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1|Introduction    

Smart cities leverage Information and Communication Technologies (ICT) to improve urban services and 

sustainability. By integrating technologies like IoT, big data analytics, AI, and cloud computing, smart cities 

optimize resource use, enhance citizen services, and promote sustainable development. Smart city initiatives 

are being implemented as cities face urbanization challenges to create more efficient, resilient, and 

environmentally friendly urban environments. [1], [2]. 

Disaster response systems are crucial infrastructures designed to mitigate the impact of disasters. They involve 

coordinated efforts to save lives, minimize damage, and restore normalcy. Key components include early 

warning systems, emergency communication networks, search and rescue teams, medical services, logistics, 

infrastructure repair, and community engagement. Challenges include interoperability, resource allocation, 

technology integration, and climate change adaptation. By addressing these challenges and leveraging 
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  advanced technologies, disaster response systems can become more effective in building resilient 

communities [3]. 

Fog computing and AI are revolutionizing disaster response by enabling real-time data processing and 

intelligent decision-making at the network's edge. By deploying computing resources closer to data sources, 

fog computing reduces latency and bandwidth consumption, allowing for rapid sensor data analysis, video 

feeds, and other information. AI algorithms like Machine Learning (ML) and Deep Learning (DL) can analyze 

this data to detect patterns, predict potential risks, and trigger automated responses. This collaborative 

approach enhances situational awareness, optimizes resource allocation, and facilitates timely and effective 

interventions, ultimately saving lives and minimizing damage [4]. 

Fig. 1. FOG computing architecture. 

 

2|Background on Fog Computing and AI 

2.1|Fog Computing: Definition and Importance 

Fog computing is a distributed computing architecture that extends cloud computing capabilities closer to 

the physical devices that generate and act on data. Traditional cloud computing sends data from IoT devices 

to a central cloud for processing. However, this can lead to significant delays, especially in applications that 

require real-time decision-making. Fog computing solves this problem by processing data at the network's 

edge, closer to where it is generated, reducing latency and improving response times [5]. 

The importance of fog computing becomes evident when considering the large volumes of data generated by 

smart city applications. In disaster response scenarios, this data needs to be processed quickly and locally to 

provide timely and accurate insights for decision-making. Fog computing allows for more efficient bandwidth 

use, reduces the burden on central cloud systems, and enables real-time analytics at the network's edge, which 

is crucial during emergencies [6]. 

2.2|Advantages of Fog Computing over Cloud Computing  

While cloud computing has revolutionized data storage and processing, it has limitations regarding latency-

sensitive applications. The key advantages of fog computing over cloud computing for disaster response 

include: 

 



 Grover |Risk Assess. Manage. Decis. 1(2) (2024) 267-276 

 

269

 

  Table 1. Advantages of fog computing over cloud computing.  

 

 

 

 

 

 

 

 

 

2.3|Basics of Artificial Intelligence in Smart System  

Artificial Intelligence (AI) refers to the ability of machines and systems to perform tasks that typically require 

human intelligence, such as problem-solving, learning, and decision-making. In smart cities, AI is pivotal in 

automating processes, analyzing large datasets, and optimizing system performance [7]. 

For disaster response, AI can be used to: 

Predict disasters: ML models can be trained on historical data to predict the likelihood of natural disasters 

such as floods, earthquakes, and fires. 

Analyse real-time data: AI can process vast amounts of data from sensors, social media, and other sources to 

detect anomalies, assess damage, and guide response efforts. 

Autonomous decision making: in situations where human decision-making is too slow or impractical, AI 

algorithms can take over, deploying resources, activating alarms, or providing evacuation recommendations. 

3|Disester Response in Smart City 

3.1|Defining Smart City and Their Requirement  

A smart city is an urban area that leverages technology to improve infrastructure, increase efficiency, and 

enhance the quality of life for its inhabitants. Smart cities rely on interconnected devices, known as the 

Internet of Things (IoT), to collect and share data in real-time. This data is used to optimize traffic 

management, energy consumption, and public safety. Table 3 outlines the requirements for a city to respond 

effectively to disasters [8]. 

Table 2. Key functional requirements for effective disaster response systems in smart cities. 

 

 

 

 

Parameter Cloud Computing Fog Computing 

Latency High Low 
Response time of the 
system 

Low High 

Architecture Centralized Distributed 
Communication with 
devices 

From a distance via the Internet, Multiple hops Directly from the edge via Various 
protocols and standards, One hop 

Data processing Far from the source of information in long-term 
time 

Close to the source of information 
in short-term time 

Computing capabilities Higher (Cloud Computing does not provide any 
reduction in data while sending or transforming 
data) 

Lower (Fog Computing reduces 
the amount of data sent to Cloud 
computing.) 

Server nodes Few nodes with scalable storage and computing 
power 

Very large nodes with limited 
storage and computing power 

Security Less secure, Undefined More secure, Can be defined 
Working environment Warehouse-size building with air conditioning 

systems 
Outdoor (e.g., Streets, gardens) or 
indoor (e.g., Restaurants) 

Location of server 
nodes 

Within the Internet At the edge of the local network 

Function Description 

Monitor Monitor the environment for warning signs of disasters using 
sensors, cameras, and other IoT devices. 

Analyse Process data in real-time to understand the nature and extent of 
the disaster. 

Respond Automatically deploy resources, send alerts, and coordinate 
emergency services. 
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  Table 2. Continued. 

 

 

 

 

 

 

 

3.2|Real-Time Monitoring System for Smart City 

Real-time monitoring systems are a cornerstone of smart cities, enabling efficient management and 

optimization of urban resources. 

These systems utilize a network of sensors, IoT devices, and advanced analytics to collect and process data 

on various parameters such as traffic flow, air quality, energy consumption, and public safety. By providing 

real-time insights, these systems empower city authorities to make informed decisions, respond promptly to 

emergencies, and improve citizens' overall quality of life. For instance, real-time traffic monitoring can 

optimize traffic flow, reduce congestion, and minimize commute times. Similarly, air quality monitoring can 

help identify pollution hotspots and implement measures to improve air quality. 

3.3|Chalanges Faced in Disaster Response  

Despite technological advancements, smart cities face several challenges in implementing disaster response 

systems effectively. The following table outlines key challenges that hinder rapid and efficient disaster 

management:  

Table 3. Key challenges in implementing disaster response systems in smart cities. 

 

 

 

 

  

 

  

4|Fog Computing in Disaster Response  

4.1|Edge Computing vs. Fog Computing for Disaster Response  

Edge and Fog Computing are emerging paradigms offering distinct disaster response advantages. Edge 

Computing focuses on processing data at the device level, enabling real-time decision-making and rapid 

response to critical situations. For instance, in a wildfire scenario, edge devices deployed in affected areas can 

process sensor data locally to detect hotspots and trigger early warnings, as discussed in edge computing for 

disaster response: a survey [9]. 

Fog Computing, on the other hand, creates an intermediate layer of data processing at network edges, 

providing enhanced scalability and security. It can aggregate and analyze data from multiple sources, such as 

Function Description 

Communicate Establish reliable communication channels among emergency 
responders, government agencies, and the public. 

Coordinate Integrate and manage multiple agencies (police, fire, medical, and 
public works) for a unified response. 

Evaluate Assess the effectiveness of the response post-disaster to improve 
future response plans. 

Recover Implement recovery plans to restore essential services and 
infrastructure after the disaster. 

Challenge Description 

Data Overload The vast amount of data IoT devices generate complicates real-time 
processing and analysis. 

Latency Traditional cloud-based systems may face data transmission and 
processing delays, which can be critical in emergencies. 

Resource Allocation High demand for emergency services during disasters can exceed resource 
availability, making efficient allocation challenging. 

Coordination Effective response requires seamless coordination among government 
agencies, emergency services, and the public, which is difficult to achieve. 

Infrastructure Damage Disasters can damage essential infrastructure, such as power lines and 
communication networks, limiting response capabilities. 
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  drones and IoT devices, to comprehensively understand the disaster. This information can then be used to 

optimize resource allocation and coordinate relief efforts, as explored in fog computing for disaster 

management: a survey [10]. 

Both Edge and Fog Computing offer significant potential for improving disaster response. However, their 

optimal application depends on the specific requirements of the disaster scenario. A hybrid approach that 

leverages the strengths of both paradigms can provide a more robust and effective solution.  

 

 

 

 

 

 

 

 

 

Fig. 2. Three-layer architecture of fog computing. 

 

4.2|Low Latency and Real-Time Data Processing  

Edge and Fog computing are crucial for low-latency, real-time data processing in disaster response. Edge 

devices process data locally, enabling rapid response to critical situations like wildfires. Fog computing 

provides an intermediate layer for complex data analysis and aggregation, optimizing resource allocation and 

coordination. Time-series databases, stream processing engines, ML, and network optimization are key 

technologies that enhance the efficiency and effectiveness of these systems. By leveraging these technologies, 

disaster response systems can become more agile, responsive, and capable of saving lives and mitigating 

damage. 

4.3|Case Studies of Fog Computing in Disaster Response System  

While large-scale, real-world deployments of fog computing for disaster response are still emerging, research 

and prototypes demonstrate its potential. For example, researchers have proposed fog-based systems for 

indoor disaster management, using IoT devices to monitor environmental conditions and trigger real-time 

alerts. Additionally, fog computing has been explored for outdoor disaster response, such as wildfire detection 

and flood monitoring. By processing sensor data at the edge, these systems can quickly identify critical 

situations and dispatch emergency services promptly. 

Fog computing can also be integrated with social media platforms to analyze real-time user-generated content 

and identify potential disaster areas. By leveraging natural language processing and ML techniques, these 

systems can extract valuable information from social media posts and provide actionable insights to 

emergency responders. 
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  5|AI in Disaster Response  

5.1|Role of Machine Learning and Deep Learning in Predicting Disaster  

ML and DL are revolutionizing disaster prediction by enabling more accurate and timely forecasts. These 

techniques analyze vast amounts of historical data, including meteorological, geophysical, and social media, 

to identify patterns and trends indicating impending disasters. 

Key applications of ML and DL in disaster prediction include: 

Earthquake prediction: ML algorithms can analyze seismic data to identify precursors and predict the 

likelihood and intensity of earthquakes. 

Flood prediction: ML models can forecast flood risks and issue timely warnings by analyzing rainfall patterns, 

river flow data, and soil moisture. 

Wildfire prediction: ML algorithms can predict the spread of wildfires by considering factors like wind speed, 

humidity, and fuel moisture content. 

Hurricane tracking: DL models can analyze satellite imagery and weather data to track hurricane formation, 

intensity, and path. 

Tsunami warning systems: ML algorithms can process real-time data from seismic sensors and tide gauges to 

detect tsunamis and issue early warnings. 

By leveraging the power of ML and DL, we can significantly improve our ability to predict and prepare for 

disasters, saving lives and minimizing damage. [9] 

5.1|AI for Real-Time Decision Making in Crisis Situations  

Artificial Intelligence (AI) is revolutionizing real-time decision-making in crises. By processing vast amounts 

of data from various sources, AI can provide valuable insights, predictions, and recommendations to aid 

decision-makers in making informed and timely decisions. 

Key applications of AI in crisis decision-making include: 

Real-time situational awareness: AI can analyze data from sensors, social media, and other sources to provide 

a comprehensive understanding of the crisis, including its scope, severity, and potential impacts. 

Predictive analytics: AI algorithms can forecast the potential trajectory of a crisis, allowing decision-makers 

to anticipate future developments and take proactive measures. 

Resource optimization: AI can optimize the allocation of resources, such as personnel, equipment, and 

supplies, to maximize their impact and minimize waste. 

Automated response: AI-powered systems can automate routine tasks, such as issuing alerts, dispatching 

emergency services, and coordinating relief efforts, freeing human resources to focus on more complex 

decision-making. 

Ethical decision-making: AI can help identify ethical considerations and potential biases, ensuring fair and 

equitable decisions. 

By leveraging the power of AI, organizations can improve their response to crises, mitigate risks, and save 

lives. [10] 

5.3|Application of AI in Disaster Response  

The following table outlines various AI applications that enhance disaster response capabilities, from early 

warning systems to resource allocation and crisis communication, enabling faster and more effective disaster 

management. 
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  Table 4. AI-driven applications for enhanced disaster response and management. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6|Integration of Fog Computing and AI 

6.1|Synergy Between Fog Computing and AI 

The synergy between Fog Computing and AI offers a powerful combination for disaster response. By 

processing data closer to the source, Fog computing reduces latency and enables real-time decision-making. 

Conversely, AI provides the intelligence to analyze this data, identify patterns, and make predictions. This 

combination allows for rapid response to critical situations like wildfires or floods. For example, AI-powered 

algorithms can analyze sensor data processed by fog devices to detect anomalies and trigger early warnings. 

Additionally, AI can optimize resource allocation and coordinate relief efforts, making disaster response more 

efficient and effective. Integrating Fog Computing and AI is crucial for building resilient and intelligent 

disaster response systems [11]. 

Category Application Description 

Early Warning Systems Earthquake 
Prediction 

AI algorithms analyze seismic data to 
predict earthquake likelihood and 
intensity, enabling early warnings and 
evacuations. 

 Flood Forecasting AI models analyze rainfall patterns, river 
levels, and soil moisture to predict flood 
risks, providing timely alerts and 
preventive measures. 

 Wildfire Detection 
and Prediction 

Using satellite imagery and sensor data, 
AI-powered systems detect wildfires early 
and predict spread to enable rapid 
response. 

Search and Rescue 
Operations 

Drone-Based Search 
and Rescue 

AI-equipped drones navigate disaster 
areas, locate survivors, and deliver 
essential supplies. 

 Robot-Assisted 
Search and Rescue 

AI-powered robots access dangerous areas 
and assist in search and rescue operations. 

Damage Assessment Satellite Imagery 
Analysis 

AI analyses satellite images to assess 
damage to infrastructure and buildings. 

 Drone-Based 
Damage Assessment 

Drones with AI capture high-resolution 
images and videos of damaged areas, 
aiding in damage assessment and resource 
allocation. 

Resource Allocation 
and Logistics 

Optimized Resource 
Allocation 

AI optimizes allocating resources like 
personnel, equipment, and supplies to 
maximize impact. 

 Efficient Logistics AI optimizes transportation routes and 
schedules to ensure the timely delivery of 
aid and supplies. 

Crisis Communication 
and Information 
Dissemination 

Social Media 
Monitoring 

AI analyses social media data to identify 
emerging needs and concerns, 
disseminating accurate information to 
affected populations. 

 Language 
Translation 

AI-powered language translation tools 
facilitate communication between people 
from different language backgrounds. 
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  6.2|Efficent Data Processing for Disaster Response  

Efficient data processing is crucial for effective disaster response. By processing data rapidly and accurately, 

authorities can make timely decisions and allocate resources efficiently. Fog computing is vital in enabling 

real-time data processing at the network edge. By offloading computational tasks from the cloud to the 

network edge, fog computing reduces latency and improves system responsiveness. AI and ML techniques 

can also be integrated with fog computing to analyze data, identify patterns, and make predictions. For 

example, AI-powered algorithms can analyze sensor data processed by fog devices to detect anomalies and 

trigger early warnings. By combining the power of fog computing and AI, we can achieve efficient and 

effective data processing for disaster response. 

6.3|Smart City and IoT System in Smart Cities  

Fog computing and AI enhance the functionality of smart sensors and IoT systems in smart cities. Smart 

sensors continuously collect data about the environment, and fog nodes process this data in real time. AI 

models analyze the processed data to identify potential threats and trigger appropriate responses. For instance:    

Air quality sensors: in case of industrial accidents or chemical spills, smart air quality sensors can detect 

hazardous gases. Fog nodes process the sensor data, and AI systems evaluate the risk, alerting residents and 

emergency services to take action.    

Seismic sensors: fog nodes connected to seismic sensors can detect early signs of earthquakes, allowing AI to 

predict the intensity and impact of the quake. This enables city authorities to issue warnings and coordinate 

evacuations in real-time. 

By combining the power of fog computing and AI, smart cities can become more resilient and responsive to 

disasters. 

7|Challenges and Limitations  

7.1|Technical and Ethical Challenges in Implementing Fog Computing and AI 

Implementing Fog Computing and AI in disaster response presents several technical and ethical challenges. 

Technically, ensuring seamless communication between diverse devices, managing resource allocation 

efficiently, and maintaining data security and privacy are significant hurdles. Ethically, issues like algorithmic 

bias, data privacy, and the potential to misuse AI-powered systems must be carefully addressed. Developing 

robust frameworks and guidelines to mitigate these challenges and ensure these technologies' responsible and 

ethical deployment is crucial. 

7.2|Infrastructure Limitations in Developing Cities 

Developing cities often face infrastructure limitations that hinder the effective implementation of fog 

computing and AI for disaster response. Inadequate network connectivity, limited power supply, and lack of 

digital infrastructure can impede the deployment and operation of these technologies. Moreover, the absence 

of a skilled workforce and regulatory frameworks can further delay the adoption of these solutions. These 

challenges necessitate innovative approaches, such as leveraging alternative energy sources, utilizing low-

power devices, and collaborating with local communities to overcome these limitations and ensure the 

successful integration of fog computing and AI in disaster response systems. 

Lack of internet connectivity: many cities in developing countries do not have reliable high-speed internet, 

essential for communicating between IoT devices, fog nodes, and cloud systems. 

Power supply: power outages are common in disaster scenarios. F fog computing and AI systems may be 

ineffective without a robust and resilient power grid. 
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  Cost of implementation: the initial cost of setting up smart city systems, including IoT devices, fog nodes, 

and AI infrastructure, can be prohibitively high for many cities with limited budgets. 

8|Future Direction  

8.1|Innovation in Fog Computing and AI 

Fog computing and AI are continuously evolving, leading to innovative solutions for disaster response. 

Advancements in sensor technology, edge computing hardware, and AI algorithms drive the development of 

more sophisticated and efficient systems. For instance, integrating AI with fog computing enables real-time 

sensor data analysis, leading to more accurate predictions and faster response times. Additionally, ML and 

DL techniques can enhance the ability of AI systems to detect patterns, anomalies, and trends in large datasets. 

As technology advances, we can expect to see even more innovative fog computing and AI applications in 

disaster response. 

8.2|Predictions for the Future of Smart City Disaster Management 

The future of smart city disaster management is poised for significant advancements due to the integration 

of fog computing and AI. As technology evolves, we expect more sophisticated systems to predict, prevent, 

and respond to disasters more effectively. Some key predictions include: 

Enhanced predictive capabilities: AI-powered systems will become increasingly adept at analyzing vast 

amounts of data to predict disasters more accurately. This will enable early warning systems to provide timely 

alerts, allowing for proactive measures to be taken. 

Real-time monitoring and response: fog computing will enable real-time monitoring of critical infrastructure, 

such as power grids, water systems, and transportation networks. AI-powered systems can analyze this data 

to identify potential risks and trigger automated responses. 

Autonomous disaster response: AI-powered drones and robots will play a more significant role in disaster 

response, performing tasks such as search and rescue, damage assessment, and supply delivery. 

Community-centric disaster management: AI can analyze social media data to identify emerging needs and 

concerns of communities affected by disasters. This information can be used to tailor relief efforts and 

provide targeted assistance. 

9|Conclusion  

Incorporating AI and fog computing into real-time disaster response systems is revolutionary for smart cities. 

By utilizing these technologies, cities may improve resident protection, increase their resilience to natural 

catastrophes, and lessen the harm caused by unplanned events. AI improves the predictive power and 

operational effectiveness of disaster response activities, while fog computing ensures that data is processed 

locally and rapidly, allowing for real-time decision-making. 

The advantages of fog computing and AI greatly exceed the disadvantages, notwithstanding obstacles like 

infrastructural constraints and data privacy issues. As these technologies develop, they will become 

increasingly crucial in guaranteeing the security and welfare of urban dwellers worldwide. With ongoing 

advancements poised to revolutionize how cities anticipate and handle crises, the future of disaster response 

in smart cities appears bright. 
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