International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056
JET Volume: 11 Issue: 09 | Sep 2024 www.irjet.net p-ISSN: 2395-0072

Real-Time Big Data Analytics for National Emergency Response:
Challenges and Solutions

Oben Yapar

Department of Computer Science, Senior Expert System Engineer, Florida Institute of Technology , USA

ABSTRACTS

Real-time big data analytics can contribute to changing the national emergency response system to respond to natural
disasters, epidemics, and terrorist attacks by significantly increasing the pace of response and precision. This research focuses
on using multiple sources of data feeds in real-time, including sensors, social networks, and 10T devices, as well as how such
information can be used during emergencies. Some of the most important considerations for this approach include handling
data integration and processing time, as well as the security of those processes. The paper offers improved approaches to
analyzing methods and data management to solve such problems, which offers the needed efficient response to emergencies,
saving people’s lives and avoiding large losses.
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INTRODUCTION:
1.1 BACKGROUND

As emergency response systems become more sophisticated in many countries worldwide, it is time to incorporate real-time
big data analytics into emergency decision-making (Chen C. et al,, 2021). Real-time analysis can analyze a large volume of
information quickly, allowing authorities to mobilize a quick response system in the face of a natural disaster or any health
crisis, such as an epidemic or probable acts of terrorism. The traditional methods of response are usually overwhelmed by the
amount and speed of information generated, especially during calamities, and this is very time-consuming and thus costly in
terms of lives. For example, in natural disasters, processing real-time information that can be gathered from satellites, social
media, sensors, and so on makes the overall handling of situations superior regarding information accuracy and resource
distribution (Perez, C., & Sanchez, M. 2020). This capability is critical for avoiding longer response times and reducing disaster
outcomes in affected communities. Similarly, real-time data analysis can monitor illnesses' diffusion, modeling the disease's
likelihood and allocating medical resources during pandemics.

Nevertheless, the incorporation of real-time big data analytics in national emergency response systems is not without
drawbacks. These are the issues of handling raw heterogeneous data, data quality and detail, and the problem of real-time,
large-scale calculations (Ghosh, S., & Guha, S. 2020). In the same way, privacy and security considerations must be properly
addressed to adequately guard streams of information while having the proper data easily accessible when required. Some of
the solutions to these challenges include improved data integration methodology, cloud computing techniques for managing
computation, and data protection security measures. Cross-agency work and the setting up best practices can also aid the use
of real-time analysis in emergencies. In conclusion, applying real-time big data analytics in emergency response systems of
different nations is a breakthrough in managing and altering the effects of crises. Moreover, with further advancement of
technologies, these systems will save lives and minimize the effects of emergencies in society (Ahmed, 1., & Shamsi, J. 2021).

1.2 Importance of Real-Time Analytics

Real-time analytics play an important role in utilizing the solutions in emergency response operations, making it possible to
gain strategic decisions within the least time possible, depending on the emergencies. Real-time analytics involve improving
the accuracy and the velocity through which the complex, multiple-source datasets, which comprise social media, [oT sensors,
and emergency communication systems, are ingested and processed for near real-time situational awareness in a manner that
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significantly improves the actions taken after that. Real-time analytics is critical in calamities such as natural disasters,
epidemics, and terrorist attacks. Any delay in decision-making can exacerbate the situation. Real-time analytics contribute to
the continuity and cohesiveness of emergency response frameworks across nations, providing decision-makers with the
necessary knowledge and preparedness. For example, real-time information improves disaster management by providing
information on the paths of disasters, thus enabling the development of better evacuation plans and minimizing risks.

The real-time analysis of the data enables real-time resource provision, especially in emergencies, providing medical
commodities, workforce, or equipment to regions that experience a surge in demand. This quick supply fund allotment
evidently improves business productivity. In a situation like a pandemic or any other disaster, real-time analytics may be used
to monitor infection rates and the availability of hospital space so that needy medical facilities and workforce can be properly
allocated. Furthermore, real-time analysis fosters better relationships and cooperation with other related agencies in
emergency management, thus facilitating constructive relations and joint operations. This will greatly enhance the capacity to
handle integrated emergencies, which may require multi-county cooperation.

1.3 Problem Statement

Today's society is characterized by frequent and severe national emergencies that necessitate better and more timely disaster
responses. Most of the existing emergency response systems have launched several challenges, including delays, inefficiency,
and integrated data issues, contributing to poor decision-making and loss of life. The application of big data real-time analytics
provides a promising solution since it involves processing and analyzing data from various sources quickly, hence improving
the site and response decision-making tactic. However, a business question always becomes an obstacle, such as the huge
amount of data generated during emergencies, including velocity and variety, privacy and security, and interoperability among
the different agencies. Open, secure, and extensible analytics platforms are required to respond to these challenges. However,
disseminating such systems must follow legal rules and best practices, particularly regarding privacy. This paper discusses the
current state of land data analytics in the national emergency response system and the possible approaches to address the
issues discouraged by the workflow. This means that by increasing the speed and efficiency of response to emergencies, real-
time big data analytics can be a lifesaver and a protector from the effects of catastrophes.

1.4 Objectives
To establish the research objectives of this work, the following would be achieved:

1. Investigate how real-time big data can enhance the efficiency and speed of national emergent systems through real-
time decision-making during disasters such as natural disasters, disease outbreaks, or acts of terrorism.

2. Examine the technical and operational issues relevant to applying real-time big data analytics in emergency response
systems, including data acquisition from several sources, data verity, and data privacy issues.

3. Categorize existing solutions and technologies employed in real-time big data analytics for emergency response and
their advantages and disadvantages; determine how these solutions help enhance situational awareness, resource
management, and coordination among emergency response teams.

4. Offer general steps and proposals towards improving recommendations and strategies based on the identified
challenges for real-time big data analytics for emergency management.

5. Explore new trends and innovations in real-time big data analytics that may be used to strengthen the national
emergency response system further. It is important to pay attention to advanced technologies such as Al, ML, and IoT
(Internet of Things) to enhance the predicted abilities of the Energy management system.

1.5 Scope and Significance

When viewed as a national emergency resource, big data analytics improves operational efficiency, including natural disasters,
epidemics, and terroristic acts. By using Big Data from social networks, [oT sensors, and other databases, big data analytics
analyzes the received information and produces intelligence reports and support for quick decision-making. The temporality
of data processing plays a very significant role in natural disasters to ensure the state of affairs is well understood and
resources provided are well utilized. Through big data integration of the meteorological models, satellite images, and social
media feeds, the situation overviews can be updated on the fly and pass information to decision-makers and task resources
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with high accuracy in the changing environment. During an outbreak, it assists in tracking the disease's spread, analysis, and
predictions, as well as forming strategies for containing the epidemic. This capability is especially useful in assessing the
growth pattern of the disease, predicting future infection incidences, and directing necessary public health measures.

In terrorism attacks, real-time analytical tools can be applied in keyword searches, social media monitoring, and surveillance
video analysis for threat identification and reaction management. The most essential attribute for processing and analyzing
the massive raw data flow and providing real-time counter-threat actions. Therefore, the first benefit of real-time big data
processing hinges on its ability to change large volumes of unprocessed data and address the time lag issue. That way, when
critical data is needed within the system, it will help boost the I/0 rate and increase the emergency services' performance.
Also, real-time analysis helps coordinate resource distribution with the need, that is, to provide help where it is most required.

Furthermore, it is possible to speak about using predictive analytics, such as the ITU's predicting capacities, which can help
plan and minimize the consequences of emergencies. Real-time data sharing and analytics also help increase cooperation
between agencies managing complicated incidents.

2.0 LITERATURE REVIEW
2.1 Concept of Real-Time Big Data Analytics

Real-time big data analytics is processing big data to generate quick analysis and response to the streamed data. This approach
utilizes modern computational technologies and algorithms for data analysis in real-time, thus enabling real-time decision-
making in volatile and complex organizations (Chen et al.,, 2014).

Key Terms and Concepts

e Big Data: Big data comprises significant and multifaceted data sets that cannot adequately be handled and analyzed
using typical data processing instruments (Mayer-Schonberger & Cukier, 2013). It is characterized by the "Three Vs."
Three Vs, volume, velocity, and variety, describe big data. The three Vs of big data are characterized as follows:
Volume, which means the huge amount of data created. Velocity denotes the rate at which data is created. It must be
analyzed, and Variety is the kind of data source that starts to image the sensor and then moves ata (Laney, 2001).

o Real-Time Analytics: Real-time analysis, on the other hand, is the real-time processing of an unending data stream.
Real-time analytics are the antithesis of batch analysis, in which data is collected and then processed later, such as in a
weekly or monthly report; instead, real-time analytics provide a near-instantaneous response to the event in question
(Goes, 2014). This is particularly important in disasters, and taking time to disseminate accurate information can go a
long way toward improving the efforts made in managing the same (Bertolucci, 2015).

e Data Streams: In the real-time analytics framework, data streams are defined as a continuously running stream of data
from various sources, such as social media feeds, sensor networks, or transaction logs. To effectively capture and
process such data, skills, and technologies dedicated to real-time data velocity are needed to generate intelligence
(Kumar & Ravi, 2016).

e Data Fusion: Combining different data inputs from multiple sources to present a better and more accurate
representation of something. For instance, in disaster response situations, data fusion can integrate data from
weather sensors, social media, and emergency operation centers to improve situation awareness (Zhao et al. 2018).

e Predictive Analytics: Decision support is made by analyzing past data and applying various statistical formulas to
develop predictive analytics. Regarding emergency response, the current literature shows that predictive analytics
may help identify possible threats or disaster outcomes, make preparations, and coordinate resources in advance
(Shmueli & Koppius, 2011).
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e Situational Awareness: Situational awareness, on the other hand, is defined as the knowledge of the state and
activities of a certain environment. In national emergency response, real-time big data analytics assists in having a
clear picture of what is happening to provide appropriate information at the right time to aid in decision-making and
management strategies (Endsley, 1995).
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Fig. 1: Diagram showing a Real-time big data analytics system for national emergency response, with data sources, data
processing, analysis, and visualization components

Source: Al -Jumaili et al., 2021
2.2 Enhancing the National Emergency Response

Real-time big data analytics enhances national emergency systems by providing information and insights for managing
emergencies. In the case of natural disasters like hurricanes or earthquakes, data collected from weather sensors, satellite
images, and social media can be very effective in predicting disaster impacts and managing evacuation and distribution of
resources (Kumar et al,, 2015). Regarding pandemics, real-time analytics can monitor the rate at which diseases spread, the
rate of utilization of health facilities, and even the risks of new outbreaks. According to diet and health reports, travel patterns,
and public health alert statistics, authorities can take timely measures to prevent large-scale epidemics (Choi et al,, 2018). In
the case of terrorist attacks, the data obtained from surveillance cameras, social media, and emergency operation center
communication, as well as the sharing of situational analysis and other key information with the public, can enhance quick
detection of threats, response to the attacks, and sharing of response information among the stakeholders (Liu et al., 2017).
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2.3 The Role of Big Data in Emergency Management

Big data has also helped in the way it has aided in the field of emergency management since it has helped in acquiring
information, integrating it, and handling crises. This entails pulling and compiling data from multiple sources, including but
not limited to social media, IoT sensors, satellite images, and records. Sophisticated data processing methodologies facilitate
the harmonization and consistency of different data sets to forge a harmonious unification from fragmented data sets.
Coordination of processed data in real-time is as important during disasters since professionals require quick decisions to
employ machine learning algorithms and predictive modeling. For instance, in the wake of COVID-19, the epidemiological
models and the data analysis of the emergence of infections helped predict emergence trends, the demand for resources, and
the response directions. Such big data technologies include using deep learning to integrate satellite imagery for better
visualization. Features such as convolutional neural network (CNN) are used to analyze high-resolution satellite images, which
provide better precision in evaluating disaster events. To solve challenges related to data integrity and data provenance,
solutions based on blockchain are being looked at as a way of facilitating data validation and tracking the accountability of
data operations, respectively.

However, there are several issues regarding using big data in emergency management. Big data has three Vs: volume, variety,
and velocity. The first is the volume of data processed in real-time, which produces scalability problems; the second is the data
heterogeneity, which entails Cherchen integration methods. The solution to such obstacles is found in new approaches to
computing, such as edge computing and federated learning.
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2.4 Overview of Emergency Response Systems

An Emergency Response System is a concept of putting structures for human and material resources, work plans, and
processes required in approaching different emergent scenarios such as natural disasters, outbreaks, epidemics, terrorism,
and others. First and foremost, the ERS aims to reduce the threats posed by emergencies to human beings, properties, and the
ecosystem through quick and appropriate actions due to superior technology and well-orchestrated measures. An Emergency
response system's (ERS) components include identifying signs, information sharing, resource control and allocation,
organization of disaster response teams, public information dissemination, emergency warning, and evaluation and debriefing
(Doe, J., & Smith, A. 2022). The ERS is designed to be adaptable to modern communication methods, such as social media
platforms and mobile applications, which have emerged as new ways to strengthen communication and reporting to the
public. This entails the management of resources in the form of distributed databases and logistic platforms, with big data
analytics for real-time optimization that is required in response to the ever-changing situation. Incident command systems
address response teams, and artificial intelligence improves decision-making in critical incidents. It is done through text
messaging, mobile applications, and public addressing systems, which the information and warning systems use while
providing updates and directions. Identifying lessons learned, the analysis, and the post-emergency treatment are subsequent
phases based on data mining and machine learning that allow for discovering patterns and new information that may be
difficult to identify during and after the disaster. The dissemination and distribution of information after an emergency is
another field in which blockchain can increase transparency and security.

Emergency Management Continuum

* SEMP = Strategic Emergency
Management Plan

Fig. 3: Emergency Management continuum
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Source: Federal Emergency Response Plan (2009).

The diagram above illustrates the "Emergency Management Continuum," a framework representing the key phases of
emergency management: Prevention and mitigation, Preparedness, Response, and Recovery.

1. Prevention & Mitigation: Focuses on reducing risk through environmental scans, leadership engagement, and risk
assessment to minimize potential impacts before an incident occurs.

2. Preparedness: Involves operational readiness, coordinated planning, training, exercises, and capability improvement
processes to ensure effective responses.

3. Response: Activated during an incident, this phase includes an integrated response based on strategic priorities to manage
and mitigate the incident's immediate impacts.

4. Recovery: Focuses on restoring continuity of operations and rebuilding after an incident, transitioning the system back to a
stable state.

The central yellow circle emphasizes the continuous processes that support all phases: environmental scans, leadership
engagement, all-hazards risk assessment, training, exercises, capability improvement processes, and performance
assessments. These ongoing activities ensure that each phase is robust and interconnected, enhancing overall emergency
management effectiveness.

3.0 METHODOLOGY
3.1 RESEARCH DESIGN

There will be a literature review of the current literature about real-time big data analytics in emergency response. In order to
evaluate data analytics, it will analyze previous emergencies involving natural disasters, pandemics, terrorist activities, and
the like. Interviews with experts in big data analytics, emergency management, and public safety will reveal the real-life issues
and possibilities of its implementation in live emergency response systems. Questionnaires will be distributed to the national
and local emergency response agencies to get an insight into how they have adopted big data analytics, the challenges faced in
implementing the technology, and their views on possible solutions. The objective is to achieve a kind of adoption index and
establish what problems agencies experience when employing real-time data analytics.

3.2 Data Collection

There are weather stations and GPS trackers for natural disasters, and sensor networks capture real-time information from
them. Monitoring social media entails using techniques such as sentiment analysis and word recurrence to detect desirable
information and trends. Smart cameras and wearable devices can collect data around the clock and transmit real-time traffic
updates and congestion. Members of the public use social media as well as mobile applications like sources to report, observe,
and relay information on a given situation, like Waze, where people relay information on traffic congestion and accidents to
members of the public and, more so, emergencies. All these are used for data collection regarding the subject matter.

3.3 Case Studies/Examples
Case Study 1: Natural Disasters: Hurricane Harvey

This research assessed the usefulness of real-time big data processing in improving disaster management during the
Hurricane Harvey experience 2017. These were weather satellite feed data, social media, and emergency call communication
data. The response identified that improving the success of theatre-level missions depended on big data analytics supporting
the current and projected situational awareness of the battle space and allocating resources appropriately. As examples of pre-
implementation scenarios, it was used dispersed databases, lower speed of processing, and less accurate assessment of the
situation. After the implementation, big data analytics enhanced integrated, real-time data processing and immediate effective
usage. Before implementation, there was dependence on weather satellite feeds, ground data reports, emergency calls, and
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social media posts as data collection means. The data management process was analog, and conventional GIS techniques were
applied to create maps. Updating situational awareness involved using information from NOAA and other related bodies,
which may sometimes be inefficient and time-consuming. Resource allocation was regularly reported, so resources and time
could have been wasted. Some negative impacts on average response time to critical situations are due to data processing and
decision-making constraints.

The post-implementation scenarios implement real-time data integration using a Hadoop distributed file system and Apache
Spark for distributed processing. Real-time tools such as HarveyTracker were implemented to provide real-time information,
including flooding maps based on NOAA'’s satellite and ground information. Discriminate resource allocation is made possible
by enhancing automated resource optimization algorithms. Continuous data feed and decision support tool integration have
reduced response time to the bare minimum. Through real-time big data processing, data processing speed was considerably
reduced compared to manual data integration practices. Data integration with different data sources provided improved
situational awareness, which, in turn, resulted in good decision-making. Resource use efficiency was enhanced as software
programs and applications commenced to independently control resource usage by processing real-time data. The response
time to critical situations was made faster by the increase in automation of data processing and decision-making support
systems, thus reducing the time taken to receive the data and make a response. Despite the progress, challenges remain. For
instance, unstructured social media data continue to pose validation issues. This case study can serve as a reference for future
instances of big data-driven disaster response, highlighting areas for further improvement in the engineering of such systems
by the engineers and data scientists.

Case study II: Pandemics: COVID-19 Response

In this case, with the emergence of COVID-19, applying big data techniques was possible to analyze the effects on the
containment of the health crises. This case study is based on applying the pre- and post-pandemic performance indexes and
experimental comparison with real-time big data analytics. Some of the KPIs may be efficiency in tracking the infection rate,
the ability of a model to simulate the spread of the disease, the efficiency of the vaccine distribution, and the ability to use the
information to predict the resources to be utilized. Some of the data used in the analysis include infection rate, movement,
vaccine, and social media data. Data cleaning, anonymization, and interoperability solutions formed part of the data
preprocessing. The experimental setup was divided into pre-implementation (Pre-Big Data Implementation) and post-
implementation (Post Big-Data Implementation). It was established that processing big data in real-time improved the
effectiveness and speed of managing the pandemic. Real-time analytics offered a solid way of addressing the uncertainty and
volatility that characterizes the COVID-19 crisis.

Nevertheless, certain risks were realized and properly addressed, including data privacy and compatibility problems. There
were concerns about data privacy as people's data were collected for monitoring and to make predictions. More investigation
should be made to develop better methods to respect users' privacy while solving the public health issue. Addressing
interoperability was difficult because there was no consistency in the format used across the different healthcare systems.
Future pandemic response depends on cooperative endeavors to establish constants in data formats and modes of
communication among healthcare providers.

Finally, the information received through the experiment unambiguously proves the significance of applying real-time big data
analysis in developing measures to combat a pandemic. It is whereby big data technological methods help in the accurate
measurement, calculations, and distribution of resources in managing diseases such as the coronavirus. The results reinforce
the need to strengthen data assets and work on building up other forms of sophisticated analytical capacities to buffer against
future pandemics in healthcare.

Case study III: Terrorist Attacks: Boston Marathon Bombing

An application of the big data approaches to emergent situations during terrorist attacks can be illustrated with the case of the
Boston Marathon bombing. Nevertheless, combining these approaches imposed various problems, including the time-
consuming perusing of data and the lack of real-time situational awareness. Some traditional techniques like basic searching
involved supplies of copious amounts of disconnected data collections and time-consuming means of analysis. Rather, the
post-big data highlights a new era in data gathering, analysis, and usage. Real-time big data analytics of various sources of
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information enabled law enforcement agencies to collect and analyze humongous data concurrently. Sophisticated algorithms
and machine learning combinations were used to automatically detect the suspects' patterns and possible future actions.
Implementing big data techniques has significantly reduced data processing and analysis time, leading to a 60-70%
improvement in the time taken for situational awareness and response actions. This enhanced data analysis capability has
streamlined the suspect identification process and subsequent arrest, slashing the overall time between an attack and
neutralization by about 40%. This reduction in response time is a testament to the effectiveness of big data in law
enforcement. The increased cooperation facilitated by large data networks has significantly reduced operational issues,
eliminated overlapping, and reinforced operational integration. This collaborative approach has led to prompt responses that
may have saved lives and properties from further destruction, underscoring the protective value of big data analytics in
combating terrorism. Some privacy concerns were brought out since the adoption of surveillance and social media monitoring
impacted civil liberties and data privacy. The case also points to the fact that it is crucial to continue the dialogue between the
sellers of the technologies, the police, and patrons of human rights to embrace the use of big data analytics for better function
without necessarily infringing on people's fundamental freedoms.

3.4 Evaluation Metrics

Real-time big data analytics (RTBDA) has the potential to transform national emergency response platforms in terms of
activity speed, precision, and resource use. The design of RTBDA is to collect and analyze huge amounts of data from different
sources in real-time in order to identify new emerging threats. Specific measures for RTBDA systems are response time, data
completeness, geographic reach, decision-making assistance, resource consumption, and data incorporation. Hence, the
critical issues when comparing RTBDA systems must include the quality of data in the system, integration between RTBDA
systems, scalability, user education and training, data privacy, security, and legal compliance. Potential recommendations for
future works include identifying clear performance measures for a measure of RTBDA systems and investigating ways to
improve the systems' performance and flexibility. By handling these issues, the emergency response systems can use RTBDA,
cope well with emergencies, and protect lives.

4. RESULTS
4.1 Data Presentation

Table 1:

Challenges Impact Level (1-10)

Data Volume

Data Velocity
Data Variety

Data Veracity

Scalability

Data Integration

Real-Time Processing

Security and Privacy Concerns

Infrastructure Costs

Interoperability
Skill Gaps
System Reliability

QN[NNI (V[0 | O |IN |0 || |©

Compliance with Regulations
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Challenges: Lists the common challenges faced in real-time big data analytics for national emergency response.

Impact Level (1-10): Quantifies the severity or impact of each challenge on a scale from 1 (low impact) to 10 (high impact).

Impact Level of Challenges in Real-Time Big Data
Analytics for National Emergency Response

Data Volume
Data Velocity
Data Variety

Data Veracity
Scalability

Diata Integration
Feal-Time
Processing

Challenges

Infrastructure Costs
Interoperability
Skill Gaps

System Reliability
Compliance with
Requlations

Challenge impact Level (1-10)

Graph 1: Showing Impact Level of challenges in Real-Time Big Data Analytics for National Emergency Response

Table 2: Comparing experimental data metrics before and after implementing big data techniques.

Metric Implementation After Big Data | Improvement
Implementation

Data Ingestion Speed 10 minutes per dataset 30 seconds per dataset +80% faster

Data Processing Time 2 hours per dataset 10 minutes per dataset +83% faster

Accuracy of Predictions | 65% accuracy 85% accuracy +20% improvement

Real-Time Analysis No real-time analysis Real-time analysis Enabled real-time

Capability available available

Volume of Data 10 TB per month 100 TB per month +900% increase

Processed

Integration of Data 3 sources integrated 15 sources integrated +400% increase

Sources
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Resource Allocation 50% of resources 80% of resources +30% improvement
Efficiency allocated optimally allocated optimally
Response Time to 2 hours 15 minutes -87.5% reduction
Emergencies
Visualization and 4 hours to generate 30 minutes to generate +87.5% faster
Reporting Speed reports reports
Error Rate in Data 10% 2% -80% reduction
Analysis
Collaboration Among Limited collaboration Enhanced collaboration | Improved interaction
Agencies

Data Ingestion Speed: Measures how quickly data from various sources is ingested into the system.

Data Processing Time: Indicates the time required to process and analyze data.

Accuracy of Predictions: Reflects the precision of predictive models before and after big data analytics.
Real-Time Analysis Capability: Whether the system can provide real-time insights and updates.

Volume of Data Processed: The amount of data the system handles, showing the scalability of big data solutions.
Integration of Data Sources: The number of data sources integrated into the analytics system.

Resource Allocation Efficiency: The effectiveness in directing resources to areas with the highest need.
Response Time to Emergencies: The time taken to respond to emergencies.

Visualization and Reporting Speed: The speed at which data visualizations and reports are generated.

Error Rate in Data Analysis: The frequency of data analysis and processing errors.

Collaboration Among Agencies: The level of coordination and collaboration between different agencies involved in
emergency response
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Graph 2: Performance metrics before and after Big Data Implementation
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4.2 Findings

Table 1 lists all the challenges associated with real-time big data analysis for national emergency response, with each
challenge's impact level ranging from 1 to 10. Some of the high-impact challenges are data volume and processing in real-time,
which is a clear topper for emergency response systems. Data velocity, scalability, security, and privacy are other issues that
need to be addressed urgently and have a high degree of impact. Data variety, integration, interoperability, and system
reliability have moderate but important levels of impact. Data validity is not a big problem; However, the costs of
infrastructure are genuinely crucial, and the procedures should be complied with—yet they are not the most critical factor to
be dealt with, though they should be managed properly; they are less likely to disrupt systems or procedures requiring high-
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speed data processing or other time-sensitive activities. One of the low-impact but still significant challenges is the skill gap,
which means there are not enough well-trained employees to oversee and analyze big data in real time. Despite these
challenges, they are considered less essential than the other challenges, maybe because of the capabilities of the existing
workforce or a somehow diminished organizational importance of workforce development. The average impact level for all
challenges is 7.08 out of 10, which means that all the challenges are regarded as critical in the organization. The mode and
median impact levels are 7, indicating that most threats are in the moderate-to-high impact category. The impact levels vary
from 5 to 9, which shows that though there can be extreme differences in the importance of these problems, none can be
regarded as inconsequential.

From Table 2, the use of big data technologies enhanced the performance of metrics, indicating that the data ingestion rate
was cut down from 10 minutes for each dataset to 30 seconds. As indicated in the above table, the time taken to process data
was also reduced from 2 hours to 10 minutes per data set. The accuracy of such predictions rose from 65 percent to 85 percent
while real-time analysis was made possible. The rate of processed data was increased from 10 TB to 100 TB per month, and
data integration and data analysis were enhanced. From the previous 50% to 80% for the resource allocation efficiency and
from 2 hours to 15 minutes for the response time of emergencies. The time taken to visualize and report this job was reduced
by a third, from 4 hours to 30 minutes, and the errors identified in data analysis were also reduced by half, from 10% to 2%.

4.3 Case Study Outcomes

Case study I: The RTBDA usage was detected when Hurricane Harvey soaked the US state of Texas in August 2017. It would
prove useful to explore specifically how the September disaster brought into sharp focus both the advantages and concerns
related to RTBDA in the manifestation of Hurricane Ike. RTBDA was instrumental in improving situational awareness, which
helped NOAA create flood maps in real-time to aid rescue operations, decision-making, and resource management. Social
media post aggregators such as HarveyTracker facilitated the review of immediate requirements, resulting in improved
efficiency in terms of asset allocation. Challenges experienced during Hurricane Harvey include, for instance, data intensity,
which means that appropriate tools for managing so much data have to be put in place. This resulted in system performance
problems, information overload, and data accuracy. Such checks were required to warrant the credibility of 'as-it-happens’
information and compare it to the information received from official sources and high-accuracy data from the respective areas.
Data quality assurance was also an issue, particularly with preparing data from the new sources; however, the data quality
was ensured through validation and using only trusted data sources. However, it was observed that RTBDA was quite
successful when dealing with Hurricane Harvey incidents, and most importantly, it brought out the difference in the response
time and interconnection between the agencies and the responder. Future disasters should target enhancing data governance
strategies, enhancing data verification processes, and building the capacity of the responders and analysts in RTBDA tools and
procedures.

Case study II: Currently, real-time big data analytics was evidenced by the pandemic, especially in containing the spread of
COVID-19. These were achieved through healthcare monitoring and modeling infections, efficient and effective vaccine
management, and policy strategy advances. However, some problems were highlighted, such as the privacy problem resulting
from using personal data in tracking and modeling and compatibility issues affecting data. The questions that have been left
unanswered in the study include protection and handling of sensitive information, notification and privacy, and issues of
interoperability in order to enhance future responses. Due to this, there is a need to address these challenges to enable real-
time data to be used in crisis management effectively and efficiently. In summary, real-time big data analytics has been
effective in managing crises.

Case study III: The Boston Marathon bombing in 2013 highlighted the importance of real-time big data analytics in improving
security measures and emergency response during terrorist attacks. Law enforcement effectively used surveillance data from
cameras to track suspect movements, identifying and locating perpetrators quickly. Social media played a crucial role in
gathering tips and providing real-time updates. Effective coordination among agencies was essential, with sharing data from
various sources like cell phone records and surveillance footage facilitating a comprehensive response. However, concerns
about data privacy and civil liberties arose due to extensive surveillance and data collection, prompting discussions about the
balance between security and individual rights.
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4.4 Comparative Analysis

Real-time big data analytics is essential for enhancing National Emergency systems because it deals with large quantities of
data relatively quickly. Nevertheless, a few technical issues need to be resolved to maximize the effectiveness of real-time
analytics. Data fusion and integration, therefore, form one of the key technical challenges, as well as compatibility and
computation, privacy and security, reliability and correctness, and scalability and latency. Coordination, a consistent
perspective of the status of the emergency, compatibility, and the possibility of performing calculations competitively are the
main challenges of data fusion. Protecting information, data, and business integrity requires protecting privacy and security.
Precision is important, and it cannot afford to produce any wrong results. This calls for the orientation of systems to reduce
the errors that may be made. Other performance parameters include scalability and latency, and while most digital
communication has adopted software-based solutions, some tactical systems, such as the Disaster Emergency Communication
Network (DECN), adopt hardware processing to enhance the processing time even though their other parameters may not be
optimally flexible. Addressing these challenges requires focusing on solutions and strategies such as improved data integration
architectures, edge computing, enhanced security measures, and effective data validation and filtering. Recognizing the critical
role of real-time analytics, nations should prioritize using scalable platforms, robust data integration, stringent security, and
thorough validation of existing and new methods.

5 Discussion
5.1 Interpretation of Results

This research presents an analysis that shows that real-time big data analytics for national emergency response is challenging.
Technical issues range from high impact to high significance, with data volume and processing on one side and data velocity,
scalability, security, and privacy on the other. The moderate impact categories include data variety, data integration, data
interoperability, and system dependability. Other minor concerns are the validity of data and the overall cost of infrastructure
to support the procedures, respectively compliance procedures. These are considered a lower impact factor, such as an
inadequate workforce, and could be attributed to lower priorities of workforce skills. The average mean of challenges is 7.08,
with most having a moderate-to-high impact. Despite the variations in intensity, all the differences cannot be regarded as
negligible.

Incorporating Big Data technologies has enhanced many parameters as the data ingestion rates per dataset have been reduced
to 30 seconds from 10 minutes earlier and processing times from two hours to ten minutes per dataset. To be more precise, it
stands at a remarkable 83% and helps increase the tempo of work procedures and speeds up decision-making in data-
orientated settings. They also found that a 65% to 85% higher predictive accuracy was achieved, indicating the improvement
of Big Data's analytical skills. The potential for real-time analysis enabled one to act immediately within particular applications
that required timeliness. They increased the amount of processed data per month from 10 TB to 100 TB, indicating the
scalability of the introduced Big Data environment. Lastly, the resource allocation efficiency was raised from 50% to 80 %,
designating cost-cutting and enhanced operation efficiencies. Response times were reduced from two to a quarter an hour - an
efficient increase. Visualization and reporting time was reduced from 4 hours to 30 minutes, which reduced the time to get
insights to decision-makers. The analysis of data predetermined the decrease of the error rate of 10% to 2%, which showcased
the improvement to be 80 percent.

5.2 Practical Implications

In the context of the unfolded analysis of the discussed challenges of real-time big data analytics in national emergency
response systems, it is necessary to state that the table highlights the following practical implications. It entails focusing on
key areas such as volume, real-time processing, and scalability of emerging architectures, improving the security of
information in the system, and improving the system's capabilities. It also underlines a target on data heterogeneity and
fusion, refining the interconnectivity of the systems and handling moderate and low-risk tasks, including data integrity and
infrastructure cost. It also focuses on maintaining regulatory compliance and the absence of skills with the help of the
specialists' training and practice. The strategic planning and investment approach relates to the division of resources
according to the impact levels of each, which has to allocate resources to improve emergency response efficiency, and allocates
resources to address challenges that impact the efficiency of emergency responses. Therefore, a long-term planning strategy
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should focus on both the state of technology and the state of the workforce to better develop and enhance its ability to perform
real-time big data analysis. By dealing with these implications, organizations get the opportunity to elevate the level of
effectiveness in reaction to emergencies, optimize the decision-making process based on real-time big data analysis, and
improve the performance characteristics of the systems involved.

5.3 Challenges and Limitations

Big data analysis for enhancing a nation's emergency response system follows dire challenges that arise from data volume and
velocity, data integration and data quality and reliability, privacy and security, scalability and system load, compatibility and
heterogeneity, latency and processing time, decision complexity, and constricting resources and expertise. Handling large
volumes of data and data recurring at high velocities can prove cumbersome to the existing systems as it leads to a data
bottleneck. Data integration involves complicated data from various origins, compatibility, ties in format, and standards. Data
quality and reliability are sometimes inconsistent, missing, or even wrong, hence giving and making wrong analyses and
decisions. Several risks are inherent in handling personal and sensitive information, such as vulnerabilities that can cause
potential data breaches. Others are scalability and system load; these systems must cater to large emergency traffic. Another
problem area is communications integration since agencies and systems may employ different technologies that hinder direct
information exchange and cooperation. Speed is another issue because, in cases where real-time data is processed, quick
computation and algorithms are called for, and due to latency, such actions and responses might be slowed down or less
effective. One of the main difficulties is the complexity of decision-making: analyzing a tremendous amount of input data may
result in an overlook or decision paralysis. Cost is one of the issues that influence resource allocation for developing and
maintaining developing and maintaining these analytics systems. Lack of training can lead to inefficiency in using analytics
systems and negatively impact emergency preparedness.

5.4 Recommendations

The following are recommended for the efficient use of real-time big data analysis in the national emergency response
systems; some of these are building up of better data structures, data integration and compatibility, utilization of analytics and
machine learning, leveraging real-time data processing and visualization technologies, data protection and privacy, promotion
of multi-disciplinary collaboration and training, use of tests and simulations, utilization of more elastic and scalable model,
involvement of private industries and academia, feedback mechanisms and building dependable data repositories. Some of the
best practices are purchasing reliable computational systems, storage systems, and networks that can accommodate
throughputs from data streams. Standardizing data formats and communication protocols are the primary ways to enhance
data integration and compatibility. Sophisticated mathematical and statistical methods and machine learning can help identify
patterns and trends in large data sets, which help in better decision-making and detecting threats. Technologies utilized to
meet the requirements of real-time information processing and analytical treatment can hellish a dynamic picture of the
situation and enable the exchange of information and data between applications and systems. Security updates, data privacy
acts, and their updates are more of the checks. Lastly, it is imperative to emphasize the need for institutional and personnel
collaboration and training. This is essential for improving interoperability among the concerned agencies, organizations, and
stakeholders. Such strategies will significantly enhance emergency response operations, making them more effective,
responsive, and less vulnerable.

6. Conclusion
6.1 Summary of Key Points

Real-time big data analytics is important in maintaining readiness for a country's emergency and quick reaction to events
unfolding in a country. It enhances organizational decision-making and functioning by providing the capability to process
various data and obtain instant analyses of the scope of disasters. Some of the uses are to predict weather conditions,
earthquakes, and floods and use them in combating natural disasters, tracking down infection rates, patient information, and
movements to contain epidemic diseases, and making observations and behaviors for counterterrorism. At the same time, RT
big data analytics has several limitations, including data integration, data privacy and security, scalability and structures, and
real-time analytic difficulty. Some of the solutions for preparedness and response include analytics, information sharing across
agencies, cloud technologies, and communication technologies, according to H. Harvey and the COVID-19 Case. A new
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analytical tool uses machine learning and Al to improve data understanding and predictive analysis. Integrating several
agencies allows for better organization of data sharing between the agencies that participate in emergency actions. Cloud
solutions can efficiently process large amounts of information, as cloud infrastructure is scalable. Communication systems
enhance dependable and swift methods of passing information to the responders and the public. Thus, real-time big data
analysis is a significant factor that supports enhancing nationwide emergency responses, dealing with the issues, and
increasing performance and productivity in emergencies.

6.2 Future Directions

1. Integration with IoT (Internet of Things) and Sensor Networks: The further growth of IoT and sensor networks will allow
for better monitoring of environmental conditions, population migration, and structures' conditions in real-time and with a
higher level of detail. Future systems will incorporate this data in emergencies to improve awareness levels and predictability
factors.

2. Advanced Predictive Analytics and Machine Learning: Applying complex machine learning technologies will enhance
disaster prediction and threat identification models. This includes improving the accuracy of forecasting models for various
reduced impacts of natural disasters and making real-time resource allocation decisions.

3. Enhanced Data Fusion and Integration: Future systems will pay more attention to integrating various forms of data,
including social media, satellite imagery, and other health records. This will also allow for a better assessment of different
emergencies, allowing for faster and more efficient decision-making.

4. Real-Time Communication and Coordination Platforms: Enhancement of communication systems that use big data will
advance cooperation between different agencies, emphasizing disaster response. These platforms will allow for the simple
dissemination of real-time information, so there is one voice and one move.

5. Scalable and Resilient Infrastructure: The challenge of the large number of data processed in crisis settings will require a
robust and scalable analytics infrastructure. This will be a rich area of future systems since future systems will be cloud-based
and use edge computing to ensure that data processing is done faster and more efficiently, even at high workloads.
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