dunn, R. 
M., Hastings, A., & Cardenas, L. M. 2019. Metrics of biomass, live-
weight gain and nitrogen loss of ryegrass sheep pasture in the 21st 
century. Science of The Total Environment, 685: 428–441. https://doi.
org/10.1016/j.scitotenv.2019.05.038; see Ma, L., Derner, J.D., Harmel, 
R.D., Tatarko, J., Moore, A.D., Rotz, C.A., Augustine, D.J., Boone, 
R.B., Coughenour, M.B., Beukes, P.C., Van Wijk, M.T., Bellocchi, G., 
Cullen, B.R. & Wilmer, H. 2019. Application of grazing land models 
in ecosystem management: Current status and next frontiers. In: 
Advances in Agronomy, Vol. 158, pp. 173–215. Elsevier. https://doi.
org/10.1016/bs.agron.2019.07.003 for additional examples

GloBIOb (Global 
biodiversity model 
for policy support)

Empirical, spatially-
explicit

Simple cause–effect 
model representing the 
relationships between 
mean species abundance 
(MSA) and human-driven 
environmental pressures, 
such as land use.

Alkemade, R., Reid, R. S., Van Den Berg, M., De Leeuw, J. & 
Jeuken, M. 2013. Assessing the impacts of livestock production on 
biodiversity in rangeland ecosystems. Proceedings of the National 
Academy of Sciences, 110(52): 20900–20905.

LUCIc (Land 
utilization and 
capability indicator)

Process-based, 
spatially-explicit

Based on the Polyscape GIS 
framework, LUCI quantifies 
ecosystem services from 
land cover at the landscape 
scale, including water, 
carbon and agricultural 
production.

Pereira, F.C., Charters, S., Smith, C.M.S., Maxwell, T.M.R., & 
Gregorini, P. 2023. A Geospatial Modelling Approach to Assess 
the Capability of High-Country Stations in Delivering Ecosystem 
Services. Land, 12(6): 1243. https://doi.org/10.3390/land12061243;  
Emmett, B.A., Cooper, D., Smart, S., Jackson, B., Thomas, A., Cosby, 
B., Evans, C., Glanville, H., McDonald, J.E., Malham, S.K., Marshall, 
M., Jarvis, S., Rajko-Nenow, P., Webb, G.P., Ward, S., Rowe, E., Jones, 
L., Vanbergen, A.J., Keith, A., Jones, D.L. 2016. Spatial patterns and 
environmental constraints on ecosystem services at a catchment 
scale. Science of The Total Environment, 572: 1586–1600. https://doi.
org/10.1016/j.scitotenv.2016.04.004;  Jackson, B., Pagella, T., Sinclair, 
F., Orellana, B., Henshaw, A., Reynolds, B., McIntyre, N., Wheater, H. 
& Eycott, A. 2013. Polyscape: A GIS mapping framework providing 
efficient and spatially explicit landscape-scale valuation of multiple 
ecosystem services. Landscape and Urban Planning, 112: 74–88. 
https://doi.org/10.1016/j.landurbplan.2012.12.014

SWATd (Soil and 
water assessment 
tool)

Process-based, 
spatially-explicit

Hydrological model 
operating at the watershed 
scale, simulating the effects 
of management and land 
use on water quantity, 
water quality and sediment 
movement.

Kim, J., Ale, S., Kreuter, U.P. & Teague, W.R. 2023. Grazing 
management impacts on ecosystem services under contrasting 
climatic conditions in Texas and North Dakota. Journal of 
Environmental Management, 347: 119213. https://doi.org/10.1016/j.
jenvman.2023.119213; see Francesconi, W., Srinivasan, R., Pérez-
Miñana, E., Willcock, S.P. & Quintero, M. 2016. Using the Soil and 
Water Assessment Tool (SWAT) to model ecosystem services: A 
systematic review. Journal of Hydrology, 535: 625–636. https://doi.
org/10.1016/j.jhydrol.2016.01.034

a	 Natural Resource Ecology Laboratory (NREL). n.d. DayCent: Daily Century Model. Colorado State University. https://www.nrel.colostate.edu/projects/
daycent;

b	 GLOBIO. n.d. Why use GLOBIO? [Cited 31 July 2025.] https://www.globio.info/why-use-globio;
c	 UK Centre for Ecology & Hydrology (UKCEH). n.d. LCM2021 Land Cover Map of Great Britain. [Cited 31 July 2025.] https://catalogue.ceh.ac.uk/

documents/adead10b-a6a0-45fa-b350-acd16b23c3fe; d Texas A&M AgriLife Research. n.d. Soil and Water Assessment Tool (SWAT). [Cited 31 July 
2025.] https://swat.tamu.edu/

Source: Authors’ own elaboration.

https://doi.org/10.1016/j.scitotenv.2019.05.038
https://doi.org/10.1016/j.scitotenv.2019.05.038
https://doi.org/10.1016/bs.agron.2019.07.003
https://doi.org/10.1016/bs.agron.2019.07.003
https://doi.org/10.3390/land12061243
https://doi.org/10.1016/j.scitotenv.2016.04.004
https://doi.org/10.1016/j.scitotenv.2016.04.004
https://doi.org/10.1016/j.landurbplan.2012.12.014
https://doi.org/10.1016/j.jenvman.2023.119213
https://doi.org/10.1016/j.jenvman.2023.119213
https://doi.org/10.1016/j.jhydrol.2016.01.034
https://doi.org/10.1016/j.jhydrol.2016.01.034
https://www.nrel.colostate.edu/projects/daycent
https://www.nrel.colostate.edu/projects/daycent
https://www.globio.info/why-use-globio
https://catalogue.ceh.ac.uk/documents/adead10b-a6a0-45fa-b350-acd16b23c3fe
https://catalogue.ceh.ac.uk/documents/adead10b-a6a0-45fa-b350-acd16b23c3fe
https://swat.tamu.edu/
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TABLE 9
Examples of common ecosystem services modelling platforms previously used in livestock or agroecosystem assessments

Platform Classification Description References

Artificial Intelligence 
for Environment 
and Sustainability 
(ARIES)a

Hybrid, data-driven Provides an open-source, 
user-friendly interface to 
support non-technical users 
in assessing ecosystem 
services.

Notte, A., Marongiu, S., Masiero, M., Molfetta, P., Molignoni, R., & 
Cesaro, L. 2015. Livestock and Ecosystem Services: An Exploratory 
Approach to Assess Agri-Environment-Climate Payments of RDP in 
Trentino. Land, 4(3): 688–710. https://doi.org/10.3390/land4030688

Bagstad, K. J., Semmens, D. J., Waage, S. & Winthrop, R. 2013. A 
comparative assessment of decision-support tools for ecosystem 
services quantification and valuation. Ecosystem Services, 5: 27–39. 
https://doi.org/10.1016/j.ecoser.2013.07.004

CO$TING-Natureb Hybrid, spatially 
explicit

Offers a web-based, open-
source dashboard for both 
national-level assessments 
and user-defined case 
studies. Model metrics 
are globally indexed and 
mapped.

Mulligan, M. 2015. Trading off agriculture with nature’s other 
benefits, spatially. In: Impact of Climate Change on Water 
Resources in Agriculture, pp. 184–204. CRC Press. https://doi.
org/10.1201/b18652

Mulligan, M., Guerry, A., Katy, A., Bagstad, K., Ferdinando, V. & 
Silvestri, S. 2010. Capturing and quantifying the flow of ecosystem 
services, In: Silvestri, S. & Kershaw, F. (Eds.), Framing the Flow: 
Innovative Approaches to Understand, Protect and Value Ecosystem 
Services Across Linked Habitat, UNEP World Conservation 
Monitoring Centre, 62 p. ISBN 978-92-807-3065-4.

CLIMSAVE Impact 
Assessment 
Frameworkc

Hybrid, spatially 
explicit, data-
driven

Links ecosystem services 
models via a web-based 
interface to assess climate 
change impacts across 
multiple economic sectors in 
Europe.

Veerkamp, C. J., Dunford, R. W., Harrison, P. A., Mandryk, M., 
Priess, J. A., Schipper, A. M., Stehfest, E., & Alkemade, R. 2020. 
Future projections of biodiversity and ecosystem services in Europe 
with two integrated assessment models. Regional Environmental 
Change, 20(3), 103. https://doi.org/10.1007/s10113-020-01685-8

Willcock, S., Hooftman, D. A. P., Balbi, S., Blanchard, R., Dawson, 
T. P., O’Farrell, P. J., Hickler, T., Hudson, M. D., Lindeskog, M., 
Martinez-Lopez, J., Mulligan, M., Reyers, B., Shackleton, C., Sitas, 
N., Villa, F., Watts, S. M., Eigenbrod, F., & Bullock, J. M. 2019. 
A Continental-Scale Validation of Ecosystem Service Models. 
Ecosystems, 22(8), 1902–1917. https://doi.org/10.1007/s10021-019-
00380-y

Ecosystem Services 
Inventory and 
Identification (ESII) d 
and Ecosystem 
Intelligence (EI)e

Empirical Uses a web-based interface 
to calculate an ecosystem 
integrity score across 
multiple ecosystem services 
at one or more locations.

Brownson, K., Cox, C. & Padgett-Vasquez, S. 2021. The impacts 
of agricultural windbreaks on avian communities and ecosystem 
services provisioning in the Bellbird Biological Corridor, Costa Rica. 
Agroecology and Sustainable Food Systems, 45(4): 592–629. https://
doi.org/10.1080/21683565.2020.1838029

Ecosystem Services 
Valuation Database 
(ESVD)

Empirical Supplies an open-
source, publicly available 
database and tool offering 
standardized monetary 
values for ecosystem services 
across all biomes and 
continents.

Brander, L.M., De Groot, R., Schägner, J.P., Guisado-Goñi, V., Van 
’t Hoff, V., Solomonides, S., McVittie, A., Eppink, F., Sposato, M., 
Do, L., Ghermandi, A., Sinclair, M. & Thomas, R. 2024. Economic 
values for ecosystem services: a global synthesis and way 
forward. Ecosystem Services, 66: 101606. https://doi.org/10.1016/j.
ecoser.2024.101606

Integrated Valuation 
of Ecosystem 
Services and 
Tradeoffs (InVEST)f

Empirical, spatially 
explicit

Provides an open-source 
tool for quantifying 
and mapping the flow 
of ecosystem services 
(biophysical or economic) 
in terrestrial, freshwater, 
marine and coastal 
ecosystems.

Enahoro, D., Kozicka, M., Pfeifer, C., Jones, S.K., Tran, N., Chan, 
C.Y., Sulser, T.B., Gotor, E. & Rich, K.M. 2023. Linking ecosystem 
services provisioning with demand for animal-sourced food: An 
integrated modelling study for Tanzania. Regional Environmental 
Change, 23(1): 48. https://doi.org/10.1007/s10113-023-02038-x

Posner, S., Verutes, G., Koh, I., Denu, D., & Ricketts, T. 2016. Global 
use of ecosystem service models. Ecosystem Services, 17: 131–141. 
https://doi.org/10.1016/j.ecoser.2015.12.003

Goldstein, J.H., Caldarone, G., Duarte, T.K., Ennaanay, D., 
Hannahs, N., Mendoza, G., Polasky, S., Wolny, S. & Daily, G.C. 2012. 
Integrating ecosystem-service tradeoffs into land-use decisions. 
Proceedings of the National Academy of Sciences, 109(19): 7565–
7570. https://doi.org/10.1073/pnas.1201040109

Social Values for 
Ecosystem Services 
(SolVES)g

Empirical, spatially 
explicit, data-
driven

Offers an open-source 
tool for quantifying and 
mapping social values of 
ecosystem services among 
different stakeholder 
groups.

Makovníková, J., Kobza, J., Pálka, B., Mališ, J., Kanianska, R. & 
Kizeková, M. 2016. An approach to mapping the potential of 
cultural agroecosystem services. Soil and Water Research, 11(1): 
44–52. https://doi.org/10.17221/109/2015-SWR

a	 Integrated Modelling Partnership. n.d. ARIES – Artificial Intelligence for Environment & Sustainability. [Cited 31 July 2025.] https://aries.
integratedmodelling.org/;

b	 PolicySupport.org. n.d. Costing Nature. [Cited 31 July 2025.] https://www.policysupport.org/costingnature;
c	 CLIMSAVE. n.d. Climate change integrated assessment methodology. [Cited 31 July 2025.] https://www.climsave.eu/;
d	 ESII Tool. n.d. Ecosystem Services Identification & Inventory Tool. [Cited 31 July 2025.] https://www.esiitool.com/;
e	 Ecosystem Intelligence. n.d. Ecosystem Intelligence Platform. [Cited 31 July 2025.] https://www.ecosystemintelligence.com/;
f	 Natural Capital Project. n.d. InVEST – Integrated Valuation of Ecosystem Services and Tradeoffs. [Cited 31 July 2025.] https://naturalcapitalproject.

stanford.edu/software/invest;
g	 United States Geological Survey (USGS). n.d. Social Values for Ecosystem Services (SolVES). [Cited 31 July 2025.] https://www.usgs.gov/centers/

geosciences-and-environmental-change-science-center/science/social-values-ecosystem

Source: Authors’ own elaboration.

https://doi.org/10.3390/land4030688
https://doi.org/10.1016/j.ecoser.2013.07.004
https://doi.org/10.1201/b18652
https://doi.org/10.1201/b18652
https://doi.org/10.1007/s10113-020-01685-8
https://doi.org/10.1007/s10021-019-00380-y
https://doi.org/10.1007/s10021-019-00380-y
https://doi.org/10.1080/21683565.2020.1838029
https://doi.org/10.1080/21683565.2020.1838029
https://www.esvd.info/
https://doi.org/10.1016/j.ecoser.2024.101606
https://doi.org/10.1016/j.ecoser.2024.101606
https://doi.org/10.1007/s10113-023-02038-x
https://doi.org/10.1016/j.ecoser.2015.12.003
https://doi.org/10.1073/pnas.1201040109
https://doi.org/10.17221/109/2015-SWR
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https://aries.integratedmodelling.org/
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ingly distant environmental and socioeconomic interconnec-
tions and their diverse drivers. Applications of the telecou-
pling framework include: 1. Evaluating drivers of ecosystem 
service specialization by smallholder farms in Ethiopia 
(Brück et al., 2023); 2. Understanding the impacts of global 
trade policies and product attribute incentive programmes 
on smallholder farms in the Plurinational State of Bolivia, 
Colombia, the United States and Morocco (Zimmerer et al., 
2018); and 3. Exploring the potential impact of bioengineer-
ing and novel protein production technologies on agricultur-
al practices and feedstock demand (Newman et al., 2022).

3.4.2.8 Existing ecosystem service models 
Over the past two decades, the availability of ecosystem 
service models and platforms has expanded considerably, 
particularly with the development of decision-support tools 
designed for users with limited technical modelling exper-
tise. This section briefly presents several of the most widely 
used models and platforms in previous livestock system 
assessments. The review is not exhaustive but aims to illus-
trate the range of available ecosystem service models. Addi-
tional guidance for practitioners on resource requirements 
and skills considerations when selecting between methods 
is provided in Section 2.3.

Several open-access ecosystem service models (Table 8) 
and modelling platforms (Table 9) are publicly available, 
with varying degrees of relevance to livestock systems. 
These tools primarily represent the biophysical components 
of socioecological systems and provide estimates of pro-
visioning, regulating and, to a limited extent, supporting 
services. While most were initially developed for other 
modelling purposes, many have since been adapted for 
ecosystem service assessments.

These models can also be coupled with socioeconomic 
models to support integrated, scenario-based analyses of 
human–environment interactions. Further information on 
models applicable to extensive livestock production sys-
tems can be found in Ma et al. (2019); for SWAT model 
applications, see Francesconi et al. (2016); and for general 
summaries and applications of ecosystem service models, 
see Weiskopf et al. (2022) and Rieb et al. (2017).

Dedicated ecosystem services modelling platforms are 
also available to support assessments and scenario analyses 
(Table 9). A key advantage of these platforms is their capac-
ity to estimate a broader range of ecosystem services than 
individual models, which can be particularly useful for initial 
scoping analyses or assessments at broader spatial scales. 
However, these platforms are generally less customizable 
without additional technical expertise, and not all are open-
source or freely available.

Beyond the modelling platforms listed in Table 9, several 
others – including Envision, EcoAIM (Ecological Asset and 
Inventory Management), ESValue, NAIS (Natural Assets 

Information System) and TESSA (Toolkit for Ecosystem 
Service Site-based Assessment) – may also be suitable for 
assessing ecosystem services in livestock agroecosystems 
(Booth et al., 2014; Nemec and Raudsepp-Hearne, 2013; 
Peh et al., 2013).

3.4.3 Advantages and limitations of modelling
Modelling offers several advantages. It enables insights 
into complex interactions between management practices 
and ecological processes that influence ecosystem services, 
particularly where direct observation is not feasible. Mod-
els can also predict, with varying degrees of uncertainty, 
how ecosystems may respond to changes such as shifts 
in climate, land use or pollution. Furthermore, they can 
support decision-making in natural resource management, 
conservation and environmental policy by allowing users to 
explore scenarios and test hypotheses.

However, models are simplifications of reality. No model 
can fully capture the complexity of ecosystems or the 
intricate interconnections that govern their functioning. 
Therefore, results must be interpreted in light of modelling 
assumptions and inherent uncertainties. For ecosystem ser-
vice modelling, limitations include uncertainty in both input 
data and model structure, oversimplified representations of 
ecological processes, unnecessarily complex models where 
simpler ones may suffice, and a lack of technical expertise 
or data availability (Taoumi and Lahrech, 2023).

An overview of the advantages and limitations of the 
modelling approaches discussed in this chapter is provided 
in Table 10.

3.5 CROSS-METHODS AND APPROACHES TO 
ASSESS ECOSYSTEM SERVICES
Part 3 of this report has presented an overview of individual 
methods, grouped according to biophysical, sociocultural, 
economic and modelling approaches to ecosystem service 
assessment. These categories reflect distinct disciplinary 
lenses through which ecosystem services are typically ana-
lysed. However, several methodologies and considerations 
emerge that cut across these disciplinary boundaries. In 
practice, some assessments do not fall exclusively within 
one of the above categories, but instead combine elements 
from multiple approaches. These cross-cutting methods 
include the assessment of trade-offs and synergies (Section 
3.5.1), the use of meta-analysis (Section 3.5.2) and the 
application of scenario analysis (Section 3.5.3).

3.5.1 Assessing relationships (trade-offs and 
synergies) between ecosystem services
Trade-off and synergy analysis aims to identify relationships 
among ecosystem services that co-occur in a given context. 
These relationships can be antagonistic (trade-offs), rein-
forcing (synergies), or neutral.



55Methods for ecosystem services valuation in agroecosystems

Trade-offs arise when a system cannot simultaneously 
optimize the provision of multiple ecosystem services, lead-
ing to the enhancement of one service at the expense of 
another (Rodriguez et al., 2006; Bennett et al., 2009). Such 
trade-offs are often observed in land use and land cover 
dynamics, where the expansion of one land cover type 
leads to the reduction of another, along with its associated 
ecosystem services (Accatino et al., 2019). In agroecosys-
tems, for instance, the increased provision of food (a provi-
sioning service) is frequently associated with reductions in 
regulating or cultural services.

In contrast, synergies occur when an increase in one 
ecosystem service coincides with or promotes an increase 

in another. Since ecosystem services are interrelated, an 
intervention intended to enhance one service may uninten-
tionally affect another –  positively or negatively (Bennett 
et al., 2009). It is therefore essential to assess these inter-
connections when planning or managing interventions.

Bennett et al. (2009) identify two main types of inter-
actions that can cause trade-offs or synergies. First, a 
common external driver may simultaneously influence mul-
tiple ecosystem services either positively or negatively. For 
example, maintaining semi-natural grasslands (by avoiding 
intensification or abandonment) can benefit both livestock 
production and carbon sequestration. Second, ecosystem 
services may directly influence one another. For example, 

TABLE 10
Advantages and limitations of the different modelling methods are revised in this chapter

Method Advantage Limitations

Emergy assessment •	Suitable for analysing complex systems, including the 
interactions between human economic activities and the 
natural environment

•	Reflects a donor-side perspective by accounting for the 
environmental support provided by ecosystems – often 
overlooked in conventional assessments – both at the system 
level and for each component

•	Enables conversion of diverse resource types into a single 
common unit, solar emergy

•	Applicable to both large- and small-scale systems

•	Accounts for the use and flow of natural and societal resources

•	Shares a common database with life cycle assessment  
and material flow analysis, allowing for integrated  
assessments

•	Supports the formulation of evidence-based policies

•	Cannot account for direct emissions

•	Requires regular updating of national 
environmental databases

•	Depends on clear and consistent definition of 
system boundaries

•	Highly dependent on raw data, which must be 
accurate and of high quality (both technical and 
procedural measures)

Material flow 
analysis

•	It uses input/output methodologies

•	Accounts for material use

•	It shares the database with emergy analysis and LCA

•	Highly dependent on raw data (they need to be 
accurate), data quality (technical and procedural 
measures of raw data)

•	Model assumptions

Ecological footprint •	Simple to calculate

•	Describe the demand and supply of resources providing a 
measure of resource consumption and waste generation

•	Data limitations may lead to overestimation or 
underestimation

•	Does not consider underground resources

•	Uses hypothetical land

•	Risk of double counting

•	Does not drive policy recommendations

Life cycle 
assessment

•	User-side perspective

•	Accounts for direct and indirect emissions for the system 
analysed and for each component

•	Applicable to both large and small systems

•	Shares databases with emergy analysis and MFA

•	Can inform policy development

•	Partially quantifies the impact of renewable 
resources

•	Requires clear definition of system boundaries

•	Highly dependent on raw data accuracy and quality 
(technical and procedural)

•	In some cases, local emission factors or locally 
adjusted data are lacking

Agent-based 
modelling

•	Models heterogeneity in behaviours within and between 
actors in a system

•	Captures effects of feedback, causality, delays and change over 
time on system behaviour

•	Useful for scenario modelling

•	Significant data requirements

•	Can be difficult to validate against real-world data 
due to complexity of agent interactions 

•	Computationally intensive

System dynamics •	Captures effects of feedback, causality, delays and change over 
time on system behaviour

•	Uses standardized language for describing systems and system 
behaviour

•	Facilitates shared understanding of system structure in multi- 
or transdisciplinary environments

•	Significant data requirements

•	Can be cumbersome to represent geographical 
variation

•	Can obscure heterogeneity due to representation of 
system elements in aggregate

Source: Authors’ own elaboration.
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the provision of animal products may improve landscape 
appeal, which in turn helps sustain demand for local prod-
ucts. These relationships may also be more complex, involv-
ing multiple drivers or feedback loops between services.

Several methods exist for assessing trade-offs and 
synergies. In the ecosystem services literature, such rela-
tionships are often explored through correlations between 
service indicators (as illustrated, for example, in Figure 10a). 
However, it is important to recognize that correlation does 
not imply causation (Vallet et al., 2018). While some argue 
that correlation analysis should not be considered a robust 
method for assessing ecosystem services interactions, it 
remains widely used in the literature as a useful exploratory 
tool for identifying patterns and generating hypotheses 
about service relationships.

3.5.1.1 Trade-offs and synergies assessed using 
measured or simulated data

Observation time variation of ecosystem service 
indicators
One method for understanding trade-offs and synergies 
among ecosystem services is to analyse time series of bio-
physical indicators associated with these services. This type 
of analysis helps trace the historical trajectory of a system. 
Specifically, changes observed in response to management 
actions can reveal relationships among ecosystem services, 
based on how indicators co-evolve over time. When indi-
cators shift in opposite directions, this suggests a trade-off; 
when they move in the same direction, it suggests synergy.

For example, Martín-López et al. (2014) reviewed his-
torical documents and scientific literature containing data 

on ecosystem service indicators to reconstruct the historical 
trajectory of service provision. Tomscha and Gergel (2016) 
used aerial photographs covering six decades in urbanizing 
floodplains to assess long-term changes. Geng et al. (2022) 
examined changes in ecosystem service indicators over time 
in the Yellow River area and identified trade-offs where eco-
system services shifted inconsistently. Dynamic simulation 
models can also generate time series trajectories that can 
be analysed for correlations.

Correlations among ecosystem services in different 
spatial units
Pairwise comparisons of ecosystem service indicators across 
a spatial dataset – where each pair represents the levels of 
two ecosystem services within a spatial unit – can provide 
insights into potential relationships or the absence thereof 
(Figure 10). A preliminary step involves visual inspection of 
scatter plots for each pair of services. A negative trend in 
the distribution of points (Figure 10a) suggests a trade-off, 
while a positive trend (Figure 10b) indicates a synergy. A 
dispersed cloud of points without a clear pattern (Figure 
10c) suggests no significant relationship between the two 
ecosystem services.

To facilitate visual interpretation, bagplots – introduced 
by Jopke et al. (2015) –  are effective tools. A bagplot is 
a bivariate extension of the boxplot concept proposed by 
Tukey (1977). It consists of a polygon that depicts, across 
two dimensions, the median and a broader region that 
excludes outliers.

For a more precise quantification of relationships 
between ecosystem services, several correlation coefficients 
can be used, including Kendall’s tau (Kendall, 1938), the 
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Note: Each point represents a combination of values of ecosystem service 1 and ecosystem service 2 in a spatial unit. Panel a): representation of a decreasing 
relationship, suggesting a trade-off. Panel b): representation of an increasing relationship, suggesting a synergy. Panel c): representation of a “cloud” of points 
suggesting the absence of a relationship between the two ecosystem services.

Source: Authors’ own elaboration.

FIGURE 10
Examples of scatter plots showing different relationships among ecosystem services: decreasing or trade-off (a), 

increasing or synergistic (b), or non-existent (c)
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Pearson coefficient, and the Spearman coefficient. These 
coefficients range from -1 to 1, with -1 indicating a com-
plete negative correlation and 1 indicating a complete 
positive correlation. In all cases, it is essential to verify the 
statistical significance of the coefficients. Following the 
categorization by Raudsepp-Hearne et al. (2010), Pearson’s 
r values can be interpreted as highly correlated when |r| > 
0.5, moderately correlated when 0.3 < |r| < 0.5, and weakly 
correlated when |r| < 0.3. Positive values suggest synergies, 
whereas negative values indicate trade-offs.

It is important to emphasize that correlation among 
ecosystem service indicators does not imply causation. If 
the data are derived from models, the model structure may 
shed light on mechanistic relationships underlying observed 
trade-offs or synergies. However, if the data are based on 
measurements, causality can only be hypothesized and 
interpreted with caution. For a comprehensive overview 
of statistical tests and metrics used to analyse correlations 
among ecosystem service indicators, see Mouchet et al. 
(2014).

Assessment of bundles of ecosystem services (with 
cluster analysis)
Bundles refer to integrated sets of ecosystem services that 
tend to co-occur in specific contexts (Raudsepp-Hearne 
et al., 2010; Queiroz et al., 2015). In the analysis of multi-
dimensional datasets, these bundles can be identified using 
methods such as principal component analysis followed 
by cluster analysis. A range of clustering techniques has 
been applied for this purpose, including self-organizing 
maps (Crouzat et al., 2015; Mouchet et al., 2017) and 
hierarchical ascendant clustering (Ryschawy et al., 2017). 
The consistent co-occurrence of ecosystem services within 
a bundle indicates a synergy, whereas the lack of co-occur-
rence points to a trade-off. For example, Ryschawy et  al. 
(2017) conducted a study of ecosystem service bundles 
associated with different livestock typologies across various 
departments in France.

3.5.1.2 Trade-offs and synergies with models
Models are valuable tools for evaluating and quantifying 
trade-offs and synergies among ecosystem services. They 
link driving variables with objective variables through statis-
tical or mechanistic relationships. Driving variables are those 
whose changes represent specific management actions, 
such as land cover types or herd size. For instance, adjusting 
the number of animals allocated to a particular pasture may 
influence the amount of grass grazed or the level of carbon 
sequestered.

Objective variables are the model outputs and typi-
cally represent specific targets –  particularly ecosystem 
services – to be maximized or minimized (Accatino et al., 
2019). Once models have been developed, they can be 

used in two primary ways to assess trade-offs and syner-
gies among ecosystem services: (i) by exploring a set of 
scenarios, or (ii) by formulating and solving optimization 
problems.

Scenario exploration with models
Scenario exploration involves defining a set of scenarios 
characterized by different combinations of values for the 
driving variables – and, where relevant, different param-
eter values. By comparing the outputs generated under 
these different scenarios, it becomes possible to draw 
conclusions about the relationships among modelled eco-
system services, as discussed in Section 3.4. For example, 
Nelson et al. (2009) applied the InVEST model to a river 
basin and defined various spatial configurations for the 
driving variables across their scenarios. Comparing the 
resulting outputs allowed them to identify trade-offs and 
synergies among ecosystem services. Such relationships 
become evident when certain ecosystem service pairs 
change in the same direction across scenarios (indicating 
synergies), while others change in opposite directions 
(indicating trade-offs).

Multi-objective optimization
Formulating an optimization problem involves two key 
steps: (1) establishing the objectives to be minimized or 
maximized, and (2) defining constraints on the driving var-
iables or the objectives themselves. For example, Accatino 
et al. (2019) set livestock production as a maximization 
objective, while placing constraints on other objectives to 
prevent net losses in critical ecosystem services such as 
crop production, carbon sequestration and timber growth. 
Additional constraints were applied to land-cover variables, 
with boundaries defined by geographical region.

Once formulated, the optimization process systematical-
ly explores combinations of driving variable values – within 
the defined constraints – to identify output configurations 
that are considered optimal.

In the case of multi-objective optimization, optimality 
is achieved through the calculation of the Pareto frontier 
(Groot and Rossing, 2011), also known as the production 
frontier (Vallet et al., 2018). The Pareto frontier represents 
a set of alternative configurations where no objective can 
be improved without compromising another (Castelletti 
et  al., 2010). This approach is commonly used in eco-
nomics to analyse trade-offs among objectives (see Figure 
12; further details in Section 3.3.1.2, Interrelationships 
between ecosystem services). The Pareto frontier has as 
many dimensions as there are objectives. When there are 
only two objectives, the frontier can be visualized as a line; 
with more than two objectives, it becomes useful to exam-
ine projections of the frontier onto two-dimensional planes 
to evaluate pairwise relationships.
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The arrangement of points on the projection of the 
Pareto frontier for two ecosystem services provides insight 
into the relationship between them. A downward trend in 
the projection indicates a trade-off (Figure 11a), while an 
upward trend suggests a synergy (Figure 11b). The optimi-
zation process –  systematically exploring combinations of 
driving variable values to maximize or minimize objectives 
–  can be conducted using a range of techniques. If the 
model is relatively simple, mathematical programming may 
be appropriate. However, when the model includes many 
variables, is spatially explicit, or features complex con-
straints, evolutionary algorithms may be better suited (Shi 
et al., 2021; Groot and Rossing, 2011).

When comparing scenario exploration with multi-ob-
jective optimization, the latter offers more comprehensive 
information on the relationships among ecosystem services. 
Optimization allows for the exploration of a vast number of 
combinations of driving variables, while scenario analysis is 
typically limited to a smaller predefined set (Seppelt et al., 
2013). Moreover, examining the structure of the model 
used in the optimization process can provide valuable 
insights into the causal mechanisms that lead to trade-offs 
and synergies among ecosystem services.

3.5.1.3 Trade-offs and synergies among ecosystem 
services with semi-qualitative and participatory 
methods
Participatory and modelling approaches are valuable tools 
for analysing trade-offs and synergies among ecosystem 
services. Some methods, in particular, support the participa-
tory construction of causal-effect networks of interactions 

(see Section 3.3). One such method is the “influence net-
work framework”, introduced by Crouzat et al. (2016). This 
method reveals the connections between external variables, 
biodiversity and various aspects of ecosystem services. The 
network is represented schematically, making cause-and-
effect interactions explicit at a qualitative level. Bayesian 
belief networks (BBNs) are another type of causal network. 
They use probability distributions to quantify relationships 
among different components of a system. In BBNs, nodes 
represent system variables, while arrows indicate causal 
links. Each node is defined by a finite, discrete set of pos-
sible values, and causal relationships are described using 
conditional probabilities. While there is no standardized 
procedure for building and calibrating BBNs, they can be 
developed using quantitative data and expert or stakehold-
er knowledge, as demonstrated by Forio et al. (2020). By 
making relationships among system components explicit, 
these frameworks help foster shared understanding and 
dialogue among stakeholders. They can also support the 
development of innovative strategies to manage trade-offs 
among ecosystem services.

3.5.1.4 Trade-offs and synergies among ecosystem 
services with economic valuation methods
The analysis and quantification of relationships between dif-
ferent ecosystem services is also a focus in economic science 
(see e.g. Wossink and Swinton 2007; Smith et al. 2012; 
Bekele et al. 2013). A key method for exploring these rela-
tionships is the Pareto frontier. The fundamentals of the Pare-
to frontier have already been introduced in Section 3.5.1.2. 
However, the conceptual framing of ecosystem service 
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FIGURE 11
Representation of the projection of a multi-dimensional Pareto frontier on the plan dedicated  
to ecosystem service 1 and ecosystem service 2, representing a trade-off (a) or a synergy (b)
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relationships from an economic perspective, and the specific 
application of the Pareto frontier in economic valuation 
studies, is elaborated in Section 3.3, particularly in Section 
3.3.1.2 on interrelationships between ecosystem services.

3.5.2 Meta-analysis (and literature review)
Meta-analysis aims to systematically assess the results of 
previous research to conclude a broader body of evidence. 
It most commonly involves a quantitative approach to 
combining findings from earlier studies to produce more 
generalizable results. As such, meta-analyses are often used 
to synthesize biophysical measurements and direct quantifi-
cation of ecosystem services, as well as economic and mon-
etary valuations. Given the significance of meta-analysis in 
the field of economics, a dedicated discussion is provided in 
Section 3.3, particularly in Section 3.3.2.8. Readers interest-
ed in meta-analysis from an economic valuation perspective 
are encouraged to consult that section. Meta-analysis also 
serves as a valuable input for modelling approaches. By 
aggregating findings across multiple studies, the resulting 
data are often more robust and widely applicable, making 
them especially useful for informing models.

In addition to quantitative applications, meta-analysis 
can also be used with more qualitative data. This includes 
generalizing results from studies that use sociocultural 
assessment methods, either to identify shared patterns 
within a specific context using various methodologies, or to 
compare findings across different contexts using the same 
method. Literature reviews can also be considered a type 
of meta-analysis when they systematically synthesize state-
of-the-art knowledge on ecosystem services. These reviews 
may focus on individual methods or assessment approach-
es, or they may compare multiple approaches, as outlined 
in Part 3. Given the rapid growth of the ecosystem services 
literature, such reviews are increasingly common.

3.5.3 Scenario analysis
Scenario analysis is used to explore potential alternative 
future situations. These scenarios, or “alternative futures”, 
can serve various purposes –  from anticipating possible 
developments to challenging assumptions and broadening 
perspectives on current dilemmas.

Scenario analysis typically addresses long-term horizons 
and high levels of uncertainty. Its primary aim is not to pre-

dict precise system behaviour, but rather to describe a set of 
plausible events that may lead to different future outcomes. 
It seeks to explore structurally distinct and internally consist-
ent futures rather than provide exact forecasts.

Scenario analysis can integrate diverse methods and 
approaches, including sociocultural techniques and model-
ling tools. For further details on the sociocultural approach 
to scenario development, see Section 3.2.2.3, particularly 
the subsection on participatory scenario development.

Broadly, scenario analysis can be structured in five steps:
1.	 Define the agroecosystem under study and the 

parameters of interest, such as ecosystem services 
or socioeconomic variables.

2.	 Identify the changes affecting the current agro-
ecosystem, including socioeconomic, political or 
ecological drivers. These may include shifts in market 
demand, policy changes, or climate-related develop-
ments.

3.	 Assess how the identified changes could influ-
ence the parameters of interest. This step can 
involve either quantitative tools (e.g. modelling or 
value transfer methods) or qualitative approaches 
(e.g. sociocultural methods).

4.	 Formulate plausible scenarios. Most studies pres-
ent four to six scenarios to ensure clarity and ease of 
communication. However, more extensive scenario 
sets may be used depending on the research scope.

5.	 Evaluate scenario performance in terms of rele-
vant indicators, such as ecosystem service provision, 
environmental impact or farmers’ livelihoods.

These steps serve as a general guide and may be adapt-
ed, reordered or merged depending on the specific objec-
tives of the study. For instance, some studies may begin by 
identifying potential scenarios (step 4) and then define the 
agroecosystem and changes implied. Similarly, in step 2, 
some studies focus on regional drivers such as local policies, 
labour shortages or natural resource constraints, while oth-
ers emphasize global trends like international trade agree-
ments, climate change or shifts in global demand.

Finally, although scenario analysis may be rooted in a sin-
gle disciplinary approach (such as modelling or sociocultural 
analysis), combining methods is often advantageous. A 
mixed-methods approach can yield a more comprehensive 
understanding and support more robust decision-making.
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Part 4

Enabling environment 						    
and other considerations 

4.1 FARMING APPROACHES WITH POTENTIAL 
TO PROMOTE ECOSYSTEM SERVICES
As explained in the background section (Part 1), livestock 
agroecosystems are very diverse due to the ecological and 
socioeconomic context in which they are in, as well as the 
degree of specialization and the intensity of management 
of those livestock agroecosystems. Intensity of manage-
ment generally refers to the increased use of resources 
and inputs (i.e. agrochemicals, energy, machinery) to 
maximize production, which tends to substitute the eco-
logical process (and the natural resources) that underpin 
agriculture.

The main purpose of agriculture is to secure the provi-
sion of food to people. In the current context, where the 
global population is growing and the population increas-
ingly live in urban environments (hence, not contributing 
to food production), the intensification pathway has been 
a mainstream development in agriculture. Intensification, 
however, has had a toll on the provision of ecosystem 
services. Generally, the most intensive systems aim to max-
imize the provision of food (a provisioning service) at the 
expense of a wide range of other (usually regulating and 
cultural) ecosystem services. Meanwhile, more extensive 
systems that rely on ecological processes tend to provide a 
wider range of ecosystem services. Yet, on many occasions, 
it is acknowledged that the aim to optimize a wider range 
of ecosystem services compromises the maximization of 
food production.

To counter the trend of specialization and intensifica-
tion, and address the problems associated with it, a range 
of farming approaches has emerged, and continues to 
emerge. These approaches promote the adoption of eco-
logical principles to underpin production rather than rely-
ing on external inputs. These approaches receive different 
names, such as regenerative (Newton et al., 2020), circular 
(Boer and van Ittersum, 2018; Muscat et al., 2021), organic 
(Kareem et al., 2022; IFOAM, 2020), low input practices 
(Sarkar et al., 2020), agroforestry (Nerlich et al., 2013), 
nature-inclusive (Runhaar, 2017; Vermunt et al., 2022), 
agroecology (Wezel et al., 2018), permaculture (Didarali 
and Gambiza, 2019), conservation agriculture or industrial 
ecology (Dumont et al., 2013), among others.

Substantial fundamental differences may be found 
between those concepts. For instance, some focus more 
on agricultural practices (e.g. regenerative, organic or con-

servation agriculture), others take a food systems approach 
(e.g. circular agriculture), while others include social ele-
ments and fairness (e.g. agroecology). It is not the intention 
of this report to dwell on the specificities of each system 
and explore differences and overlaps. Other publications 
have attempted that before (see for example Vermunt et 
al., 2022). Nonetheless, and in brief, the largest commu-
nality across these proposed systems is a larger reliance 
on ecological principles and multifunctionality. Hence, in 
principle, these systems foster higher potential to balance 
the delivery of ecosystem services (Foley et al., 2005), 
particularly mitigating the trade-off between provisioning 
and the other ecosystem services, namely regulating and 
cultural. These proposed alternative approaches also share 
similar criteria of management practices by considering 
the ecosystem functions and services. The main systems 
and practices used, along with the key aspects, are sum-
marized in Table 11. According to the focus of interest, 
all approaches can be applied at different scales (Xu and 
Mage, 2001). However, certain practices can be more suit-
able for a specific scale, and others can be combined and/
or applied at multiple scales. In general, all these systems 
strive for attributes, such as diversity of crops, integration 
of crops and livestock, multifunctionality and resilience. 
Attributes such as resilience are not under the scope of this 
report. Hence, these are only briefly addressed in Section 
4.3 (Other sustainability considerations).

4.2 ENABLING ENVIRONMENT FOR ECOSYSTEM 
SERVICES IN LIVESTOCK SYSTEMS
Policies, economic incentives (both public and private) and 
access to finance are powerful drivers shaping agricultur-
al systems. In recent decades, these drivers have largely 
promoted the expansion and intensification of agricultural 
activity. As a result, alternative farming approaches with 
the potential to deliver a wider range of ecosystem services 
have often been overlooked or underfunded (Ripoll-Bosch 
and Scheonmaker, 2020). As discussed in Part 1 of this 
report, this has led to increased food production, but 
frequently at the cost of other ecosystem services and 
biodiversity.

At the same time, policies, economic incentives and 
financing mechanisms can be directed to support alterna-
tive livestock farming systems that contribute more broadly 
to ecosystem services. A wide range of actions and incen-
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tives are available to assist farmers and farming systems in 
conserving or adopting practices that enhance biodiversity 
and ecosystem service provision. While this report does not 
aim to provide an exhaustive list of such mechanisms, more 
detailed information can be found on the FAO working 
group on Incentives for Ecosystem Services (FAO, n.d.). 
The platform outlines a set of measures designed to help 
farmers adopt sustainable agricultural practices that benefit 
the environment –  particularly ecosystem services –  while 
improving long-term food security.

This section focuses on approaches to economically 
incentivize or compensate farmers and other land users for 
maintaining and developing livestock systems that deliver 
additional ecosystem services beyond provisioning. Incen-
tives have received considerable attention in the literature 
and exist in many forms and designs. For this reason, the 
principles behind the commonly referenced concept of 
“payments for ecosystem services” are outlined here. While 
this concept is well established, in the European context it 
often takes the form of agri-environmental schemes, which 
follow a similar rationale. Both approaches are covered in 
this section.

The following sections address: the concept of ecosys-
tem services and associated agri-environmental measures 
(Section 4.2.1); other enabling elements such as risk miti-
gation, legal frameworks and knowledge transfer (Section 
4.2.2); and the widely recognized case of Costa Rica’s 
payment for ecosystem services programme (Section 4.2.3).

4.2.1 Payments for ecosystem services
There is a mismatch between the costs of ecosystem (dis)
services linked to agriculture and their benefits due to mar-
ket failure (see Section 3.3); the social optimum is therefore 
not achieved. Several tools and measures exist to correct 
this market failure, mainly by incentivizing landholders and 
other resource stewards to adopt environmentally friendly 
practices for protection or restoration.

Among these measures are payments for ecosystem or 
environmental services. As (re)defined by Wunder (2015), 
PES are voluntary transactions between service users and 
service providers, conditional on agreed rules of natural 
resource management for generating off-site services. 
Broader and more comprehensive definitions also exist, 
extending in some cases to include all economic incentives. 

TABLE 11
Sustainable management approaches in agriculture that enhance ecosystem services

Approacha Main systems used Some of the principles or key aspects shared that favour ecosystem 
function and services

Agroecology 

(e.g. Altieri, 1999 
and 2002; FAO 
Agroecology)

Different kinds of crop, vegetable and 
grazing animal systems that focus on 
overall system health, avoiding the use of 
chemical products, and grounded in cultural 
knowledge and active human integration.

•	Farming systems care for nature and biodiversity

•	Farming systems focus on sustainable use of functional biodiversity

•	Farming systems use of agroecological innovation

•	Farming systems integrate crops and animals within the rotation

•	Farming systems include grazing animalsb in the system

•	Farming systems increase soil cover

•	Farming systems improve structure

•	Farming systems reduce mechanical disturbance of soils

•	Farming systems reduce fertilization of agrochemical use

•	Farming systems increase perennial elements (herbs, shrubs, trees)

•	Farming systems increase plant diversity

•	Farming systems use grassland with plants of different functional 
traits, such as grasses, herbs and forbs

•	Farming systems increase in animal species diversity to exploit 
complementarities

•	Farming systems reduce weed and insect impact through crop 
rotation

•	Farming systems enhance nutrient cycling, mainly by utilizing system 
components

•	Farming systems use systematic approach

•	Farming systems include design or planning of components and 
management 

•	Farming systems emphasize multifunctionality

Organic

(e.g. Kareem et al., 
2021; IFOAM, 2008 and 
2020)

Different kinds of crop, vegetable and 
grazing animal systems that prioritize soil 
health, without using agrochemical products.

Regenerative

(e.g. Newton et al., 
2020; Schreefel et al., 
2020)

Mixed crop and vegetable systems with 
grazing animal speciesb and pastures that 
build the foundation of the entire system.

Circular

(e.g. Boer and van 
Ittersum, 2018)

Other agricultural systems that prioritize 
rotation, nutrient cycling within the system 
and the reuse, recycling and reduction of 
residues.

Agroforestry

(e.g. Rosati et al., 2020; 
Nerlich et al., 2013; 
FAO Agroforestry)

Some agricultural systems that integrate 
trees (e.g. forest, arable and pasture), 
silvopasture (crops and trees) and 
agrosilvopastoral systems (crops, trees and 
animals).

Permaculture

(e.g. Didarali and 
Gambiza, 2019; 
Permaculture Research 
Institute)

Farming systems aim to allow agricultural 
systems to express and evolve naturally.

High Nature Value 
farmland

(e.g. Lomba et al., 2020)

Farming systems recognize that many 
European habitats and landscapes important 
for biodiversity conservation depend on the 
continuation of specific farming systems.

a	 This is not an exhaustive list of approaches. Also, approaches are not completely different from one another, on many occasions, overlap in 
approach, concepts and practices (Vermunt et al., 2022);

b	 Grazing animals: refers to cattle, sheep, pigs, poultry and others.

Source: Authors’ own elaboration.
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PES are grounded in the seminal work of Coase (1960), and 
–  by establishing direct payments from ecosystem service 
users to providers – may be more cost-efficient than indi-
rect approaches (Ferraro and Simpson, 2002; Pagiola and 
Platais, 2002). In contrast to the “polluter-pays principle” 
of environmental taxation, PES follow the “provider-gets 
principle.” This characteristic means that many long-term 
environmental subsidy programmes in agriculture share 
core PES features, such as the US Conservation Reserve 
Program (Claassen et al., 2008) and the agri-environment 
measures under the second pillar of the common agricul-
tural policy (CAP) (Engel, 2016).

Generally, PES can be classified into three types: Coa-
sean PES, which involve direct negotiation between 
ecosystem service beneficiaries and providers; Pigouvian 
PES, which are environmental subsidies provided by a gov-
ernment agency using user fees or general taxation; and 
Hybrid PES, which combine elements of both approaches 
(Engel, 2016).

Despite some well-documented limitations –  including 
self-selection of participants, lack of additionality, poor 
administrative targeting, noncompliance, leakage, rebound 
effects, motivation crowding and the risk of paying for 
inadequate proxies rather than actual ecosystem service 
delivery (Wunder et al., 2020) –  PES remain widely used 
as agri-environmental policy instruments. Their continued 
popularity may lie in their intuitive appeal.

This logic is illustrated in Figure 12. The starting point 

is a situation in which a given land use (activity A – con-
ventional) reduces ecosystem service provision. In con-
trast, an alternative land use (activity B – environmentally 
friendly) avoids such losses but entails reduced profits 
for farmers, who are the ecosystem service providers. If 
the societal benefits of switching to activity B exceed the 
farmers’ profit losses, this shift becomes socially desirable. 
A portion of these societal benefits can be redistributed to 
compensate farmers for their loss through payments, thus 
ensuring their total profit exceeds that of conventional 
activity (Engel, 2016).

A comprehensive overview of payment for ecosystem 
services can be found in FAO (2011).

A well-known example of payments for ecosystem ser-
vices (PES) is the programme developed and implemented 
in Costa Rica, which is further described in Section 4.2.3. 
Initiated in 1997, the programme aims to protect and 
restore forested areas –  including those within agrofor-
estry systems –  and the ecosystem services they provide. 
Although the programme has a broader scope than the 
focus of this report on livestock agroecosystems, it offers 
valuable insights into how to operationalize PES through 
long-term commitments (in this case, more than 20 years) 
and has shown demonstrable success. While livestock 
farmers are not the programme’s primary target, they are 
eligible to participate. Future efforts may increasingly seek 
to engage livestock farmers, particularly in the context of 
climate change mitigation and adaptation.

Minimum payment

Maximum payment

Reduced
water services

Loss of
biodiversity

Carbon
emissions

Payment
for service

Payment(s)

Costs to
others

(ES bene�ciaries)

Pro�ts of
landholders

(ES providers)

Conventional
activity

Environmentally 
friendly activity

Environmentally 
friendly activity

with PES*

* Payments for ecosystem or 
environmental services (PES)

(12)

Note: * Payments for ecosystem or environmental services (PES).

Source: Engel, S. 2016. The Devil in the Detail: A practical guide on designing payments for environmental services. International Review of Environmental 
and Resource Economics, 9(1–2): 131–177. https://doi.org/10.1561/101.00000076

FIGURE 12
Basic idea of payment for ecosystem services

https://doi.org/10.1561/101.00000076
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Agri-environmental schemes
In practice, the link between agricultural practices and the 
provision of ecosystem services is not always fully under-
stood, nor is the value of different ecosystem services across 
varying contexts always known (see Section 2.1). For this 
reason, classical agri-environmental schemes (AES), arguably 
the most common type of PES, are typically action-based. 
This means that farmers are compensated for pre-defined 
management practices rather than for the actual delivery of 
ecosystem services. Although this approach does not fully 
align with the PES definition outlined earlier and is con-
sidered less efficient than paying for ecological outcomes 
(result-based AES) (Mennig and Sauer, 2019; White and 
Hanley, 2016), it remains the dominant form of AES due 
to advantages in design, programming and administration.

In general, AES –  more recently also referred to as 
agri-environmental-climate schemes (AECS) –  have been 
mainstreamed in agri-environmental policies globally as 
a means to financially incentivize farmers to undertake 
nature-protecting activities and to mitigate environmental 
harm (Batáry et al., 2015). At their core, action-based 
schemes aim to compensate land managers for additional 
costs and income foregone from adopting farming prac-
tices with higher environmental and ecological quality 
standards. In most parts of the world, the conservation 
of critical natural capital and the development of specific 
programmes and schemes to that end are considered a 
legitimate task of government.

The forerunner of modern AES began in the United 
States of America in the 1930s with a programme aimed 
at protecting soil and reducing the production of surplus 
crops (Baylis et al., 2008). In Europe –  apart from some 
northwestern countries that implemented agri-environment 
programmes before any European Union (EU) regulations 
– most AES originated in the Agricultural Structures Regu-
lation of 1985 (European Union Regulation 797/85), which 
established the legal basis for compensating farmers for 
income losses from adopting less intensive practices. Five 
years later, AES became mandatory for all EU Member States 
(EU Regulation 2078/92). To this day, AES remain a central 
element of the Rural Development pillar of the CAP, and 
have also been integrated into the first pillar under the CAP 
reform 2023, where they are referred to as eco-schemes.

Payments for ecosystem services in perspective
Payments for ecosystem services –  and by extension, 
agri-environmental schemes – have been widely discussed 
in the literature as mechanisms to incentivize ecosystem 
services, or the management practices that enhance their 
provision (FAO, 2011; Wunder, 2005; Engel et al., 2008; 
Silvestri et al., 2012). Practical guidance for the design and 
implementation of PES is available in the work of Smith 
et al. (2013) and Engel (2016).

However, PES schemes entail several shortcomings (see 
Engel et al., 2008, for a more detailed discussion). Two 
key challenges are briefly highlighted here. First, designing 
a scheme that accurately compensates the true value of 
the ecosystem services being promoted or conserved is 
extremely difficult. This is often linked to previously dis-
cussed issues, such as differing values placed on ecosystem 
services by different stakeholder groups, and the limitations 
or biases of the valuation methodologies used. In addition, 
more practical constraints –  such as limited budgets for 
designing and financing the incentives – can also affect the 
scheme’s effectiveness.

Second, the literature acknowledges that PES alone 
may not be sufficient to incentivize the conservation or 
enhancement of ecosystem services. Other enabling fac-
tors can be equally important. While this report does not 
provide an exhaustive overview of all possible mechanisms 
and incentives, Section 4.2.2 highlights several additional 
considerations for creating an enabling environment that 
goes beyond PES alone.

4.2.2 Additional elements to promote the 
enabling environment
As previously noted, PES alone may not be sufficient to con-
serve or enhance the provision of ecosystem services. The 
design of more sustainable food systems, where the provi-
sion of ecosystem services and public goods is considered, 
is inherently multidimensional and involves multiple actors 
(CFS, 2014). Thus, fostering farming systems that deliver a 
broad range of ecosystem services requires enabling con-
ditions beyond PES alone. Although not a comprehensive 
list, several key considerations to support the creation of an 
enabling environment are outlined below.

Legal framework
PES schemes should be embedded in a strong and ambitious 
policy and legal framework. To ensure human well-being, 
ecosystem services must be continuously supplied –  both 
now and in the future. This requires long-term, coherent 
policies underpinned by legislation that provides legitimacy 
and clear rules for all parties involved (i.e. ecosystem service 
producers and beneficiaries).

According to the Committee on World Food Security 
(CFS), states play a unique role in promoting sustainable 
agriculture and food systems, given their responsibilities in 
legislation, policy, public administration and the provision 
of public goods (CFS, 2014). States are therefore encour-
aged to promote an enabling policy, legal, regulatory and 
institutional environment, including appropriate safeguards 
where necessary. This, however, demands coherence, con-
sistency and predictability across the broad set of policies, 
laws and regulations governing food and agriculture. 
Achieving such consistency is widely acknowledged as 
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difficult (Muscat et al., 2021), and implementation remains 
complex (European Court of Auditors, 2020).

Access to credit
Many business models based on alternative farming sys-
tems (such as those presented in Section 4.1) depend on 
financial incentives or subsidies outside of regular markets 
or are perceived as having limited repayment capacity. As 
a result, farmers may struggle to access credit from com-
mercial institutions – whether for business development or 
for transitioning from conventional to alternative systems 
(Ripoll-Bosch and Schoenmaker, 2021). Sustainable financ-
ing and responsible investment are indispensable to support 
food system transformation and to promote diverse farm-
ing approaches that can deliver a wider range of ecosystem 
services and public goods (CFS, 2014).

Risk mitigation
Alternative farming systems typically rely more on ecological 
processes than on agrochemical inputs. The literature often 
contrasts this ecological approach with the conventional 
approach, which seeks to control environmental and pro-
duction factors – ensuring optimal availability of nutrients, 
water and pest control (Erisman et al., 2016). In contrast, 
alternative approaches promote resilience through biodiver-
sity and ecosystem functioning but may be more vulnerable 
to climatic variability or pest outbreaks. Therefore, addition-
al mechanisms to mitigate risk may be required.

This need has implications at several levels. For instance, 
the capacity to mitigate risk can influence access to credit. 
It also underscores the importance of a supportive policy 
framework that acknowledges the increased uncertainty 
associated with ecological approaches. Finally, if society 
demands inherently riskier farming approaches, it should 
also assume part of the responsibility for mitigating those 
risks, rather than placing the full burden on farmers.

Knowledge transfer
The field of ecosystem services and its application to 
livestock agroecosystems is rapidly developing. However, 
advances are primarily concentrated within the scientific 
domain, creating a gap between research and prac-
tice. There is, therefore, a pressing need to transfer this 
knowledge to relevant stakeholders to create an enabling 
environment for land users to act accordingly. Farmers, 
for example, receive substantial information on how 
to optimize agricultural performance, but most of this 
focuses on systems geared toward increasing marketable 
products (i.e. provisioning ecosystem services). In contrast, 
alternative systems that aim to deliver multiple ecosystem 
services are more diverse, less mainstream and often 
marginalized in terms of knowledge dissemination. As a 
result, there is a need to (1) generate more knowledge 

on these systems and their capacity to supply ecosystem 
services; (2) demonstrate their viability in terms of pro-
ducing both marketable products and ecosystem services; 
and (3) ensure effective knowledge transfer to farmers 
willing to transition to or initiate such alternative farming 
approaches. The success of this transfer depends on con-
textual factors but may involve communicating through 
appropriate channels and in language that stakeholders 
understand (rather than scientific terminology), establish-
ing pilot demonstration farms or living labs, and relying 
on trained extension agents who can serve as knowledge 
intermediaries for farmers.

Visualization and recognition
Many ecosystem services provided by agroecosystems have 
been sustained by committed farmers who apply tradition-
al or environmentally sound practices without financial 
compensation –  driven by intrinsic motivation (Westerink 
et al., 2024). These farmers and their diverse systems are 
not always recognized, and their efforts may go unnoticed, 
leading to demotivation and reduced adoption of sustain-
able practices.

Media, policy programmes and knowledge creation 
and transfer should better acknowledge the heterogeneity 
of farmers and farming systems and actively recognize 
the value they bring to ecological and social well-being. 
According to FAO (2011), PES schemes must include the 
genuine participation of farmers. If their interests are not 
considered and they are viewed only as contributors to 
environmental problems – rather than as part of the solu-
tion – then PES programmes are unlikely to lead to lasting 
improvements.

A combination of measures and incentives
Each incentive has value on its own, but the literature has 
shown that relying on a single measure – such as PES – is 
rarely sufficient. In contrast, a combination of incentives in 
a coherent package yields better outcomes for ecosystem 
services and sustainable farming.

4.2.3 Payments for ecosystem services: insights 
from the longstanding programme in Costa Rica
A well-known and internationally recognized example of 
payments for ecosystem services is Costa Rica’s Environ-
mental Services Payment Programme, which offers a par-
ticipatory, monitorable and inclusive model for recognizing 
and distributing benefits. The text in this subsection was 
requested by the TAG to provide an example of an existing 
programme and was contributed by María Elena Herrera 
Ugalde, Director of Development and Marketing of Envi-
ronmental Services at the National Forestry Finance Fund 
(FONAFIFO). References from this section are provided in 
Box 6.
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Since 1997, Costa Rica has implemented the Payment 
Programme for Environmental Services (PPES; in Span-
ish, Programa de Pago de Servicios Ambientales), legally 
established under Forest Law No. 7575 of 1996. Article 
3, paragraph k, of this law defines environmental services 
as including biodiversity protection, water resource con-
servation for human, rural and hydroelectric consumption, 
greenhouse gas mitigation and scenic beauty. The law desig-
nates the National Forestry Finance Fund (Fondo Nacional de 
Financiamiento Forestal, or Fonafifo), part of the Ministry of 
Environment and Energy (Ministerio de Ambiente y Energía, 
MINAE), as the implementing agency for the programme. 
The primary objective of PPES is to finance small- and medi-
um-scale producers and forest owners for the environmental 
goods and services their lands provide. Fonafifo has since 
become a recognized leader in designing and implementing 
financial mechanisms that sustain and enhance ecosystem 
services to improve Costa Ricans’ quality of life.

The PPES has evolved over more than 20 years, enabling 
Costa Rican institutions to progressively refine its implemen-
tation across five pillars: regulatory, financial, governance, 
policy and monitoring. Alongside the founding legislation, 
the programme operates through an evolving framework of 
legal instruments, including decrees and annual resolutions. 
These instruments define the target areas to be covered 
each year (based on specific modalities and commitments), 
the payment amounts for each activity, and detailed oper-
ational manuals that set out eligibility requirements and 
activity-specific guidelines for participating landowners.

A key success factor for the PPES has been the alloca-
tion of stable financial resources. The programme receives 
3.5 percent of Costa Rica’s unique fuel tax revenue, which 
accounts for 92 percent of its financing. As this is not suf-
ficient to meet annual demand from applicants, Fonafifo 
also mobilizes complementary resources through national 
and international agreements, donor-funded projects and 
public–private or public–public partnerships. Since 1997, 
it has signed 120 agreements with private companies and 
public institutions, including initiatives linked to water use 
fees and other environmental services, contributing the 
remaining 8 percent of programme funds.

Within the country’s public policy framework, the PPES 
plays a crucial role in maintaining more than 50 percent 
forest cover and supporting biodiversity conservation. It 
contributes to Costa Rica’s commitments under the Paris 
Agreement, including nationally determined contributions 
(NDCs), carbon neutrality and decarbonization goals. As 
such, the programme is a central pillar in Costa Rica’s 
environmental policy and features in national development 
plans and presidential agendas.

Governance of the PPES is inclusive and participatory, 
involving small- and medium-scale producers and land-
owners, private companies and Indigenous territories. 
Participation also extends to licensed professional foresters, 
who conduct technical assessments for applicants, as well 
as multiple state institutions, including the public proper-
ty registry, the Ministry of Finance and the Office of the 
Comptroller General, which performs audits.
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FIGURE 13
Number of contracts issued per beneficiary type (women, men, legal entities or Indigenous territories)
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Since its inception, the PPES has established 3 289 
contracts, expanding participation among diverse actors, 
including 636 contracts with women, as well as with men, 
corporations and Indigenous Peoples (Figure 13). By 2023, 
Fonafifo had maintained 188  500 hectares of forest and 
facilitated the recovery of an additional 17  120 hectares, 
representing a total public investment of approximately 
CRC 9.3 billion (USD 18.2 million).

The programme operates through two modalities (Table 
12). The first modality focuses on the recovery of forest 
cover, implemented through three activities: commercial 
reforestation, natural regeneration and agroforestry sys-
tems. Table 12 presents the amounts paid per hectare, the 
duration of implementation for each activity and the distri-
bution of payments over the contract period, as outlined in 
the 2023 programme.

The second modality concerns the maintenance of for-
est cover and includes two activities: general forest protec-
tion and forest protection for water resource conservation. 
As indicated in Table 12, contracts under this modality 
typically last ten years, while the duration for other activi-
ties depends on the modality and species planted, such as 
in the case of reforestation. Implementation is guided by 
a manual of procedures, which outlines the requirements 
each beneficiary must meet and submit to participate in the 
recognition scheme.

For farms to enter the programme, Fonafifo annually 
establishes the area to be targeted, as well as the designat-
ed economic amount per hectare or tree to be recognized. 

This largely depends on the budget allocated by the Min-
istry of Finance. The budget is distributed among the eight 
regional offices of the institution, proportionally to the 
existing average forest cover.

Admission into the programme follows prioritization 
criteria and an assessment matrix defined by the National 
System of Conservation Areas. For instance, priority is given 
to: (a) forests on private farms located within protected wild 
areas; (b) forests within Indigenous territories; (c) forests on 
farms situated in defined areas of conservation importance; 
and (d) forests on farms located within officially designated 
biological corridors.

The development of agroforestry systems, one of the 
activities promoted by the programme, has resulted in the 
establishment of more than half a million trees. These trees 
provide benefits such as shade for crops and livestock, 
habitats for species that assist in pest control and enhanced 
ecosystem function. Additionally, these efforts have con-
tributed to the accounting of Nationally Appropriate Mit-
igation Actions (NAMAs), which represent internationally 
agreed commitments to reduce greenhouse gas emissions. 
This alignment has fostered collaboration between the 
ministries of agriculture and environment, promoting syn-
ergies across sectors and broadening stakeholder inclusion 
in achieving climate goals.

Fonafifo also maintains a Control and Monitoring 
Department to oversee farms participating in the pro-
gramme. A series of technological tools is employed to 
enhance the robustness and transparency of formalized 
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contracts. Monitoring spans from the admission of new 
farms and payment disbursement to the legal processes 
regulating participants’ rights and duties. It includes field 
inspections, annual site visits, beneficiary reports, use of 
high-resolution satellite imagery and geographic position-
ing systems and external audits.

Through more than 20 years of implementation, 
Fonafifo has engaged diverse national actors in forest 
conservation, while channelling direct investment into 
rural areas. Beyond promoting ecosystem services, the 
programme’s impact in Indigenous territories has included 
the construction of roads, schools and health centres, as 
well as the provision of student scholarships, financial aid 
to older adults and daily meals for families facing extreme 
poverty.

Fonafifo’s strategic vision aims to increase financing 
from diverse sources to sustain environmental services in 
priority areas. It seeks to protect ecosystems and biodiver-
sity through environmental financing mechanisms, support 
rural development and promote a more inclusive and 
resilient economy for Costa Ricans, while contributing to 
climate change mitigation and adaptation.

4.3  CONSIDERATIONS AND LIMITS OF THIS 
REPORT 

Terminology
The concept of ecosystem services is complex and has been 
widely debated (see Schröter et al., 2014, or Section 1.1.2 
of this report). Today, the concept is applied across a wide 
range of disciplines (Braat and de Groot, 2012; Jax et al., 
2018). As such, practitioners may use terminology different 
from that adopted in this report, depending on their disci-
plinary background and the valuation methods employed. 
This report was developed by a multidisciplinary team, and 
terminology-related issues arose throughout the drafting 

process, particularly when seeking to harmonize and con-
dense information across disciplines. To promote clarity for 
practitioners, the introductory chapters and glossary should 
be consulted when interpreting the terms used.

Incomplete knowledge
The study of ecosystem services, and particularly the liter-
ature on ecosystem services in livestock agroecosystems, 
is relatively recent and constantly evolving. Practitioners 
should therefore be aware of knowledge gaps, uncertain-
ties and the rapid pace of advancement in this field. The 
guidelines presented here were developed with the best 
available knowledge of the contributors, but we acknowl-
edge the possibility that some relevant information or liter-
ature may have been inadvertently overlooked.

Selection of methods described
This report does not aim to provide an exhaustive list of 
all possible assessment methods. Rather, it focuses on 
those methods that the TAG considered most relevant and 
applicable to the livestock sector, based on their collective 
expertise and experience.

Classification of methods
The report seeks to guide practitioners through key 
concepts related to ecosystem services and the methods 
available for their assessment. To do so, the methods have 
been grouped into four broad categories: biophysical (Sec-
tion 3.1), sociocultural (Section 3.2), economic (Section 
3.3) and modelling (Section 3.4). These categories are 
not always clear-cut, and some methodologies span more 
than one. A selection of such cross-cutting approaches is 
presented in Section 3.5. Terminology may also vary across 
scientific disciplines, which is why each methodological 
chapter begins with a conceptualization section defining 
its scope and rationale. Where methods are closely linked 

TABLE 12
The two modalities and activities rewarded under the programme

Modality Activity Amount  
(USD/ha)

Distribution  
of the amount

Length  
of the contract

Recovery of forestry cover

Reforestation

1.147
50 percent, 20 percent, 15 
percent, 10%, 5% (paid in 
the first 5 years)

10 to 16 years1.293

1.940

Natural regeneration 187 20% each year 5 years

Agroforestry systems
1.6a

50%, 25%, 25% (paid in 
years 1-3-5) 5 years

2.3a

Maintenance of forestry 
cover

Forest protection 582 10% each year 10 years

Protection of hydric 
resources 727 10% each year 10 years

Note: a In agroforestry systems, payment is granted for each tree planted.

Source: Authors’ own elaboration.
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across chapters or could reasonably be placed in more 
than one category, cross-references have been provided. 
We recognize that alternative classifications or chapter 
sequences may be preferred by some practitioners. Other 
inventories and typologies have been proposed in the liter-
ature (e.g. Dunford et al., 2018; Wolff et al., 2015; Jacobs 
et al., 2018).

Preference for a method
The guidelines do not recommend or promote one method 
over another. The selection of a particular method should 
be based on the intended purpose of the ecosystem ser-
vices assessment. Nevertheless, we believe that combining 
multiple methods can offer a more robust and comprehen-
sive understanding of ecosystem services. This is supported 
by findings in the literature (e.g. Dunford et al., 2018; 
Harrison et al., 2018; Jacobs et al., 2018), which highlight 
how the integration of methods allows for the inclusion 
of a broader range of ecosystem services and value types, 
facilitates engagement with diverse stakeholder groups and 
enhances understanding of the complex socioecological 
systems involved.

4.4  OTHER SUSTAINABILITY CONSIDERATIONS

4.4.1 Introduction 
While the primary focus of ecosystem services in livestock 
agroecosystems is on the benefits that humans derive 
from these systems, other sustainability concerns – such as 
biodiversity conservation or climate change – may not be 
explicitly addressed within traditional ecosystem services 
frameworks. Nonetheless, these considerations remain vital 
for shaping effective policies and strategies related to the 
global role of livestock. When evaluating livestock agroe-
cosystems, it is essential to ensure that system resilience 
is maintained through outcomes such as the preservation 
of diversified plant and animal genetic resources and the 
avoidance of actions that disrupt natural systems – for 
example, those causing detrimental changes to soil and 
water quality and flow across the landscape.

Policies and actions that contribute to the resilience of 
both animals and the environment, even if they fall outside 
the classical definition of ecosystem services, are crucial for 
sustainability. This section highlights several important areas 
that should be taken into account to support a more holistic 
and forward-looking approach to livestock production.

4.4.2 Animal resilience and genetics
The link between animal resilience and welfare is critical 
for promoting ecosystem stability through sustainable prac-
tices that conserve biodiversity and address environmental 
threats. Healthy ecosystems with diverse animal popula-
tions are better equipped to mitigate the effects of extreme 

weather events and disease outbreaks. Factors contributing 
to animal resilience include genetic and phenotypic diver-
sity, as well as physiological and behavioural flexibility. The 
baseline for assessing resilience is the provision of adequate 
access to food, water and shelter for all animals.

Resilient animals are more capable of withstanding 
environmental fluctuations compared to more susceptible 
ones, increasing their chances of survival and productivity 
under harsh conditions. Animals that enjoy good welfare – 
for example, those free from disease, adequately nourished 
and able to adjust to thermal variation – tend to exhibit 
higher resilience, as they are better prepared to recover 
from adverse situations and respond effectively to environ-
mental or health challenges. In contrast, animals in poor 
welfare conditions may have compromised resilience.

Organizations are increasingly developing detailed ethi-
cal standards and guidelines to promote humane treatment 
of animals and better integration of human, animal and 
environmental health (e.g. Provenza et al., 2015). Resilient 
animals play a key role in maintaining ecosystem stability 
and function, influencing predator–prey dynamics, herbi-
vore population control and nutrient cycling. Conversely, 
environmental changes – such as habitat loss or climate 
change – can disrupt animal populations and threaten bio-
diversity and ecosystem service stability.

Birds and mammals, for example, contribute to seed 
dispersal by consuming fruit and distributing seeds across 
landscapes, supporting plant regeneration and diversity. 
Several factors may influence ecosystem services by pro-
moting stable animal resilience. A decline in animal and 
insect populations – due to biodiversity loss from habitat 
destruction, water pollution or rising CO2 emissions – can 
reduce pollination and thereby impact food production. 
Animals also support nutrient cycling, particularly in diverse 
biomes. Decomposers such as worms, insects and microbes 
break down organic matter and recycle nutrients into the 
soil, which is essential for maintaining soil fertility and agri-
cultural productivity.

Maintaining biodiversity and reducing environmental 
contamination is crucial, as healthy ecosystems rich in bio-
diversity provide a wider range of ecosystem services than 
degraded systems that prioritize only one or a few outputs 
(e.g. food) (Schneiders et al., 2012). More balanced agro-
ecosystems – relying on natural pest control, use of robust 
and locally adapted breeds, and conservation of natural 
resources – can reduce dependence on external inputs and 
veterinary treatments, which may have long-term negative 
effects on ecosystems and human health (Miller et al., 
2022; Boxall, 2004). There is an urgent need to promote 
the sustainable use of agrochemicals and animal health 
treatments in order to preserve their effectiveness and avoid 
both immediate and long-term harm to the environment 
and human well-being.
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4.4.3 Environmental resilience and biodiversity

Integration of livestock in agroecosystems globally
Total global emissions from ruminant livestock have 
increased from 40 to 120 Tg CH4 per year over the past 
century (Zhang, 2022), with further increases expected 
(FAO, 2018). As such, the pressure exerted by livestock on 
terrestrial ecosystems remains under scrutiny. Mitigation 
options – such as the sustainable intensification of livestock 
systems and adjusting the balance between intensive and 
extensive ruminant production based on local context – are 
being explored (FAO, 2018). These considerations raise 
the broader question of global carrying capacity and the 
ability of extensive livestock agroecosystems to sustainably 
support production. Any such potential must be examined 
alongside global efforts to stabilize or reduce greenhouse 
gas emissions from ruminants.

Preserving biodiversity contributes to ecosystem 
services
Ecosystem services are closely tied to the conservation of 
local and biome-specific biodiversity, which supports the 
resilience of ecosystems overall. Conserving biodiversity is 
essential for both human and animal health, as it underpins 
the provision of many ecosystem services. Healthy ecosys-
tems act as natural regulators by enabling biological control 
of disease vectors and maintaining ecological balance. For 
instance, wetlands filter water by removing pollutants and 
pathogens, reducing the risk of waterborne diseases. For-
ests improve air quality by absorbing pollutants and serve as 
important carbon sinks, contributing to climate regulation. 
Intact habitats can also serve as barriers to zoonotic disease 
transmission. The resilience of healthy ecosystems enhances 
their capacity to withstand and recover from disturbances, 
including disease outbreaks.

Connecting ecosystem services, livestock and the 
environment
Historically, the focus on production efficiency in farming 
has contributed to issues such as degraded soils and loss 
of biodiversity. These challenges have encouraged a shift 
towards more integrated, systems-based approaches that 
balance short- and long-term ecosystem services. Global-
ly, farmers operate under tight economic constraints and 
often face persistent challenges – such as pest and disease 
buildup – that are exacerbated by reliance on unsustainable 
systems. Systems optimized solely for high yields tend to 
generate trade-offs that compromise long-term ecosystem 
functions. To mitigate these trade-offs, some farmers have 
shifted to more complex livestock systems with diversified 
inputs. Integration of such systems offers an opportunity to 
overcome the physical and biological limitations associated 
with high-input farming by improving nutrient cycling, 

diversifying land use, rehabilitating degraded soils and 
exploring alternative feed sources. Successful implementa-
tion of these systems requires informed decision-making, 
technical support and tools tailored to diversified farming 
enterprises. Diversification is both a challenge and an 
opportunity for addressing soil degradation and biodiversity 
loss while ensuring the long-term sustainability and eco-
nomic viability of agricultural production.

Preserving pollination as a fundamental ecosystem 
service
Pollination underpins both managed and natural terres-
trial ecosystems, with most agricultural and wild plants 
depending on a variety of pollinators, including ants, bats, 
flies, birds, mammals and insects. Among these, bees – 
especially honeybees and bumblebees – are considered 
the most important. Managed bee populations are used to 
pollinate specific crops, often being transported to fields 
or greenhouses, whereas wild pollinators depend entirely 
on healthy habitats and ecosystems.

To maintain and enhance pollination services, it is 
essential to conserve bee populations and promote biodi-
verse local pollinator communities. This requires diversified 
cropping systems combined with suitable natural habitats 
that provide nectar and pollen throughout the bees’ active 
season, as well as nesting areas. Diverse forage and the 
absence of resource scarcity contribute to higher resil-
ience among pollinators, improving their ability to buffer 
adverse conditions such as climate change or disease 
outbreaks.

Food and feed production often involves pesticide use, 
which can pose risks to pollinators foraging in treated 
areas. There is a trade-off between the benefits of insecti-
cide use in pest control and potential side effects on bees 
and other pollinators. Integrated Pest Management (IPM) 
approaches, including the use of pest thresholds to guide 
insecticide application only when necessary, can help 
reduce unnecessary exposure. Understanding pollinator 
behaviour, foraging activity and timing – in combination 
with knowledge of pest lifecycles and pesticide properties 
(e.g. persistence, toxicity, systemic action) – can support 
targeted treatment strategies that minimize risks to 
non-target organisms. For example, pesticide applications 
may be scheduled outside peak foraging times or modi-
fied to reduce exposure.

Raising awareness of the needs and benefits of polli-
nators, investing in capacity building on pollinators and 
pests, and implementing pollinator-safe pesticide use 
conditions can help reduce adverse effects on pollinator 
communities. In doing so, pollination services can be safe-
guarded, contributing to more sustainable crop produc-
tion and resilient terrestrial ecosystems – both managed 
and natural.
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4.4.4 Micronutrients and human health
Food from terrestrial animal-source foods (TASF) contrib-
utes approximately 21 percent of the global total caloric 
supply, although regional differences exist. Globally, TASF 
accounts for around 30 percent of protein consumption, 
with country-level disparities in both the supply and the 
specific categories of TASF available (FAO, 2023).

Animal-source foods – including meat, fish (encompass-
ing all aquatic ASFs), eggs and dairy – provide high-quality 
proteins and a balanced range of essential nutrients (Beal 
et al., 2023). Their contribution to human nutrition is sig-
nificant not only because of the superior quality of these 
proteins, but also due to their rich and diverse provision of 
micronutrients.

Foods of animal origin, such as meat, eggs, milk and 
dairy products, deliver concentrated amounts of essential, 
highly bioavailable nutrients to human diets – including 

protein, iron, vitamin A, vitamin B12 and zinc – all of which 
are particularly important for vulnerable populations. Milk, 
in particular, provides macronutrients (proteins, carbohy-
drates and fats) that contribute to its nutritional and bio-
logical value (Claeys et al., 2014), along with micronutrients 
such as vitamins and minerals that play critical roles in vital 
bodily functions (Cashman, 2006; Paparo et al., 2021; 
Trinchese, 2021).

ASFs offer an important supplement and diversification 
to predominantly plant-based diets and are particularly 
effective in combating malnutrition and various forms of 
micronutrient deficiency. According to Pethick et al. (2023), 
meat supply remains critical for ensuring adequate global 
micronutrient intake. While access to animal-source foods 
remains limited in many regions, overconsumption is report-
ed in others. Both underconsumption and overconsumption 
are matters of concern and pose risks to human health.
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Appendix 1

Case studies on the application of the steps 
to design and perform the valuation of 
ecosystem services

This appendix presents examples of how the valuation of 
ecosystem services is conducted in livestock agroecosys-
tems. It illustrates the application of the approach outlined 
in Section 2.1. Roadmap for the evaluation of ecosystem 
services from livestock agroecosystems, including the steps 
that guide the assessment process, and provides practical 
examples of how individual methodologies described in 
Part 3 can be implemented.

The two case studies presented were developed by 
different authors and in distinct contexts. Case study 1, 
focusing on pasture-based systems in Uruguay, covers 
the full assessment of ecosystem services through the 
five steps defined in Section 2.1. Case study 2, based on 
pasture-based systems in Brazil, highlights the process of 
designing and selecting methods and indicators for assess-
ing ecosystem services:

CASE STUDY 1: ECOSYSTEM SERVICES 
PROVIDED BY PASTURE-BASED SYSTEMS IN 
URUGUAY (EXAMPLE OF FIVE STEPS TAKEN)
José Paruelo,1,2,3 Pablo Baldassini,1,2, Gonzalo Camba Sans,2 
Federico Gallego,3 Luciana Staiano,2 Hernán Dieguez,2 
Oscar Bkumetto,1 Santiago Baeza4

1. Purpose of the evaluation
This study aims to evaluate the environmental performance 
of extensive agricultural systems in Uruguay, with particular 
emphasis on livestock systems. The objective is to inform 
the development of public policies that support biodiversity 
conservation and the provision of ecosystem services, high-
light the contributions of pastoral systems and stimulate 
further research in this area. The indicators used in the 
evaluation were developed under the 2022 initiative Huella 
Ambiental Ganadera, led by the Ministries of Agriculture 
and Environment of Uruguay (Ministerio de Ambiente de 
Uruguay, 2022). 

2. Framing the valuation
The livestock and agricultural-livestock areas in 2022 in 
Uruguay were around 11 647 million hectares, which repre-
sent 71 percent of the total area (Ministerio de Ganadería, 
Agricultura y Pesca, 2023). Total stock was 11.6 and 6.2 
million heads of cattle and sheep, respectively (Ministerio 
de Ganadería, Agricultura y Pesca, 2023). Native grasslands 
are the main forage base for meat and wool production in 
Uruguay, while for dairy production, the forage base is sown 
pastures and forage annual crops. According to the land use 
cartography of the National Direction of Territorial Planning 
(Ministerio de Ganadería, Agricultura y Pesca, 2020) and 
MapBiomas (MapBiomas Uruguay, n.d.), native grasslands 
occupy 51 percent of the country, which is equivalent to 
9.13 million hectares. Sown pastures and forage crops occu-
py 6.72 percent and 16.8 percent, respectively.

3. Selection of valuation frameworks and 
methods
For this document, the results of five indicators are pre-
sented for all police sections (PS) – administrative territorial 
divisions. These indicators can be updated annually, allow-
ing for the analysis of temporal trends at the police section 
scale. In this context, livestock areas refer to natural grass-
lands or sown pastures.

The selected indicators consist of synoptic metrics (Fig-
ure 1) derived from remote sensing data and biophysical 
modelling. Data were processed at the police section scale 
using Geographic Information Systems (QGIS and ArcGIS). 
The models were developed on the Google Earth Engine 
platform (Gorelick et al., 2017). The information presented 
does not differentiate among livestock subsystems, such as 
beef cattle, sheep or dairy production.

The indicators were selected based on the following cri-
teria: i) scientific evidence and local validation; ii) existence 
of a protocol for estimation or calculation, including data 
requirements; iii) relevance to key environmental process-
es (e.g. biodiversity, ecosystem service provision, carbon 
dynamics); iv) known limitations regarding the scalability or 
generalization of the indicators across the study region; and 
v) degree of legitimacy among stakeholders.

The latter was assessed based on the inclusion of the 
indicators in the national Environmental Footprint of the 

1	 Área Recursos Naturales, Producción y Ambiente. Instituto Nacional de 

Investigación Agropecuaria (INIA). Uruguay
2	 IFEVA- Facultad de Agronomía, Universidad de Buenos Aires y CONICET, 

Argentina.
3	 IECA. Facultad de Ciencias, Universidad de la República, Uruguay.
4	 Departamento de Sistemas Ambientales. Facultad de Agronomía, 

Universidad de la República, Uruguay.
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Livestock Sector initiative (Huella Ambiental de la Ganadería) 
in Uruguay (Ministerio de Ambiente de Uruguay, 2022).

3.1. Proportion of natural habitats
This indicator identifies the proportion of natural environ-
ments – including native grasslands, wetlands and native 
forests – within each police section.

To quantify the proportion of natural habitat, land use 
cartography produced by MapBiomas (Baeza et al., 2022) 
was used. The indicator is calculated as the sum of the area 
occupied by native grasslands, forests and wetlands divided 
by the total area of each police section.

3.2. Diversity of ecosystems functional types
This indicator (dEFTs) evaluates the functional biodiversity of 
the landscape based on the seasonal dynamics of carbon 
gains (Gallego et al., 2023). Ecosystem functional types 

(EFTs), as defined by Paruelo et al. (2001), represent land units 
with similar annual dynamics in carbon gains, characterized 
by three attributes: the annual average, the intra-annual 
coefficient of variation and the timing of peak productivity. 
These attributes were assessed using spectral vegetation indi-
ces, specifically the Enhanced Vegetation Index (EVI), derived 
from MODIS imagery (product MOD13Q1), with a spatial res-
olution of 230 metres and a temporal resolution of 16 days.

EFT diversity, described using the Shannon index, reflects 
the functional heterogeneity of anthropized land uses (i.e. 
areas other than natural habitats) within each police section 
(Alcaraz-Segura et al., 2013). This approach enables the 
classification of land cover based on productivity, seasonal-
ity and phenology. For example, wheat crops typically peak 
in spring, soybean crops in summer, while double crops 
show a summer peak with a lower coefficient of variation.

EFTs were generated for the year 2015. Each of the 

Source: Authors’ own elaboration.

FIGURE A1.1
Indicators measured for Uruguay at the country/police section scale
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three functional attributes was categorized into four levels, 
following the protocols of Alcaraz-Segura et al. (2013) 
and Gallego et al. (2023), resulting in 64 EFT categories. 
Pixels corresponding to grasslands (250 metre resolution) 
were excluded, and the Shannon index was calculated to 
describe the functional diversity of the anthropized portion 
of each police section (i.e. agricultural areas).

3.3. Ecosystem services supply index
The Ecosystem Services Supply Index (ESSI) is calculated as the 
product of the mean annual Enhanced Vegetation Index (EVI) 
and the complement of the EVI annual coefficient of variation 
(i.e. 1 − CV EVI) (Paruelo et al., 2016; Staiano et al., 2021). 
ESSI values were averaged at the police section level for the 
period 2020–2021. The index is based on data with a spatial 
resolution of 250 metres and a temporal resolution of 16 days.

ESSI provides information on the supply of regulating 
and supporting ecosystem services, particularly those asso-
ciated with carbon dynamics.

3.4. Temporal trends of the ESSI
This indicator reflects the temporal trend of the Ecosystem 
Services Supply Index (ESSI) over the period 2000–2020 
(Paruelo et al., 2016; Staiano et al., 2021). The index, 
referred to as tESSI, is expressed as the percentage of the 
police section area showing statistically significant negative 
trends. It serves as a measure of changes in the supply of 
regulating and supporting ecosystem services over time.

3.5. Human appropriation of net primary production 
This indicator captures the human impact on ecosystems 
and characterizes land use intensity (Baeza and Paruelo, 
2018; Paruelo and Sierra, 2020). Human appropriation 
of net primary production (HANPP) is calculated as the 
difference between the net primary production (NPP) in 
the absence of human influence –  i.e. the potential vege-
tation (NPPo) – and the NPP remaining after human harvest 
(NPPact). The NPPrem is estimated as the NPP of the current 
vegetation (NPPact) minus the harvested NPP (NPPh), which 
includes biomass appropriated by humans as agricultural 
products (e.g. grain, wood, meat) or destroyed during har-
vest. The formula is:

HANPP = NPPo− NPPrem = NPPo − (NPPact − NPPh)
The complement of HANPP (1 − HANPP) indicates the 

proportion of energy remaining available to other trophic 
levels, which in turn supports the supply of ecosystem 
services.

4 Implementation of valuation methods

4.1. Percentage of natural habitats
The administrative units with the largest livestock areas had 
between 63 and 95 percent of their surface covered by 
natural habitats (Figure A1.2). Most of the natural habitats 
within the police sections corresponded to native grass-
lands (Figure A1.3).

Note: Refer to the disclaimer on page ii for the names and boundaries used in this map.

Source: MapBiomas Uruguay. N.D. Uruguay land use and coverage mapping platform. [Cited 4 June 2025]. https://uruguay.mapbiomas.org/

FIGURE A1.2
Percentage of the surface of each police section classified as natural habitat (natural grassland, forest, wetland)

https://uruguay.mapbiomas.org/
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4.2. and 4.3. Ecosystem services supply index and its 
temporal trends
Figure 3 shows that the supply of ecosystem services (ES) 
in the portions of police sections (PS) dedicated to livestock 
is higher than when the entire section is considered. This 
pattern shifts in PSs with significant forest cover, such as 
Rivera. The proportion of the PS displaying negative trends 
is also lower in areas occupied by livestock production sys-
tems (Figure 4).

4.4. Diversity of ecosystems functional types
EFT diversity (dEFTs) showed a spatial pattern that contrasts 
with that of the ESSI (Figure 5), thus providing a comple-
mentary perspective on the environmental performance of 
agricultural systems. Greater diversity and heterogeneity are 
associated with a higher supply of habitats and resources. 
A more diverse and heterogeneous non-native system is 
likely to demonstrate greater resilience and more efficient 
resource use. EFT diversity serves as a proxy for the multi-
functionality of non-natural agricultural landscapes.

4.5. Human appropriation of the net primary 
production
In Uruguay’s agricultural systems, HANPP exceeds 40 per-
cent when all land cover and land uses are considered 
(Baeza and Paruelo, 2018). Appropriation can reach 70–80 
percent in areas dominated by cropland and tree planta-
tions. In contrast, HANPP in livestock systems based on 
native grasslands is less than 11 percent, indicating a great-

er availability of energy to support biodiversity and maintain 
ecosystem integrity (Figure A1.6).

5. Application of the outcomes of the valuation
The analysis of the results allows for a spatially explicit 
description of the heterogeneity in environmental per-
formance and ecosystem services supply across Uruguay. 
Environmental performance is higher in areas dominated 
by livestock production systems. These areas exhibit greater 
preservation of native habitats, higher functional diversity, 
stronger ecosystem service supply, and more energy availa-
ble to sustain biodiversity and ecosystem functions.

Although there is a general trend of declining ecosystem 
service supply, the police sections where livestock systems 
predominate show either neutral or only slightly negative 
trends. In contrast, areas dominated by non-livestock activ-
ities display a more generalized decline.

The lowest values of the various indicators were observed 
in different police sections, highlighting spatial variability. 
Differences in the spatial patterns of the indicators indicate 
low redundancy among them. This is further confirmed by 
the correlation coefficients calculated between indicators 
(Table 1) (Paruelo et al., 2023). The strongest correlations 
were found between ESSI and HabNat (0.68) and between 
ESSI and dEFT (0.66). Despite these associations, less 
than 50 percent of the variability in one indicator can be 
explained by another, underscoring the need for a multi-in-
dicator approach to environmental valuation.

The indicators presented at the police section level can 

Note: Refer to the disclaimer on page ii for the names and boundaries used in this map.

Source: NASA. N.D. Moderate Resolution Imaging Spectroradiometer (MODIS) – About MODIS. [Cited 4 June 2025]. https://modis.gsfc.nasa.gov/about/

FIGURE A1.3
Average values of the Ecosystem Services Supply Index for livestock and non-livestock areas by police section  

for the 2020–2021 campaign. Higher ESSI values represent a greater supply of ecosystem services

Livestock Non-livestock

https://modis.gsfc.nasa.gov/about/
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also be generated at finer spatial resolutions (e.g. higher-or-
der watersheds or individual farms) and linked to manage-
ment practices and productive or economic performance. 
In addition to the advantages of achieving full territorial 
coverage and tracking temporal changes through a com-
mon protocol, synoptic indicators serve as a complement to 

field-based evaluations (e.g. Blumetto et al., 2019), which 
remain an essential step in developing a comprehensive 
assessment of environmental performance.

The environmental performance of a territorial unit (e.g. 
a farm or police section), assessed across multiple dimen-
sions, can be directly linked to the production outputs from 

Note: Refer to the disclaimer on page ii for the names and boundaries used in this map.

Source: NASA. N.D. Moderate Resolution Imaging Spectroradiometer (MODIS) – About MODIS. [Cited 4 June 2025]. https://modis.gsfc.nasa.gov/about/

FIGURE A1.4
Percentage of the surface with a negative trend in the values of the Ecosystem Service Supply Index  
for livestock and non-livestock areas at the police section. The trend was evaluated for a time series  
from 2000 to 2021. The negative trend means that the supply of ecosystem services has decreased

FIGURE A1.5
Diversity of Functional Types of Ecosystems that do 
not correspond to natural habitats described using 
the Shannon index for each police section. A higher 

index corresponds to greater diversity 

Note: Refer to the disclaimer on page ii for the names and boundaries 
used in this map.
Source: NASA. N.D. Moderate Resolution Imaging Spectroradiometer (MODIS) – 
About MODIS. [Cited 4 June 2025]. https://modis.gsfc.nasa.gov/about/

FIGURE A1.6
Percentage of appropriation of net primary 

production by police section. Higher levels of 
appropriation are associated with more intensive use 
of natural resources and greater human intervention

Note: Refer to the disclaimer on page ii for the names and boundaries 
used in this map.
Source: NASA. N.D. Moderate Resolution Imaging Spectroradiometer (MODIS) – 
About MODIS. [Cited 4 June 2025]. https://modis.gsfc.nasa.gov/about/

Livestock Non-livestock

https://modis.gsfc.nasa.gov/about/
https://modis.gsfc.nasa.gov/about/
https://modis.gsfc.nasa.gov/about/
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that unit. In Uruguay, the combination of environmental 
performance indicators with existing livestock traceability 
systems enables the classification of products based on 
their environmental sustainability. This typification of prod-
ucts provides an effective and explicit connection to con-
sumer behaviour, thereby offering the potential to influence 
consumption patterns by differentiating products according 
to their environmental and social attributes.

CASE STUDY 2: ECOSYSTEM SERVICES 
PROVIDED BY PASTURE-BASED SYSTEMS IN 
BRAZIL (EXAMPLE OF THREE STEPS TAKEN)
Title: Integrated production systems and metrics for eco-
system services evaluation in Brazilian livestock
Authors: Rachel Bardy Prado (Researcher of Brazilian 
Agriculture Research Corporation – Embrapa – Brazil – 
rachel.prado@embrapa.br); Sérgio Raposo de Medeiros 
(Researcher of Brazilian Agriculture Research Corporation 
– Embrapa – Brazil – sergio.medeiros@embrapa.br); and 
Silvia Regina Silva de Oliveira Bento (Ministry of Agricul-
ture and Livestock – silvia.bento@agro.gov.br)
Keywords: ecosystem services framework, Brazilian livestock 
sustainability, policies, integrated crop-livestock-forestry. 

1. Introduction 
Brazil has led global beef exports since 2003 (Oliveira 
et  al., 2016). In 2023, cattle production increased by 
3 percent compared to the same quarter of the previous 
year. Over the past decades, Brazil has achieved major 
scientific, technological and policy advances in sustainable 
livestock management. These developments include:

i.	 Genetic improvement of forage cultivars – Since 
the 1970s, beef production has increased more than 
fivefold while the total pasture area has decreased by 
3 percent. Pasture area, which peaked in the 1990s, 
has since declined by almost 30 million hectares 
(Landau et al., 2020). Research by Embrapa and part-
ners has supported the development and adaptation 
of forage cultivars suited to Brazilian conditions, 
enhancing not only biomass production but also 
resistance to pests and diseases, as well as improving 
nutritional quality.

ii.	Improved livestock nutrition – Brazilian forages 
tend to be low in mineral content, making sup-
plementation essential. Supplementation of pas-
ture-based diets is a key practice for reducing GHG 
emissions (Feltran-Barbieri and Féres, 2021).

iii.	Advances in animal breeding – Selective breeding 
has significantly contributed to improvements in beef 
production. The use of expected progeny differences 
(EPDs), consanguinity control and embryo selection 
has been further enhanced by genomic tools, improv-
ing traits such as feed efficiency, carcass quality, and 
resistance to pests and diseases Embrapa, 2023).

iv.		Animal health and welfare – Brazilian beef pro-
duction typically involves low external input use. 
Awareness of animal welfare is growing among 
Brazilian consumers, similar to trends in developed 
countries (Hötlez and Vandresen, 2022). Encourag-
ingly, more farmers are adopting “rational manage-
ment” practices that simultaneously improve animal 
welfare and production efficiency.

v.	Low-carbon livestock policy – The Sectoral Plan 
for Mitigation and Adaptation to Climate Change 
for the Consolidation of a Low-Carbon Economy 
in Agriculture (ABC Plan) was launched to help 
meet Brazil’s NDCs. A dedicated credit line with 
preferential financing was created to support imple-
mentation. Between 2010 and 2020, the ABC Plan 
mitigated approximately 170 million tonnes of CO2 
equivalent over 52 million hectares, exceeding its 
target by 46.5  percent. The plan was updated in 
2020 and is now known as ABC+ (2020–2030) 
(Brasil, 2021).

In response to increasing global demands for socioen-
vironmental safeguards in meat production, Brazil con-
tinues to adapt its practices to meet stricter sustainability 
requirements. This includes efforts to curb deforestation, 
which remains central to maintaining trade relations and 
strengthening the agricultural sector (Imaflora, 2023). 
Forest restoration and recovery of degraded lands are 
critical strategies for achieving food security and sustain-
ability goals. The agricultural sector plays a pivotal role in 
this effort (Feltran-Barbieri and Féres, 2021), along with 

TABLE A1.1
Correlation among indicators at the “Police Section” level. In bold are those correlations statistically significant at p<0.05

dEFT HabNat ESSI tESSI 1-HANPP

dEFT 1

HabNat 0.26 1

ESSI 0.66 0.68 1

tESSI 0.33 0.62 0.62 1

1-HANPP -0.26 0.27 -0.08 0.00025 1

Source: Authors’ own elaboration.



81Case studies on the application of the steps to design and perform the valuation of ecosystem services

improved resource management that preserves soils, water 
and biodiversity. These actions contribute to reducing GHG 
emissions by lowering methane intensity per unit of output, 
avoiding deforestation and increasing soil organic carbon 
(Gouvello et al., 2011).

A major area of progress has been the adoption 
of integrated production systems. These are defined as 
the simultaneous, rotational, or successive cultivation of 
different plant and animal species in the same area. 
Integrated systems aim to enhance resource use efficiency, 
reduce environmental impacts and improve productivity 
(Guimarães Júnior et al., 2020).

Among these, integrated crop–livestock–forestry (ICLF) 
systems stand out. ICLF combines agricultural, livestock 
and/or forestry activities on the same land – intercropped, 
rotated, or in succession – to generate synergistic benefits 
across the agroecosystem. Variants include integrated 
crop–livestock (ICL or agropastoral), crop–livestock–for-
estry (ICLF or agrosilvipastoral), livestock–forestry (ILF or 
silvopastoral) and crop–forestry (ICF or agrosilvicultural) 
systems (Brasil, 2023). While all are practised in Brazil, ICLF 
systems are particularly relevant for ecosystem services 
(ES) provision.

By 2020/2021, the area under ICLF systems was estimat-
ed at 17 million hectares, with the potential to expand to 
48 million hectares, especially through the rehabilitation of 
degraded pastures (Embrapa, 2023). These systems can help 
mitigate – or even neutralize – GHG emissions, particularly 
where trees are present, thereby making livestock produc-
tion more sustainable. Key benefits include increased car-
bon sequestration, improved animal comfort and welfare, 
enhanced forage quality and diversified income streams 
(Bungenstab and Almeida, 2014). Leite et al. (2023) offer 
a detailed comparison of ICLF and conventional systems, 
emphasizing their relative advantages and disadvantages in 
relation to GHG emissions and carbon sinks.

However, it is essential to disseminate these technolo-
gies and monitor their impacts. In this context, the eco-
system services approach is highly relevant, as it addresses 
both human needs and the imperative to protect ecosys-
tems (MEA, 2005). The concept of ecosystem services facil-
itates the integration of various sectors of society and plays 
a key role in advancing livestock sustainability.

Despite ongoing efforts, there remain significant gaps in 
the availability of efficient metrics and standardized proto-
cols to assess the impacts of sustainable livestock practices 
on ecosystem services (Dumont et al., 2018; Figueroa et al., 
2022). The objective of this case study is to highlight pro-
gress made in livestock sustainability in Brazil – particularly 
through integrated production systems – and to propose a 
preliminary methodological framework for evaluating their 
impacts on ecosystem services.

2. Metrics to measure the impacts of livestock 
on ecosystem services in Brazil
A study carried out by Dumont et al. (2019) mentions that 
the various ecosystem services provided by livestock are 
rarely quantified. In Brazil, the situation is no different. Many 
advances have been made in the sustainability area, but 
there is still no standardization of metrics to assess and value 
ecosystem services provided by livestock. This is challenging 
since Brazil is a continental country, with wide-ranging pro-
duction systems, climates, soils and management.

A literature review on cattle ranching sustainability in 
Latin America (Figueroa et al., 2022) found that ecological 
analyses tend to focus on characterizing production sys-
tems and evaluating the impacts of livestock on ecosystems 
– particularly in relation to climate change (e.g. greenhouse 
gas emissions), land-use change, soil degradation (e.g. 
nutrient depletion and erosion), and pollution from the use 
of nitrogen- and phosphate-based fertilizers.

In response to these challenges, the Brazilian Carbon 
Neutral Beef project (Carne Carbono Neutro, or CCN) 
proposed a national protocol for certifying carbon-neutral 
meat (Zanasi et al., 2020). Initiated by the Brazilian Agricul-
tural Research Corporation (Embrapa), in partnership with 
MARFRIG – one of the world’s largest beef producers – the 
CCN project supports the sustainable intensification of beef 

FIGURE A1.7
Integrated crop-livestock-forestry area in the Brazilian 

states (2020/2021)

Note: Refer to the disclaimer on page ii for the names and boundaries 
used in this map.
Source: Rede ILPF. N.D. Integrated crop–livestock–forestry network: ILPF 
in numbers. [Cited 1 June 2025]. https://redeilpf.org.br/ilpf-em-numeros/#

https://redeilpf.org.br/ilpf-em-numeros/
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production through the adoption of ICLF or LF systems. The 
approach incorporates good agricultural practices, thermal 
comfort for animals, soil conservation, carbon sequestra-
tion through tree biomass and monitoring of pasture man-
agement (Zanasi et al., 2020).

3. Preliminary methodological framework to 
evaluate integrated production systems impacts 
on ecosystem services 

3.1 Methodology
The present preliminary framework to evaluate the impacts 
of integrated production systems on ecosystem services 
considers the provisioning ecosystem services (biotic and 
abiotic) and regulation and maintenance ecosystem services 
(biotic and abiotic), according to the Common International 
Classification of Ecosystem Services. It considers some of 
the biophysical methods presented in this report. The CICES 
classification level used was “Class”.

This proposal also considers two scales: farm and 
regional landscape. Dumont et al. (2019) and Figueroa et 
al. (2022) highlight the importance of evaluating ecosys-
tem services related to livestock at different spatial and 
temporal scales. At the farm scale, various ecosystem 
services are provided by grasslands to farmers, such as soil 
fertility, biological regulations and erosion control, which 
benefit to some extent from the functional diversity of 
grassland species and the duration of the pasture phase 
in the crop rotation. At the landscape scale, review papers 
(e.g. Lüscher et al., 2014; Herrero-Jáuregui and Oester-
held, 2018) have quantified the main effects of grassland 
management and landscape heterogeneity on biodi-
versity. They show how farming practices interact with 
landscape heterogeneity in a multiscale process to shape 
grassland biodiversity and ecosystem services provision. 
“Provisioning ecosystem services” are linked to the ability 
of natural ecosystems to provide food, fibre and energy 
for human consumption through processes such as pho-
tosynthesis, nutrient sequestration and others, and are 
also related to semi-natural ecosystems, which involve 
human interference, as is the case with agriculture and 
livestock (Groot et al., 2002). Then, water, food, wood, 
milk, meat and other goods are some of the examples 
of provisioning services. Many provisioning services are 
traded in markets. However, in many regions, rural house-
holds also directly depend on provisioning services for 
their livelihoods. 

“Regulation ecosystem services” relate to the character-
istic regulatory processes of ecosystems, such as maintain-
ing air quality, climate regulation, erosion control, water 
purification and flow regulation, water self-purification (the 
process of degradation of nutrients contained in bodies 
of water due to sources of pollution, generally sewage), 

regulation of human diseases and pests in agriculture, 
pollination and mitigation of natural damage (MEA, 2005). 
In the CICES classification, the term “maintenance” was 
added, which relates to the maintenance of biodiversity, 
leaving the class called “regulation and maintenance”. All 
these services work together to make ecosystems clean, 
sustainable, functional and resilient to change.

Finally, we surveyed the literature for studies that 
evaluate some of the ecosystem services proposed in our 
methodological framework, specifically regarding integrat-
ed crop–livestock–forestry impacts on Brazil, identifying the 
indicators and methods of evaluation (all direct biophysical 
methods) they applied and the scale of work. In this step, 
only papers published in English were considered. It is 
believed that the result of this step could complement and 
help in putting the proposed framework into practice. 

3.2 Results 
Figure A1.8 presents the Preliminary methodological 
framework to evaluate the impacts of integrated produc-
tion systems on ecosystem services. The application of 
this framework is intended to quantify and monitor the 
impacts of integrated production systems on provisioning 
and regulation, and maintenance of ecosystem services. 
It can be improved and adapted to different Brazilian 
regions. The framework considers indicators related to 
soil and water conservation practices and pasture man-
agement at the farm scale, as well as actions and policies 
at the municipal level, which influence the increase or 
improvement of selected ecosystem services.

Valani et al. (2020) found that, from a total of 92 
papers, Brazil’s prominent focus of research is on soil quality 
and integrated crop–livestock–forest systems, with signifi-
cant contributions from the central and southern regions. 
Embrapa was the main publishing institution, presenting 
one-third of the studies. Crop–livestock was the most com-
mon integrated system; ferralsols were the most common 
soil group, and most of the studied soils were clayey. No-till-
age was the main tillage system. Most studies focused on 
the topsoil, assessing physical and/or chemical soil quality 
indicators. More emphasis is needed on biological indica-
tors of soil quality, as well as on assessments that integrate 
biological, physical and chemical indicators of soil quality. 
Table A2.1 compiles the indicators, types of methods and 
scale used in some studies found in the literature that 
evaluate the impacts of integrated crop–livestock–forestry 
systems on ecosystem services in Brazil, even if not explicitly 
using the ecosystem services approach.

4. Reflection/take-home message
Many advances have been made in relation to Brazilian live-
stock sustainability. Research, technology and innovation 
are the factors that most contribute to Brazilian livestock’s 
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continuous increase in efficiency to meet growing global 
demand, sustainably, while mitigating climate change. 

The application of metrics and indicators to evaluate 
and monitor Brazilian livestock performance regarding 
the provision of ecosystem services, mainly in integrated 
production systems, is essential to guide more appro-
priate actions. This practice is essential so that Brazilian 
products from these systems can conquer more stringent 
international markets, not to mention the impacts on the 
environment, food security and increased quality of life for 
everyone, at the national level.

There are national policies aimed at the sustainability of 
Brazilian livestock, mainly the ABC+ Plan, which is part of 
Brazil’s climate policy to reduce GHG emissions. However, 

livestock sustainability indicators are scarce in the literature 
and policies.

Of the studies surveyed in the literature that evalu-
ated the impacts of ICLF on ecosystem services in Brazil, 
the majority used soil quality indicators, applying direct 
biophysical methods of analysis and on a farm scale. This 
shows the need to evaluate other ecosystem services, indi-
cators and methods and expand the scale of study to the 
landscape.

The advantage of this framework is to present 
grouped indicators into the language of ecosystem ser-
vices, using the international CICES classification and farm 
and landscape scale, which can obviously be improved 
and adapted continuously to different Brazilian regions. 

TABLE A1.2
Ecosystem services (CICES classification), indicators, analytics, methods or reference and scale to evaluate the impacts of 
integrated crop-livestock-forestry on ecosystem services in Brazil

Ecosystem service Indicators Analytics Scale Reference study 

Decomposition and 
fixing processes and 
their effect on soil 
quality 

Microbial carbon 
and biochemical 
activity

Total organic carbon and 
soil organic matter

Farm

Zago, L.M.S., Ramalho, W.P., Caramori, S.S. et al. 2020. 
Biochemical indicators drive soil quality in integrated 
crop–livestock–forestry systems. Agroforestry 
Systems, 94: 2249–2260. https://doi-org.fao.idm.oclc.
org/10.1007/s10457-020-00547-w

Total nitrogen

B-glucosidase and acid 
phosphatase activities

Glycine aminopeptidase 
activity

Arylsulfatase activity

Phenoloxidase

C content of microbial 
biomass

Soil physicochemical 
attributes

Physicochemical properties

Soil biological 
attributes

Soil organic carbon

Farm

Assis, P.C.R., Stone, L.F., Silveira, A.L.R.D., Oliveira, 
J.D.M., Wruck, F.J. & Madari, B.E. 2017. Biological soil 
properties in integrated crop–livestock–forest systems. 
Revista Brasileira de Ciência do Solo, 41(0).  
https://doi.org/10.1590/18069657rbcs20160209

Microbial biomass carbon 
and nitrogen

Soil basal respiration

Metabolic quotient and 
microbial quotient

Systemic soil fertility Not mentioned

Anghinoni, I. & Vezzani, F.M. 2021. Systemic soil 
fertility as product of system sel-forganization 
resulting from management. Revista Brasileira de 
Ciência do Solo, 45. https://doi.org/10.36783/1806965
7rbcs20210090

Control of erosion 
rates/Hydrological 
cycle and water flow 
regulation

Soil physical 
attributes

Water clay dispersed, soil 
bulk density, macroporosity, 
microporosity, porosity

Farm

Moreira, G.M., Neves, J.C.L., Rocha, G.C., Magalhães, 
C.A.D.S., Farias Neto, A.L., Meneguci, J.L.P. & 
Fernandes, R.B.A. 2018. Physical quality of soils under 
a crop–livestock– forest system in the Cerrado/Amazon 
transition region. Revista Árvore, 42(2). 
https://doi.org/10.1590/1806- 90882018000200013

Soil water retention curve

Least limiting water range

S index

Soil organic matter

Regulation of 
chemical composition 
of atmosphere and 
oceans (carbon storage 
by plants and soil)/
filtration-sequestration-
storage-accumulation 
by micro-organisms, 
algae, plants and 
animals

Carbon stock in 
eucalyptus

Diameter at breast 
height of tree average of 
the tree diameters

Farm

Morales, M.M., Tonini, H., Behling, M. & Hoshide, 
A.K. 2023. Eucalyptus carbon stock research in 
an integrated livestock–forestry system in Brazil. 
Sustainability, 15(10): 7750. https://doi.org/10.3390/
su15107750

Canopy biomass in separate 
compartments: leaves, dead 
branches, fresh branches 
and the tree trunk

Carbon dioxide equivalent 
stock

Source: Authors’ own elaboration.

https://doi.org/10.36783/18069657rbcs20210090
https://doi.org/10.36783/18069657rbcs20210090
https://doi-org.fao.idm.oclc.org/10.1007/s10457-020-00547-w
https://doi-org.fao.idm.oclc.org/10.1007/s10457-020-00547-w
https://doi.org/10.3390/su15107750
https://doi.org/10.3390/su15107750
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ECOSYSTEM SERVICES AND INDICATORS TO EVALUATE THE IMPACTS OF INTEGRATED PRODUCTION SYSTEMS IN BRAZIL

Farm scale Regional landscape scale

Regulation and maintenance ES (biotic)

• Decomposition and nutrient �xing 
processes and their effect on soil quality

Indicators: soil cover, crop rotation, 
integrated system with trees, % soil 
organic matter, control of �res in 
pastures, nutrient �xing processes

• Control of erosion rates/hydrological 
cycle and water �ow regulation

Indicators: soil cover, integrated system 
with trees, pasture maintenance, 
recovery of degraded pastures, water 
containment basins, contour lines or 
terraces

• Pest control (including invasive species)

Indicators: adequate pasture 
management, use of biological inputs, 
zoonosis control

• Regulation of chemical composition of 
atmosphere and oceans (carbon storage 
by plants and soil)/�ltration-sequestra-
tion-storage-accumulation by micro-or-
ganisms, algae, plants and animals

Indicators: integrated system with trees, 
soil cover, crop rotation, animal thermal 
comfort, carbon sequestration by soil, 
pastures and trees, % natural vegetation 
in accordance with the forest code*

(15)

Provisioning ES (abiotic)

• Surface water for drinking

Indicators: water 
in�ltration into the soil, 
integrated system with 
trees, spring protection, 
cattle thirst in drinking 
troughs, water reuse on the 
property, pasture 
maintenance, ef�cient 
irrigation system, % natural 
vegetation in accordance 
with the forest code*

Provisioning ES (biotic)

• Animals reared for   
human food

Indicators: head of 
cattle/ha, litres of milk/ha, 
kg of meat/ha, nutritional 
balance of cattle

Provisioning ES (abiotic)

• Surface water for drinking

Indicators: landscape 
fragmentation, area of conservation 
units, desilting of rivers, presence of 
payment for water environmental 
services scheme (municipality)

Regulation and maintenance ES (biotic)

• Maintaining nursery populations 
and habitats/pollination

Indicators: landscape 
fragmentation, area of conservation 
units, animal and plant species 
protection law, phytosanitary 
control (municipality)

• Control of erosion 
rates/hydrological cycle and water 
�ow regulation

Indicators: adequacy of roads, 
protection of slopes with 
vegetation, law to prevent 
ploughing downhill (municipality)

Note: * Forest Code: Law 12,651/2012, which aims to protect natural vegetation on Brazilian private farms.

Source: Embrapa. N.D. International Cooperation – Brazilian Agricultural Research Corporation. [Cited 1 June 2025]. https://www.embrapa.br/en/international

FIGURE A1.8
Preliminary methodological framework to evaluate the impacts of integrated production systemson ecosystem services
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Appendix 2

Ecosystem services classification following 
the CICES classification (VERSION CICES 5.1)

TABLE A2.1
Ecosystem services classification (CICES classification)

Section Division Group Class Code Class type

Provisioning 
(biotic)

Biomass Cultivated terrestrial plants for 
nutrition, materials or energy

Cultivated terrestrial plants 
(including fungi, algae) 
grown for nutritional 
purposes

1.1.1.1 Crops by amount, type 
(e.g. cereals, root crops, 
soft fruit, etc.)

Provisioning 
(biotic)

Biomass Cultivated terrestrial plants for 
nutrition, materials or energy 

Fibres and other materials 
from cultivated plants, fungi, 
algae and bacteria for direct 
use or processing (excluding 
genetic materials)

1.1.1.2 Material by amount, 
type, use, media (land, 
soil, freshwater, marine)

Provisioning 
(biotic)

Biomass Cultivated terrestrial plants for 
nutrition, materials or energy 

Cultivated plants (including 
fungi, algae) grown as a 
source of energy 

1.1.1.3 By amount, type, source

Provisioning 
(biotic)

Biomass Cultivated aquatic plants for 
nutrition, materials or energy 

Plants cultivated by in- situ 
aquaculture grown for 
nutritional purposes 

1.1.2.1 Plants, algae by amount, 
type

Provisioning 
(biotic)

Biomass Cultivated aquatic plants for 
nutrition, materials or energy 

Fibres and other materials 
from in-situ aquaculture 
for direct use or processing 
(excluding genetic materials)

1.1.2.2 Plants, algae by amount, 
type

Provisioning 
(biotic)

Biomass Cultivated aquatic plants for 
nutrition, materials or energy 

Plants cultivated by in- situ 
aquaculture grown as an 
energy source

1.1.2.3 Plants, algae by amount, 
type

Provisioning 
(biotic)

Biomass Reared animals for nutrition, 
materials or energy 

Animals reared for 
nutritional purposes

1.1.3.1 Animals, products by 
amount, type (e.g. beef, 
dairy)

Provisioning 
(biotic)

Biomass Reared animals for nutrition, 
materials or energy 

Fibres and other materials 
from reared animals for 
direct use or processing 
(excluding genetic materials)

1.1.3.2 Material by amount, 
type, use, media (land, 
soil, freshwater, marine)

Provisioning 
(biotic)

Biomass Reared animals for nutrition, 
materials or energy 

Animals reared to 
provide energy (including 
mechanical)

1.1.3.3 By amount, type, source

Provisioning 
(biotic)

Biomass Reared aquatic animals for 
nutrition, materials or energy 

Animals reared by in-situ 
aquaculture for nutritional 
purposes

1.1.4.1 Animals by amount, type

Provisioning 
(biotic)

Biomass Reared aquatic animals for 
nutrition, materials or energy 

Fibres and other materials 
from animals grown by 
in-situ aquaculture for direct 
use or processing (excluding 
genetic materials)

1.1.4.2 Animals by amount, type

Provisioning 
(biotic)

Biomass Reared aquatic animals for 
nutrition, materials or energy 

Animals reared by in-situ 
aquaculture as an energy 
source

1.1.4.3 Animals by amount, type

Provisioning 
(biotic)

Biomass Wild plants (terrestrial and 
aquatic) for nutrition, materials 
or energy 

Wild plants (terrestrial and 
aquatic, including fungi, 
algae) used for nutrition

1.1.5.1 Plants, algae by amount, 
type

Provisioning 
(biotic)

Biomass Wild plants (terrestrial and 
aquatic) for nutrition, materials 
or energy 

Fibres and other materials 
from wild plants for direct 
use or processing (excluding 
genetic materials)

1.1.5.2 Plants, algae by amount, 
type

Provisioning 
(biotic)

Biomass Wild plants (terrestrial and 
aquatic) for nutrition, materials 
or energy 

Wild plants (terrestrial and 
aquatic, including fungi, 
algae) used as a source of 
energy

1.1.5.3 Material by type/source

Provisioning 
(biotic)

Biomass Wild animals (terrestrial and 
aquatic) for nutrition, materials 
or energy 

Wild animals (terrestrial and 
aquatic) used for nutritional 
purposes

1.1.6.1 Animals by amount, type

Provisioning 
(biotic)

Biomass Wild animals (terrestrial and 
aquatic) for nutrition, materials 
or energy 

Fibres and other materials 
from wild animals for direct 
use or processing (excluding 
genetic materials)

1.1.6.2 Material by type/source

(Cont.)
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TABLE A2.1
Ecosystem services classification (CICES classification)

Section Division Group Class Code Class type

Provisioning 
(biotic)

Biomass Wild animals (terrestrial and 
aquatic) for nutrition, materials 
or energy 

Wild animals (terrestrial and 
aquatic) used as a source of 
energy

1.1.6.3 By amount, type, source

Provisioning 
(biotic)

Genetic material Genetic material from plants, 
algae or fungi

Seeds, spores and other 
plant materials collected for 
maintaining or establishing a 
population

1.2.1.1 By species or varieties

Provisioning 
(biotic)

Genetic material Genetic material from plants, 
algae or fungi

Higher and lower plants 
(whole organisms) used to 
breed new strains or varieties

1.2.1.2 By species or varieties

Provisioning 
(biotic)

Genetic material Genetic material from plants, 
algae or fungi

Individual genes extracted 
from higher and lower 
plants for the design 
and construction of new 
biological entities

1.2.1.3 Material by type

Provisioning 
(biotic)

Genetic material Genetic material from animals Animal material collected for 
the purposes of maintaining 
or establishing a population

1.2.2.1 By species or varieties

Provisioning 
(biotic)

Genetic material Genetic material from animals Wild animals (whole 
organisms) used to breed 
new strains or varieties

1.2.2.2 By species or varieties

Provisioning 
(biotic)

Genetic material Genetic material from 
organisms

Individual genes extracted 
from organisms for the 
design and construction of 
new biological entities

1.2.2.3 Material by type

Provisioning 
(biotic)

Other types of 
provisioning service from 
biotic sources

Other Other 1.3.X.X Use nested codes 
to allocate other 
provisioning services 
from living systems to 
appropriate Groups and 
Classes

Provisioning 
(abiotic)

Water Surface water used for 
nutrition, materials or energy 

Surface water for drinking 4.2.1.1 By amount, type, source

Provisioning 
(abiotic)

Water Surface water used for 
nutrition, materials or energy 

Surface water used as a 
material (non-drinking 
purposes)

4.2.1.2 By amount and source

Provisioning 
(abiotic)

Water Surface water used for 
nutrition, materials or energy 

Freshwater surface water 
used as an energy source

4.2.1.3 By amount, type, source

Provisioning 
(abiotic)

Water Surface water used for 
nutrition, materials or energy 

Coastal and marine water 
used as energy source

4.2.1.4 By amount, type, source

Provisioning 
(abiotic)

Water Ground water for used for 
nutrition, materials or energy 

Ground (and subsurface) 
water for drinking

4.2.2.1 By amount, type, source

Provisioning 
(abiotic)

Water Ground water for used for 
nutrition, materials or energy 

Ground water (and 
subsurface) used as a 
material (non-drinking 
purposes)

4.2.2.2 By amount and source

Provisioning 
(abiotic)

Water Ground water for used for 
nutrition, materials or energy 

Ground water (and 
subsurface) used as an 
energy source

4.2.2.3 By amount and source

Provisioning 
(abiotic)

Water Other aqueous ecosystem 
outputs

Other 4.2.X.X Use nested codes 
to allocate other 
provisioning services 
from non-living systems 
to appropriate Groups 
and Classes

Regulation and 
maintenance 
(biotic)

Transformation of 
biochemical or physical 
inputs to ecosystems

Mediation of wastes or toxic 
substances of anthropogenic 
origin by living processes

Bio-remediation by micro-
organisms, algae, plants and 
animals

2.1.1.1 By type of living 
system or by waste or 
subsistence type

Regulation and 
maintenance 
(biotic)

Transformation of 
biochemical or physical 
inputs to ecosystems

Mediation of wastes or toxic 
substances of anthropogenic 
origin by living processes

Filtration/sequestration/
storage/accumulation by 
micro-organisms, algae, 
plants and animals

2.1.1.2 By type of living system, 
or by water or substance 
type

Regulation and 
maintenance 
(biotic)

Transformation of 
biochemical or physical 
inputs to ecosystems

Mediation of nuisances of 
anthropogenic origin

Smell reduction 2.1.2.1 By type of living system

Regulation and 
maintenance 
(biotic)

Transformation of 
biochemical or physical 
inputs to ecosystems

Mediation of nuisances of 
anthropogenic origin

Noise attenuation 2.1.2.2 By type of living system

Regulation and 
maintenance 
(biotic)

Transformation of 
biochemical or physical 
inputs to ecosystems

Mediation of nuisances of 
anthropogenic origin

Visual screening 2.1.2.3 By type of living system

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of baseline flows 
and extreme events

Control of erosion rates 2.2.1.1 By reduction in risk, area 
protected

(Cont.)

(Cont.)
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TABLE A2.1
Ecosystem services classification (CICES classification)

Section Division Group Class Code Class type

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of baseline flows 
and extreme events

Buffering and attenuation of 
mass movement

2.2.1.2 By reduction in risk, area 
protected

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of baseline flows 
and extreme events

Hydrological cycle and water 
flow regulation (Including 
flood control and coastal 
protection)

2.2.1.3 By depth/volumes

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of baseline flows 
and extreme events

Wind protection 2.2.1.4 By reduction in risk, area 
protected

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of baseline flows 
and extreme events

Fire protection 2.2.1.5 By reduction in risk, area 
protected

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Lifecycle maintenance, habitat 
and gene pool protection

Pollination (or "gamete" 
dispersal in a marine context)

2.2.2.1 By amount and 
pollinator

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Lifecycle maintenance, habitat 
and gene pool protection

Seed dispersal 2.2.2.2 By amount and dispersal 
agent

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Lifecycle maintenance, habitat 
and gene pool protection

Maintaining nursery 
populations and habitats 
(including gene pool 
protection)

2.2.2.3 By amount and source

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Pest and disease control Pest control (including 
invasive species) 

2.2.3.1 By reduction in 
incidence, risk, area 
protected by type of 
living system

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Pest and disease control Disease control 2.2.3.2 By reduction in 
incidence, risk, area 
protected by type of 
living system

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of soil quality Weathering processes and 
their effect on soil quality

2.2.4.1 By amount/concentration 
and source

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Regulation of soil quality Decomposition and fixing 
processes and their effect on 
soil quality 

2.2.4.2 By amount/concentration 
and source

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Water conditions Regulation of the chemical 
condition of freshwaters by 
living processes

2.2.5.1 By type of living system

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Water conditions Regulation of the chemical 
condition of salt waters by 
living processes

2.2.5.2 By type of living system

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Atmospheric composition and 
conditions

Regulation of chemical 
composition of atmosphere 
and oceans

2.2.6.1 By contribution of type 
of living system to 
amount, concentration 
or climatic parameter

Regulation and 
maintenance 
(biotic)

Regulation of physical, 
chemical, biological 
conditions

Atmospheric composition and 
conditions

Regulation of temperature 
and humidity, including 
ventilation and transpiration

2.2.6.2 By contribution of type 
of living system to 
amount, concentration 
or climatic parameter

Regulation and 
maintenance 
(biotic)

Other types of 
regulation and 
maintenance service by 
living processes

Other Other 2.3.X.X Use nested codes to 
allocate other regulating 
and maintenance services 
from living systems to 
appropriate Groups and 
Classes

Cultural (biotic) Direct, in-situ and 
outdoor interactions 
with living systems that 
depend on presence 
in the environmental 
setting

Physical and experiential 
interactions with natural 
environment

Characteristics of living 
systems that that enable 
activities promoting health, 
recuperation or enjoyment 
through active or immersive 
interactions 

3.1.1.1 By type of living system 
or environmental setting

Cultural (biotic) Direct, in-situ and 
outdoor interactions 
with living systems that 
depend on presence 
in the environmental 
setting

Physical and experiential 
interactions with natural 
environment

Characteristics of living 
systems that enable 
activities promoting health, 
recuperation or enjoyment 
through passive or 
observational interactions

3.1.1.2 By type of living system 
or environmental setting

Cultural (biotic) Direct, in-situ and 
outdoor interactions 
with living systems that 
depend on presence 
in the environmental 
setting

Intellectual and representative 
interactions with natural 
environment

Characteristics of living 
systems that enable scientific 
investigation or the creation 
of traditional ecological 
knowledge

3.1.2.1 By type of living system 
or environmental setting

(Cont.)

(Cont.)
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TABLE A2.1
Ecosystem services classification (CICES classification)

Section Division Group Class Code Class type

Cultural (biotic) Direct, in-situ and 
outdoor interactions 
with living systems that 
depend on presence 
in the environmental 
setting

Intellectual and representative 
interactions with natural 
environment

Characteristics of living 
systems that enable 
education and training

3.1.2.2 By type of living system 
or environmental setting

Cultural (biotic) Direct, in-situ and 
outdoor interactions 
with living systems that 
depend on presence 
in the environmental 
setting

Intellectual and representative 
interactions with natural 
environment

Characteristics of living 
systems that are resonant in 
terms of culture or heritage

3.1.2.3 By type of living system 
or environmental setting

Cultural (biotic) Direct, in-situ and 
outdoor interactions 
with living systems that 
depend on presence 
in the environmental 
setting

Intellectual and representative 
interactions with natural 
environment

Characteristics of living 
systems that enable aesthetic 
experiences

3.1.2.4 By type of living system 
or environmental setting

Cultural (biotic) Indirect, remote, often 
indoor interactions with 
living systems that do 
not require presence 
in the environmental 
setting

Spiritual, symbolic and other 
interactions with natural 
environment

Elements of living systems 
that have symbolic meaning

3.2.1.1 By type of living system 
or environmental setting

Cultural (biotic) Indirect, remote, often 
indoor interactions with 
living systems that do 
not require presence 
in the environmental 
setting

Spiritual, symbolic and other 
interactions with natural 
environment

Elements of living systems 
that have sacred or religious 
meaning

3.2.1.2 By type of living system 
or environmental setting

Cultural (biotic) Indirect, remote, often 
indoor interactions with 
living systems that do 
not require presence 
in the environmental 
setting

Spiritual, symbolic and other 
interactions with natural 
environment

Elements of living systems 
used for entertainment or 
representation

3.2.1.3 By type of living system 
or environmental setting

Cultural (biotic) Indirect, remote, often 
indoor interactions with 
living systems that do 
not require presence 
in the environmental 
setting

Other biotic characteristics that 
have a non-use value

Characteristics or features of 
living systems that have an 
existence value

3.2.2.1 By type of living system 
or environmental setting

Cultural (biotic) Indirect, remote, often 
indoor interactions with 
living systems that do 
not require presence 
in the environmental 
setting

Other biotic characteristics that 
have a non-use value

Characteristics or features of 
living systems that have an 
option or bequest value

3.2.2.2 By type of living system 
or environmental setting

Cultural (biotic) Other characteristics of 
living systems that have 
cultural significance

Other Other 3.3.X.X Use nested codes to 
allocate other cultural 
services from living 
systems to appropriate 
Groups and Classes

Note: The classification here provided, in Appendix 2, refers to CICES Version 5.1. At the time of writing this report, a draft version of V5.2 was 
released. Since V5.2 was only a draft, it was decided to keep V5.1. When using CICES, therefore, it is advised to consult the CICES website for 
potential updates. 

Source: Haines-Young, R. & Potschin-Young, M. 2018. Common International Classification of Ecosystem Services (CICES) V5.1 and guidance on the 
application of the revised structure. One Ecosystem, 3: e27108. https://doi.org/10.3897/oneeco.3.e27108

(Cont.)
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