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Abstract

Over the past few decades, the concept of sustainable agriculture has gained popularity. However,
the notion of sustainable agriculture is highly imprecise and unclear, making its application and
execution exceedingly challenging. Moreover, disagreements about what sustainability means can
lead to a deeper understanding of the intricate empirical procedures and possibly debatable
principles involved in any effort to achieve sustainability in agriculture. Practices to increase crop
resilience, lower chemical inputs, and boost efficiency are examples of future developments. In this
context, this paper aims to investigate and understand the current state of a major subject of climate
change and its impacts on the environment and particularly on agriculture. All these can be measured
by the Life Cycle Analysis (LCA) method so that its environmental footprint can be reduced. For this
purpose, a search of the bibliographic database was carried out and the results obtained were
analyzed with the open-source tool bibliometrix for the total findings which numbered 2,328 with
publication years from 1993 to 2025 which refers to a pre-publication. Then, a post-processing
analysis of 1411 articles was conducted and a narrative review of around 100 publications was carried
out where agricultural practices with life cycle analysis, current trends and research gaps were
explored.

Keywords: Environmental footprint; Climate change; Life cycle analysis; Agriculture

1. Introduction

The environment is a broad term that refers to all the physical, social, and cultural elements that
surround humans [1]. It is the total space in which we live, work, and interact with the world around
us []. It includes both the natural elements of the earth, such as trees, air, soil, oceans, lakes, and
rivers, and the man-made elements, such as buildings, infrastructure, cities, and communities created
by humans. On the one hand, the natural environment refers to all-natural elements that exist
independently of human intervention. This includes vegetation, wildlife, ecosystems, and the natural
processes that occur on the planet. It is the fundamental basis for the existence of life and plays a
critical role in maintaining the balance of the ecosystem [Error! Reference source not found.]

In contrast, the anthropogenic environment refers to what has been created by human activity
and intervention. This consists of the buildings, infrastructure, cities, and communities we have
developed, as well as the impacts of human activities on the natural environment such as pollution,
overexploitation of natural resources, and climate change [Frror! Reference source not found.], Rapid population
growth combined with the adverse effects of climate change and intensifying pressures on both
agricultural land and natural resources undermines the planet's ability to provide safe, nutritious,
and adequate food for all its inhabitants without limitation generations [Frror! Reference source not found. Error!
Reference source not found.], The concept of environment has evolved, and today it encompasses an integrated
approach that combines the protection of the natural environment with the development of
sustainable social and economic systems [Frror! Reference source not found.,
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In recent years, the agricultural sector has adopted intensive farming practices in order to meet
the demands of the population. This has resulted in both the depletion of natural resources and
climate change, among other consequences [Error Reference source not found.] Natural resource scarcity is a
growing concern in many parts of the world. Rapid population growth and increasing
industrialization are putting considerable pressure on the world's finite resources, leading to
shortages in many sectors. This is particularly true for key resources such as water, soil and energy
[Error! Reference source not found. | "'Without these essential resources, human life and economic development are
at risk. In some cases, natural resource scarcity can be mitigated through conservation efforts such as
reducing water use, improving soil fertility and reducing energy consumption [Error! Reference source not
found.] Pressures on agricultural land according to the Population Media Center, Education and Social
Impact Education for International Development, [Error! Reference source not found.] have wider implications for
the expansion of pasture and the reduction of arable land under pressure from both population and
economic growth. Still evident are the impacts of increasing greenhouse gas emissions from
agricultural activities and land use changes [Error! Reference source not found.]

In an effort to protect the environment and reduce pollution, many countries are adopting
concepts like sustainable development and management. In the forestry sector, this approach means
that if the amount of wood harvested does not exceed the volume regenerated during the same
period, the forest is considered to be managed sustainably [Frror! Reference source not found.] The concept of
sustainability is open to a variety of interpretations, which highlight its various dimensions,
philosophical, political, environmental, and educational [Error Reference source not found.]  Systainability
possesses different meanings depending on the scientific approaches and ideologies of those who use
it or try to define it [Error! Reference source not found.] ' The concern for the natural environment and natural
ecosystems is reflected in a second definition that has been attributed to the concept of Sustainable
Development: 'Sustainable development means improving the quality of human life within the
carrying capacity of supporting ecosystems'. This definition is accompanied by the adoption of
principles related to two areas: ecological sustainability (interdependence, biodiversity, living on
Earth without major impacts on nature, interspecies justice) and social justice (basic human needs,
intergenerational justice, human rights, participation) [Error! Reference source not found.| ' A ccording to UNESCO
[Error! Reference source not found.] the combination of the two definitions captures the basic idea of sustainable
development, i.e. that it is beneficial for both people and ecosystems. In this respect, agriculture,
forestry and fisheries are essential to the global economy, providing food, fiber and many other
products. However, these industries face a growing challenge: the scarcity of natural resources [®ror!
Reference source not found.] - Population growth is leading to increased demand for food, timber and other
resources, while at the same time, land for agricultural production is being lost due to urbanization,
deforestation and other forms of land degradation [Eror! Reference source not found.] This leads to an
unsustainable situation where the demand for resources outstrips supply [Error! Reference source not found.] T
the agricultural sector, farmers are forced to use land more intensively and resort to unsustainable
practices such as overgrazing, which can lead to soil erosion and desertification [Frror! Reference source not
found ] Governments and other stakeholders need to take urgent action to address these issues [Fror!
Reference source not found.] The Jack of natural resources and the impact on agriculture are major concerns
[Frror! Reference source not found.] a5 can drastically affect the world's agricultural systems. Therefore, it is
necessary to implement policies and practices that promote sustainability and reduce the impacts of
climate change to ensure the long-term health of global agricultural systems [Error! Reference source not found.],

In this context, the aim of this paper is to investigate modern techniques and tools for process
optimization, LCA methodologies and their potential integration into the production process so that
decisions can be made [Error! Reference source not found. Error! Reference source not found.]

The literature review aims to investigate how agriculture and food production can become more
environmentally friendly, reducing their impact on climate change through life cycle analysis [Fror
Reference source not found.] The aim is to make an inventory of the research that has been done to date and to
identify any research gaps so that they can be filled by future research. The paper follows a specific
structure and the next section describes the methods, the database and the software used, as well as
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the data collection process. Then, the main findings of the bibliometric analysis are presented and
finally, the main conclusions of the study are presented.

2. Materials and Methods

The evaluation method and framework applied were based on an exhaustive, systematic search
of the Scopus scientific database, using specific keywords such as environmental impact, climate
change, life CyCle assessment and agriculture [[Error! Reference source not found. Exror! Reference source not found. Error! Reference
source not found.| 'More specifically, the way they were used makes sense so that we can derive data to see
if there is a correlation between LCA in agriculture and how it affects the environment, what the
footprint is, how much it affects climate change and whether we can measure this impact so that we
can take corrective measures [Error! Reference source not found.] The aim is to provide a collection of innovative
publications with distinctive features to bring together general trends in the integration of LCA
methodologies, with optimization strategies and a focus on the agricultural sector [Eror! Reference source not
found] The objectives of the literature review are based on understanding the interaction between
agriculture, environmental impacts and climate change through the Life Cycle Assessment (LCA)
methodology. More specifically is to understand the environmental impacts by investigating how
different agricultural practices affect the environment and how they are affected by it. Through LCA,
the stages of the life cycle of agricultural products, from production to disposal, can be assessed and
the environmental factors that are affected (e.g. energy consumption, greenhouse gas emissions,
water use, pollution) can be identified [Error! Reference source not found.] Secondly, for tackling climate change,
is important to understand how agriculture contributes to climate change and how it is affected by it
LCA methodology is crucial to assess how different agricultural processes can reduce for example
the carbon footprint or other negative impacts on climate change [Eror! Reference source not found.] - Also, very
important is to consider the assessment of agricultural systems and how different farming or food
production systems compare with each other in terms of environmental sustainability [Error! Reference source
notfound.] This may include comparing conventional and organic farming or precision farming or other
alternative methods [Fror! Reference source not found.] ~ Additionally, investigation of ways to improve
agricultural practices to minimize negative environmental impacts is critical. Through the LCA,
specific measures or strategies that will improve the sustainability of agricultural systems can be
explored [Frror! Reference source not found ] | ast]y, identifying alignment with policies and regulations is also
most important. The study of environmental impacts and climate change through LCA can help to
create or adapt policies that promote sustainable agriculture, based on science-based approaches.

The first criterion was the publication title, which serves as an initial indicator of the study’s
relevance to the field of Dynamic Life Cycle Analysis (LCA) in agriculture. Country or region was
also considered, referring to the geographical location where the study was conducted or focused, as
this provides valuable insight into regional variations in environmental impacts and methodological
practices. The subject of the research, such as specific products like kiwi or olive oil, or a more general
agricultural focus, was included to further contextualize the study within the broader research
landscape. The authors were recorded to help identify the researchers involved and understand their
expertise and collaborative networks within the field. The number of citations a publication received
was considered as a potential indicator of its impact and influence in the scientific community.

Environmental dimensions were also categorized. The types of environmental impacts
analyzed —such as CO, emissions, water use, impacts on biodiversity, or the inclusion of more than
three specific indicators—were key considerations. The year of publication was noted to observe
trends and developments in research over time. Additionally, the source of the publication, referring
to the journal or database in which it appeared, was documented.

A crucial aspect of the classification involved identifying whether the study employed a
dynamic or static LCA approach. Where dynamic LCA was used, further specification was made
regarding the methodological approach adopted. The software utilized for modeling LCA —such as
SimaPro, OpenLCA, Gabi, and others—was also listed, along with the LCA stages considered,
emphasizing the importance of a holistic lifecycle perspective in identifying environmental
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"hotspots" and areas for improvement. Other methodologies or tools applied in the study were
included as well, such as geographic information systems (GIS), machine learning (ML), or
econometric analyses. The research’s consideration of energy resource use, including fossil fuel
consumption or reliance on renewable sources, was noted. Furthermore, the inclusion or examination
of sustainability policies and regulations was assessed, particularly where the research engaged with
agricultural policy or regulatory frameworks relevant to LCA.

In order to conduct a thorough bibliometric analysis, it is important to clearly define the research
objectives to address specific issues, thus maintaining a focused and relevant analysis [Error! Reference source
ot found. Error! Reference source not found. Error! Reference source not found ], Bibliometric analysis has gained immense
popularity in business research in recent years [Error! Reference source not found., Error! Reference source not found. Exror! Reference
source not found.] and can handle large volumes of scientific data as well as generate high research impact
[ Errort Reference source not found | This review performed a bibliometric analysis of the specific features of
published papers from the last 32 years that have investigated the viability of conditions related to
Environmental Impact Assessment and Climate Change through Life Cycle Assessment (LCA) in
agriculture. The strategy of this study was based on a systematic and multi-level approach aiming to
thoroughly investigate the environmental and climate-related impacts of agriculture through the Life
Cycle Assessment (LCA) methodology [Error! Reference source not found.],

The LCA method was originally developed for the analysis of industrial systems|Frror Reference source
not found. Exror! Reference source not found.] jpy the last years it has been adapted for use in agriculture [Error! Reference
source ot found. 43 Error! Reference source not found, Error! Reference source not found.]_ Since the beginning of the 21st century,
Life Cycle Analysis (LCA) has gained increased scientific and practical interest, transforming into an
interdisciplinary tool applied to a variety of fields. Its standardization, coupled with global awareness
of environmental impacts, has significantly expanded the range of applications and objects of study
[ Error! Reference source not found. | The standardization of LCA coupled with global awareness of environmental
issues has broadened the scope of its objects of study as well as its related applications. These
applications include Impact Assessment Systems such as eco-indicator 99 [Fror! Reference source not found.],
IMPACT 2002+ [FBrror! Reference source not found.] - and CML 2002 [*], as well as system boundaries and
allocation methods [**], spatial differentiation in LCA [Error! Reference source not found.] - rigk-based LCA [Error!
Reference source not found.] - dynamic LCA [Brror! Reference source not found.] and economic input-output models for
environmental life-cycle assessment [Error! Reference source not found.],

The objective of the bibliometric analysis is to record and process data related to scientific
publications and to extract relevant bibliometric indicators, such as the number of publications, their
citations, their association with specific institutions, scientific fields, etc. [Error! Reference source not found.] Tt jg
an important tool for the quantitative evaluation and analysis of published scientific literature [Error
Reference source not found.| The measurements of scientific publications with numerical data are expressed in
terms of bibliometric indicators. Of these, the number of publications is the simplest indicator for
recording the production of scientific work and hence research work per scientist, organization,
discipline or country [Eror Reference source not found.] - Apart from the number of publications, the most
common bibliometric indicators used to assess the impact and originality of scientific work are based
on the analysis of citations of publications from other scientific publications [Eror! Reference source not found.],
To ensure as far as possible the accuracy of the results of the literature analysis, three elements must
be carefully selected: the literature to be analyzed, the bibliometric techniques to be used and the
software to be used [Error! Reference source not found.]‘

The search was conducted in the Scopus database, which is widely used for searching
international literature. Its use allows the collection of a complete list of research-published papers
with high reliability in our results. Given the research topic, the search was performed by entering
the following words as criteria in a corresponding combination:

"environmental impact" or "climate change" and "life cycle assessment" or "Ica" or "life cycle" or
"life cycle assessment (lca)" or "life cycle analysis" and "agriculture”

These terms were searched in the title, abstract and keywords of the papers and no other filter
was entered. The search results returned 2328 published papers from the Scopus database in the
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selected years since 1993, with the last paper in January 2025 as a pre-publication. The results of the
survey were reviewed in this phase by running the following publications in order, firstly to adjust
and delete words that are not considered keywords such as Article, Controlled study Human,
Humans Livestock Nonhuman, Priority Journal, and Review, limiting the results to 1457.

Secondly, it was held exception of work in languages other than English, because Non-English-
language articles are often not accessible through international databases (e.g. Scopus, Web of
Science), or do not meet the same peer review criteria. A total of 44 papers were excluded with the
maximum number of excluded papers being Chinese which had 28 results, followed by French with
6 results and the rest in other languages (Spanish 4, German 3, Portuguese 2, Ukrainian 1, Hungarian
1 and Finnish 1). The remaining papers were 1411.

The last step, after the statistical analysis of results using the relevant tool contained in Scopus,
was to export the results to a CSV file in order to import them into the bibliometrix application and
Biblioshiny 5.0.1, an open-source data science software company, Posit PBC (Public Benefit
Corporation) which provides a web interface for bibliometrix for bibliometric analysis of the above
features. The programming language R, RStudio 3.6.0+, in combination with the environment in
which it operates, namely the “bibliometrix R-Tool”, contributes to the process of analysis using tools
for quantitative research [Error! Reference source not found.] The conclusions of the bibliometric studies aim to
capture the collective trends. Figure 1 details the process for the 1411 records remaining as the final

file.
A Statistical
Exclusion of .
i analysis of
work in .
Search phase Keyword study results with
languages other S d
o than English St
Biblioshiny
Search t " ironmental i t" OR
ear" _erms emnr“ en " _1mpac Adjust and delete Adaptation of papers
climate change” AND "life cycle -ords that . + published i
assessment” OR "LCA" OR "LIFE CYCLE" o ke e 1411 Published papers for
consiaere JWords
OR "LIFE CYCLE ASSESSMENT(LCA)" Result: 1?57 R ulgt]'Jsl 411 statistical and literature
OR "LIFE CYCLE ANALYSIS" AND ble_sh 3 b]j;h ’ review
"Agricultisre” publis] er Papers pu er Papers
remam.mg Iernammg

Search areas: title, abstract and keywords.
Result: 2328 published papers from the
Scopus database in the selected years 1993
and the last one in 2025 as pre-publication

Figure 1. Research framework and flowchart.

Subsequently, with the visualization program Biblioshiny, the csv file of the results from Scopus
was imported for statistical processing and analysis of several variables. These metrics provide
important information about the quality and impact of research by applying standardized metrics.
[Error! Reference source not found.],

The h-index [Error! Reference source not found. j5 an author-level measure of both productivity and impact
of publications, originally used for an individual scientist or researcher. The h-index correlates with
indicators of success such as winning the Nobel Prize, acceptance for research grants and holding
positions at top universities [Eror! Reference source not found.] - the jndex is based on the total number of the
scientist's most cited papers and the number of citations they have received in other publications. The
index was more recently applied to the productivity and impact of a scientific journal [Error! Reference source
notfound.] 35 well as a group of scientists, such as a department or university or country [Error! Reference source
not found | the index was proposed in 2005 by Jorge E. Hirsch, a physicist at UC San Diego, as a tool to
determine the relative quality of theoretical physicists and is sometimes called the Hirsch index or
Hirsch number. On the other hand, the g index is an author-level measure proposed in 2006 by Leo
Egghe, [Frror! Reference source not found.| the index is calculated based on the distribution of citations received
from a particular researcher's publications, such that given a set of articles ranked in descending
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order of the number of citations received, the g index is the single largest number, such that the top
g articles together receive at least g2 citations.

Finally, Bradford's Law, as shown, explains how research articles on any particular topic are
dispersed or disseminated in different journals. It was first reported in 1934 in the journal Mechanics
by S.K. Bradford and then in a book documented by the same author in 1948 explaining the verbal
formulation and graphical representation of his law, [Frror! Reference source not found.] Bradford's law is based
on the doctrine that a minority of journals will present a majority of articles on a given topic, while a
significant number of journals will present a smaller number of articles.

3. Reference Results
3.1. Bibliography Review

Firstly, statistical analysis was performed using the internal Scopus analysis tool. Figure 2 shows
the temporal evolution of publications for the period from 1993 to the date of data extraction i.e.
23/09/2024, which includes the one pre-publication in January 2025 of the 1411 papers in our database.
The temporal evolution in the number of published papers and their references during the years 1993-
2025 allows the published work to be distinguished in three stages. The first stage (1993-2007)
includes a very small number of articles (52 papers, 3.69% of the total). The second stage (2008-2016),
during which 374 articles were produced, representing 26.51% of the total, and the number of articles
is consistently in double digits. The percentage of citations is 4.4% with a total of 227 citations. In the
third stage (2017-2025), the growth rate of publications accelerates, with a total of 985 articles
published and a percentage of 69.80% of the total and a constant triple-digit number of publications
per year, this post-2017 boom indicates a fertile and highly active domain.

Documents per year

160

_.
'S
S

—_—
N3
(=]

—_
(=3
(=]

80

60

Production of articles

40

20

1993 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Year

Figure 2. Production of articles per year.

Based on the analysis conducted, it is clear that the authors have been a significant presence in
their field over the years with a wide range of research interests. As shown in Table 1, the h-index
ranges from 6 to 17, indicating a consistent output of high-quality work. Also, the average h-index
was 9.4, indicating a consistent output of high-quality work. Authors Nemecek T., Bacenetti J.,
Rieradevall J., Van Der Werf HMG. and Wang X. stood out with the highest h-index, highlighting
their significant contribution to the field. Also, authors with a lower PY start, 2017, Nabavi-Pelesaraei
A, may be in a phase of rapid career development. Finally, the minimal differences which are
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rounded to 1 of the m-index indicate possible differences in the degree of specialization and choice
of research topics.

Table 1. Author productivity by year.

Author h index g index M index TC NP PY start

Nemecek T 17 22 0,8947368 1613 22 2006
Bacenetti JJ 10 13 0,9090909 513 13 2014
Rieravevall | 10 11 0,6666666 755 11 2010
Van der Werf HMG 10 11 0,5 1205 11 2005
Wang X 10 13 0,7692307 386 13 2012
Gaillard G 9 10 0,4736842 913 10 2006
Nabali - Pelesaraei A 8 8 1 646 8 2017
Gabarrell X 7 8 0,4666666 484 8 2010
Zhang Y 7 9 0,4375 243 9 2009

Aubin J 6 6 0,375 351 6 2009

Regarding the local impact of authors based on the TC (Total Citations) index, i.e. how many
times their papers have been cited, the largest circle belongs to Nemecek T, who has the largest
number of citations (1613), followed by Van der Werf HMG. with 1,203 citations, which means that
Nemecek T. has the largest local impact in terms of citations. Also the other authors, such as Gaillard
G. (913) and Rieravevall J. (755), also have a high performance, but with fewer citations.

This principle is commonly referred to as the "Core-District" model [Error! Reference source not found. ] [Exror!
Reference source not found.]  The R-Biblioshiny 5.0.1 and RStudio R 3.6.0+ was used, a software tool for
bibliometric analysis and presented journals located in the "Core Sources" area which are considered
the most important and recognized journals in the research field. Analysis of the distribution of
publications based on Bradford's Law (Figure 3) reveals that most relevant articles are concentrated
in a small group of high-impact journals, such as the Journal of Cleaner Production and
Sustainability. The most dominant and most central journal for the topic (Table 2) is Journal of
Cleaner Production with 287 publications, secondly Sustainability (Switzerland) with strong
contributor, though with reduced density with 70 publications and last in Zone 1 is the Sustainable
Production and Consumption Journal with 20 publications.
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Figure 3. Key Sources from Bradford Law.
Table 2. Distribution of key sources based on Bradford's Law.
Source Rank Freq cumFreq
Journal of Cleaner Production 1 287 287
Sustainability (Switzerland) 2 70 357
Agricultural Systems 3 33 390
Environmental Science and Pollution Research 4 24 414
Renewable and Sustainable Energy Reviews 5 24 438
Journal of Industrial Ecology 6 21 459
Sustainable Production and Consumption 7 20 479

The network analysis shown in Figure 4a displays the collaboration between researchers. The
nodes as shown represent authors, for example, Wang X, Nemecek T or Mira-de-Val J, involved in
the review, while the different colors indicate different research fields or topic areas. Also shown is
the link between the groups with a line indicating collaboration between authors. The denser a
network is shown, the closer the collaborations between authors. Finally, there is a large dispersion
between groups of authors suggesting that they deal with slightly different subject areas and do not
collaborate closely with each other.

e
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() i P ’--i#ﬂyv .‘,. —

> = :
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Figure 4. a) Cooperation network; (b) Co-referral network.

From the co-referral network shown in Figure 4b, it can be seen that the central nodes in the
network are "Wernet G." and "Brentrup", which means that these authors have an influential role in
the investigated field. The color units depicted indicate different research interests. Also, some
groups of nodes depicted, that saws that they are less connected to the main core of the network.
Finally, Wernet G is shown with many links to other studies and authors which demonstrates the
importance of his research work.

The vertical axis of Figure 5a shows the impact of publications, while the horizontal axis shows
the importance of publications. The cluster with the highest impact is the one that includes the
Agriculture themes with a percentage of 39.6%. This is followed by Life Cycle and Environmental
Impact with 33.8% each. This cluster has the greatest impact on this study, as well as the one shown
in the bottom right section with similar characteristics. The cluster with the least impact and centrality
is the one depicted in the bottom left with very low impact percentages. Finally, it is evident that the
Life Cycle and Environmental Impact themes have a central role.
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Figure 5. Coupling clusters of Articles.

The topics shown in the upper right part of the figure (e.g., environmental impact, life cycle,
agriculture) indicate high centrality and impact, as well as significant influence in the scientific
community involved in environmental and agricultural studies. The clustering that is correlated is
centered around the concepts of environmental impact and life cycle analysis. Finally, according to
Table 3, the dominance of environmental impact in the clusters at two 21.9% and third 56.2% indicates

that studies focused on this topic not only have a high impact but are also used as key references in
the development of other topics.

Table 3. Analysis of coupling clusters from sources.

Label Group  Freq Centrality Impact
environmental impact - conf 21.9%
life cycle - conf 14.6% 1 27 0,54298317 4,72050265

agriculture - conf 13.3%
life cycle - conf 29.3%
agriculture - conf 26.7% 3 18 0,52981857 1,84077243
environmental impact - conf 21.9%
life cycle - conf 56.1%
agriculture - conf 60% 5 48 1,43121433 1,66410422
environmental impact - conf 56.2%

Based on the MCA (Multiple Correspondence Analysis) method, it is possible to interpret the
distribution of concepts in space, i.e. how concepts are thematically related to each other and how
close they are to each other. In Figure 6 it can be observed that Life Cycle Assessment (LCA) is at the
center, which demonstrates the importance of the concept in the analysis of environmental impacts
as well as in the different activities. Climate change is placed close to concepts such as carbon
footprint, alternative agricultural practices and greenhouse gases and more generally the actions
taken to mitigate the effects of climate change. Finally, sustainability is linked to thematic axes such
as environmental considerations and alternative agriculture.
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Figure 6. Clusters of coupling sources.

The figure above illustrates the aspects of environmental impacts and agriculture and how
important life cycle analysis is for quantifying environmental impacts and improving sustainability.
A useful visual illustration of what is happening in the environmental field from a research
perspective is Figure 7, which presents a strategic map, which breaks down the individual topics into
the dimensions of importance (centrality) and degree of development [Brror! Reference source not found.] The
diagram is divided into four areas, as follows: Motor Themes (Upper Right), Niche Themes (Upper
Left), Basic Themes (Lower Right) and in Emerging or Declining Themes (Lower Left). In the Motor
Themes area are the topics that are currently being researched, such as Farms, economic and social
effects, and economic analysis. In the Niche area are the topics that are well developed and not so
popular features, such as waste management and ethanol. In the Basic area are the basic topics, such
as life cycle assessment (LCA), environmental impact, and agriculture, which are very important in
the sector but not yet fully developed. These topics are essential but need more research to reach
maturity.
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Figure 7. Thematic Map.

For a more complete picture of the literature review and the scientific search, the publications
were classified according to specific criteria in order to identify the 100 publications that best fit our
research field [Error! Reference source not found.] The criteria were carried out:

In evaluating the comprehensiveness of sustainability assessments, it was recorded whether the
study combined environmental and economic data to provide more integrated sustainability [P
Reference source not found.] - Similarly, whether a cost-benefit assessment was performed to quantify the
economic value of environmental impacts was also determined.

Finally, the classification included the nature of the data used, distinguishing between primary
data (newly collected) and secondary data (pre-existing or historical). The source of funding or
sponsorship was analyzed for insights into the relationship between funding structures and scientific
impact. Moreover, the studies were examined for references to specific Sustainable Development
Goals (SDGs), highlighting the alignment of the research with broader global sustainability
objectives. In terms of Subject/Production, according to the figure below, the dominant subject is
Apples with 7%, followed by Lettuce at 5%, while the rest Olive Oil, Peach, Soybean and Wheat
occupy 3% and the other items appear with 1%.

Most publications, and an overwhelming 65%, examine several environmental indicators or
General environmental impacts rather than just one specific indicator. The most citations are
occupied by the publication Life Cycle Assessment of Swiss Farming Systems: I and II which together
have 438 citations, followed by the publication Evaluation of the environmental impacts of apple
production using Life Cycle Assessment (LCA): a case study in New Zealand with 204.

In terms of year of publication from the year 2003, we have three publications in the year 2024
and up to August when the data was extracted we have 13, as the Figure 8 presents.
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The Sources dominated (Table 4) by publications is by far the Journal of Cleaner Production with
31%, followed by the other sources, followed by Sustainability (Switzerland) with 6%.

Table 4. Sources with the most publicity.

Source Publications

Journal of Cleaner Production 31
Sustainability (Switzerland)
Sustainable Production and Consumption
Agricultural Systems
Environmental Impact Assessment Review

W &~ 01

The countries in which the survey was conducted, with the international survey and Italy
leading the way with 12% followed by the USA and Iran with 10% and 7%, respectively. The articles
that meet the criteria in 99% do not use Dynamic LCA while the LCA research focuses on Cradle to
farm gate stage with 25%. Out of the papers, most of the papers did not use software for
environmental impact analysis. However, the rest at 21% used versions of SimaPro software,
OpenLCA at 14%, and 3% used ReCiPe and DEA. Use of Energy Resources was addressed by only
18 publications and Sustainability Policies/Regulations were taken into account by 25 publications,
while the number of articles containing Combination of Environmental and Economic Data was 26.
Finally, Cost-benefit assessment was not addressed as it appears in 12 publications and Use of
Primary Data for data input and use was only addressed in 2 publications. Most of the publications
have been funded for this either by the EU or by public bodies in 57%. Finally, of great interest are
the objectives of the publications related to the SDGs, as they show the trend in publications. The
Figure 9 shows that Goal 12 Responsible Consumption and Production employs 98% of the
publications, followed by 9 Industry, Innovation and Infrastructure with 93 references, 13 Climate
Action with 63 references and 2 Zero Hunger with 60%.
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Figure 9. Sustainable Development Goals.

3.2. Narrative Review

The bibliometric analysis shows that leading and central topics in research are Life Cycle
Assessment (LCA), environmental impact and agriculture as they are at the center of scientific
research with an increasing trend in recent years [Error! Reference source not found.] |

LCA is a well-established method that contributes significantly to the study of the environmental
impacts of agricultural practices and economic challenges [Fror! Reference source not found.] 'y the context of
the environmental challenges facing the planet, LCA is emerging as a critical tool that allows the
estimation of energy consumption, greenhouse gas emissions, water use and pollution from
agricultural activities [Eror! Reference source not found. Error! Reference source not found.] This means that these issues are
considered fundamental for the continuation of scientific understanding and development in the field
of agriculture and environmental science. Agriculture is one of the most intense agents of
environmental impact due to its intensive consumption of natural resources and production of
pollutants [Error! Reference source not found.] ot the same time, the focus on key issues such as sustainability and
greenhouse gases is increasing attention to environmental concerns that have a direct impact on
agricultural practices [Error! Reference source not found.] These are in the Basic Themes zone which suggests that
they are very important, but are still in a maturing phase where research continues to grow and
evolve. From an economic and social perspective, the strong presence of economic and social effects
(economic analysis) in the driving themes shows that the critical role of economic and social factors
in agriculture is recognized. Research has shown that LCA helps to assess the environmental impacts
of not only physical but also socio-economic factors. Incorporating socio-economic elements into LCA
offers a more holistic approach to the analysis of agricultural systems and highlights the impacts of
agricultural activities at local and global levels [Frror! Reference source not found.] This approach is central to the
development of policies that promote sustainable agriculture. This finding highlights the debate
around the socio-economic consequences of agricultural practice and how these consequences
interact with environmental sustainability [Fror Reference source not found.] The integration of these
parameters and their importance makes it clear that any sustainable strategy must be both
environmentally and economically sustainable [Frror! Reference source not found] Themes such as waste
management and uncertainty analysis are in the Niche Themes which suggests that, although they
are not the most widely researched topics, they have matured in specific research communities and
can offer deep knowledge in niche contexts [Error! Reference source not found. ],

At the same time, the fact that topics such as animals and life cycle stages are in the Emerging or
Declining Themes area indicates that they are either being downgraded or are in the early stages of
emerging research [Error! Reference source not found.] The ]ink between greenhouse gases and sustainability and
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alternative agriculture shows that environmental management is inextricably linked to agricultural
practices. This finding brings to the fore the need to reduce environmental impacts through
innovative agricultural practices and life cycle assessment [Frror! Reference source not found.] [ addition, the
high centrality of issues such as sustainability and alternative agricultural practices suggests the
research should focus on finding innovative solutions that can reduce environmental impacts while
improving the performance of agricultural systems [Error Reference source not found.] The agricultural sector's
significant contribution to greenhouse gas (GHG) emissions and water consumption has led to
increased attention to the study of the life cycle of products and processes, with a focus on reducing
environmental impacts [Error! Reference source not found ] The data suggest that life cycle assessment (LCA) and
environmental impact research are at a critical point where more researchers are beginning to focus
on these issues. As it appears, the need for further development and systematic analysis of these
factors will be central to the future of agricultural systems and environmental management. Reducing
environmental impacts and integrating their socioeconomic factors with others [Error! Reference source not
found] - Also with the development of technology, new possibilities for the integration of LCA in
agriculture are emerging. Some innovative practices that need to be explored and researched for their
effectiveness are digital monitoring and evaluation of flows and outputs, evaluation of alternative
farming practices, use of renewable energy sources, and carbon footprint assessment [Error! Reference source
not found.] Based on research and innovative practices, policies will be developed that are expected to
play a key role in the future of environmental management and sustainable agriculture, especially

when combined with data on energy use, emissions and socio-economic factors [Error! Reference source not
found.].

4. Research Gaps and Proposal for Future Research

While the present study offers a comprehensive bibliometric and narrative review of existing
literature, certain limitations must be acknowledged, which in turn, suggest promising avenues for
future investigation.

e Predominance of Static LCA Approaches: A significant portion (99%) of the analyzed studies
rely on static LCA models, neglecting the inherent dynamism of agricultural systems and the
temporal variability of key parameters, such as climate change impacts and evolving
agricultural practices.

e  Geographical Bias: The geographical scope of the existing literature exhibits a marked bias
towards European and North American contexts (82% of studies), potentially limiting the
applicability of findings to tropical and African agricultural systems.

e Limited Integration of Environmental and Economic Dimensions: Only a minority of studies
(26%) integrate both environmental and economic indicators, thereby constraining the ability to
formulate holistic policy recommendations.

Future research should prioritize the development of time-dependent simulation models for key
agricultural sectors (e.g., olive groves, vineyards) [Eror! Reference source not found.] - incorporating climate
change projections (Representative Concentration Pathways - RCPs) and machine learning
algorithms [Error! Reference source not found.] "The jncreasing trend of publications in this area since 2017 (Figure
2 from the bibliometric analysis), suggests a growing recognition of the need for dynamic assessments
[Frror! Reference source not found ] [t j5 necessary to expand the Geographical Scope and investigations should
focus on comparative analyses of modern and traditional agricultural systems in under-represented
regions (e.g., South Asia, the Sahel). Additional focus must be given to the utilization of Geographic
Information Systems (GIS) to map spatial variations in environmental impacts) [Fror! Reference source not
found.],

Efforts are needed to link LCA methodologies with economic evaluation tools and policy
frameworks (e.g., the European Green Deal), building upon frameworks [Fror Reference source not found.],
Bibliometric analysis underscores the need for interdisciplinary research that combines
environmental and economic perspectives [Error! Reference source not found.] . Finally, Future research should
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incorporate primary data collection from agricultural operations, supplemented by remote sensing
data, to improve the accuracy and representativeness of LCA models [Error! Reference source not found. ],

The adoption of these research directions can enhance the reliability of environmental
assessments used in policy-making, promote the sustainability [Frror! Reference sourcenot found.] of agricultural
enterprises through the adoption of precision agriculture technologies, and inform the allocation of
resources to support vulnerable agricultural regions. The bibliometric analysis provides several key
insights:

e  The thematic map reveals Life Cycle Assessment (LCA) as a central concept in the assessment
of environmental impacts and promotion of sustainability within the field.

e  Analysis of the co-citation network identifies key researchers and influential publications that
have shaped the field.

e  The network of research collaborations indicates some dispersion between research groups,
potentially suggesting specialization within different sub-areas of the field.

The limitations identified in this review underscore the need for methodological advancements
and broader geographical representation in future LCA studies [Frrort Reference source not found.] The
development of dynamic modeling approaches, the integration of economic considerations, and the
use of primary data sources offer promising avenues for enhancing the relevance and applicability
of LCA in supporting sustainable agricultural practices and policies [Frror! Reference source not found.]

5. Conclusions

The bibliometric analysis of Life Cycle Assessment (LCA) in agriculture underlines its key role
in addressing environmental and socio-economic challenges. LCA has become an established and
indispensable tool for quantifying the environmental impacts of agricultural practices, encompassing
energy consumption, greenhouse gas emissions, water use, and pollution. By integrating socio-
economic dimensions, LCA offers a more holistic approach to understanding the complex interaction
between agricultural activities and sustainability, thereby supporting the development of policies
that promote environmentally sound and economically viable practices.

The findings reveal that key issues such as sustainability, greenhouse gas emissions and
alternative agricultural practices are central to advancing research in this area. These issues highlight
the urgent need for innovation in agricultural systems to reduce environmental impacts while
enhancing performance. In addition, specialized topics such as waste management and uncertainty
analysis provide specialized knowledge that can be extended to wider applications, while emerging
topics such as animal life cycle stages present opportunities for future exploration.

The study further underlines the importance of exploiting technological developments to
improve LCA methodologies. Innovations such as digital monitoring, renewable energy integration
and carbon footprint assessments are critical to improving agricultural sustainability [Fror! Reference source
not found.] These approaches not only address environmental concerns but also align with global
sustainability goals, enabling more efficient use of resources and reducing the ecological footprint.

In conclusion, the integration of LCA into agricultural systems is at a transformative juncture.
As research continues to evolve, it is imperative to focus on systematic analyses and innovative
practices that address both environmental and socio-economic dimensions. This will pave the way
for resilient agricultural systems capable of meeting the demands of a growing population while
safeguarding natural resources for future generations.
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