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ABSTRACT. Soil carbon sequestration presents a pathway towards climate change mitigation and adaptation 
while also fostering sustainable socio-economic development. The emergence of soil carbon markets, which 
monetize carbon capture and land management practices, has given new impetus to this area of study. However, 
the intersection of environmental, social, and economic systems inherent to soil carbon markets introduces 
significant complexities. To understand the research landscape and the prevailing themes within the field, we 
conducted a systematic literature review, sourcing articles from the Web of Science and SCOPUS databases that 
focused on soil carbon markets, published between January 2017 and august 2023. Our analysis revealed three 
primary research themes emerged: 1) Soil Ecosystem Services (61%), closely associated with the agricultural and 
environmental sciences; 2) Environmental Economics (21%) show the growing focus on economic valuation of 
ecosystem services since the Paris Agreement; and 3) Exploratory Analyses (18%) highlight recent efforts in 
dealing with the complex network of environmental, social, economic, political and cultural factors. However, 
these areas of research are often treated separately, reflecting a broader disconnect between natural and social 
sciences: Geography, uniquely positioned at the intersection of natural and social sciences, could bridge this divide. 
Through a geographical lens, one can better comprehend drivers behind land management and land-use changes 
and how they relate to environmental indicators and soil carbon markets. In the social sciences, cultural aspects 
that shape soil management practices, farmers' relationships with land and markets, and their engagement with soil 
carbon markets could be examined to predict actions towards improving environmental performance indicators. 
These settings are highly local, influenced by factors like land tenure rights, landscape ecology, political settings, 
and power dynamics. Geography's role extends beyond merely understanding these local factors. It also involves 
studying 'space' and 'place', concepts that are crucial in the context of soil carbon markets. Within the framework 
of complexity theory and spatial agent-based modelling for socio-ecological systems, Geography can provide 
valuable insights into how different entities within soil carbon markets interact and influence each other. In the 
context of climate change, soil ecosystem services, and by extension soil carbon markets, can influence social and 
economic vulnerabilities. An integrated study of land use, management practices, and their impact on soil 
ecosystem services, using both quantitative and qualitative approaches, can provide insights into social behaviour 
and ecosystem responses over time. 
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Enterrando el carbono para desenterrar el futuro: Revisando el papel de la geografía en la 
valoración de los servicios ecosistémicos de carbono del suelo 
RESUMEN. El secuestro de carbono en el suelo puede ser un camino hacia la adaptación y mitigación del cambio 
climático, al mismo tiempo que puede fomentar el desarrollo socioeconómico sostenible. La aparición de los 
mercados de carbono del suelo, que monetizan la captura del carbono y las prácticas de gestión de la tierra, ha 
dado un nuevo impulso a esta área de estudio. Sin embargo, la intersección de los sistemas ambientales, sociales 
y económicos inherentes a los mercados de carbono del suelo introduce complejidades significativas. Para 
comprender el estado de la investigación y los temas predominantes en este campo, se realizó una revisión 
sistemática de la literatura científica, obteniendo artículos de la Web of Science y de las bases de datos de SCOPUS 
centrados en los mercados de carbono del suelo, publicados entre enero de 2017 y agosto de 2023. Nuestro análisis 
reveló tres ámbitos principales de investigación: 1) Servicios ecosistémicos del suelo (61%), estrechamente 
relacionados con las ciencias agrícolas y ambientales; 2) Economía ambiental (21%) que muestra el creciente 
enfoque en la valoración económica de los servicios de los ecosistemas desde el Acuerdo de París; y 3) Análisis 
exploratorios (18%) que resaltan los esfuerzos recientes en el tratamiento de la compleja red de factores 
ambientales, sociales, económicos, políticos y culturales. Sin embargo, estas áreas de investigación a menudo se 
tratan por separado, lo que refleja una desconexión más amplia entre las ciencias naturales y sociales: la Geografía, 
posicionada de manera única en la intersección de las ciencias naturales y sociales, podría salvar esta brecha. A 
través de una visión geográfica, se puede comprender mejor los impulsores que están detrás de la gestión de la 
tierra y de los cambios en el uso del suelo y cómo se relacionan con los indicadores ambientales y los mercados 
del carbono del suelo. En las ciencias sociales, los aspectos culturales que configuran las prácticas de gestión del 
suelo, las relaciones de los agricultores con la tierra y los mercados, y su compromiso con los mercados del carbono 
del suelo pueden ser examinados para predecir las acciones de mejora de los indicadores de comportamiento 
ambiental. Estos parámetros son altamente locales, influenciados por factores como los derechos de tenencia de la 
tierra, la ecología del paisaje, los entornos políticos y las dinámicas de poder. El papel de la Geografía va más allá 
de la mera comprensión de estos factores locales. También implica estudiar el espacio y el lugar, conceptos que 
son cruciales en el contexto de los mercados de carbono del suelo. En el marco de la teoría de la complejidad y la 
modelización espacial basada en agentes para sistemas socioecológicos, la Geografía puede proporcionar 
información valiosa sobre cómo interactúan e influyen entre sí diferentes entidades dentro de los mercados de 
carbono del suelo. En el contexto del cambio climático, los servicios de los ecosistemas del suelo y, por extensión, 
los mercados de carbono del suelo pueden influir en las vulnerabilidades sociales y económicas. Un estudio 
integrado del uso de la tierra, las prácticas de ordenación y su impacto en los servicios de los ecosistemas del suelo, 
utilizando enfoques cuantitativos y cualitativos, puede proporcionar información sobre el comportamiento social 
y las respuestas de los ecosistemas a lo largo del tiempo. 
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The role of Geography in valuing soil carbon ecosystem services 

1. Introduction 

The global discourse surrounding Climate Change Mitigation and Adaptation has been gaining 
momentum since the early 1990s. This increased attention is primarily fuelled by the collective 
understanding of a changing climate that is predicted to become warmer and drier. Consequently, the 
scientific community's focus has gravitated towards strategies to mitigate climate change's causes and 
adapt to its inevitable effects (Lobell et al., 2013; Smith et al., 2020; Tubiello, 2012). In response to 
these pressing concerns, according to the International Panel to Combat Climate Change (IPCC), 
mitigation strategies are typically classified into two distinct categories. The first pertains to efforts to 
reduce emissions of greenhouse gases, and the second involves the removal of a proportion of the 
existing atmospheric greenhouse gases. In contrast, adaptation to climate change involves 
comprehending the potential responses of natural ecosystems to climate forcings and designing 
strategies to navigate these changes. 

The Agriculture, Forestry and Other Land Use (AFOLU) sector is at the forefront of climate 
change mitigation options. This sector accounts for over 24% of global greenhouse gas emissions, 
second only to the Energy sector (IPCC, 2014), and directly impacts the three fundamental components 
of the global carbon cycle, namely soil, biomass, and the atmosphere. The carbon storage capacity of 
soils surpasses the combined total of atmospheric and biomass pools (Lal, 2010; Scharlemann et al., 
2014). This capacity is maintained for extended periods, thereby making soil an essential tool in carbon 
sequestration (Lal and Ussiri, 2017). 

Historical land use changes, including the transition from natural vegetation to agricultural and 
urban areas, have led to increased carbon emissions (Arneth et al., 2017). These changes have driven 
biomass burning and soil erosion, thereby reducing carbon from these vital pools and subsequently 
releasing it into the atmosphere (Bristow et al., 2016; Drews et al., 2020). Population growth in recent 
decades has added further pressure on natural ecosystems. The increasing demand for food production 
often extends to marginal lands, accelerating desertification and leading to productivity and income loss 
(Kirkby, 2021; Shukla et al., 2019). Consequently, the cycle of intensification and the search for new 
arable lands continue. 

Early research suggested the potential of poor and degraded lands worldwide to capture and 
store half to two-thirds of historical GHG emissions (Lal, 2004). While contemporary studies challenge 
the magnitude of this potential and the complexity of soils as adaptive systems introduces uncertainties, 
there is consensus about the pivotal role of soil carbon sequestration in climate change mitigation 
(Salvati et al., 2015). The political landscape is gradually aligning with these perspectives, as 
demonstrated by the "Soil Carbon 4perMille Initiative" of the Paris Agreement (Lal, 2020; Rumpel et 
al., 2020; Zomer et al., 2017). 

The mechanism of carbon trading, originating from the Cap-and-Trade emission reduction 
schemes of the Kyoto Protocol, has evolved over the years. The growing environmental concerns have 
paved the way for Voluntary Carbon markets where individuals or corporations can buy carbon offsets 
for their emissions. However, issues surrounding the additionality, permanence, monitoring, and 
validation of sequestered carbon have given rise to greenwashing concerns (Fleischman et al., 2020). 
Despite its reduced presence in voluntary markets, agricultural land remains a potential platform for 
emission reductions and net atmospheric removal of CO₂, albeit questions about its dimensional 
relevance and complexity issues arising from working complex adaptive systems with non-linear 
response to both natural and human forcings (Fearnehough et al., 2020; IATP, 2020; Michaelowa et al., 
2019; Venmans et al., 2020). 

Although efficacy and relevance concerns surround carbon offset schemes in agricultural land, 
the potential benefits of land restoration, climate change adaptation, and the redistribution of income 
from pollutant urban areas to low-density rural regions cannot be overlooked. This is especially true for 
regions with arid, semiarid, and dry subhumid climates. Areas of the globe that demonstrate 
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environmental sensitivity to climate change and desertification often coincide with low-income 
developing countries, where the potential benefits of ecosystem services and food security amplify the 
necessity for soil carbon sequestration approaches. 

The complexity of Soil Carbon Sequestration for Climate Change Mitigation and Adaptation 
requires interdisciplinary understanding, as it intersects environmental, social, economic, and political 
issues. Navigating this complexity can benefit greatly from the field of Geography, which excels in 
addressing complex relations within time and space (Cerqueira, 2021). This review explores recent 
scientific literature on soil carbon capture and storage, its relation to ecosystem services valuation, and 
carbon markets, as interpreted by the Social Sciences. The objective is to illuminate the potential 
contributions of Geography and geographical thought. 

 

2. Methods 

This study implemented a structured literature review adhering to the PRISMA Guidelines to 
screen and analyse results from a Web of Science (WoS) Social Science Citation Index (SSCI) and 
SCOPUS search query that focused on publications from January 2017 to August 2023. Both data sets 
were processed using an R script to exclude duplicates and organize the articles in alphabetical order of 
the first author, as well as creating a screening document with the following details: Author(s), Year, 
Title, Abstract, DOI. 

We initiated the first systematic search in December 2021 and updated the final list on August, 
2023, ensuring that we captured any additional relevant studies that were published during this period. 
The exact queries used in the SCOPUS and WoS searches are provided below: 

SCOPUS (81 results): 

Title-Abs  

(Soil AND Carbon AND Market*) 

AND (PubYear > 2016) 

AND  (Limit-to(SUBJAREA, “Soci”) 

WoS (97 results):  

Social Sciences Citation Index (SSCI), 

From 2017 to 2023. 

(((TI=(soil AND carbon AND market*)) 

OR  AB=(soil AND carbon AND market*))) 

 

In addition to this, a secondary search was executed on the SCOPUS database to estimate the 
volume of scientific work exploring the valuation of soil carbon as an ecosystem service within the 
Social Sciences discipline. We conducted three different queries on the title and abstract content: “Soil 
AND Carbon”, “Carbon AND Market*”, and “Soil AND Carbon AND Markets”. The rationale behind 
this was to assess the thematic variability of the subject, thereby enabling more accurate and informed 
future queries that can potentially eliminate field biases in the literature search. 

 

3. Results 

Our results showed that the interplay between the three keywords indeed allowed different 
approaches to be taken towards problems of a similar nature. The results and the analysis over the last 
five years are depicted in Tables 1 and 2, and Figure 1, providing a comprehensive overview of the 
search findings. 
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Table 1. Percentage of works associated with each research field in three different queries. at = All Time; 
2017-p = 2017 to present day; 2020-p = 2020 to present day. 

 

 

Table 2. Percent distribution of published work between January 2017 and August 2023. 

 

 

 
Figure 1. A comprehensive overview of the search findings. 

 

It was observed that issues bridging the environmental and social realms were anticipated to 
spread research topics across different fields. As depicted in Table 1, “Soil Carbon” was predominantly 
associated with Agricultural and Biological Sciences, Environment, and, to a lesser extent, Earth, and 
Planetary Sciences. “Carbon Market*”, on the other hand, was associated largely with Environmental 
Sciences, but also significantly with the Energy and Engineering fields. 

When all three keywords were combined in the query, there was a concentration of results within 
Agricultural and Biological, and Environmental fields, with Social Sciences emerging as a more relevant 
field. Although the relative importance of Social Sciences was still minimal (13 to 15%), the 
introduction of the term “Soil” in the query drastically decreased the significance of the Energy and 
Engineering fields. 

We then screened the articles by their titles and abstracts to gauge their relevance to this study, 
discarding articles that met the following criteria: 1) that were out of scope of the goals of these research 
but managed to be included in the search by having simultaneously the terms “soil”, “carbon” and 
“markets” in the title or abstract (for example energy papers on biomass fuel such as wood pellets or 
agronomy papers on animal husbandry production); 2) that did not focus on soil carbon sequestration 
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directly or indirectly as an ecosystem service (for example pure agronomic studies of crop performance); 
3) focused on soil carbon emissions (either by land use change or other sources such as rice paddy 
emissions and erosion). This resulted in 56 documents being discarded (Table 3), leaving 77 for further 
analysis. These 77 documents were classified into three categories: 1) Soil Ecosystem Services (in 
agricultural land, integrated systems, forests, and coastal environments), 2) Environmental Economics 
(including topics like carbon pricing and trading mechanisms), and 3) Exploratory Analyses. The 
sections that follow will delve into the results of the review following the above classification, and the 
relevant articles can be found in a table at the end of each respective category. 

 

Table 3. Screening and Analysis Results. 

 

 

3.1. Soil Ecosystem Services 

Soil resources play a critical role in the fast turnover domain of the carbon cycle, serving as the 
most significant carbon pool (Lal and Ussiri, 2017). However, these same resources are also responsible 
for the majority of carbon emissions in the Agriculture, Forest, and Other Land Use (AFOLU) sectors, 
primarily due to changes in land use. Furthermore, the intensity of land use and the resulting degradation 
creates both an opportunity and a necessity to refine management practices, with a view to bolstering 
carbon stocks in biomass and soils alike. 

The sequestration of carbon has an intrinsic value within the context of ecosystem services, due 
to its beneficial impact across the board. Provision services are improved as a result of increased 
agricultural productivity; regulation of climate and surface temperature becomes feasible due to the net 
removal of atmospheric carbon and alterations in surface albedo; biodiversity and pedogenesis are 
promoted, thereby providing additional support; and cultural values are enriched through the 
preservation and propagation of local species, which are often tied to educational, aesthetic, and spiritual 
or religious activities. Furthermore, this also enables the production of local goods (such as specific 
honey varieties) and the development of tertiary activities, including tourism and sports. 

The process of Soil Carbon Sequestration induces a shift in the carbon cycle, allowing terrestrial 
ecosystems to absorb more carbon from the atmosphere than what they lose through respiration, 
oxidation, or erosion. Such a shift can be achieved through the application of recommended management 
practices, such as enhanced tillage, the use of cover crops and green manure, or prolonged fallows. 
Extensive reviews on soil and land management practices have already been conducted (Aguilera et al., 
2013; Cerqueira, 2021, Chapter 4; Sanz-Cobena et al., 2017). 

Articles focusing on Soil Carbon Dynamics and Sequestration explore management practices 
and changes in land use, with the aim of optimizing and augmenting carbon sinks, boosting carbon 
pools, and addressing questions concerning the capture of carbon and the volume that can be stored. It 
should be noted that the methods employed for soil carbon sequestration vary according to land use 
type, particularly between forest and agricultural land. In the context of forests, carbon can be stored 
more effectively through improved management practices, regenerated through reforestation efforts, or 
'saved' via the conservation of natural capital and its valuation against changes in land use and economic 
applications. 
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3.1.1. Agricultural Land 

Changing land use from natural vegetation to arable land is a significant source of greenhouse 
gas emissions within the Agriculture, Forestry, and Other Land Use (AFOLU) sectors. This transition 
results in carbon loss from both soils and biomass, due to clearance and exposure to erosion processes. 
Mitigation measures for climate change in this sector encompass soil carbon sequestration in arable 
lands – often referred as ‘carbon farming’ (Marks, 2020; Sharma et al., 2021) – facilitated by 
management practices that help restore some of the carbon stocks lost during conversion. These 
practices work by augmenting cover protection (through cover crops and straw deposition), increasing 
organic and nitrogen inputs (via compost and green manure), and reducing soil erodibility (through 
improved tillage). 

The use of organic amendments such as biochar (a specific type of coal produced by emission-
controlled pyrolysis) can augment soil carbon stocks while minimizing CO₂ emissions from the burning 
of excess biomass and N₂O from mineral fertilization (Liu et al., 2020). Anticipated adaptation benefits 
include enhanced water retention capacity and yield (Otte and Vik, 2017). Nonetheless, the economic 
viability of biochar is hampered by a lack of scale, and production CO₂ emissions may outweigh the 
ecological advantages (Rodrigues and Horan, 2018). This could be mitigated by more efficient straw 
pyrolysis (Liu et al., 2020). Other organic farming procedures also show benefits compared to 
conventional farming, providing ecosystem services of carbon and cycling, biodiversity, soil health and 
erosion control, especially when associated with other practices than enhance soil protection (Persiani 
et al., 2023). However, some setbacks include high adoption costs (Auerbach, 2018) even though there 
is the possibility of added profitability (Beni et al., 2021). 

Land clearance and land use change significantly contribute to GHG emissions, however, some 
transition patterns are associated with carbon sequestration and increased income (Roy et al., 2022).  In 
Southeast Asia, oil palm cultivation is a primary driver, but using fruit bunches as a mulch can 
counterbalance some of these emissions by increasing carbon sequestration and reducing carbon 
emissions (Rudolf et al., 2021). However, employing organic amendments for carbon sequestration may 
create competition between ecosystem services. As an example, a study found that using crop residue 
for soil carbon sequestration (regulatory service) diminishes its potential for bioenergy (provisioning 
service). Therefore, to harmonize climate change mitigation with other sustainability objectives, crop 
residue management needs to be designed in an integrated, site-specific manner (Mouratiadou et al., 
2019). Recent trends in land use change in some western countries include farmland and agroforestry 
abandonment, due to a complex network of changes in socioeconomic, environmental, political, and 
cultural factors, inducing soil and biomass carbon sequestration and other ecosystem services (Carlos 
Alias et al., 2022; Yang et al., 2020)  

Recommended management practices also include improved tillage (null, reduced, or shallow) 
to reduce runoff erosion and organic matter loss; green manure to increase soil nitrogen and decrease 
the application of mineral fertilization and N₂O emissions; and compost to enhance soil organic matter 
and water retention capacity (Bhattacharyya et al., 2021; Chopin and Sierra, 2021; De Leijster et al., 
2020). The effectiveness, scalability, and profitability of implementing these management practices 
could be improved through a socio-organizational framework that combines people, infrastructure, 
technology, culture, and knowledge (Johansson et al., 2022). This approach could have a positive effect 
on Net Present Value and the willingness to adopt these measures, which are further enhanced by input 
from local stakeholders and land managers (De Leijster et al., 2020; Feliciano, 2022; O’Sullivan et al., 
2018; Otte and Vik, 2017). Improved governance mechanisms such as a standardized framework for 
sustainable biomass, more efficient assessment of land management best practices, and better scaling 
opportunities may ensure the enhancement of co-benefits and coupling of negative emissions with 'net-
neutral' practices (for instance, biomass management for biofuel that concurrently stores carbon in the 
soil) (Torvanger, 2019). 
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Table 4. Relevant articles within Soil Ecosystem Services - Agricultural Land. 

Author Year Short Summary 

Auerbach 2018 Compares conventional and organic farming effects on small-scale farmers, 
highlighting organic's benefits for soil health and biodiversity 

Beni et al. 2021 Mediterranean organic farms turn to natural agriculture for environmental benefits and 
better profitability, contrasting soil erosion and enhancing soil health. 

Bhattacharya et al. 2011 Examining global soil carbon sequestration practices in developing countries, the study 
highlights agroforestry's promise and policy implications. 

Carlos Alias et al. 2022 Global market pressures lead to unprofitable agroforestry abandonment, increasing 
forests and transforming soil into carbon sinks. 

Chopin and Sierra 2021 Feasibility of 4‰ increase in soil organic carbon assessed for Caribbean agricultural 
soils, limited by soil types and practices. 

De Leijster et al. 2020 Agroecological practices enhance almond orchard sustainability, yet economic 
incentives and policies are crucial for wider adoption. 

Feliciano 2022 UK horticultural farmers respond to rising demand by adopting sustainable practices 
for environmental and economic benefits. 

Johansson et al. 2022 Transforming Swedish farms into carbon sinks requires agroecological practices, 
fostering biodiversity, soil health, and sustainable food systems. 

Liu et al. 2020 Straw biochar application improves crop yield and reduces N2O emissions but faces 
economic challenges. 

Mouratiadou et al. 2019 Maximizing bioenergy from crop residues while mitigating soil carbon decline requires 
integrated, site-specific management strategies. 

O'Sullivan et al. 2018 Functional Land Management (FLM) integrates soil functions for sustainability. 
Catchment challenges engage stakeholders and bridge science-policy gaps. 

Otte and Vik 2017 Biochar enhances soil fertility, crop yield, and carbon capture. Challenges remain in 
implementing functional biochar systems, requiring socio-technical strategies for 
sustainable adoption. 

Persiani et al. 2023 Identifying cost-effective measures to reduce agricultural emissions in France, 
emphasizing efficiency and investments. 

Rodrigues and Horan 2018 Biochar emerges as a sustainable solution for agriculture, carbon sequestration, and 
climate change mitigation, with varying global economic viability. 

Roy et al. 2022 Various land-use systems (LUSs) were assessed for CO2 sequestration, C stocks, and 
income potential. Forest-based LUS showed highest benefits. 

Rudolf et al. 2021 Empty fruit bunch (EFB) mulching in oil palm plantations enhances yields and soil 
organic carbon, benefiting sustainability. 

Sharma et al. 2021 Carbon farming enhances sustainability by diversifying natural farming methods, 
sequestering carbon, and integrating agroforestry for soil health. 

Torvanger 2019 Biomass energy with Carbon Capture and Storage (BECCS) is vital for achieving 
climate targets but requires careful governance. 

Yang et al. 2020 Abandoned farmlands globally hold potential for carbon capture and storage and can 
be facilitated by biodiversity management and biochar application. 

 

3.1.2. Integrated Systems 

Apart from traditional and conventional agricultural practices, some authors refer to integrated 
systems as a win-win approach regarding environmental protection, and social and economic 
development, which are the three pillars of sustainability. These systems include complex patterns of 
agriculture and forestry (agroforestry), agriculture, forestry, and pasture (agrosilvopasture) and forestry 
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and pasture (silvopasture). These measures tend to be associated with poorer and more degraded and 
marginal lands since they are reportedly effective in reducing land use change and intensity-related soil 
erosion and mitigating losses in organic matter and carbon emissions. 

Integrated systems such as agroforestry and agrosilvopasture are especially promising on their 
potential role of increasing soil organic carbon, reduce greenhouse gas emissions, increasing yield and 
fostering biodiversity (Aba et al., 2017), all while reducing labour costs and providing marketing 
advantages to farmers, providing climate change mitigation, adaptation, food security, and provision of 
cultural and recreational benefits (Partey et al., 2017; Ryschawy et al., 2021; Sollen-Norrlin et al., 2020). 
The introduction of tree crops in agricultural production, even though yielding positive environmental 
results, often requires financial incentives to drive change (Englund et al., 2020), as it may interfere with 
traditional cropping practices (Felton et al., 2023). 

Apart from the more traditional integrated systems, some studies also show a positive feedback 
from integrating feedstock crops in marginal agricultural lands in Europe to provide biofuel and other 
ecosystem services such as erosion control and carbon sequestration (Von Cossel et al., 2020). The value 
of the adoption of these mechanisms increases when they target more marginal lands, where the primary 
agricultural activity creates a degradation gradient that is mitigated by the protective and organic 
properties of perennial cropping systems. In these approaches, the integration of feedstock crops not 
only addresses biofuel production needs but also contributes to the restoration and enhancement of 
ecosystem services, making significant strides towards sustainable land management practices.  

 

Table 5. Relevant articles within Soil Ecosystem Services - Integrated Systems. 

Author Year Short Summary 

Aba et al. 2017 Planting trees mitigates climate change by capturing carbon and conserving nature. 

Englund et al. 2020 Multifunctional perennial production systems can balance biomass demand with 
environmental benefits, needing proper compensation mechanisms. 

Felton et al. 2023 Agroforestry offers benefits like carbon storage, soil health, and additional income, but 
barriers hinder its adoption. 

Partey et al. 2017 Improved fallows in Africa enhance food security, soil fertility, carbon sequestration, 
and livelihoods but require policy support. 

Ryschawy et al. 2021 Agroecological integrated sheep-vineyard systems show promise for reducing inputs, 
improving soil quality, and enhancing sustainability. 

Sollen-Norrlin et al. 2020 Agroforestry systems offer benefits like productivity and carbon sequestration, but 
adoption faces challenges like costs and awareness. 

Von Cossel et al. 2020 Cultivating perennial biomass crops like Miscanthus can enhance carbon neutrality and 
environmental services, requiring subsidies to bridge the gap with biofuel economics. 

 

3.1.3. Forests 

The adoption of the suggested management practices mentioned earlier enables market 
valuation of various soil ecosystem services. This includes the provision service, which involves 
boosting yield, the regulation service for climate change mitigation, and the support service that aids 
climate change adaptation (Chen et al., 2022). However, achieving an optimized carbon cycle through 
these practices presupposes that a prior transition from natural vegetation to agricultural land has 
occurred. As a result, these endorsed agricultural practices serve as ways of estimating the value of 
strategies that mitigate the impacts of land use changes, essentially aiming to repair previous 
degradation. 
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Nonetheless, it’s crucial to note that natural ecosystems such as forests, grasslands, and 
shrublands offer ecosystem services that could be valued without triggering the detrimental effects of 
land use change. These services include climate regulation, support for biodiversity, and cultural values. 
We can estimate the value of conserving and maintaining the dynamics of natural ecosystem services 
either through direct conservation efforts or by valuing these services at a rate comparable to, or higher 
than, those achievable via land use and land cover changes. The studies categorized under this topic aim 
to address questions on how to assign a value to carbon in natural ecosystems, making the capital in 
these natural areas a preferred option over triggering degradation. 

Valuing forest conservation starts with assessing the baseline scenario to comprehend the carbon 
stocks and balances in soils and biomass. This step is essential to gauge the emissions avoided by 
preserving natural vegetation instead of converting it into arable land (Santini et al., 2020). The same 
consideration applies to certain less profitable tree crops like the carob-tree (Ceratonia siliqua L.), which 
may be replaced by more profitable but environmentally harmful crops/practices if ecosystem service 
valuation is not implemented (Correia and Pestana, 2018). When carbon farming via reforestation 
efforts, there are cost-effectiveness differences between plantation, restored and second-growth forests 
as carbon accumulation rates and implementation costs vary with the degree of human intervention, 
even though soil carbon contents appear to remain comparable (Brancalion et al., 2021).  

Forest conservation, restoration, and enhancement of land management practices could 
potentially mitigate up to 21% of the United States’ annual emissions (Fargione et al., 2018), and 
regional cost-share programs allow for compensating landowners for the provision of market and non-
market ecosystem services (Chizmar et al., 2021). These practices can concurrently achieve positive 
effects on biodiversity (Dybala et al., 2019), water retention, soil erosion (Jafarzadeh et al., 2021; 
Kitaibekova et al., 2023; Wu et al., 2022) as well as providing recreational services related to landscape 
tourism, sometimes exceeding the economic value of wood harvesting (Lopes and Amaral, 2021). In the 
Amazon, restoration projects are expected to yield various socioeconomic impacts, including the 
protection of water resources, reduction of soil erosion, income from carbon programs, and sales of 
timber and non-timber products. However, a conflict exists between reforestation and the demand for 
land clearance for agriculture and cattle ranching. This tension is amplified by the lack of market volume 
for commercial products from restored areas (non-timber, non-cattle, non-agriculture) (Nunes et al., 
2020). When evaluating the three dimensions of sustainability in forest product production, i.e., 
environmental measures, economic development, and social impacts, integrated assessment modelling 
techniques can help forecast soil carbon sequestration, greenhouse gas emission savings, financial 
profits, and job creation over a specific temporal and spatial scale (Jin and Sutherland, 2018). However, 
there are challenges and limitations to this approach, including model validation, complexity, and non-
linearity of land use change. 

In parallel, technological advancements, including increasingly available precision farming 
solutions and artificial intelligence, equip researchers, farmers, polluters, and decision-makers with 
superior data, information, and knowledge about soil management practices and their implications for 
nutrition and human health (Camarena, 2021; Costantini et al., 2020; Lal, 2020). Moreover, the 
improving quality of environmental assessment tools like soil sampling, soil organic carbon mapping, 
and remote sensing applications make comprehensive benchmarking analyses possible, leading to better 
decision and policymaking. These tools also empower landowners by assisting them in assigning value 
to their ecosystem services (Baumber et al., 2019). 
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Table 6. Relevant articles within Soil Ecosystem Services – Forests. 

Author Year Short Summary 

Baumber et al. 2019 Carbon farming in Australia potentially offers co-benefits like biodiversity conservation, 
improved soil and water quality, increased productivity, and cultural services. 

Brancalion et al. 2021 evaluates carbon accumulation cost-effectiveness in Brazilian forests, revealing 
plantations' higher initial storage but lower cost-effectiveness compared to second-growth 
forests for carbon farming. 

Camarena 2021 AI impacts food systems, offering sustainability benefits, but also raises concerns like 
carbon footprint and inequalities. 

Chen et al. 2022 Valuing Pudacuo National Park’s Forest ecosystem services informs conservation efforts 
and ecological compensation criteria. 

Chizmar et al. 2021 US Southern Forest cost-share programs compensate landowners for timber and 
ecosystem services, facing funding challenges and evolving objectives. 

Correia and 
Pestana 

2018 Extreme climatic events limit agriculture in Southern Portugal. Carob trees provide 
alternative income and carbon sequestration potential. 

Costantini et al. 2020 Operational Groups in the EU promote tailored strategies for increasing and maintaining 
soil organic carbon in arable farming. 

Dybala et al. 2019 Reforestation for carbon storage and biodiversity can have synergies and trade-offs, 
requiring optimized design and management. 

Fargione et al. 2018 Natural climate solutions (NCS) in the US can mitigate 21% of emissions through carbon 
storage and land management improvements, yielding multiple benefits. 

Jafarzadeh et al. 2021  Assessing land-use allocation in western Iran, focusing on ecosystem services, trade-offs, 
and optimization. 

Jin and Sutherland 2018 Co-firing Forest residues in US bioenergy contributes to renewables, ISM model assesses 
economic, environmental, and social outcomes. 

Kitaibekova et al. 2023 Examining forest ecosystem services in Kazakhstan's Burabay National Park, 
emphasizing their economic value and conservation importance. 

Lal 2020 Industry adoption and global initiatives are crucial for accelerating soil carbon 
sequestration and NET's but require market incentives, innovative soil sampling, and a 
"Healthy Soil Act." 

Lopes and Amaral 2021 Azores forest recreational ecosystem services assessed using travel cost model, with a 
value exceeding wood production. 

Nunes et al. 2020 Large-scale forest restoration in the Amazon can mitigate biodiversity loss, enhance 
ecosystem services, and promote sustainability through native species reforestation. 

Santini et al. 2020 Montane ecosystems in Mexico provide vital services, including carbon and water 
storage, but face threats from deforestation. 

Wu et al. 2022 Liquidambar plantations offer valuable ecosystem services including wood, carbon 
fixation, and biodiversity, with significant economic impact. 

 

3.1.4. Coastal Environments 

Beyond agricultural and forest lands, the valuation of soil carbon is also a pertinent topic in 
other natural habitats, including coastal environments such as salt marshes and tidal flats. These areas 
house substantial quantities of carbon within their deep organic soils. However, due to anthropogenic 
pressures and land use changes, these regions have experienced degradation and substantial loss of their 
stored carbon. Moreover, they continue to face risks from sea level rise induced by climate change. 

To counteract this, conservation strategies like transplanting vegetation and planning with future 
sea level changes in mind can both restore some of the lost carbon and guard against future losses. Given 

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1016/j.ecoser.2019.100982
https://doi.org/10.1002/ldr.3764
https://doi.org/10.3390/su13169314
https://doi.org/10.3390/su141710550
https://doi.org/10.1093/jofore/fvaa054
https://doi.org/10.3390/su10072250
https://doi.org/10.3390/su10072250
https://doi.org/10.1016/j.jrurstud.2020.08.005
https://doi.org/10.1111/1365-2664.13272
https://doi.org/10.1126/sciadv.aat1869
https://doi.org/10.1016/j.landusepol.2021.105741
https://doi.org/10.1016/j.biombioe.2018.09.005
https://doi.org/10.3390/su15054123
https://doi.org/10.1016/j.geoderma.2020.114613
https://doi.org/10.1590/1806-9479.2021.238884
https://doi.org/10.1016/j.foreco.2020.118120
https://doi.org/10.3389/fenvs.2020.581476
https://doi.org/10.3390/ijerph192215317


Morgado Cerqueira et al. 

their impressive potential for carbon sequestration, these coastal environments have gained popularity 
in carbon valuation schemes. This is particularly notable in voluntary markets where 'blue carbon' 
projects, which focus on carbon captured by coastal and marine ecosystems, are becoming increasingly 
prevalent. 

As with forest ecosystems, establishing baseline scenarios and ensuring data availability are 
crucial for understanding carbon stocks and fluxes. These insights can guide the creation of policies and 
management practices. Understanding the relationships and dynamics among different types of coastal 
ecosystems, such as mangroves, salt marshes, and wetlands, and their carbon sequestration and 
emissions in both soil and biomass is fundamental for designing and implementing blue carbon projects 
(Hutchison et al., 2018). However, the return on investment for the mitigation potential of both soil and 
biomass carbon sequestration programs is uncertain, due the complex relation between implementation 
costs and carbon sequestration rates in both soils and biomass (Duncan et al., 2022), and there are 
political challenges that can be overcome by institutional frameworks that prioritize ecosystem 
management (Odote, 2019). 

Bridging the gap between our knowledge of these ecosystems' environmental performance and 
the carbon market prices and environmental policies could be instrumental for the socio-economic 
development of the protected areas. For instance, in the Western Bay of Bengal (India), the value of 
carbon stored in mangrove ecosystems has been estimated to be $192,442 at a relatively low valuation 
of $10.90 per ton (Banerjee et al., 2021). This highlights the potential of these ecosystems to contribute 
to climate change mitigation while also providing substantial economic benefits. 

 

Table 7. Relevant articles within Soil Ecosystem Services - Coastal Environments. 

Author Year Short Summary 

Banerjee et al. 2021 Carbon storage and cycling in Indian mangroves, analysing five dominant species' carbon 
capacity, soil, water parameters, and carbon emission impact, aiming to inform 
sustainable marine resource management and carbon trading. 

Duncan et al. 2022 Enhancing blue carbon sequestration in abandoned aquaculture ponds can boost climate 
change mitigation and adaptation, but ROI remains uncertain. 

Hutchison et al. 2018 Operationalizing blue carbon in Gulf Coast wetlands by addressing knowledge gaps for 
effective management. 

Odote 2019 Kenya's legal framework for coastal wetland management aims to adopt an ecosystem 
approach for sustainability. 

 

3.2. Environmental Economics 

The notion of valuing soil carbon as a driver of ecosystem services has taken cues from the early 
models of cap-and-trade and compliance emission reduction schemes. The premise is to trade carbon 
capture and storage against a defined volume of emissions, denoted in financial terms, in a similar vein 
to trading investments in cleaner energy sources. Despite its many criticisms, the complexity and nuance 
of this approach will be further explored later in this discussion. For this review, the articles grouped 
under the environmental economics category primarily concentrated on two key aspects: 1) Carbon 
Pricing; and 2) Trading Mechanisms. These studies provide insights on 'what' to do with the captured 
carbon. 

These two aspects help to elucidate the relationship between soil and land management aimed 
at enhancing intangible goods and services, and their commodification into marketable terms at regional, 
national, and international scales. Essentially, it allows for pricing both the value of gaining carbon and 
the cost of losing it, so that, on one hand, recommended management practices are favoured over PA
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conventional or business-as-usual practices, and on the other, the conservation of natural ecosystems 
remains as profitable, or even more so, than land use changes. 

Moreover, it helps understand how these new 'goods' can be integrated into the market for 
trading between landowners and polluters alike, using both compliance mechanisms and voluntary 
markets. Finally, understanding the spatial, social, and economic constraints of market placement, 
product availability, and policy design can benefit from spatial modelling of complex systems centered 
around the three pillars of sustainability. These modelling approaches provide a means to predict and 
mitigate potential hurdles in the deployment and optimization of carbon trading schemes. 

 

3.2.1. Carbon Pricing 

Assigning a monetary value to carbon in soils and biomass is a multifaceted task. It encompasses 
an evaluation of the investment required to capture and store carbon through the adoption of specific 
management practices, and the potential cost of carbon loss due to diminished environmental 
performance such as yield, biodiversity, and regulation. A study examining the effects of changes in 
agricultural practices on the natural resource base and livelihoods of farmers estimated that the 
opportunity cost of soil mismanagement under soil carbon valuation fluctuates between 95 and 168 USD 
per ton of CO₂ equivalents (Berazneva et al., 2019). 

Typically, soil carbon valuation refers to soil organic carbon. However, an important facet of 
the carbon cycle is the presence of inorganic carbon. This form of carbon takes longer to stabilize and 
is also susceptible to loss due to mismanagement and erosion, thereby resulting in negative externalities. 
Some researchers argue for the recognition of the ecosystem services of climate regulation provided by 
soil inorganic carbon, which currently remains unaccounted for in existing market pricing mechanisms 
(Groshans et al., 2018). 

However, the implementation of these management practices must account for the farmers' 
willingness to accept the necessary investment and change. A survey of farmers in Indiana, US, revealed 
that those who had not yet adopted recommended tillage practices would require a net revenue increase 
of $40 per acre to change their practices. They expressed a preference for government payments, which 
are typically less subject to price volatility, over other carbon financing solutions such as voluntary 
markets (Gramig and Widmar, 2018). Given that current carbon prices significantly exceed $40 per ton 
of CO₂ equivalents, and that effective management practices can sequester over 3 tons of CO₂ 
equivalents per hectare per year, these values are achievable if trading mechanisms ensure fair valuation 
among project managers, farmers, and carbon brokers. In France, a study found that 10% of agricultural 
emissions could be mitigated at a cost under €25 t CO2eq (Pellerin et al., 2017). Conversely, a separate 
study with German farmers discovered a high motivation for promoting soil carbon sequestration, 
regardless of whether the compensation originates from a government subsidy or a market certificate 
approach (Hermann et al., 2017). On the other hand, the demand side also has been found to have a 
willingness to pay for land management changes that would provide ecosystem services regarding 
biodiversity, soil conservation and carbon storage, and aesthetics, which is was found to be around  €18-
93 per household in a study conducted in Brazil (Parron et al., 2022). 

A study centered on the economic performance of marketable (e.g., biomass, provision) and 
non-marketable (e.g., groundwater, nutrient, carbon) ecosystem services compared agroforestry to 
conventional agriculture across 11 European countries. Agroforestry demonstrated reduced externalities 
in terms of pollution, nutrient, and soil loss, along with added benefits of carbon capture, which makes 
it profitable. By adopting a market approach such as penalties for disservices and compensation for 
services, the services provided by agroforestry can be commodified, thereby enhancing their appeal and 
profitability (Kay et al., 2019). The land’s capacity to provide soil and water ecosystem services can be 
used to estimate the economic value of farmland (Priori et al., 2019). PA
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Table 8. Relevant articles within Environmental Economics - Carbon Pricing. 

Author Year Short Summary 

Berazneva et al. 2019 Examining soil carbon management's impact on rural livelihoods, a model reveals the 
opportunity cost of mismanagement. 

Gramig and 
Widmar 

2018 Economic viability crucial for carbon sequestration in soils; Indiana study shows farmers' 
preference for government payments over carbon markets. 

Groshans et al. 2018 Soil databases assess soil inorganic carbon value for ecosystem services, estimating 
replacement cost and regional values. 

Hermann et al. 2017 Subsidies and certificates encourage farmers to sequester soil carbon for climate 
protection and sustainability. 

Kay et al. 2019 evaluating economic benefits of agroforestry through marketable and non-marketable 
ecosystem services, highlighting multifunctional advantages. 

Parron et al. 2022 Growing international demand for sustainable agriculture in Brazil, valuing ecosystem 
services, highlights consumers' preferences for improved biodiversity, soil, and carbon 
management. 

Pellerin et al. 2017 Agricultural GHG emissions in France can be reduced by cost-effective measures, 
focusing on efficiency and carbon storage. 

Priori et al. 2019 An approach for economically evaluating irrigated croplands by considering soil functions 
and spatial variability. 

 

3.2.2. Trading Mechanism 

Carbon markets and their associated trading mechanisms have been a critical focus area in 
climate change mitigation policies. These markets currently operate in two distinct modalities: regulated 
markets and voluntary markets. Regulated markets require certain sectors to offset emissions exceeding 
a designated threshold. This offset can be achieved through investments in emission reductions of other 
companies or in carbon capture and storage projects. Voluntary markets, on the other hand, allow 
individuals to invest in emission reduction or carbon capture and storage projects to offset their own 
emissions, such as those resulting from air travel or other consumption habits. These voluntary schemes 
are bound by marketing strategies and storytelling to create a more successful product (Brill, 2021), 
even though there are questions of additionality, permanence, validation and monitoring that create 
conceptual and legal challenges (Davis, 2023). 

However, as we inch closer to climate tipping points, driven by thresholds of atmospheric carbon 
concentrations, the existing emission reduction trading schemes are becoming obsolete. Current climate 
scenarios underscore the need for negative emission solutions –capturing more carbon than we emit– so 
that atmospheric greenhouse gas concentrations can be reduced before tipping points are reached. Some 
researchers argue that nature-based solutions are currently the only scalable solutions available, 
suggesting that soil carbon could play a pivotal role due to its association with multiple ecosystem 
service provisions. This perspective anticipates a potential growth of the global carbon market. 
However, trading mechanisms need to ensure the longevity of carbon storage, fair valuation, rewards 
for additionality, permanence, co-benefits, monitoring, and transparency across different standards and 
financing mechanisms (Keenor et al., 2021). 

Several studies have explored market design to support landowners in managing their properties 
for optimal carbon fluxes and balances. They have examined trading systems, land management 
consultancy, and soil data measurements. Concepts like "Soil Value Exchange" (Blackburn et al., 2018), 
"Ecosystem Service Market Consortium" (Biggs et al., 2021), and various "Carbon Farming" strategies 
have been proposed to promote environmental practices, drive sales and investments, and diversify the 
land sector through the development of an ecosystem service economy (Black et al., 2022; Marks, 2020; 
Russell-Smith and Sangha, 2018). 

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1093/ajae/aaz014
https://doi.org/10.1093/aepp/ppx041
https://doi.org/10.1093/aepp/ppx041
https://doi.org/10.3390/land7040149
https://doi.org/10.1016/j.ecolecon.2017.05.018
https://doi.org/10.1016/j.ecoser.2019.100896
https://doi.org/10.1016/j.ecoser.2022.101476
https://doi.org/10.1016/j.envsci.2017.08.003
https://doi.org/10.3390/w11081527


The role of Geography in valuing soil carbon ecosystem services 

Table 9.  Relevant articles within Environmental Economics - Trading Mechanism. 

Author Year Short Summary 

Biggs et al. 2021 Examining California rangeland soil carbon governance, study assesses impact of 
corporate-led ecosystem services initiative. 

Black et al. 2022 Analyses approaches, methods, and governance in emerging soil carbon markets for 
climate mitigation. 

Blackburn et al. 2018 Nature-based solutions can store significant amounts of carbon, with the Soil Value 
Exchange aiming to support soil carbon trading for landowners' benefit. 

Brill 2021 Carbon offsets' market challenges are addressed through storytelling, creating links 
between origin, customer, and value. 

Davis 2023 Voluntary carbon market faces legal challenges due to uncertainty in measuring 
agricultural carbon sequestration. 

Keenor et al. 2021 Current carbon pricing insufficient for Net Zero. Soil re-carbonization with economic 
incentives needed for climate goals and soil health. 

Marks 2020 Addressing urgent climate challenges through Carbon Farming Certification, 
integrating carbon sequestration with agriculture. 

Russell-Smith and 
Sangha 

2018 Australia's northern savanna offers opportunities for sustainable land use, focusing on 
ecosystem services markets for economic and environmental benefits. 

 

3.3. Exploratory analyses 

Understanding the economic response to environmental and social factors under global climate 
change involves analysis across various sectors such as agriculture, forestry, and other land uses. The 
nature of both soil systems, carbon markets and their social, economic, political, and cultural constraints 
is non-deterministic and non-linear, making predictions challenging for simplistic models. Recently, 
researchers have started paying more attention to ways of predicting the ecosystem service response to 
these different variables, as well as modelling their economic performance and reflecting on the social, 
cultural and political meaning behind these approaches. 

Some studies offer diverse perspectives on how exploratory analyses can contribute to a deeper 
understanding of environmental responses, helping guide future policies and practices in mitigating 
climate change and conserving ecosystems. One study focused on the balance between sustainable 
agriculture and carbon sequestration, finding that climate-smart actions like no-till and cover crops can 
help offset potential yield income losses through carbon credit income  (Contasti et al., 2023), while 
strategic landscape management can offer environmental and socioeconomic benefits, including 
increased biodiversity and carbon sequestration (Parish et al., 2023). On the other hand, the reliance on 
negative emissions technologies (NETs) in long-term climate strategies poses a risk that promises of 
future NETs might inadvertently create a "spiral of delay" in taking current action (Jacobs et al., 2023). 

Recent studies have explored innovative approaches to modelling and predicting carbon stocks 
and prices. For instance, a novel artificial intelligence model for estimating mangrove soil organic 
carbon (SOC) showed that the use of multisensor earth observation data can significantly improve SOC 
estimation, providing valuable insights for sustainable mangrove conservation (Le et al., 2021). Another 
study proposed a hybrid model using ensemble empirical mode decomposition (EEMD), a linearly 
decreasing weight particle swarm optimization (LDWPSO), and a wavelet least square support vector 
machine (wLSSVM). This model accurately predicted carbon prices across three different Chinese 
markets, outperforming 12 other model combinations (Sun and Xu, 2021). Another study found that, 
within China’s cap and trade mechanism, economic costs for grassland mitigation measures could be 
achieved between USD -6.52 to 3.78 t CO2eq (with negative values indicating another valuable positive PA
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effects aside carbon sequestration) and could be traded at market values between USD 12.7 and 30.90 t 
CO2eq (Wilkes et al., 2021). 

There's also been progress in developing tools to analyse the economic impacts of various 
greenhouse gas mitigation practices. For instance, a Field Scale Economic Analysis Software is capable 
of estimating the net benefit under different mitigation practices (Li et al., 2021). This tool allows 
researchers to evaluate whether climate change mitigation practices are economically beneficial, or 
whether they require government subsidies to make them preferable to business-as-usual practices that 
may contribute to land degradation. Similar approaches have been applied to forest land, incorporating 
global change scenarios into the adaptive market price of timber and its relation to the co-production of 
ecosystem services. Examples include a model that assesses the Net Production Value of woodlands 
considering carbon storage in the forest and harvested timber, carbon substitution, windthrow risk, 
biodiversity, water quality, and cultural values (Lundholm et al., 2020).  

Apart from these approaches, there are other economic indicators worth considering when 
assessing the economic performance of soil carbon. For example, Gross Ecosystem Product theory could 
be used to evaluate the total value of various final material products and services provided by ecosystems 
(Geng and Liang, 2021), which, in the case of the montado/dehesa systems in Portugal and Spain can 
account for between 146-176€ ha-1 y-1, especially from soil protection (Santos et al., 2022). Also, market 
distance, farm typology, and site characteristics can serve as proxy measurements for soil fertility in 
smallholder farming environments (Balume Kayani et al., 2021). 

The interplay between income, social and economic aspects of farming sites, as well as 
environmental characteristics in forest land demonstrates the complexity of these systems. This 
emphasizes the importance of a holistic approach to understand the intricate relationships within. Recent 
studies have highlighted the how social norms and personal preferences influence people’s values 
towards soil functions (Franceschinis et al., 2022), as well as the link between farm and household 
conditions and soil carbon management decisions (Moran-Rodas et al., 2022). Lastly, and focusing on 
the novel concept of regenerative agriculture, another study challenged conventional ways of 
understanding agriculture through soil-and-carbon centered knowledge practices. Using ethnographic 
fieldwork in farms across Finland, Norway, and Italy, they examined the relationships between farmers 
and landscapes, and showed how farmers engage with their landscapes through complex dynamics of 
control, care, and rhythm  (Kallio and LaFleur, 2023). 

 

Table 10. Relevant articles within Exploratory Analyses. 

Author Year Short Summary 

Balume Kayani et 
al. 

2021 Examines soil fertility variation among smallholder farms, emphasizing factors like 
"market distance," "farm typology," and "site," suggesting tailored fertility 
management. 

Contasti et al. 2023 Climate-smart practices like no-till and cover crops balance soil carbon storage and 
yield income trade-offs. 

Franceschinis et al. 2022 Evaluating soil functions' economic value is crucial for Soil Security concept, 
influenced by personal and social norms. 

Geng and Liang 2021 GEP theory assessed forest ecosystem service and natural resource values in Jiaokou 
County, China, revealing valuation complexities. 

Jacobs et al. 2023 Countries' long-term climate strategies include future negative emissions 
technologies (NETs), possibly delaying immediate mitigation efforts. 

Kallio and LaFleur 2023 Regenerative agriculture empowers farmers to combat climate change through soil-
centered practices, challenging traditional knowledge. 

Le et al. 2021 Developed CBR-PSO model estimates mangrove soil organic carbon using remote 
sensing data, enhancing accuracy for conservation. 
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Li et al. 2021 Software estimates economic viability of greenhouse gas mitigation practices for 
crops, suggests subsidies to incentivize adoption. 

Lundholm et al. 2020 Study integrates ecosystem service indicators into Forest Management Decision 
Support System, accounting for climate change and timber markets. 

Moran-Rodas et al. 2022 Urbanization and farming practices impact soil organic carbon; farm and household 
conditions crucial for positive change. 

Parish et al. 2023 Transitioning to cellulosic bioenergy feedstocks improves carbon management and 
biofuel production, benefiting economics, environment, and ecology. 

Santos et al. 2022 This study assesses and values ecosystem services of pasture-based beef farms in 
Alentejo, highlighting their positive environmental impacts. 

Sun and Xu 2021 A hybrid model that improves carbon price prediction accuracy. 

Wilkes et al. 2021 Improving Asian grassland management benefits livelihoods and carbon 
sequestration, requiring suitable financial instruments and policies. 

 

4. Discussion: on the role of Geography and Geographical Thought 

Carbon sequestration in soil interconnects a myriad of factors that transcends the boundaries of 
environmental, social, economic, cultural, technological, and political dimensions. It calls for an 
interdisciplinary approach to decipher this intricate web, as this phenomenon sits at the intersection of 
various scientific disciplines. 

The application of this process in addressing climate change implies a substantial degree of 
human involvement, therefore, engagement with social sciences is imperative. This includes deciphering 
cultural nuances that underpin soil management practices, the relationship of farmers to their land and 
markets, and the socio-cultural dynamics that may influence an individual's willingness to act (Salvati 
et al., 2015). 

These conditions are usually deeply local and intricately tied to factors such as land tenure rights, 
landscape ecology, political structures, and power dynamics (Santos and Roxo, 2017). A simplistic 
interpretation that diminishes the importance of soil and climate could result in a misleading narrative. 

Geography, being an integrative discipline, stands at a unique crossroad in this discourse. It 
assimilates a range of scientific and epistemological perspectives, thus lending a holistic understanding 
of the soil carbon ecosystem services. This involves engaging with the concepts of 'space' and 'place', 
which embody the meanings and perceptions formed through human interactions (Tuan, 1977). 

In the context of climate change, the role of soil ecosystem services takes on a heightened 
significance. The associated social and economic vulnerabilities might hinge upon land use and 
management practices. Thus, in-depth analysis and modelling of these changes could provide insights 
into social behaviour and ecosystem responses (An et al., 2021). 

The disciplinary involvement of geography in agent-based models for socio-ecological systems 
could be particularly beneficial. By combining social and environmental systems in a relational 
approach, researchers could explore how perceptions and willingness to act might differ under varying 
climate, policy, and development scenarios (Gomes et al., 2019; Molajou et al., 2021). 

The intricacy of soil management extends beyond mere human-centric approaches and requires 
a holistic understanding of the relationships within farming and soil ecosystems. These include not only 
the interplay between income, social norms, and personal preferences but also the ecological aspects of 
land. The emergence of regenerative agriculture further underscores the connection between farmers 
and their landscapes, highlighting the multifaceted dynamics of control, care, and rhythm. This more-
than-human perspective shifts the focus towards recognizing the complex web of relations that shape 
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agriculture, encompassing environmental, social, and cultural dimensions. By acknowledging these rich 
interconnections, a pathway is forged to better integrate and value ecological livelihoods within the 
broader context of climate change mitigation and adaptation. 

Overall, the assessment of soil ecosystem services for climate change mitigation and adaptation 
necessitates an integrated approach, blending the wisdom of 'human' and 'physical' geographers. It 
requires the balanced usage of the epistemological and methodological frameworks that often separate 
these sub-disciplines. By bridging these divides, we could enable more effective cooperation and devise 
comprehensive strategies to harness soil carbon sequestration in combating climate change (Gotts et al., 
2019). 

 

5. Conclusions 

Soil carbon sequestration offers a valuable solution to reducing excess carbon in the atmosphere, 
promoting climate change adaptation, and combating desertification. The recent scientific literature 
regarding soil carbon markets has focused on three main lines of research: 1) Soil Ecosystem Services, 
which is a topic of research closely associated with agricultural and environmental sciences and focuses 
on ways to promote and maintain the uptake and storage of excess atmospheric carbon and its storage 
in soils and biomass; 2) Environmental Economics, a topic that has been growing since the 2015 Paris 
Agreement and the introduction of voluntary carbon markets, which had an initial period of reflection 
on how to associate an economic valuation to soil carbon and, more recently, to the complex task of 
implementing trading mechanisms that overcome the challenges of additionality, permanence, 
monitorization and validation; and 3) Exploratory Analyses, where the most recent works have focused 
on ways of integrating the complex non-linear nature of environmental, economic, social, political and 
cultural factors that influence both carbon sequestration and the valuation of its associated ecosystem 
services. The complex, nonlinear relationship between ecosystem response and human action 
underscores the need for an interdisciplinary approach that integrates various ecological and socio-
economic frameworks. Social sciences play a pivotal role in understanding the cultural, political, and 
economic contexts surrounding soil carbon markets, land tenure rights, and farmer relationships. 
Meanwhile, geography provides an integrative platform for diverse scientific perspectives, offering tools 
like spatial agent-based models to probe deeper into socio-ecological systems and human-environment 
interactions. Combined qualitative and quantitative methodologies allow us to appreciate and effectively 
value soil ecosystem services for climate change mitigation and adaptation, paving the way for 
sustainable land use and management practices. To bridge the gap between human and physical 
geography, we must embrace a balanced use of epistemological and methodological frameworks. 
Looking forward, it is imperative to intensify our research efforts and refine our practices to harness the 
full potential of soil carbon sequestration in our fight against climate change. 

 

Funding 

This research was funded by the Fundação Para a Ciência e Tecnologia (FCT) grant number 
2021.04744.BD. 

 

References 
Aba, S.C., Ndukwe, O., Amu, C.J., Baiyeri, K.P., 2017. The role of trees and plantation agriculture in mitigating 

global climate change. African Journal of Food, Agriculture, Nutrition and Development 17 (4), 12691-
12707. https://doi.org/10.18697/ajfand.80.15500    PA

PE
R

 A
C

C
EP

TE
D

. P
R

EP
R

IN
T 

VE
R

SI
O

N

https://doi.org/10.18697/ajfand.80.15500


The role of Geography in valuing soil carbon ecosystem services 

Aguilera, E., Lassaletta, L., Gattinger, A., Gimeno, B.S., 2013. Managing soil carbon for climate change mitigation 
and adaptation in Mediterranean cropping systems: A meta-analysis. Agriculture, Ecosystems and 
Environment 168, 25-36. https://doi.org/10.1016/j.agee.2013.02.003  

An, L., Grimm, V., Sullivan, A., Turner II, B.L., Malleson, N., Heppenstall, A., Vincenot, C., Robinson, D., Ye, 
X., Liu, J., Lindkvist, E., Tang, W., 2021. Challenges, tasks, and opportunities in modeling agent-based 
complex systems. Ecological Modelling 457. https://doi.org/10.1016/j.ecolmodel.2021.109685  

Arneth, A., Sitch, S., Pongratz, J., Stocker, B.D., Ciais, P., Poulter, B., Bayer, A.D., Bondeau, A., Calle, L., Chini, 
L.P., Gasser, T., Fader, M., Friedlingstein, P., Kato, E., Li, W., Lindeskog, M., Nabel, J.E.M.S., Pugh, 
T.A.M., Robertson, E., Viovi, N., Yue, C., Zaehle, S., 2017. Historical carbon dioxide emissions caused 
by land-use changes are possibly larger than assumed. Nature Geoscience 10(2), 79-84. 
https://doi.org/10.1038/ngeo2882  

Auerbach, R., 2018. Sustainable food systems for Africa. Economia Agro-Alimentare 20 (3), 301-320. 
https://doi.org/10.3280/ECAG2018-003003  

Balume Kayani, I., Agumas, B., Musyoki, M., Nziguheba, G., Marohn, C., Benz, M., Vanlauwe, B., Cadisch, G., 
Rasche, F., 2021. Market access and resource endowment define the soil fertility status of smallholder 
farming systems of South-Kivu, DR Congo. Soil use and Management 37 (2), 353-366. 
https://doi.org/10.1111/sum.12691  

Banerjee, K., Mitra, A., Villasante, S., 2021. Carbon cycling in mangrove ecosystem of western Bay of Bengal 
(India). Sustainability 13 (12). https://doi.org/10.3390/su13126740  

Baumber, A., Metternicht, G., Cross, R., Ruoso, L.-E., Cowie, A.L., Waters, C., 2019. Promoting co-benefits of 
carbon farming in Oceania: Applying and adapting approaches and metrics from existing market-based 
schemes. Ecosystem Services 39. https://doi.org/10.1016/j.ecoser.2019.100982  

Beni, C., Neri, U., Papetti, P., Altimari, A., 2021. Natural horticultural systems in organic farming as a tool for 
resilience: Improvement of economic performance and prevention of soil erosion. Agroecology and 
Sustainable Food Systems 45 (9), 1375-1398. https://doi.org/10.1080/21683565.2021.1929657  

Berazneva, J., Conrad, J. M., Güereña, D.T., Lehmann, J., Woolf, D, 2019. Agricultural Productivity and Soil 
Carbon Dynamics: A Bioeconomic Model. American Journal of Agricultural Economics 101 (4), 1021-
1046. https://doi.org/10.1093/ajae/aaz014  

Bhattacharyya, S.S., Leite, F.F.G.D., Adeyemi, M.A., Sarker, A.J., Cambareri, G.S., Faverin, C., Tieri, M.P., 
Castillo-Zacarias, C., Melchor-Martinez, E.M., Iqbal, H M.N., Parra-Saldivar, R., 2021. A paradigm shift 
to CO2 sequestration to manage global warming—With the emphasis on developing countries. Science of 
the Total Environment 790. https://doi.org/10.1016/j.scitotenv.2021.148169  

Biggs, N.B., Hafner, J., Mashiri, F.E., Huntsinger, L., Lambin, E.F., 2021. Payments for ecosystem services within 
the hybrid governance model: Evaluating policy alignment and complementarity on California 
rangelands. Ecology and Society 26 (1). https://doi.org/10.5751/ES-12254-260119  

Black, H.I.J., Reed, M S., Kendall, H., Parkhurst, R., Cannon, N., Chapman, P.J., Orman, M., Phelps, J., Rudman, 
H., Whalley, S., Yeluripati, J., Ziv, G., 2022. What makes an operational farm soil carbon code? Insights 
from a global comparison of existing soil carbon codes using a structured analytical framework. Carbon 
Management 13 (1), 554-580. https://doi.org/10.1080/17583004.2022.2135459  

Blackburn, J., Mooiweer, H., Parks, M., Hutson, A., 2018. The Soil Value Exchange: Unlocking nature’s 
value via the market. Bulletin of the Atomic Scientists 74 (3), 62-169). 
https://doi.org/10.1080/00963402.2018.1461974  

Bouzouidja, R., Bechet, B., Hanzlikova, J., Snehota, M., Le Guern, C., Capiaux, H., Jean-Soro, L., Claverie, R., 
Joimel, S., Schwartz, C., Guenon, R., Szkordilisz, F., Kormondi, B., Musy, M., Cannavo, P., Lebeau, T., 
2021. Simplified performance assessment methodology for addressing soil quality of nature-based 
solutions. Journal of Soils and Sediments 21 (5) 1909-1927. https://doi.org/10.1007/s11368-020-02731-y  

Brancalion, P.H.S., Guillemot, J., César, R.G., Andrade, H.S., Mendes, A., Sorrini, T. B., Piccolo, M. D.C., Peluci, 
M.C., Moreno, V.D.S., Colletta, G., Chazdon, R.L. 2021. The cost of restoring carbon stocks in Brazil’s 
Atlantic Forest. Land Degradation and Development 32 (2), 830-841. https://doi.org/10.1002/ldr.3764  

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1016/j.agee.2013.02.003
https://doi.org/10.1016/j.ecolmodel.2021.109685
https://doi.org/10.1038/ngeo2882
https://doi.org/10.3280/ECAG2018-003003
https://doi.org/10.1111/sum.12691
https://doi.org/10.3390/su13126740
https://doi.org/10.1016/j.ecoser.2019.100982
https://doi.org/10.1080/21683565.2021.1929657
https://doi.org/10.1093/ajae/aaz014
https://doi.org/10.1016/j.scitotenv.2021.148169
https://doi.org/10.5751/ES-12254-260119
https://doi.org/10.1080/17583004.2022.2135459
https://doi.org/10.1080/00963402.2018.1461974
https://doi.org/10.1007/s11368-020-02731-y
https://doi.org/10.1002/ldr.3764


Morgado Cerqueira et al. 

Brill, S., 2021. A story of its own: Creating singular gift-commodities for voluntary carbon markets. Journal of 
Cultural Economy 14 (3), 332-343. https://doi.org/10.1080/17530350.2020.1864448  

Bristow, M., Hutley, L.B., Beringer, J., Livesley, S.J., Edwards, A C., Arndt, S.K., 2016. Quantifying the relative 
importance of greenhouse gas emissions from current and future savanna land use change across northern 
Australia. Biogeosciences 13(22), 6285-6303. https://doi.org/10.5194/bg-13-6285-2016  

Camarena, S., 2021. Engaging with Artificial Intelligence (AI) with a Bottom-Up Approach for the Purpose of 
Sustainability: Victorian Farmers Market Association, Melbourne Australia. Sustainability 13 (16). 
https://doi.org/10.3390/su13169314  

Carlos Alias, J., Antonio Mejias, J., Chaves, N., 2022. Effect of Cropland Abandonment on Soil Carbon Stock in 
an Agroforestry System in Southwestern Spain. Land 11 (3). https://doi.org/10.3390/land11030425  

Cerqueira, H., 2021. Sequestro de Carbono no Solo: Mitigação das Alterações Climáticas em Ecossistemas 
Mediterrâneos [Universidade Nova de Lisboa - Faculdade de Ciências Sociais e Humanas]. 
https://doi.org/10.13140/RG.2.2.24240.28167  

Chen, Y., Kou, W., Ma, X., Wei, X., Gong, M., Yin, X., Li, J., Li, J., 2022. Estimation of the Value of Forest Ecosystem 
Services in Pudacuo National Park, China.  Sustainability 14 (17). https://doi.org/10.3390/su141710550  

Chizmar, S.J., Parajuli, R., Bardon, R., Cubbage, F., 2021. State Cost-Share Programs for Forest Landowners in 
the Southern United States: A Review. Journal of Forestry 119 (2), 177-195. 
https://doi.org/10.1093/jofore/fvaa054   

Chopin, P., Sierra, J., 2021. Potential and constraints for applying the “4 per 1000 Initiative” in the Caribbean: The 
case of Guadeloupe. Regional Environmental Change 21 (1). https://doi.org/10.1007/s10113-020-01740-4  

Contasti, A.L., Firth, A.G., Baker, B.H., Brooks, J.P., Locke, M.A., Morin, D.J., 2023. Balancing Tradeoffs in 
Climate-Smart Agriculture: Will Selling Carbon Credits Offset Potential Losses in the Net Yield Income 
of Small-Scale Soybean (Glycine max L.) Producers in the Mid-Southern United States? Decision 
Analysis. Informs. https://doi.org/10.1287/deca.2023.0478  

Correia, P. J., Pestana, M., 2018. Exploratory analysis of the productivity of carob tree (Ceratonia siliqua) orchards 
conducted under dry-farming conditions. Sustainability 10 (7). https://doi.org/10.3390/su10072250  

Costantini, E.A.C., Antichi, D., Almagro, M., Hedlund, K., Sarno, G., Virto, I., 2020. Local adaptation strategies 
to increase or maintain soil organic carbon content under arable farming in Europe: Inspirational ideas 
for setting operational groups within the European innovation partnership. Journal of Rural Studies 79, 
102-115. https://doi.org/10.1016/j.jrurstud.2020.08.005  

Davis, B.A., 2023. A climate solution on shaky ground: the voluntary carbon market and agricultural sequestration. 
University of Illinois Law Review 3, 955-990. 

De Leijster, V., Verburg, R.W., Santos, M.J., Wassen, M.J., Martinez-Mena, M., de Vente, J., Verweij, P.A., 2020. 
Almond farm profitability under agroecological management in southeastern Spain: Accounting for 
externalities and opportunity costs. Agricultural Systems 183. https://doi.org/10.1016/j.agsy.2020.102878  

Drews, M., Larsen, M.A.D., Balderrama, J.G.P., 2020. Projected water usage and land-use-change emissions 
from biomass production (2015-2050). Energy Strategy Reviews 29, 100487. 
https://doi.org/10.1016/j.esr.2020.100487  

Duncan, C., Primavera, J.H., Hill, N.A.O., Wodehouse, D.C.J., Koldewey, H.J., 2022. Potential for Return on 
Investment in Rehabilitation-Oriented Blue Carbon Projects: Accounting Methodologies and Project 
Strategies. Frontiers in Forests and Global Change 4. https://doi.org/10.3389/ffgc.2021.775341  

Dybala, K.E., Steger, K., Walsh, R.G., Smart, D.R., Gardali, T., Seavy, N.E., 2019. Optimizing carbon storage 
and biodiversity co-benefits in reforested riparian zones. Journal of Applied Ecology 56 (2), 343-353. 
https://doi.org/10.1111/1365-2664.13272  

Englund, O., Dimitriou, I., Dale, V.H., Kline, K.L., Mola-Yudego, B., Murphy, F., English, B., McGrath, J., Busch, 
G., Negri, M.C., Brown, M., Goss, K., Jackson, S., Parish, E., Cacho, J., Zumpf, C., Quinn, J., Mishra, 
S.K., 2020. Multifunctional perennial production systems for bioenergy: Performance and progress. 
Energy and Environment 9 (5). https://doi.org/10.1002/wene.375  

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1080/17530350.2020.1864448
https://doi.org/10.5194/bg-13-6285-2016
https://doi.org/10.3390/su13169314
https://doi.org/10.3390/land11030425
https://doi.org/10.13140/RG.2.2.24240.28167
https://doi.org/10.3390/su141710550
https://doi.org/10.1093/jofore/fvaa054
https://doi.org/10.1007/s10113-020-01740-4
https://doi.org/10.1287/deca.2023.0478
https://doi.org/10.3390/su10072250
https://doi.org/10.1016/j.jrurstud.2020.08.005
https://doi.org/10.1016/j.agsy.2020.102878
https://doi.org/10.1016/j.esr.2020.100487
https://doi.org/10.3389/ffgc.2021.775341
https://doi.org/10.1111/1365-2664.13272
https://doi.org/10.1002/wene.375


The role of Geography in valuing soil carbon ecosystem services 

Fargione, J.E., Bassett, S., Boucher, T., Bridgham, S.D., Conant, R.T., Cook-Patton, S.C., Ellis, P.W., Falcucci, 
A., Fourqurean, J.W., Gopalakrishna, T., Gu, H., Henderson, B., Hurteau, M.D., Kroeger, K.D., Kroeger, 
T., Lark, T.J., Leavitt, S.M., Lomax, G., McDonald, R.,I., … Griscom, B.W., 2018. Natural climate 
solutions for the United States. Science Advances 4 (11). https://doi.org/10.1126/sciadv.aat1869  

Fearnehough, H., Kachi, A., Mooldijk, S., Warnecke, C., Schneider, L., 2020. Future role for voluntary carbon 
markets in the Paris era - Final Report (p. 94). https://www.dehst.de/SharedDocs/news/EN/future-role-
for-voluntary-carbon-markets.html  

Feliciano, D., 2022. Factors influencing the adoption of sustainable agricultural practices: The case of seven 
horticultural farms in the United Kingdom. Scottish Geographical Journal 138 (3-4), 291-320). 
https://doi.org/10.1080/14702541.2022.2151041  

Felton, M., Jones, P., Tranter, R., Clark, J., Quaife, T., Lukac, M., 2023. Farmers’ attitudes towards, and intentions 
to adopt, agroforestry on farms in lowland South-East and East England. Land Use Policy 131. 
https://doi.org/10.1016/j.landusepol.2023.106668  

Fleischman, F., Basant, S., Chhatre, A., Coleman, E.A., Fischer, H.W., Gupta, D., Güneralp, B., Kashwan, P., 
Khatri, D., Muscarella, R., Powers, J.S., Ramprasad, V., Rana, P., Solorzano, C.R., Veldman, J.W., 2020. 
Pitfalls of Tree Planting Show Why We Need People-Centered Natural Climate Solutions. BioScience 70 
(11), 947-950. https://doi.org/10.1093/biosci/biaa094  

Franceschinis, C., Liebe, U., Thiene, M., Meyerhoff, J., Field, D., McBratney, A., 2022. The effect of social and 
personal norms on stated preferences for multiple soil functions: Evidence from Australia and Italy. 
Australian of Agricultural and Resource Economics 66 (2), 335-362. https://doi.org/10.1111/1467-
8489.12466  

Geng, J., Liang, C., 2021. Analysis of the internal relationship between ecological value and economic value based 
on the forest resources in China. Sustainability 13 (12). https://doi.org/10.3390/su13126795  

Gomes, E., Abrantes, P., Banos, A., Rocha, J., Buxton, M., 2019. Farming under urban pressure: Farmers’ 
land use and land cover change intentions. Applied Geography 102, 58-70. 
https://doi.org/10.1016/j.apgeog.2018.12.009  

Gotts, N.M., van Voorn, G.A.K., Polhill, J.G., Jong, E. de, Edmonds, B., Hofstede, G.J., Meyer, R., 2019. Agent-
based modelling of socio-ecological systems: Models, projects and ontologies. Ecological Complexity 40. 
https://doi.org/10.1016/j.ecocom.2018.07.007  

Gramig, B.M., Widmar, N.J.O., 2018. Farmer preferences for agricultural soil carbon sequestration schemes. 
Applied Economic Perspectives and Policy 40 (3), 502-521. https://doi.org/10.1093/aepp/ppx041  

Groshans, G.R., Mikhailova, E.A., Post, C.J., Schlautman, M.A., Zurqani, H.A., Zhang, L., 2018. Assessing the 
Value of Soil Inorganic Carbon for Ecosystem Services in the Contiguous United States Based on Liming 
Replacement Costs. Land 7 (4). https://doi.org/10.3390/land7040149 

Hermann, D., Sauthoff, S., Musshoff, O., 2017. Ex-ante evaluation of policy measures to enhance carbon 
sequestration in agricultural soils. Ecological Economics 140, 241-250. 
https://doi.org/10.1016/j.ecolecon.2017.05.018  

Hutchison, L.M., Pollack, J.B., Swanson, K., Yoskowitz, D., 2018. Operationalizing Blue Carbon in the Mission-
Aransas National Estuarine Research Reserve, Texas. Coastal Management 46 (4), 278-296. 
https://doi.org/10.1080/08920753.2018.1474068  

IATP, 2020. Why Carbon Markets Won’t work for Agriculture. https://www.iatp.org/documents/why-carbon-
markets-wont-work-agriculture  

IPCC, 2014. Climate change 2014 - Mitigation of climate change. In O. Edenhofer, R. Pichs-Madruga, E. F. Y. 
Sokona, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. 
Savolainen, S. Schlömer, C. von Stechow, T. Zwickel, J.C. Minx (Eds.). Climate Change 2014 Mitigation 
of Climate Change. Cambridge University Press. https://doi.org/10.1017/CBO9780511546013  

Jacobs, H., Gupta, A., Möller, I., 2023. Governing-by-aspiration? Assessing the nature and implications of 
including negative emission technologies (NETs) in country long-term climate strategies. Global 
Environmental Change, 81. https://doi.org/10.1016/j.gloenvcha.2023.102691  

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1126/sciadv.aat1869
https://www.dehst.de/SharedDocs/news/EN/future-role-for-voluntary-carbon-markets.html
https://www.dehst.de/SharedDocs/news/EN/future-role-for-voluntary-carbon-markets.html
https://doi.org/10.1080/14702541.2022.2151041
https://doi.org/10.1016/j.landusepol.2023.106668
https://doi.org/10.1093/biosci/biaa094
https://doi.org/10.1111/1467-8489.12466
https://doi.org/10.1111/1467-8489.12466
https://doi.org/10.3390/su13126795
https://doi.org/10.1016/j.apgeog.2018.12.009
https://doi.org/10.1016/j.ecocom.2018.07.007
https://doi.org/10.1093/aepp/ppx041
https://doi.org/10.3390/land7040149
https://doi.org/10.1016/j.ecolecon.2017.05.018
https://doi.org/10.1080/08920753.2018.1474068
https://www.iatp.org/documents/why-carbon-markets-wont-work-agriculture
https://www.iatp.org/documents/why-carbon-markets-wont-work-agriculture
https://doi.org/10.1017/CBO9780511546013
https://doi.org/10.1016/j.gloenvcha.2023.102691


Morgado Cerqueira et al. 

Jafarzadeh, A.A., Mahdavi, A., Shamsi, S.R.F., Yousefpour, R., 2021. Assessing synergies and trade-offs between 
ecosystem services in forest landscape management. Land Use Policy, 111. 
https://doi.org/10.1016/j.landusepol.2021.105741  

Jin, E., Sutherland, J.W., 2018. An integrated sustainability model for a bioenergy system: Forest residues for 
electricity generation. Biomass & Bioenergy 119, 10-21. https://doi.org/10.1016/j.biombioe.2018.09.005  

Johansson, E.L., Brogaard, S., Brodin, L., 2022. Envisioning sustainable carbon sequestration in Swedish 
farmland. Environmental Science and Policy 135, 16-25. https://doi.org/10.1016/j.envsci.2022.04.005  

Kallio, G., LaFleur, W., 2023. Ways of (un)knowing landscapes: Tracing more-than-human relations in 
regenerative agriculture. Journal of Rural Studies 101. https://doi.org/10.1016/j.jrurstud.2023.103059  

Kay, S., Graves, A., Palma, J. H. N., Moreno, G., Roces-Díaz, J V., Aviron, S., Chouvardas, D., Crous-Duran, J., 
Ferreiro-Domínguez, N., García de Jalón, S., Măcicăşan, V., Mosquera-Losada, M.R., Pantera, A., 
Santiago-Freijanes, J.J., Szerencsits, E., Torralba, M., Burgess, P.J., Herzog, F., 2019. Agroforestry is 
paying off – Economic evaluation of ecosystem services in European landscapes with and without 
agroforestry systems. Ecosystem Services 36. https://doi.org/10.1016/j.ecoser.2019.100896  

Keenor, S.G., Rodrigues, A.F., Mao, L., Latawiec, A.E., Harwood, A.R., Reid, B.J., 2021. Capturing a soil carbon 
economy. Royal Society Open Science 8 (4), 202305. https://doi.org/10.1098/rsos.202305  

Kirkby, M., 2021. Desertification and development: Some broader contexts. Journal of Arid Environments 193. 
https://doi.org/10.1016/j.jaridenv.2021.104575  

Kitaibekova, S., Toktassynov, Z., Sarsekova, D., Mohammadi Limaei, S., Zhilkibayeva, E., 2023. Assessment of 
Forest Ecosystem Services in Burabay National Park, Kazakhstan: A Case Study. Sustainability 15, (5). 
https://doi.org/10.3390/su15054123  

Lal, R., 2004. Soil Carbon Sequestration Impacts on Global Climate Change and Food Security. Science 304, 
1623-1627.  

Lal, R., 2010. Beyond Copenhagen: Mitigating climate change and achieving food security through soil carbon 
sequestration. Food Security 2(2), 169-177. https://doi.org/10.1007/s12571-010-0060-9  

Lal, R., 2020. The role of industry and the private sector in promoting the “4 per 1000” initiative and other negative 
emission technologies. Geoderma 378. https://doi.org/10.1016/j.geoderma.2020.114613  

Lal, R., Ussiri, D., 2017. Carbon Sequestration for Climate Change Mitigation and Adaptation. Springer. 
https://doi.org/10.1007/978-3-319-53845-7  

Le, N.N., Pham, T.D., Yokoya, N., Ha, N.T., Nguyen, T.T.T., Tran, T.D.T., Pham, T.D., 2021. Learning from 
multimodal and multisensor earth observation dataset for improving estimates of mangrove soil organic 
carbon in Vietnam. International Journal of Remote Sensing 42 (18), 6866-6890. 
https://doi.org/10.1080/01431161.2021.1945158  

Li, Z., Qi, Z., Jiang, Q., Sima, N., 2021. An economic analysis software for evaluating best management practices 
to mitigate greenhouse gas emissions from cropland. Agricultural Systems 186, 102950. 
https://doi.org/10.1016/j.agsy.2020.102950  

Liu, Y., Bi, Y., Xie, Y., Zhao, X., He, D., Wang, S., Wang, C., Guo, T., Xing, G., 2020. Successive straw biochar 
amendments reduce nitrous oxide emissions but do not improve the net ecosystem economic benefit in 
an alkaline sandy loam under a wheat-maize cropping system. Land Degradation and Development 31 
(7), 868-883. https://doi.org/10.1002/ldr.3495  

Lobell, D.B., Baldos, U.L.C., Hertel, T. W., 2013. Climate adaptation as mitigation: The case of agricultural 
investments. Environmental Research Letters 8(1), 12. https://doi.org/10.1088/1748-9326/8/1/015012  

Lopes, F., Amaral, B., 2021. O valor do recreio florestal nos parques florestais Açorianos; [The value of forest 
recreation in Azorean public parks]. Revista de Economia e Sociologia Rural 59 (1), 1-10. 
https://doi.org/10.1590/1806-9479.2021.238884  

Lundholm, A., Black, K., Corrigan, E., Nieuwenhuis, M., 2020. Evaluating the Impact of Future Global Climate 
Change and Bioeconomy Scenarios on Ecosystem Services Using a Strategic Forest Management PA

PE
R

 A
C

C
EP

TE
D

. P
R

EP
R

IN
T 

VE
R

SI
O

N

https://doi.org/10.1016/j.landusepol.2021.105741
https://doi.org/10.1016/j.biombioe.2018.09.005
https://doi.org/10.1016/j.envsci.2022.04.005
https://doi.org/10.1016/j.jrurstud.2023.103059
https://doi.org/10.1016/j.ecoser.2019.100896
https://doi.org/10.1098/rsos.202305
https://doi.org/10.1016/j.jaridenv.2021.104575
https://doi.org/10.3390/su15054123
https://doi.org/10.1007/s12571-010-0060-9
https://doi.org/10.1016/j.geoderma.2020.114613
https://doi.org/10.1007/978-3-319-53845-7
https://doi.org/10.1080/01431161.2021.1945158
https://doi.org/10.1016/j.agsy.2020.102950
https://doi.org/10.1002/ldr.3495
https://doi.org/10.1088/1748-9326/8/1/015012
https://doi.org/10.1590/1806-9479.2021.238884


The role of Geography in valuing soil carbon ecosystem services 

Decision Support System. Frontiers in Ecology and Evolution 8, 200. 
https://doi.org/10.3389/fevo.2020.00200  

Marks, A. B., 2020. (Carbon) farming our way out of climate change. Denver Law Review 97 (3), 497-556. 

Michaelowa, A., Hermwille, L., Obergassel, W., Butzengeiger, S., 2019. Additionality revisited: guarding the 
integrity of market mechanisms under the Paris Agreement. Climate Policy 3062. 
https://doi.org/10.1080/14693062.2019.1628695  

Molajou, A., Pouladi, P., Afshar, A., 2021. Incorporating Social System into Water-Food-Energy Nexus. Water 
Resources Management 35 (13), 4561-4580. https://doi.org/10.1007/s11269-021-02967-4  

Moran-Rodas, V.E., Preusse, V., Wachendorf, C., 2022. Agricultural Management Practices and Decision-Making 
in View of Soil Organic Matter in the Urbanizing Region of Bangalore. Sustainability 14 (10). 
https://doi.org/10.3390/su14105775  

Mouratiadou, I., Stella, T., Gaiser, T., Wicke, B., Nendel, C., Ewert, F., Hilst, F., 2019. Sustainable intensification 
of crop residue exploitation for bioenergy: Opportunities and challenges. GCB Bioenergy 12(1), 71-89. 
https://doi.org/10.1111/gcbb.12649  

Nunes, S., Gastauer, M., Cavalcante, R.B.L., Ramos, S.J., Caldeira Jr, C.F., Silva, D., Rodrigues, R.R., Salomao, 
R., Oliveira, M., Souza-Filho, P.W.M., Siqueira, J.O., 2020. Challenges and opportunities for large-scale 
reforestation in the Eastern Amazon using native species. Forest Ecology and Management 466. 
https://doi.org/10.1016/j.foreco.2020.118120  

Odote, C., 2019. Implications of the Ecosystem-Based Approach to Wetlands Management on the Kenyan Coast. 
Publications on Ocean Development 87, 413-442). https://doi.org/10.1163/9789004389984_014  

O’Sullivan, L., Wall, D., Creamer, R., Bampa, F., Schulte, R.P.O., 2018. Functional Land Management: Bridging 
the Think-Do-Gap using a multi-stakeholder science policy interface. Ambio 47 (2), 216-230. 
https://doi.org/10.1007/s13280-017-0983-x  

Otte, P.P., Vik, J., 2017. Biochar systems: Developing a socio-technical system framework for biochar production 
in Norway. Technology in Society 51, 34-45. https://doi.org/10.1016/j.techsoc.2017.07.004  

Parish, E.S., Karlen, D.L., Kline, K.L., Comer, K.S., Belden, W.W., 2023. Designing Iowa Agricultural 
Landscapes to Improve Environmental Co-Benefits of Bioenergy Production. Sustainability 15 (13). 
https://doi.org/10.3390/su151310051  

Parron, L.M., Villanueva, A.J., Glenk, K., 2022. Estimating the value of ecosystem services in agricultural 
landscapes amid intensification pressures: The Brazilian case. Ecosystem Services 57. 
https://doi.org/10.1016/j.ecoser.2022.101476  

Partey, S.T., Zougmore, R.B., Ouedraogo, M., Thevathasan, N.V., 2017. Why Promote Improved Fallows as a 
Climate-Smart Agroforestry Technology in Sub-Saharan Africa? Sustainability 9 (11). 
https://doi.org/10.3390/su9111887  

Pellerin, S., Bamière, L., Angers, D., Béline, F., Benoit, M., Butault, J.P., Chenu, C., Colnenne-David, C., Cara, 
S.D., Delame, N., Doreau, M., Dupraz, P., Faverdin, P., Garcia-Launay, F., Hassouna, M., Hénault, C., 
Jeuffroy, M.-H., Klumpp, K., Metay, A., … Chemineau, P., 2017. Identifying cost-competitive 
greenhouse gas mitigation potential of French agriculture. Environmental Science & Policy 77, 130-139. 
https://doi.org/10.1016/j.envsci.2017.08.003  

Persiani, A., Diacono, M., Montemurro, F., 2023. Agroecological practices in organic fennel cultivation to improve 
environmental sustainability. Agroecology and Sustainable Food Systems 47 (5), 668-686. 
https://doi.org/10.1080/21683565.2023.2180699  

Priori, S., Barbetti, R., Meini, L., Morelli, A., Zampolli, A., D’Avino, L., 2019. Towards economic land evaluation 
at the farm scale based on soil physical-hydrological features and ecosystem services. Water 11 (8). 
https://doi.org/10.3390/w11081527  

Rodrigues, S., Horan, E., 2018. The Role of Biochar in Sustainable Agriculture, and Climate Change Mitigation 
for Sustainable Cities. World Sustainability Series, pp. 437-447. https://doi.org/10.1007/978-3-319-
73293-0_25  

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.3389/fevo.2020.00200
https://doi.org/10.1080/14693062.2019.1628695
https://doi.org/10.1007/s11269-021-02967-4
https://doi.org/10.3390/su14105775
https://doi.org/10.1111/gcbb.12649
https://doi.org/10.1016/j.foreco.2020.118120
https://doi.org/10.1163/9789004389984_014
https://doi.org/10.1007/s13280-017-0983-x
https://doi.org/10.1016/j.techsoc.2017.07.004
https://doi.org/10.3390/su151310051
https://doi.org/10.1016/j.ecoser.2022.101476
https://doi.org/10.3390/su9111887
https://doi.org/10.1016/j.envsci.2017.08.003
https://doi.org/10.1080/21683565.2023.2180699
https://doi.org/10.3390/w11081527
https://doi.org/10.1007/978-3-319-73293-0_25
https://doi.org/10.1007/978-3-319-73293-0_25


Morgado Cerqueira et al. 

Roy, O., Meena, R.S., Kumar, S., Jhariya, M.K., Pradhan, G., 2022. Assessment of land use systems for CO2 
sequestration, carbon credit potential, and income security in Vindhyan region, India. Land Degradation 
and Development 33 (4), 670-682. https://doi.org/10.1002/ldr.4181  

Rudolf, K., Hennings, N., Dippold, M.A., Edison, E., Wollni, M., 2021. Improving economic and environmental 
outcomes in oil palm smallholdings: The relationship between mulching, soil properties and yields. 
Agricultural Systems 193. https://doi.org/10.1016/j.agsy.2021.103242  

Rumpel, C., Amiraslani, F., Chenu, C., Garcia Cardenas, M., Kaonga, M., Koutika, L.S., Ladha, J., Madari, B., 
Shirato, Y., Smith, P., Soudi, B., Soussana, J.F., Whitehead, D., Wollenberg, E., Cardenas, M.G., Kaonga, 
M., Koutika, L.S., Ladha, J., Madari, B., …Wollenberg, E., 2020. The 4p1000 initiative: Opportunities, 
limitations and challenges for implementing soil organic carbon sequestration as a sustainable 
development strategy. Ambio 49 (1), 350-360. https://doi.org/10.1007/s13280-019-01165-2  

Russell-Smith, J., Sangha, K.K., 2018. Emerging opportunities for developing a diversified land sector economy 
in Australia’s northern savannas. The Rangeland Journal 40 (4), 315. https://doi.org/10.1071/RJ18005  

Ryschawy, J., Tiffany, S., Gaudin, A., Niles, M.T., Garrett, R.D., 2021. Moving niche agroecological initiatives 
to the mainstream: A case-study of sheep-vineyard integration in California. Land Use Policy 109. 
https://doi.org/10.1016/j.landusepol.2021.105680  

Salvati, L., Mavrakis, A., Colantoni, A., Mancino, G., Ferrara, A., 2015. Complex Adaptive Systems, soil 
degradation and land sensitivity to desertification: A multivariate assessment of Italian agro-forest 
landscape. Science of the Total Environment 521-522 (1), 235-245. 
https://doi.org/10.1016/j.scitotenv.2015.03.094  

Santos, M.P., Morais, T. G., Domingos, T., Teixeira, R. F. M., 2022. Valuing Ecosystem Services Provided by 
Pasture-Based Beef Farms in Alentejo, Portugal. Land 11(12). https://doi.org/10.3390/land11122238  

Santos, R., Roxo, M.J., 2017. Um conto de duas tragédias: O Baldio da Serra de Mértola no Alentejo (sul de 
Portugal) e a sua privatização , séculos XVIII a XX. In M. Motta, M. Piccolo (Eds.), Domínio de Outrém 
Volume 1 - Posse e Propriedade na Era Moderna (Portugal e Brasil), Vol. 1, pp. 30-66). 
Nósporcátudobem. http://hdl.handle.net/10316/86926  

Sanz-Cobena, A., Lassaletta, L., Aguilera, E., Prado, A. del, Garnier, J., Billen, G., Iglesias, A., Sánchez, B., 
Guardia, G., Abalos, D., Plaza-Bonilla, D., Puigdueta-Bartolomé, I., Moral, R., Galán, E., Arriaga, H., 
Merino, P., Infante-Amate, J., Meijide, A., Pardo, G., … Smith, P., 2017. Strategies for greenhouse gas 
emissions mitigation in Mediterranean agriculture: A review. Agriculture, Ecosystems and Environment 
238, 5-24. https://doi.org/10.1016/j.agee.2016.09.038  

Scharlemann, J.P.W., Tanner, E.V.J., Hiederer, R., Kapos, V., 2014. Global soil carbon: Understanding and 
managing the largest terrestrial carbon pool. Carbon Management 5 (1), 81-91. 
https://doi.org/10.4155/cmt.13.77  

Sharma, M., Kaushal, R., Kaushik, P., Ramakrishna, S., 2021. Carbon farming: Prospects and challenges. 
Sustainability 13 (19). https://doi.org/10.3390/su131911122  

Shukla, P.R., Skea, J., Buendia, E.C., Masson-Delmotte, V., Pörtner, H.-O., Roberts, D.C., Zhai, P., Slade, R., 
Connors, S., Diemen, R. van, Ferrat, M., Haughey, E., Luz, S., Neogi, S., Pathak, M., Petzold, J., Pereira, 
J.P., Vyas, P., Huntley, E., … Malley, J., 2019. Climate Change and Land: an IPCC special report. Climate 
Change and Land: An IPCC Special Report on Climate Change, Desertification, Land Degradation, 
Sustainable Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial Ecosystems, 
1-864. https://www.ipcc.ch/srccl/  

Smith, P., Calvin, K., Nkem, J., Campbell, D., Cherubini, F., Grassi, G., Korotkov, V., Le Hoang, A., Lwasa, S., 
McElwee, P., Nkonya, E., Saigusa, N., Soussana, J. F., Taboada, M.A., Manning, F.C., Nampanzira, D., 
Arias-Navarro, C., Vizzarri, M., House, J., … Arneth, A., 2020. Which practices co-deliver food security, 
climate change mitigation and adaptation, and combat land degradation and desertification? Global 
Change Biology 26(3), 1532-1575. https://doi.org/10.1111/gcb.14878  

Sollen-Norrlin, M., Ghaley, B.B., Rintoul, N.L.J., 2020. Agroforestry Benefits and Challenges for Adoption in 
Europe and Beyond. Sustainability 12 (17). https://doi.org/10.3390/su12177001  

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1002/ldr.4181
https://doi.org/10.1016/j.agsy.2021.103242
https://doi.org/10.1007/s13280-019-01165-2
https://doi.org/10.1071/RJ18005
https://doi.org/10.1016/j.landusepol.2021.105680
https://doi.org/10.1016/j.scitotenv.2015.03.094
https://doi.org/10.3390/land11122238
http://hdl.handle.net/10316/86926
https://doi.org/10.1016/j.agee.2016.09.038
https://doi.org/10.4155/cmt.13.77
https://doi.org/10.3390/su131911122
https://www.ipcc.ch/srccl/
https://doi.org/10.1111/gcb.14878
https://doi.org/10.3390/su12177001


The role of Geography in valuing soil carbon ecosystem services 

Sun, W., Xu, C., 2021. Carbon price prediction based on modified wavelet least square support vector machine. 
Science of The Total Environment 754, 142052. https://doi.org/10.1016/j.scitotenv.2020.142052  

Torvanger, A., 2019. Governance of bioenergy with carbon capture and storage (BECCS): Accounting, rewarding, 
and the Paris agreement. Climate Policy 19 (3), 329-341. https://doi.org/10.1080/14693062.2018.1509044  

Tuan, Y.F., 1977. Space and Place: The Perspective of Experience (8th Edition). University of Minnesota Press. 

Tubiello, F., 2012. Climate Change Adaptation and Mitigation - Challenges and Opportunities for the Food 
Sector. FAO. http://www.fao.org/docrep/016/i2855e/i2855e.pdf  

Venmans, F., Ellis, J., Nachtigall, D., 2020. Carbon pricing and competitiveness: are they at odds? Climate Policy 
20 (9), 1070-1091. https://doi.org/10.1080/14693062.2020.1805291  

Von Cossel, M., Winkler, B., Mangold, A., Lask, J., Wagner, M., Lewandowski, I., Elbersen, B., van Eupen, M., 
Mantel, S., Kiesel, A., 2020. Bridging the Gap Between Biofuels and Biodiversity Through Monetizing 
Environmental Services of Miscanthus Cultivation. Earth Future 8(10). 
https://doi.org/10.1029/2020EF001478  

Wilkes, A., Wang, S., Lipper, L., Chang, X., 2021. Market Costs and Financing Options for Grassland Carbon 
Sequestration: Empirical and Modelling Evidence from Qinghai, China. Frontiers in Environmental 
Science 9. https://doi.org/10.3389/fenvs.2021.657608  

Wu, J., Wang, M., Wang, T., Fu, X., 2022. Evaluation of Ecological Service Function of Liquidambar formosana 
Plantations. International Journal of Environmental Research and Public Health 19 (22). 
https://doi.org/10.3390/ijerph192215317  

Yang, Y., Hobbie, S.E., Hernandez, R.R., Fargione, J., Grodsky, S.M., Tilman, D., Zhu, Y.-G., Luo, Y., Smith, 
T.M., Jungers, J.M., Yang, M., Chen, W.Q., 2020. Restoring Abandoned Farmland to Mitigate Climate 
Change on a Full Earth. One Earth 3 (2) 176-186). https://doi.org/10.1016/j.oneear.2020.07.019  

Zomer, R.J., Bossio, D.A., Sommer, R., Verchot, L. V., 2017. Global Sequestration Potential of Increased Organic 
Carbon in Cropland Soils. Scientific Reports 7 (1), 1-8. https://doi.org/10.1038/s41598-017-15794-8  

 

PA
PE

R
 A

C
C

EP
TE

D
. P

R
EP

R
IN

T 
VE

R
SI

O
N

https://doi.org/10.1016/j.scitotenv.2020.142052
https://doi.org/10.1080/14693062.2018.1509044
http://www.fao.org/docrep/016/i2855e/i2855e.pdf
https://doi.org/10.1080/14693062.2020.1805291
https://doi.org/10.1029/2020EF001478
https://doi.org/10.3389/fenvs.2021.657608
https://doi.org/10.3390/ijerph192215317
https://doi.org/10.1016/j.oneear.2020.07.019
https://doi.org/10.1038/s41598-017-15794-8


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




