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ABSTRACT

Disaster management is a multidimensional process encompassing preparedness, response, recovery, and
mitigation. In recent decades, rapid advancements in telecommunications have significantly improved the
capacity to manage disasters, particularly in early warning dissemination, real-time response
coordination, and post-disaster recovery efforts. This paper examines the important role of
telecommunication technologies ranging from traditional wired systems to modern wireless networks,
satellite communications, and UAV-supported 3D networks in enhancing disaster response effectiveness.
It examines the role of telecommunication before, during, and after disasters, highlighting technological
innovations, real-world case studies, and persistent challenges. Additionally, the study evaluates current
regulatory gaps and future trends, including hybrid communication infrastructures and mobile
transmission systems. Through in-depth analysis and evidence-based examples, the paper illustrates how
integrated, reliable, and scalable telecommunication systems are essential for minimizing disaster impacts
and strengthening societal resilience.
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INTRODUCTION

The impact of extreme events globally significantly hampers the progress of developing societies and
threatens industrialized nations. Effective Disaster Management, from onset to recovery, requires
accurate data about the hazard zones and the disaster itself. Information and Communication Technology
(ICT) plays a vital role in addressing these situations, utilizing telecommunications, databases, GIS, and
modeling tools. Emerging wireless network technologies hold immense potential for enhancing disaster
response efficiency. An effective system focuses on early warning, timely responses, and proper recovery,
ensuring sufficient alert time before disasters strike. The Disaster Management Committee in Bangladesh
has tasked the University of Dhaka with developing a Mega-Project on Natural Disaster Management.
Scientific terrestrial and space-based systems are crucial for simulating, estimating, and forecasting
disasters. Telecommunication systems are essential for prevention, effective warnings, and preparedness,
with multi-modal wireless technologies overcoming terrestrial limitations. Tele-location of victims is
critical for prompt search and rescue, assessing damage to assets. The evolution of cellular phones,
microwave relays, and fiber optics has significantly advanced telecommunications, leading to diverse radio
communication systems classified into four main types: wired, wireless, satellite-based, and broadband
Internet Protocol systems. The growth of computers and data communications has further enhanced
telecommunications for users, with emergency services telecommunications, including public safety radio,
showing remarkable improvements and efficient operations. Wide area coverage analog systems are
converting to digital formats, benefiting countless businesses and consumers 1, 27].
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The Role of Telecommunication in Disaster Management
Disasters and emergencies, both natural and man-made, significantly impact our lives. While prevention
is always preferable, we often deal with the aftermath instead. Worldwide, various opportunities exist for
disaster management, including flood, cyclone, drought, fire, earthquake management, and more. One
feasible idea involves a network of 3D wireless nodes, relying on unmanned aerial vehicles (UAVs) or
drones for various applications, such as surveying and infrastructure inspection. Since the mid-1990s,
there has been considerable interest in the merging of wired and wireless networks, particularly focusing
on emergent broadband and ubiquitous access. The following decade shifted towards using networked
systems to tackle complex issues like climate change. The September 11, 2001, attacks heightened
awareness of the consequences of human-caused disasters, sparking debates on terrorism, airport security,
and government surveillance. Various disasters, from fires to wars, can arise from natural causes or
human actions. Often, warnings precede these events, encompassing weather alerts or threats.
Governments and civil society's ability to heed warnings can greatly influence the disaster's impact [3,

4.
: Communication before Disasters

Communications have played a fundamental role in disasters or emergencies since history has been
documented. The importance and difficulty of communication before some specific disasters may have had
an impact on the subsequent development of the technologies used. This is especially true for
telecommunication, where information was facilitated ahead of almost all fatal catastrophes, including
volcanic eruptions, storms, or floods. In general, people were alerted to similar events, but the means used
were time-consuming through sound, light, or the movement of incendiary materials, along with the

effects of the phenomena in progress, which were information regarding a danger. These kinds of

mechanisms were seldom very effective. In the case of seismic disasters, earthquakes occur without news
being transmitted, achievability to foresee or get any warning. During the second half of the 20th
Century, events occurred that signaled the emergence of a radically new capability for communications
about potentially catastrophic events. There were two methods of getting news coverage of an event. The
first was the use of news agents, radio and television networks, journalists, and, in the case of other
countries’ tragedies, newspapers. The second was official government mechanisms. In recent years, it has
been suggested that the government-provided information was much less effective than that provided by
Journalists. The former arrived often too late, was ambiguous, or was misleading. Communications before
some large-scale disasters of the past had been at least marginally better than average. There has been
Jjust one instance of a major critical incident. This was on October 23, 1982, when Guyana's Ambassador
to Mexico claimed that there was to be a Haitian terrorist attack against his parochial consulate in
Cancun [5, 6.
Communication during Disasters

During a calamity, the absence of communication affects other organizations’ response efforts. In most
cases, treatment facilities try to contact governmental emergency response organizations and health
authorities. Through these agencies, it may be possible to establish a collaboration among regional health
treatment facilities and attend to the health needs of the affected population. Frequently, precautions and
precautions are communicated, agreed upon, and reports devised, mapped, and spread. However, without
communication links, it is inconceivable for countries to share information, let know acquire assistance, or
alert one another to danger. An individual’s understanding, whether from a newspaper, a radio broadcast,
or an informal source, may be uncommonly accurate, and this intelligence will spread more slowly, but
spread it will, no matter how dire the obstacles to its transmission. In the absence of up-to-the-minute
information, however, there is an adequate foundation for misunderstanding and hostile reactions to grow
dangerously fast. Popularly recognized effective humanitarian organizations are invited to respond to
natural disasters and other calamities around the globe. SOS organizations may be invited by resident
governments, provide governments, or even international agencies. Normally, the requests and offers are
funneled to the United Nations office in the disaster area. In the absence of a clear telecommunication
policy for relief/assistance personnel, all too often, confusion can arise in telecommunications asset
operations during an emergency. The situation can become increasingly unfortunate if the receiving
country has a vague belief that telecommunications should be completely managed and/or controlled and
opts to deny outside assistance a spectrum. Unfortunately, it is during a point of disaster time that
potential import duties might be levied against relief telecommunication assets, telecoms, and/or
miscommunication in the logistics chain is foreseen, or anticipated operating problems with offshore
telecoms equipment and/or personnel can be crushing [7, 87.
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Communication after Disasters

Communication is among the first services typically to be restored after a disaster event. If cellular
telecommunication service can be restored promptly, victims can contact emergency services so that
rescue workers can be dispatched to reach and assist them. Furthermore, once cellular service has been
restored, rescue workers can communicate with each other to effectively coordinate the rescue work. For
example, during the 911 crisis, numerous rescue workers could not contact their fellow workers due to
high network congestion. Phones of governors and mayors of dams failed due to overwhelming
congestion as well. For this reason, the communication system must begin operating in as little time as
possible after a disaster. For this reason, a robust and low-cost system is critical. These conclusions were
drawn from the lessons learned from studies of past disasters after wireless telecommunication systems
had sustained damage from the events. As of today, communication systems rely heavily on
infrastructure, such as telephone towers. In the case of a region being hit by an earthquake, a tornado, or
a terrorist attack, it is possible that the most catastrophic destruction could occur to the communication
infrastructure. As a result, it will take a long time until such communication devices can be restored and
usable again. Consequently, in the case of a disaster event, it is critical to have a technique that could
restore services very shortly. An emergency communications system should be reliable, robust, easily
configurable, and deployable at a relatively low cost. It should also be usable for a range of disasters, and
highly interoperable with existing devices. Finally, the system should be capable of providing services
with the minimum amount of dependencies on other equipment [9, 107.

Technological Innovations
Extreme events can severely damage life and infrastructure, hindering the progress of affected societies,
including industrialized ones. Events such as earthquakes, floods, storms, and even spacecraft mishaps can
result in disasters. The diverse nature of risks is compounded by a wide variety of problem-solving
disciplines, leaving societies ill-equipped to respond. Typically, several specialized authorities address
these risks, but as new threats emerge, like industrial growth in earthquake-prone areas or urbanization
in cyclone-affected zones, the organization of risk management struggles to keep pace. In poorer societies
with limited education and infrastructure, ignorance and a false sense of security may lead to neglected
preparedness efforts. Some organizations might focus on well-known problems, ignoring new risks that
emerge from increasing complexity and specialization. This complexity makes it difficult for any single
authority to manage all potential impacts of hazards effectively. Additionally, the intricate nature of
societal structures means that problems cannot be resolved accidentally due to insufficient decision-
makers. Infrastructure is crucial in automating responses to societal hazards, consisting of systems that
acquire and process information to mitigate losses in data. The foundation of this system relies on a
framework that captures past disaster data, monitors hazards, and fosters innovation in predictive
technologies, all of which depend on effective information and communication to build essential databases

[11,12].
Case Studies

The benefits of wireless networks in disaster management have been demonstrated in preliminary studies
and real-life cases. Recent examples include the 2004 Tsunami in the Indian Ocean, the 2005 Earthquake
in the Kashmir region, the 2005 and 2007 Cyclones in Bangladesh, and the 2006 Earthquake in
Yogyakarta, Indonesia. Past disasters emphasize the importance of a well-functioning disaster warning
and management system and the associated communication and information infrastructure, without
which the effectiveness of resources becomes severely limited. Recent advancements in next-generation
wireless network technologies and related devices enable the construction of highly efticient DMCIS. The
tocus of ongoing research and development work has typically been on attempting to safeguard an
educational institution, an organization, or a city from a particular hazard. A wide-area, wireless-network-
based DMS can be developed to ensure disaster mitigation and preparedness, warning, impact, recovery,
and rehabilitation, targeting every member of a city or community. In the aftermath of disasters, the goal
of disaster management is damage assessment. The preliminary phase involves obtaining post-disaster
information in conjunction with the response phase. Sample cases include several tsunami response
operations. However, these operations typically involve an enormous amount of printed information,
which is time-consuming and cost-prohibitive to check and analyze. Moreover, most previous studies
divide the damage into mainly two cases: building damage and human damage, despite a need to assess
ecosystems, service damage, mileage of roads and railroads, distribution of frozen foods, and others. Other
experimental technologies include an unmanned helicopter and high-frequency bands, but these may be
impractical due to a lack of worldwide standardization and the high cost of drones. Another area of
challenge is the analysis of post-disaster information. Reports written in free English are a problem for
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understanding data users. A previous survey of earthquake damage utilized measurable and synthetic
analysis techniques. However, this system disregards the meaning of text words, which is essential for
investigating current damage. Other threat information prediction systems generally use the 'BoW'
model, which currently fails to recognize the pre-defined context of a word; this is a major concern for
future prediction of information.

Challenges in Telecommunication for Disaster Management
Telecommunications Systems are crucial in disaster management (DM). In emergencies, timely and
reliable information about victims' locations and conditions is vital. Displaced individuals must be located
quickly, and the required assistance must be assessed. Effective radio communication is essential in relief
areas. Current telecommunication systems mitigate natural disaster impacts but also present challenges
that need attention. A historical overview of telecommunication systems used in disasters before modern
technology is provided. Natural disasters can cause significant loss of life and property. Advances like
cellular phones and microwave relay towers allow regional emergency services to coordinate actions in
real-time, although delays can still occur. Communication in disasters has improved, but questions about
the effectiveness of new capabilities, especially for large-scale cooperation, remain. As disaster
communication becomes complex, there are more opportunities for failure. Communities may face
temporary or permanent loss of income and homes due to cascading events and multi-faceted
perspectives. The increasing complexity of societies and specialization in various hazards imply that no
single authority can manage all significant hazard consequences. The rise of telecommunication
technology, especially wireless solutions, presents new opportunities for creating efficient and cost-
effective Disaster Management Communications and Information Systems (DMCIS) [13, 14].

Future Trends in Telecommunication
Emergency response organizations continuously strive to improve disaster management performance to
maximize efficiency, efficacy, and economy. Emergency management has traditionally been a siloed and
reactive operation, loaded with information and communication policy architecture relying on platforms
that often hampered information sharing, retrieval, and analysis. However, technological advancement, in
particular, the Internet and telecommunications infrastructure expansion, has not only resulted in
knowledge management platforms such as digital geographic information systems (GIS), social media,
and crowd-sourcing platforms, but also opened up opportunities to react to problems better and more
effectively. The recent development of relatively inexpensive mobile transmission solutions, such as
SatCom-on-the-Move systems or networks-on-the-Move concepts, has made communication more robust
regarding security and accessibility. Based on these new telecommunications advancements, three specific
improvement agendas have been identified: better development of joint telecommunications systems;
emphasizing supplementary networks and hybrid applications based on conventional networks; and
planning to add bandwidth and reduce latencies in data transmission and GPU processing structures for
Unmanned Aerial Vehicles (UAV)-based applications. While international activities have been initiated in
terms of research and development agendas, further local exploratory testing and development of new
concepts also need to take place. One direction which is of paramount importance but has still not
received sufficient attention from both the practitioners and researchers is to examine the non-
telecommunication side of creativity of emergency management as a science in connection with performer
coordination complexities. Because while many telecommunication challenges remain to be tackled, it is
feared that not all human attempts may progress in convergence by cooperation. The past 20 years have
ushered in a wondrous set of advances in complex telecommunications. Cellular phones with automatic
switches commenced operating, leading to a multiplication of relay locations and usage. Microwave relays
improved reliability by allowing signal paths unaffected by weather or terrain. Fiber optic cables
commenced operating during the mid-1980s, resulting in stable and plentiful circuit capabilities. This
system provides the backbone for state systems, while many high-speed Internet lines are also capable of
expanding the relay numbers. Simple telephone calls can be digitized, compressed, and placed on shorter
wavelengths than those used for plain voice service. Each advance has made a terrific difference to
telecommunication capabilities in general and emergency service operations in particular. Public safety
radio systems grew from a few channels of low vapid, low-band early radio, providing limited range and
capability, into large, pedestrian trunked systems based on thousands of channels plus portable mobile,
GPS, and interconnectivity through many smooth radios with full data capabilities [15, 167].
Policy and Regulatory Framework

Thus, global discourse has grown to facilitate effective international cooperation in this area. In this
respect, it should be noted that there are, however, still many gaps in the policy and regulation of
telecommunication, modelling and simulation technologies, and standard communication terminals and

Page | 4



EEJOURNALS OPEN ACCESS
protocols. This is because effective technology use involves clear rules and protocols. However, today’s
predominantly well-organized telecom policies and regulations cannot accommodate appropriate
standards for such technologies. Therefore, the prospects are rabid for extending the application of these
technologies for development and use in DM. Furthermore, while nations can find models and established
frameworks for telecom service provision and regulation, and while they can find similar information for
basic broadband technologies, they can find only scattered general principles, advisories, and
recommendations for modeling and simulating mechanisms and applications using AMSS or NSDE
technologies. This is because modeling and simulation technologies are still nascent. Hence, their
prospects are not fully understood by government agencies, organizations, and industries. For this
reason, the vast majority of nations have not established any regulatory policy on the modeling and
simulation technologies. In this respect, growing interest is being voiced for providing some basic
standard protocols for the application of this technology, modeling and simulation, to advancing nations.
In terms of policies and guidelines, the situation regarding telecommunication and modeling and
simulation technologies is much worse, however, than in terms of the technologies” prospects. This is
because telecommunication technology has emerged as a vital means for improving the operation and
organization of financial business and corporate governance. However, in many developing nations, the
regulatory situation has not been completely updated. Consequently, mineral, biological, social, cultural,
or physical resources in the majority of cases have been plundered by powerful vested interests [17, 187.

Training and Capacity Building
Disasters are unfortunate events with fatal consequences caused by nature, the environment, humans, and
machines. Natural disasters such as earthquakes, landslides, floods, wildfires, and cyclones can induce
human disasters such as dam bursts and oil spills. The impact of extreme events is devastating for
developing countries, carrying a heavy burden and handicapping their advancement. In developed
countries, industrialized regions are threatened by disasters, with significant disasters resulting in
substantial loss of life and property. Advanced Information and Communication Technology, in the form
of powerful data processing and networking technologies, has been used internationally with great
success for efficient disaster management. Efficient disaster management utilizing the immense potential
of technology is of paramount importance for all societies. Innovations such as systems of earth
observation satellites, supercomputers, emergent wireless networks, mobile technologies, and intelligent
processing simulations have changed the way hazards and disasters are now analyzed and understood.
Efficient disaster management systems can play an important role in the collaborative efforts across
different sectors of governments, NGOs, and businesses, towards preventing human loss and reducing
monetary impacts. An efficient Disaster Management Communications and Information System (DMCIS)
facilitates immediate information sharing between early warning generators and end users. Consequently,
they enable a quick response to natural calamities. Emergency services such as ambulances, fire brigades,
police stations, rescue teams, and medical crews can also be deployed to affected areas quickly and
efficiently. For DMCIS to work effectively, the necessity of disaster management monitoring and
response organizations as needed entities at each level of disaster management 19, 207].
CONCLUSION
The evolution of telecommunication systems has transformed disaster management, enabling more timely
and coordinated responses to both natural and human-made emergencies. From early warnings and real-
time situational awareness to post-disaster communication recovery, modern telecommunication tools
play a critical role at every stage of the disaster lifecycle. Case studies such as the 2004 Indian Ocean
tsunami and the 2005 Kashmir earthquake underscore the effectiveness of integrated wireless
communication networks in saving lives and coordinating aid. Despite these advancements, challenges
persist, including infrastructure vulnerability, interoperability issues, and a lack of robust regulatory
frameworks, particularly in developing regions. Future trends point toward the integration of Al-
powered prediction systems, mobile satellite units, and hybrid communication models, necessitating
proactive policy development and international cooperation. To harness the full potential of
telecommunications for disaster management, investment in infrastructure, research, cross-border
collaboration, and regulatory modernization is imperative. Only through a holistic and inclusive approach
can communities build resilience against the growing complexity and frequency of global disasters.
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