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Abstract

The multidisciplinary approach of geoscientifi c research in the academic setting underscores the increasing necessity of integrating diverse fi elds of knowledge to 
tackle complex interconnected issues. This multidisciplinary fi eld seeks to uncover the complex operations of the Earth, encompassing the analysis of its past movements 
of tectonic plates, historical climates, and valuable natural resources like minerals and hydrocarbons. In this context, geospatial intelligence plays a crucial role by enabling 
the effective analysis and interpretation of extensive geographic datasets, thus enhancing our understanding of environmental dynamics. Nevertheless, advancements in 
technology, globalization, and the diffi  culties posed by environmental and climatic transformations demand an even more profound collaboration among various disciplines, 
facilitating an expansive viewpoint and yielding more holistic solutions to contemporary predicaments. 

Geosciences as an interdisciplinary fi eld

Geosciences is not a discipline but a set of disciplines 
[1] with its focus and scientifi c investigation methodology. 
However, these disciplines: Geology, geophysics, geography, 
oceanography, meteorology, and environmental sciences do not 
work in isolation. As highlighted by [2], the complexity of Earth 
systems arises from interdependent elements across disciplines, 
necessitating an integrative approach to understand emergent 
behaviors and irreversible processes effectively within both 
natural and social contexts. The collaboration between distinct 
fi elds is fundamental for understanding complex phenomena 
such as plate tectonics, global warming, and water resource 
management. The multidisciplinary approach in fi eld courses 
not only enlarges students’ understanding of the subject 
but also enhances their ability to think critically and refl ect 
on their learning processes, thus promoting cognitive and 
metacognitive development [3].

In this analytical framework, the phenomenon of 
interdisciplinarity emerges not merely from the necessity to 
elucidate the processes governing the Earth, but also from 
the intricate interrelations that transpire between these 
processes and human activities. For example, the initiative to 
address climate change requires the synergistic collaboration 
of social scientists, economists, engineers, and specialists 
in public policy, alongside traditional geoscientists. Modern 
geoscience requires a holistic approach to effectively address 
the complexities of natural disasters, integrating human 
impacts and advanced technologies for accurate prediction 
and effective mitigation strategies [4]. This underscores the 
paramount importance of integrating various disciplines to 
improve our comprehension and guardianship of the planet.

This review demonstrates the importance of synthesizing 
knowledge from multiple disciplines to address complex 
scientifi c themes and their challenges. This integration is 
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crucial for developing innovative solutions that efforts within a 
discipline might overlook.

This paper aims to demonstrate that geosciences represent 
a multidisciplinary approach that shows the interconnections 
among various fi elds of knowledge, including emerging 
technologies and social sciences, to enhance our capacity to 
address urgent environmental challenges.

Collaboration between geosciences and 
emerging technologies

In recent years, technological advancements have 
signifi cantly reshaped geoscientifi c research [5]. Tools like 
remote sensing [6], big data analytics [7], drones [6], artifi cial 
intelligence [8], and advanced computational modeling have 
become indispensable for geoscientists. Effectively integrating 
these technologies necessitates close collaboration across 
computer engineering, statistics, data science, and geography 
disciplines. The processing of large real-time data sets enhances 
understanding of complex Earth systems, enabling detailed 
observations and analyses that support multidisciplinary 
research and improve predictive modeling of environmental 
changes [9].

The deployment of comprehensive data analytics and 
artifi cial intelligence, for example, enables the modeling of 
climatic events [10], the prediction of geological occurrences 
such as earthquakes [11] and tsunamis [12], and the 
management of natural resources with unparalleled precision 
[13-14]. However, effi ciently applying these technologies 
requires a synergistic collaboration among data scientists, 
engineers, and geoscientists. Collaborative efforts with 
technological disciplines enhance data integration, improve 
model scalability, and facilitate the development of advanced 
predictive models, addressing the inherent complexity of 
geoscientifi c data [15].

A prime example of multidisciplinary integration is using 
drones and remote sensors to monitor volcanic activity and 
tectonic plate movements. Geologists and geophysicists work 
alongside engineers and sensor technology experts to gather 
data from remote or inaccessible areas. These technologies 
deliver real-time information, aiding in disaster prevention 
and saving lives [16,17].

Geospatial intelligence has emerged as an essential asset in 
geoscientifi c investigations, allowing for the effective analysis 
and interpretation of extensive geographic datasets [18]. By 
employing sophisticated data processing methods, including 
machine learning and predictive modeling, geospatial 
intelligence aids in uncovering intricate patterns that may 
not be apparent through conventional approaches [19]. This 
methodology not only improves the capability to forecast 
geological and climatic phenomena [20] but also fosters the 
responsible management of natural resources by offering 
comprehensive insights into land use [21] and hydrology [20]. 

Geosciences and the social sciences

In addition to its connections with the exact sciences 
and technology, geoscientifi c research in academic settings 

increasingly requires collaboration with the social sciences. 
Global environmental changes, such as climate change, 
desertifi cation, and natural disasters, have signifi cant 
impacts on human society. How populations respond to these 
challenges, through public policy, infrastructure development, 
or cultural adaptation, is becoming an area of growing 
interest within geosciences. Effective governance informed by 
multidisciplinary science enhances resilience by integrating 
diverse knowledge, enabling communities to adapt to climate 
impacts and manage disaster risks effectively [22].

This collaboration is particularly evident in the domain 
of human geography, which investigates the interplay 
between human populations and their natural surroundings. 
Understanding socio-environmental dynamics is crucial for 
crafting responsive public policies that integrate local self-
organization and formal governance, ensuring effective 
management of resources like water amid rapid environmental 
changes [23]. This underscores how the synergy between 
geosciences and social sciences can yield more comprehensive 
solutions to intricate problems.

Geosciences and the health sciences

The interrelationship between geosciences and health 
sciences has garnered heightened importance, especially for 
the impacts of environmental alterations on public health 
outcomes. Research shows that air, water, and soil quality 
directly infl uence respiratory diseases and waterborne illnesses 
through pollutants that induce lung infl ammation and spread 
pathogens, highlighting the critical role of environmental 
health [24]. For instance, medical geology investigates how 
heavy metals in soil can accumulate in crops, leading to human 
exposure that increases cancer and cardiovascular disease risks 
due to their carcinogenic and co-carcinogenic properties [25]. 
Moreover, studies highlight that temperature signifi cantly 
infl uences dengue incidence, indicating climatology’s role in 
understanding climate change’s impact on infectious diseases 
in tropical regions [26]. This collaboration between geosciences 
and health sciences is crucial for formulating preventive 
strategies and public policies aimed at reducing health risks 
in regions impacted by natural disasters and environmental 
degradation.

Challenges and opportunities of multidisci-
plinary research

While multidisciplinarity presents many benefi ts, such as 
the ability to tackle problems in a more comprehensive and 
integrated way, it also comes with considerable challenges. 
One of the main diffi culties is the communication between 
disciplines that frequently employ different languages and 
methodologies. Additionally, establishing multidisciplinary 
teams necessitates effective coordination and a clear 
understanding of shared objectives.

Institutional impediments, such as restrictive departmental 
structures and insuffi cient resources, alongside cultural 
barriers like differing disciplinary languages, hinder effective 
interdisciplinary collaboration and integration in higher 
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education [27]. However, as global issues such as climate 
change and resource depletion become increasingly urgent, 
the necessity for a multidisciplinary approach to geoscientifi c 
research is needed. This demands the creation of a more 
adaptable and cooperative academic environment in which the 
boundaries between distinct disciplines can be transcended.

While multidisciplinary research offers signifi cant 
advantages, the incorporation of geospatial intelligence brings 
forth various challenges. A primary issue is the diversity of 
terminologies and methodologies utilized across different 
disciplines, which can obstruct effective communication and 
teamwork among experts. Additionally, the requirement for 
specialized technical skills to adeptly use geospatial tools may 
pose barriers for researchers who do not possess this knowledge. 
Nevertheless, tackling these challenges also creates valuable 
opportunities. By cultivating an environment that encourages 
interdisciplinary cooperation and providing targeted training 
programs, research teams can enhance their skill sets, leading 
to groundbreaking solutions for complex environmental 
challenges. By integrating geospatial intelligence, researchers 
can make better-informed decisions and develop more effective 
strategies for sustainable resource management.

Conversely, the potential for innovation and discovery 
that emerges from collaboration across different fi elds of 
knowledge is substantial. Integrating diverse expertise fosters 
creative problem-solving, enabling teams to approach complex 
challenges from multiple perspectives, leading to innovative 
solutions that single-discipline efforts may overlook [28].

Conclusion

Geoscientifi c inquiry within the academic milieu 
is perpetually advancing, driven by the necessity for a 
comprehensive interdisciplinary methodology. Synergistic 
efforts among geosciences, innovative technological 
developments, and social sciences possess the capacity to 
transform our comprehension of the Earth and augment our 
ability to address pressing global environmental issues.

Although the facilitation of communication and the 
integration of various academic disciplines persist as notable 
obstacles, the potential benefi ts afforded by multidisciplinary 
research are considerable. The ability to synthesize knowledge 
from diverse fi elds is imperative for the progression of 
scientifi c inquiry and for devising effi cacious responses to the 
complexities of the 21st century.

Geoscientifi c research is continually evolving in response 
to the pressing need for a comprehensive interdisciplinary 
approach. The collaboration among geosciences, emerging 
technologies, and social sciences has the potential to transform 
our understanding of the Earth and enhance our capacity to 
address urgent environmental issues. In this context, geospatial 
intelligence emerges as an essential tool, empowering 
researchers to analyze complex data effectively and identify 
critical patterns that can inform sustainable decision-making. 
As we confront the challenges of the 21st century, such as 
climate change and environmental degradation, the integration 

of geospatial intelligence into multidisciplinary research will 
be vital for developing innovative and adaptive solutions. 
Therefore, fostering greater collaboration and training in 
geoinformation is imperative for achieving a sustainable future.

Acknowledgment

The authors used the support of the Scispace tool (www.
typeset.io) in the analysis of some bibliographic references. 
After the use of the tool/service, the work was reviewed and 
edited by the authors. We declare that the authors assumes full 
responsibility for the publication’s content.

References

1. Arthurs LA. Undergraduate geoscience education research: evolution of 
an emerging fi eld of discipline‐based education research. J Res Sci Teach. 
2019;56(2):118-140. 
Available from: https://onlinelibrary.wiley.com/doi/10.1002/tea.21471 

2. Williams A. Complexity from the sciences to social systems. In: Williams A, 
editor. 2020;15-38. 
Available from: https://link.springer.com/10.1007/978-3-030-19795-7_2 

3. Schiappa TA, Smith L. Field experiences in geosciences: a case study from 
a multidisciplinary geology and geography course. J Geoscience Educ. 
2018;67(2):100-113. 
Available from: https://doi.org/10.1080/10899995.2018.1527618 

4. Amuthadevi C, MonicaSubarnan G, Vijayan DS. Hybrid natural disaster 
mapping and mitigation plans. In: Proceedings of the First International 
Conference on Computing, Communication, and Control System, I3CAC 
2021; 2021 Jun 7-8; Bharath University, Chennai, India. EAI; 2021. Available 
from: http://eudl.eu/doi/10.4108/eai.7-6-2021.2308622 

5. McCaffrey KJW, Jones RR, Holdsworth RE, Wilson RW, Clegg P, Imber J, et 
al. Unlocking the spatial dimension: digital technologies and the future of 
geoscience fi eldwork. J Geol Soc Lond. 2005;162(6):927–938. Available 
from: https://www.lyellcollection.org/doi/10.1144/0016-764905-017 

6. Carrivick JL, Smith MW, Quincey DJ, Carver SJ. Developments in budget 
remote sensing for the geosciences. Geol Today. 2013;29(4):138–143. 
Available from: https://onlinelibrary.wiley.com/doi/10.1111/gto.12015 

7. Baumann P, Mazzetti P, Ungar J, Barbera R, Barboni D, Beccati A, et al. Big 
data analytics for earth sciences: the EarthServer approach. Int J Digit Earth. 
2016;9(1):3-29. Available from: http://www.tandfonline.com/doi/full/10.1080
/17538947.2014.1003106 

8. Zhao T, Wang S, Ouyang C, Chen M, Liu C, Zhang J, et al. Artifi cial 
intelligence for geoscience: progress, challenges, and perspectives. Innov. 
2024;5(5):100691. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S2666675824001292 

9. Vance TC, Huang T, Butler KA. Big data in earth science: emerging practice 
and promise. Science. 2024 Mar 15;383(6688). Available from: 
https://www.science.org/doi/10.1126/science.adh9607 

10. Hachimi CE, Belaqziz S, Khabba S, Sebbar B, Dhiba D, Chehbouni A. Smart 
weather data management based on artifi cial intelligence and big data 
analytics for precision agriculture. Agriculture. 2022;13(1):95. Available from: 
https://www.mdpi.com/2077-0472/13/1/95 

11. Pwavodi J, Ibrahim AU, Pwavodi PC, Al-Turjman F, Mohand-Said A. The role 
of artifi cial intelligence and IoT in prediction of earthquakes: review. Artif 
Intell Geosci. 2024;5:100075. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S2666544124000169 

12. Mudita I, Hendriyono W, Putri GE, Wibowo M, Gumbira G, Sulistyodarmayanti 
ND. Preliminary research in tsunami modelling—leveraging artifi cial 



067

https://www.agriscigroup.us/journals/annals-of-environmental-science-and-toxicology

Citation: De Oliveira OMC, de Souza Queiroz AF, Andrade Moreira ÍT, Santos Garcia KD, Cerqueira JR, Filho AP, et al. Multidisciplinarity in Geoscientific Research. 
Ann Environ Sci Toxicol. 2024;8(1):064-067. Available from: https://dx.doi.org/10.17352/aest.000080

intelligence technology. In: 2021 IEEE Ocean Engineering Technology and 
Innovation Conference: Ocean Observation, Technology and Innovation in 
Support of Ocean Decade of Science (OETIC); 2021; 75–9. Available from: 
https://ieeexplore.ieee.org/document/9733726/

13. Liu SY. Artifi cial intelligence (AI) in agriculture. IT Prof. 2020;22(3):14-15. 
Available from: https://ieeexplore.ieee.org/document/9098011/ 

14. Tamym L, Benyoucef L. How can big data analytics and artifi cial intelligence 
improve networked enterprises’ sustainability? In: 2024 International 
Conference on Artifi cial Intelligence, Computer, Data Sciences and 
Applications (ACDSA); 2024; 1-6. 
Available from: https://ieeexplore.ieee.org/document/10467424/ 

15. Zhang H, Xu JJ, Cui HW, Li L, Yang Y, Tang CS, et al. When geoscience meets 
foundation models: towards a general geoscience artifi cial intelligence 
system. arXiv. 2023. 
Available from: https://doi.org/10.48550/arXiv.2309.06799 

16. Amici S, Turci M, Giulietti F, Giammanco S, Buongiorno MF, La Spina A, 
et al. Volcanic environments monitoring by drones: mud volcano case 
study. Int Arch Photogramm Remote Sens Spat Inf Sci. 2013 Aug 16;XL-1/
W2:5–10. Available from: https://isprs-archives.copernicus.org/articles/XL-
1-W2/5/2013/ 

17. Gałaś A, Lewińska P, Aguilar R, Nowak Ł. Remote sensing data applied to 
the reconstruction of volcanic activity in the Valley of the Volcanoes, Central 
Volcanic Zone, Peru. J Geodyn. 2023;156:101972. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S0264370723000121 

18. Dold J, Groopman J. The future of geospatial intelligence. Geo-spatial Inf Sci. 
2017;20(2):151-162. Available from: https://www.tandfonline.com/doi/full/1
0.1080/10095020.2017.1337318 

19. Biu PW, Oliha JS, Obi OC. The evolving role of geospatial intelligence in 
enhancing urban security: a review of applications and outcomes. Eng Sci 
Technol J. 2024;5(2):483-495. 
Available from: https://fepbl.com/index.php/estj/article/view/826 

20. Pilatti H da SC, Alves W dos S, Pereira MAB, Oliveira LD, Moura DMB de, 
Angelini LP. Geospatial intelligence applied to the analysis of morphometric 
aspects and land use and land cover in a hydrographic basin in the Brazilian 

Cerrado. Rev Bras Geogr Física. 2022;15(1):572-582. Available from: https://
periodicos.ufpe.br/revistas/index.php/rbgfe/article/view/250977 

21. Aslam RW, Shu H, Yaseen A. Monitoring the population change and urban 
growth of four major Pakistan cities through spatial analysis of open source 
data. Ann GIS. 2023;29(3):355-367. Available from: https://www.tandfonline.
com/doi/full/10.1080/19475683.2023.2166989 

22. Meng S. Environmental governance is critical for mitigating human 
displacement due to weather-related disasters. Commun Earth Environ. 
2024;5(1):363. 
Available from: https://www.nature.com/articles/s43247-024-01528-y 

23. Gilmore S, Cosens B, Griffi  th DL, Alessa L, Kliskey A. Adapting to socio-
environmental change: institutional analysis of the adaptive capacity of 
interacting formal and informal cooperative water governance. Sustainability. 
2022;14(16):10394. 
Available from: https://www.mdpi.com/2071-1050/14/16/10394 

24. Saliu I, Akiomon E. Environmental media and associated respiratory defects. 
In: Respiratory physiology. IntechOpen; 2020. Available from: https://www.
intechopen.com/books/respiratory-physiology/environmental-media-and-
associated-respiratory-defects 

25. Mousavi SM, Raiesi T, Sedaghat A, Srivastava AK. Potentially toxic metals: 
their effects on the soil-human health continuum. J Adv Environ Heal Res. 
2024;12(2):86-101. 
Available from: https://jaehr.muk.ac.ir/article_178083.html 

26. Cruz TC, Ribeiro SP, Duarte RV, Monteiro JCL, Veloso GA, Franco-Morais 
MH, et al. Impact of climate on the expansion of dengue fever in an endemic 
urban area. Preprints. 2023. 
Available from: http://dx.doi.org/10.20944/preprints202312.1516.v1 

27. Singh DA. Challenges of a multidisciplinary approach in higher education. 
Int J Adv Acad Stud. 2023 Sep 1;5(9):30–2. Available from: https://www.
allstudyjournal.com/archives/2023.v5.i9.A.1049 

28. Harle SM. Integrative approaches to tackle multidisciplinary challenges: a 
review of multi-science problem analysis. Curr Mater Sci. 2024 Jan 26;17. 
Available from: https://www.eurekaselect.com/226227/article 

 

 
 

https://www.peertechzpublications.org/submission


