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ABSTRACT

Background: Humanitarian healthcare and disaster response greatly rely
on quick, informed and coordinated actions to save lives and resources.
Artificial intelligence (Al) is coming out as a powerful tool that has the
capability to support crisis management through predictive analytics,
decision support, and efficient allocation of medical resources.

Objectives: To explore the transformation of artificial intelligence in
disaster response, emergency care and equitable healthcare systems.

Methods: The literature was reviewed for recent developments in the
domain of Al applications for disaster preparedness and emergency
healthcare, identifying persistent challenges such as limited datasets,
ethical dilemmas and integration issues.

Results: This study highlighted that Al usage in humanitarian healthcare
improves disaster response efficiency and enhances predictive accuracy.
However, real-time system integration highlights the need for more
transparent and collaborative Al frameworks.

Conclusion: Al has immense potential for transforming humanitarian
healthcare with faster, data-driven, and equitable crisis response.
Focus on ethical governance is required to realise its impact in real-life
disaster scenarios.

Keywords: Artificial Intelligence, Humanitarian Healthcare, Disaster
Management, Emergency Response, Predictive Analytics

Introduction

frequently inadequate to tackle the magnitude and intricacy
of contemporary crises.*?

Humanitarian health care and disaster management are
among the most essential areas where timely, effective, and
knowledge-based decision-making can salvage numerous
lives. Over the years there has been an increase in the
frequency as well as the intensity of natural disasters,
health emergencies, and conflict-related crises, leading to an
imperative need for strong systems that predict accurately
and provide equitable health care.! Conventional practices,
based on manual coordination and reactive response, are

Artificial intelligence (Al) is a revolutionary technology
which is capable of enhancing the efficiency, accuracy,
and responsiveness of humanitarian healthcare systems
(Fig. 1). Al-driven solutions offer anticipatory analysis for
disaster preparedness, dynamic resource management,
telemonitoring, and strategic logistics during emergencies.*®

Use of Al in the domains of healthcare and disaster
management not only address the healthcare concerns
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but also help in catering to the ethical issues. Al-based
systems can identify populations at risk and eliminate
disparities in healthcare delivery during crises ensuring
that aid reaches those most in need.?*”

Alin
Crisis
Response

Figure I.Al in Crisi Response

Lacking revolutionary promises, humanitarian health for Al
is faced with various challenges, i.e., data privacy, machine
learning bias and integration into current health centers.*>*®
These challenges require multidisciplinary cooperation
among Al professionals, physicians, crisis response officials
and local people.”®

Al presents surprising opportunities for reshaping disaster
management and humanitarian healthcare by improving
predictive analytics, resource allocation, and delivery
of healthcare in times of crisis. The later parts of this
paper address the use of Al in disaster preparedness, risk
reduction, real-time response, and ethics using worldwide
efforts and case studies for the practical role of Al toward
human welfare in crises.****' Through a detailed analysis of
these developments, the present paper seeks to supply an
overall assessment of the situation for Al in humanitarian
health and highlight some of the main areas of future
development and application.

The reason for this study is the growing incidence and
intensity of natural disasters, health emergencies, and
conflict-driven humanitarian emergencies worldwide that
continue to overextend traditional healthcare and disaster
relief networks to their capacity. Traditional methods,
reliant on traditionally manual coordination and reactive
action, cannot provide timely and equitable healthcare
interventions during such mass crises.>* With developments
in artificial intelligence (Al), there is unprecedented
potential for advancing disaster preparedness, maximising
resource mobilisation, and improving decision-making
mechanisms in real time.** Through studying Al-based
solutions, this research seeks to demonstrate the ways
in which technology may assist humanitarian healthcare
professionals, lower risks, and allow essential interventions
to reach the vulnerable more easily and thereby enhance
results in emergencies and construct strong health systems.
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Contribution

The push behind this study is the increasing prevalence and
intensity of natural disasters, public health emergencies,
and war-induced humanitarian crises across the globe that
continue to test conventional healthcare and disaster relief
systems to their limits. Conventional processes, founded on
traditionally manual coordination and response-orientated
procedures, cannot deliver timely and fair healthcare
interventions against such large-scale emergencies®*. With
the development of artificial intelligence (Al), never-before-
seen potential is there to enhance disaster readiness, make
mobilisation of resources more efficient, and enhance
decision-making tools in real time.*By embracing Al-based
solutions, this study aims to illustrate the role technology
can play in helping humanitarian healthcare professionals,
reducing threats, and making essential interventions for
the delivery of care to vulnerable communities more
accessible and thus improving outcomes in crises and
achieving resilient health systems.

Literature Survey

Recent research has been focused on the increasing use
of artificial intelligence (Al) in disaster prevention and
humanitarian healthcare. Al has been used in predictive
analysis, early warning systems, telemedicine, resource
management, and risk assessment, which has greatly
improved response in emergencies and operational
effectiveness.®* Researchers have demonstrated the
capability of Al-based models to predict disaster-risk
zones, streamline healthcare supply chains, and carry out
real-time monitoring for at-risk groups.>?>® Moreover,
interventions like GIS-based disaster management systems,
Al-fuelled mobile clinics, and infrastructure risk assessment
demonstrate the capability of the technology within
the industry.'®713 But still the concerns of ethical use,
patient data privacy, integration with current healthcare
infrastructures, and education of practitioners pose a
challenge.’* Qverall, the literature focuses on the potential
of Al withholds to transform, yet focuses on responsible,
scalable, and context-sensitive usage.

Knowledge Gaps

Though there has been increased use of Al in disaster
management and humanitarian healthcare, there still
remain important gaps. First, while Al has been applied to
predictive analysis, early warning systems, and emergency
response, most studies rely on inadequate, non-specific
datasets that limit their findings.>* Second, utilisation of
Al tools with existing healthcare and disaster management
infrastructure is still challenging due to lower resource
availability.'®***Third, ethical and privacy concerns arising
from the use of sensitive health information need to be
addressed in the current research setting, limiting the
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implementation of these technologies.’>*® Fourth, lack of
standardised evaluation frameworks for measuring the
effectiveness of Al in various crisis situations.®” Fifth,
the upskilling and acceptance of health practitioners to
the success of Al.*?

Healthcare is witnessing increasing challenges that arise
from natural disasters and disease outbreaks and related
sources of conflicts. Conflicts, owing to disasters, augment
the need to come up with expanded measures to address
the problem. These shifts also signal the need to automate
disaster relief processes and coordination as well as the
management of healthcare resources. Works of *and?
explain in greater detail the paediatric and humanitarian
healthcare challenges and the workflow troubleshooting
mechanisms present in today’s systems. Al technologies
in logistics, telemedicine and predictive analytics have
tremendous potential in the field of disaster management
and healthcare, but the work of° captures the deficiencies
in data and integration with the healthcare system and
designer visualisation to explain approaches that harness Al
to actively distribute medical resources in disasters. There is
a potential that these challenges mentioned could, with the
harnessing of Al technologies as a sophisticated response,
the deficiency in Al preparedness, and the substantial
workloads connected to preparing for a disaster, be relieved
(Fig. 2). These works signal a gap that rests in the Al system
integration across frameworks, pre- and post-humanitarian
decision analysis during a disaster, decision systems in the
context of risk and preparedness coordination, calm, and
post-disaster-controlled systems integration.
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Figure 2.Al in Humanitarian Healthcare and Disaster
Management

Problem Formulation

Humanitarian healthcare faces the issue of copingwith
crises due to its dependence on manual coordination
and slow response time.»> No doubt Al offers great
potential by making use of predictive analysis, logistics,
and telemedicine, but it still falls short of increasing the
area of its implementation and usage in the following
domain.>?® The core problem is the need for robust Al-
driven frameworks that address these gaps and enable
faster, fairer, and more effective healthcare delivery in
crisis situations.

Objectives

e To explore current Al applications in humanitarian
healthcare and disaster management.

e Toidentify the basic advantages, challenges and ethical
concerns associated with Al use in crisis.

e To explore the role of Al in predictive analysis and
resource utilisation in real-time disaster management
and incorporate it in the existing crisis management
framework.

Methodology

This exploration takes on the form of a review about the role
of Al in emergency healthcare and humanitarian disaster
management and its corresponding literature Fig 3. This
requires following firm pillars:

Disaster Event

B

Data Sensing

I —

Al Analytics

Resource
Allocation

Medical Support

Figure 3.Al-based disaster response workflow

e Literature Selection: Reviewed related role papers,
dissertations, and scholarly work from 2023-2025
focused on Al in emergency healthcare and disaster
management, healthcare logistics, predictive analytics,
and disaster risk management.

Data Extraction: Assesses vital information in each
study, including the kinds of Al tool, the associated
datasets, and the benefits and drawbacks.
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e Comparative Analysis: Assessing and contrasting
the different Al applications, while determining
the effectiveness and challenges in real-life
implementations.

¢ Intheform of ethical and operational recommendations,
formulating a framework for the application of Al in
humanitarian healthcare and disaster management.

Discussion

Integrating Artificial Intelligence (Al) within humanitarian
healthcare and disaster response proves to considerably
improve decision-making capabilities, effective use of
resources, and timely response during crises. Predictive
analytics and telemedicine, as well as real-time tracking
and other Al technologies, are reported to significantly
improve response times and healthcare access [9]. Al
decision support systems enable such organisations to
focus and strategise on high-risk areas, improve logistics,
and manage other humanitarian aid access, as well as
post-action monitoring.?%1°

Yet, despite this progress, there are several problems.
‘Inadequate (biased or unavailable) datasets prevent Al
models from becoming performant or being generalisable.®
ethical, and privacy issues, together with non-standard
policies for using Al in practice, may stand as barriers
towards widespread adoption at a large The ethical
limitation derives from the fact that patients’ data utilised
have source.” In order to have a better use of Al in the
domains of disaster management, the staff, along with
the healthcare professionals, need to be provided with
adequate training.2These challenges indicate the absence
of context-aware and scalable, yet ethically responsible,
Al systems designed for human use.

Future Directions

Future research on Al for humanitarian health and disaster
response should be oriented in the following ways:

e Standardized Evaluation Frameworks: Establishing
procedures and measures for determining Al models’
performance, dependability, and ethical requirements
in disaster environments.

e Integration: Developing Al applications in such a way
as to integrate them with current healthcare and
emergency response systems and infrastructure and
logistics networks.

e Ethical Al and Privacy: Creation of guidelines and
Al-based applications that are safeguarding sensitive
health information in a transparent, equitable, and
explainable way.

e Sophisticated Predictive Capabilities: Using various
types of data from satellite imagery, loT sensors, and
social media to enhance the real-time forecasting of
disasters and capacity to allocate resources.
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e Training and Capacity building: Ensuring training for
healthcare professionals, emergency response, and
policymakers to increase the adoption, familiarity,
and acceptability of Al.

e Scalability and Adaptability: In designing Al applications
that will scale to a range of geographic, cultural, and
resource-poor, equitable access to healthcare in crisis.

Resolving these future directions will raise the transfor-
mational potential of Al for humanitarian healthcare and
disaster response, with the added value of enhancing
timeliness, efficiency, and ethical implementation of our
efforts, and ultimately enhancing lives and outcomes in
emergencies where medical facilities are not available.

Conclusion

Artificial intelligence (Al) is a revolution in humanitarian
healthcare and disaster management, with advantages of
predictive analysis, real-time monitoring and optimisation
of resources.?® The literature supports that Al has the
potential to maximise response efficiency and optimise
healthcare delivery and facilitate proactive interventions
in natural disasters, though data availability, ethics, inte-
gration with legacy systems and healthcare professionals’
training remain major challenges. Solving these problems
is key to making Al-powered solutions effective and re-
sponsibly moral, eventually saving lives and minimising
the vulnerabilities of catastrophes.

Future Scope

The future holds immense potential for Al in healthcare
and disaster management. From advanced predictive sys-
tems using loT, satellite and social data for early warnings
to ethical, transparent Al ensuring vast applications of Al.
Integrating Al with healthcare infrastructure, enhancing
professional training, enabling context-sensitive global
solutions and optimising real-time resource allocation
can revolutionise humanitarian response and resilience.

References

1. D. Haykal, M. Goldust, H. Cartier, and P. Treacy, “Al
in humanitarian healthcare: A game changer for cri-
sis response,” Frontiers in Artificial Intelligence, vol.
8, Art. no. 1627773, 2025. https://doi.org/10.3389/
frai.2025.1627773

2. L.F.Bari, . Ahmed, R. Ahamed, and L. Faiah, “Potential
use of artificial intelligence (Al) in disaster risk and
emergency health management: A critical appraisal on
environmental health,” SAGE Open Medicine, vol. 11,
2023. https://doi.org/10.1177/11786302231217808

3. M. Kumar, “Leveraging Al in disaster manage-
ment: Enhancing response and recovery for natu-
ral and man-made disasters,” International Journal
for Multidisciplinary Research, vol. 6, no. 2, pp.
42-59, 2024. https://doi.org/10.36948/ijfmr.2024.
v06i02.26729



https://doi.org/10.3389/frai.2025.1627773
https://doi.org/10.3389/frai.2025.1627773
https://doi.org/10.1177/11786302231217808
https://doi.org/10.36948/ijfmr.2024.v06i02.26729
https://doi.org/10.36948/ijfmr.2024.v06i02.26729

4.

10.

11.

12.

Brar US et al.
Int. J. Adv. Res. Artif. Intell. Mach. Learn. Rev. 2026; 2(1)

M. Sudhi, T. R. Aishwarya, D. K. Shetty, J. M.
Balakrishnan, S. Ahmad, and P. P. Sankaran, “Al-driven
innovations in emergency and disaster response:
Strategies for effective planning,” Proceedings on
Engineering Sciences, vol. 7, no. 2, pp. 1293-1304,
2025. https://doi.org/10.24874/PES07.02C.009

D. Chumachenko, P. Pelegrini Morita, S. Ghaffarian,
and T. Chumachenko, “Editorial: Artificial intelligence
solutions for global health and disaster response:
Challenges and opportunities,” Frontiers in Public
Health, vol. 12, Art. no. 1439914, 2024. https://doi.
org/10.3389/fpubh.2024.1439914

P. Kolivand, S. Azari, A. Bakhtiari, P. Namdar, S.
M. Ayyoubzadeh, S. Rajaie, and M. Ramezani, “Al
applications in disaster governance with health
approach: A scoping review,” Archives of Public Health,
vol. 83, Art. no. 218, 2025. https://doi.org/10.1186/
$13690-025-01712-2

H. D. Singh, Y. Hooda, and J. Mehta, “Disaster and
emergency healthcare,” in Deep Learning in Internet
of Things for Next Generation Healthcare, L. Sharma
and P. K. Garg, Eds. Boca Raton, FL, USA: Chapman
and Hall/CRC, 2024, pp. 127-134. https://doi.
org/10.1201/9781003451846-10

R. Waheeb, “Improving healthcare centers’ risk
management by using Al,” SSRN, 2024. https://doi.
org/10.2139/ssrn.4862674

M. Hasanuzzaman, S. Hossain, and S. K. Shil, “Enhancing
disaster management through Al-driven predictive
analytics: Improving preparedness and response,”
International Journal of Advanced Engineering
Technologies and Innovations, vol. 1, no. 1, pp. 533-562,
2023. https://www.researchgate.net/profile/Saddam-
Hossain-31/publication/387141814_Enhancing_
Disaster_Management_through_Al-Driven_Predictive_
Analytics_Improving_Preparedness_and_Response/
links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-
Management-through-Al-Driven-Predictive-Analytics-
Improving-Preparedness-and-Response.pdf

T. Gupta and S. Roy, “Applications of artificial
intelligence in disaster management,” in Proceedings of
the 2024 10th International Conference on Computing
and Artificial Intelligence (ICCAI), pp. 313—-318, 2024.
https://doi.org/10.1145/3669754.3669802

R. Vazov, R. Kanazireva, T. Grynko, and O. P. Krupskyi,
“Strategies for healthcare disaster management in the
context of technology innovation: The case of Bulgaria,”
Medicni Perspektivi, vol. 29, no. 2, pp. 215-228, 2024.
https://doi.org/10.3389/fpsyg.2024.1075224

V. Eren and H. Duman, “Artificial intelligence supportin
disaster management,” Journal of Public Administration
and Technology, vol. 7, no. 1, pp. 13—-36, 2025. https://
doi.org/10.58307/kaytek.1580460

13. M.B.S.RuthvikandT. P. Kumar, “Disaster preparedness
through Al-based medical emergency detection,”
Journal of Clinical Case Reports, Medical Images and
Health Sciences, vol. 9, Art. no. 1377, 2025. https://
doi.org/10.55920/JCRMHS.2025.09.001377

14. H. Rehan, “Enhancing disaster response systems:
Predicting and mitigating the impact of natural disasters
using Al,” Journal of Artificial Intelligence Research, vol.
2,no.1, pp.501-515, 2022. https://doi.org/10.5281/
zenodo.12818287

15. S. H. Hosseini, M. Khodabin, A. S. Sarabi, and M. S.
Sharifipour Bgheshmi, “Artificial intelligence and
disaster risk management: A need for continuous
education,” Global Public Management Studies, vol.
6, no. 2, pp. 1-12, 2024. https://doi.org/10.22034/
50¢.2021.219422

16. A. Ali, S. A. Changazi, H. M. A. Rizwan, K. Shehzad,
M. U. Nazir, and M. Imran, “A GIS architecture for
medical disaster management to support modern
healthcare management system,” IEEE Access, vol. 12,
pp. 1-12, 2024. https://ieeexplore.ieee.org/abstract/
document/9773460

17. L. Peter, E. Oye, and L. Micah, “Al in risk assessment
and disaster preparedness for building structures,”
Journal of Structural Safety and Resilience, vol. 9, no.
2, pp. 123-145, 2024 .https://www.researchgate.net/
profile/Emma-Oye/publication/390314460_Al_in_
Risk_Assessment_and_Disaster_Preparedness_for_
Building_Structures/links/67e977c549e91c0feac8afe6/
Al-in-Risk-Assessment-and-Disaster-Preparedness-for-
Building-Structures.pdf

18. A. Numan, “Artificial intelligence in disaster
management: Effectiveness and challenges,” Master’s
thesis, St. Cloud State University, St. Cloud, MN, USA,
2024. https://repository.stcloudstate.edu/cjs_etds/26

19. K. R. M. Alsharari, N. M. A. Alsharari, A. M. Alotaibi, K.
E. Dalak, M. A. Alanazi, A. A. Algahtani, and M. D. Y.
Alsomali, “The role of the healthcare practitioner during
natural disasters, health crises, and wars,” Journal of
Medical and Life Science, vol. 6, no. 4, pp. 673-683,
2024. https://doi.org/10.21608/jmals.2024.419976

20. P. Endla, S. Bandlamudi, N. Sasirekha, S. Saroja Devi,
S. Pokhriyal, and P. Nandhini, “Real-time artificial
intelligence powered engagement platforms
for proactive disaster management, emergency
response, and risk mitigation,” in Proceedings of the
International Conference on Intelligent Computing
and Smart Systems, pp. 679—690, 2025. https://doi.
org/10.2991/978-94-6463-718-2_79

ISSN: 3117-4809
DOI: https://doi.org/10.24321/3117.4809.202601



https://doi.org/10.24874/PES07.02C.009
https://doi.org/10.3389/fpubh.2024.1439914
https://doi.org/10.3389/fpubh.2024.1439914
https://doi.org/10.1186/s13690-025-01712-2
https://doi.org/10.1186/s13690-025-01712-2
https://doi.org/10.1201/9781003451846-10
https://doi.org/10.1201/9781003451846-10
https://doi.org/10.2139/ssrn.4862674
https://doi.org/10.2139/ssrn.4862674
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://www.researchgate.net/profile/Saddam-Hossain-31/publication/387141814_Enhancing_Disaster_Management_through_AI-Driven_Predictive_Analytics_Improving_Preparedness_and_Response/links/67623e23af28fb680fc2ee8a/Enhancing-Disaster-Management-through-AI-Driven-Predictive-Analytics-Improving-Preparedness-and-Response.pdf
https://doi.org/10.1145/3669754.3669802
https://doi.org/10.3389/fpsyg.2024.1075224
https://doi.org/10.58307/kaytek.1580460
https://doi.org/10.58307/kaytek.1580460
https://doi.org/10.55920/JCRMHS.2025.09.001377
https://doi.org/10.55920/JCRMHS.2025.09.001377
https://doi.org/10.5281/zenodo.12818287
https://doi.org/10.5281/zenodo.12818287
https://doi.org/10.22034/soc.2021.219422
https://doi.org/10.22034/soc.2021.219422
https://ieeexplore.ieee.org/abstract/document/9773460
https://ieeexplore.ieee.org/abstract/document/9773460
https://www.researchgate.net/profile/Emma-Oye/publication/390314460_AI_in_Risk_Assessment_and_Disaster_Preparedness_for_Building_Structures/links/67e977c549e91c0feac8afe6/AI-in-Risk-Assessment-and-Disaster-Preparedness-for-Building-Structures.pdf
https://www.researchgate.net/profile/Emma-Oye/publication/390314460_AI_in_Risk_Assessment_and_Disaster_Preparedness_for_Building_Structures/links/67e977c549e91c0feac8afe6/AI-in-Risk-Assessment-and-Disaster-Preparedness-for-Building-Structures.pdf
https://www.researchgate.net/profile/Emma-Oye/publication/390314460_AI_in_Risk_Assessment_and_Disaster_Preparedness_for_Building_Structures/links/67e977c549e91c0feac8afe6/AI-in-Risk-Assessment-and-Disaster-Preparedness-for-Building-Structures.pdf
https://www.researchgate.net/profile/Emma-Oye/publication/390314460_AI_in_Risk_Assessment_and_Disaster_Preparedness_for_Building_Structures/links/67e977c549e91c0feac8afe6/AI-in-Risk-Assessment-and-Disaster-Preparedness-for-Building-Structures.pdf
https://www.researchgate.net/profile/Emma-Oye/publication/390314460_AI_in_Risk_Assessment_and_Disaster_Preparedness_for_Building_Structures/links/67e977c549e91c0feac8afe6/AI-in-Risk-Assessment-and-Disaster-Preparedness-for-Building-Structures.pdf
https://www.researchgate.net/profile/Emma-Oye/publication/390314460_AI_in_Risk_Assessment_and_Disaster_Preparedness_for_Building_Structures/links/67e977c549e91c0feac8afe6/AI-in-Risk-Assessment-and-Disaster-Preparedness-for-Building-Structures.pdf
https://repository.stcloudstate.edu/cjs_etds/26
https://doi.org/10.21608/jmals.2024.419976
https://doi.org/10.2991/978-94-6463-718-2_79
https://doi.org/10.2991/978-94-6463-718-2_79

