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Abstract 

The increasing complexity, interdependence, and unpredictability of hazards have created a growing 

need for advanced technologies to strengthen disaster risk reduction and management. This article 

reviews the applications of Artificial Intelligence (AI) and Machine Learning (ML) across the 

disaster-management cycle, including hazard forecasting, early warning, preparedness, emergency 

response, damage assessment, and recovery. It examines the use of neural networks, support vector 

machines, random forests, ensemble techniques, convolutional neural networks, and other deep-

learning approaches in flood forecasting, landslide susceptibility and warning, wildfire detection, 

seismic monitoring, disaster mapping, and social-media-based information analysis. The review 

highlights the capacity of AI to integrate large and heterogeneous datasets from remote sensing, 

GIS, IoT sensors, and other digital sources and to identify complex nonlinear relationships that may 

be difficult to capture through conventional approaches. However, limitations related to data quality 

and bias, model transferability, uncertainty, interpretability, false alarms, interoperability, and last-

mile communication remain significant. The study argues that the greatest value of AI lies not simply 

in improving predictive accuracy but in extending useful warning lead time and enabling timely 

anticipatory action. Future disaster management should therefore adopt impact-based forecasting 

and people-centred early-warning systems, with AI functioning as a decision-support tool integrated 

with scientific expertise, institutions, and community knowledge. 

Keywords: Artificial Intelligence, Machine Learning, Disaster Risk Reduction, Early Warning 

Systems, Anticipatory Action. 

 

Introduction 

Disasters are not simply sudden hazardous events; disaster risk often accumulates over time 

through the interaction of hazards, exposure, vulnerability and inadequate preparedness. Rapid 

urbanisation, environmental degradation, poorly planned development, climate change and 

inadequate infrastructure can intensify the impacts of floods, landslides, cyclones, earthquakes and 

wildfires, creating severe human, social and economic consequences. Consequently, contemporary 

disaster risk reduction (DRR) increasingly requires a shift from reactive response towards risk 

anticipation, prevention, preparedness and timely action. Although conventional approaches based 

on historical observations, physical modelling, statistical analysis, expert judgement and field 

monitoring remain essential, the rapid expansion of digital technologies has generated unprecedented 

volumes of heterogeneous disaster-related information. Satellites, weather stations, river gauges, 

drones and digital communication platforms continuously produce environmental, spatial and 

human-generated data. The challenge is therefore to integrate and interpret these diverse sources 

rapidly enough to support effective decision-making. Artificial Intelligence (AI) and Machine 

Learning (ML) provide important opportunities by identifying complex patterns and nonlinear 

relationships within large and multidimensional datasets. 
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AI encompasses computational systems capable of learning, reasoning, pattern recognition 

and decision support, while ML enables systems to learn relationships from data and deep learning 

uses multilayer neural networks to identify highly complex patterns. Their applications have 

expanded across different hazards and stages of disaster management, particularly flood prediction 

(Guha et al., 2022). However, AI should complement rather than replace conventional disaster 

science and human judgement. Historical data may not adequately represent emerging risks under 

changing climatic and socioeconomic conditions, and accurate predictions are useful only when they 

lead to timely and appropriate action. People-centred DRR therefore requires integration of 

scientific, technological and local knowledge with human oversight and community participation 

(Hermans et al., 2022). Against this background, the present review examines the role of AI and ML 

in risk identification, forecasting, early warning, preparedness, response, damage assessment and 

recovery, with particular emphasis on extending warning lead time and enabling anticipatory action. 

Literature Review 

The growing application of Artificial Intelligence (AI) and Machine Learning (ML) in 

disaster management has attracted substantial scholarly attention because of their ability to process 

large, complex and multidimensional datasets. Huang, Wang and Liu (2021) reviewed prediction 

methods for emergency management and observed that accurate prediction is fundamental to 

efficient resource allocation, evacuation and emergency response. Their review demonstrated the 

increasing importance of statistical, simulation-based and AI techniques for predicting disaster 

occurrence and impacts. Similarly, Tan et al. (2021), after reviewing 278 studies, found that AI 

models were increasingly applied across different stages of natural disaster management, particularly 

because of their capacity to handle nonlinear relationships and large datasets with greater efficiency. 

Chamola et al. (2021) further highlighted the usefulness of ML for disaster prediction, crowd 

evacuation, social-media analysis and post-disaster assessment, while also identifying data quality, 

model limitations and implementation challenges. Lu et al. (2022) reviewed AI and ML applications 

in disasters and public-health emergencies and concluded that their use had expanded rapidly, 

although contextual limitations and the need for appropriate implementation remained important 

concerns. These studies collectively suggest that AI is particularly valuable where conventional 

analytical approaches face difficulties in processing rapidly changing, heterogeneous and high-

volume information. 

More focused evidence demonstrates the potential of AI for specific hazards and disaster-

management functions. Guha et al. (2022), in a review of 128 studies published during 2010–2021, 

found extensive application of artificial neural networks in disaster management, with flood 

prediction emerging as a particularly prominent area. Their findings indicate that neural-network 

techniques can effectively capture complex relationships that are difficult to represent through 

conventional models. Recent reviews also show applications of ML and deep learning in hazard 

prediction, risk and vulnerability assessment, detection, early warning, monitoring, damage 

assessment and post-disaster response (Kav et al., 2022). However, technological accuracy alone 

does not guarantee effective disaster-risk reduction. Hermans et al. (2022) emphasised that people-

centred early-warning systems benefit from integrating scientific and local knowledge, while social 

dimensions influence whether warnings are understood, trusted and acted upon. In the authors’ view, 

therefore, the literature indicates that AI and ML should be regarded as decision-support 

technologies rather than substitutes for established disaster science, expert judgement or community 

knowledge. Their greatest contribution lies in improving the speed, accuracy and lead time of risk 

information so that institutions and communities can undertake anticipatory action. The present 

review consequently adopts a broader perspective, evaluating AI not merely through prediction 
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accuracy but through its practical contribution to forecasting, early warning, preparedness, response 

and overall disaster risk reduction. 

Objectives 

The present paper aims to critically examine the applications and potential of Artificial 

Intelligence (AI) and Machine Learning (ML) in disaster risk reduction and disaster management. 

Specifically, it seeks to: (i) review the use of AI/ML for risk identification, hazard detection, 

forecasting, early warning, preparedness, emergency response, damage assessment and recovery; (ii) 

examine major AI/ML techniques and their applications across floods, landslides, cyclones and 

extreme weather, earthquakes, wildfires and social-media-based disaster intelligence; (iii) assess the 

contribution of these technologies to improving prediction, mapping, warning, resource allocation 

and decision-making; and (iv) identify key limitations concerning data quality, model generalisation, 

changing climatic conditions, human oversight and community engagement. The review ultimately 

evaluates AI not merely by predictive accuracy but by its capacity to extend warning lead time and 

facilitate anticipatory action. 

Materials and Methods 

The study adopted a structured narrative review design to examine the applications of 

Artificial Intelligence (AI) and Machine Learning (ML) in disaster risk reduction and disaster 

management. A structured narrative approach was considered appropriate because the reviewed 

studies covered diverse hazards, datasets, algorithms, spatial scales and performance measures that 

were not directly comparable for meta-analysis. The literature search covered publications available 

up to 31 January 2023, using combinations of keywords including “artificial intelligence” and 

disaster risk reduction, “machine learning” and disaster management/early warning/landslide 

prediction, “deep learning” and disaster response/wildfire detection, “AI” and flood forecasting, and 

“social media” and machine learning/disaster response. Relevant peer-reviewed studies and 

authoritative institutional publications identified through Google Scholar and Semantic Scholar were 

included when they applied or reviewed AI/ML and provided empirical, methodological or 

conceptual evidence related to disaster management. The selected literature was analysed across four 

dimensions: hazard type (flood, landslide, cyclone/extreme weather, earthquake and wildfire), 

technology (neural networks, support vector machines, random forests, ensembles, CNNs and 

natural-language processing), disaster phase (mitigation, preparedness, response and recovery), and 

decision function (detection, prediction, forecasting, mapping, warning, resource allocation and 

assessment). The analysis emphasised practical disaster-management outcomes, particularly 

improved warning lead time and opportunities for anticipatory action.  

Analysis and Results 

Flood forecasting, early warning, and mapping - Flood forecasting is one of the most mature areas 

of ML application, since flood behaviour emerges from nonlinear relationships among rainfall, 

catchment response, discharge, soil moisture, land cover, and topography. Reviews of AI in 

hydrology indicate that ML has been especially useful for short-term forecasting and that 

hybridisation with other modelling approaches improves performance further (Piadeh et al., 2022). 

Operational deployments show its practical importance: Google's operational flood-warning system 

was used in India and Bangladesh during the 2021 monsoon season (Nevo et al., 2022), moving ML 

from the laboratory experiment to the operational disaster management. Deep learning has also 

broadened the capability to rapidly map flood extent because CNNs learn spatial patterns directly 

from imagery. A review of 58 studies on deep-learning flood mapping identified strong use of 
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convolutional architectures and future research needs for physics-based and probabilistic deep 

learning (Bentivoglio et al., 2022). An estimate of flood extent provided shortly after a rapidly 

developing flood may be more operationally useful than a highly detailed model provided after the 

decision window has closed; therefore, model usefulness should be assessed based on accuracy with 

respect to decision time, not accuracy alone. 

Table 1: Representative AI/ML applications by hazard type, with typical input data and 

disaster-risk-reduction function 

Hazard Typical input data Representative methods DRR application 

Flood Rainfall, river level, soil 

moisture, catchment and 

land-cover data, satellite 

imagery 

Artificial neural networks 

(Guha et al., 2022); deep 

convolutional networks 

(Bentivoglio et al., 2022) 

Stage forecasting, 

inundation mapping, 

operational early 

warning (Nevo et al., 

2022) 

Landslide Slope, geology, rainfall 

intensity and antecedence, 

soil moisture, ground 

displacement, imagery 

U-Net detection (Meena et 

al., 2022); hybrid 

ensembles (Kainthura & 

Sharma, 2022; Saha & 

Saha, 2022); attention-

based temporal CNN with 

entropy weighting (Zhang 

et al., 2022) 

Detection, 

susceptibility 

mapping, dynamic 

regional early 

warning (Liu et al., 

2022) 

Earthquake Seismic waveforms, 

ground-motion records 

ML for seismology 

(Mousavi & Beroza, 2022) 

Event detection, 

waveform 

classification, hazard 

assessment 

Wildfire UAV and remote-sensing 

imagery 

Deep-learning computer 

vision (Bouguettaya et al., 

2021) 

Early detection, 

smoke/flame and fire-

boundary 

identification 

Social media 

/ disaster 

intelligence 

Text posts, messages, 

images 

NLP and BERT-based 

models (Ponce-López & 

Spataru, 2022; Zhou et al., 

2022) 

Rescue-request 

detection, situational 

awareness (Ogie et 

al., 2022) 

Multimodal 

response 

Text, imagery, sensor data 

combined 

Deep-learning data fusion 

(Algiriyage et al., 2021) 

Integrated situational 

picture for response 

Landslide susceptibility, prediction, and warning - Landslide susceptibility is affected by 

interacting variables such as slope, geology, rainfall, soil properties, drainage, vegetation, and human 

modification, which ML methods can combine to identify areas of relatively high susceptibility. A 

review of ML in landslide research (Tehrani et al., 2022) noted that in 2022, ML was used for spatial 

and temporal forecasting, detection, and data-driven analysis. For example, work in the Himalayas 

has utilized machine-learning algorithms and U-Net architectures for landslide detection (Meena et 

al., 2022), while hybrid ML methods combining Bayesian networks, neural networks, bagging, 

XGBoost, and random forests for prediction have been used in Uttarakhand (Kainthura and Sharma, 

2022), and ensemble approaches for susceptibility modelling have reported improvements in the 

Kurseong Himalayan region (Saha and Saha, 2022). An important distinction is that a susceptibility 

map indicates where conditions favor landsliding; it does not indicate when a specific landslide will 

https://jenni.ai/citation?d=z%3ArVTNbhNJEB6j1Wqve0PLYUervSAUZ34Sm3BBIfwIAsIkCK70dFfPVNzTPfRPsG9B8AY8jd%2BAd%2BAhuOTGheqZ4AQROHGwre7%2Bqur7qr7y21VyRRqLNeor4o2x81Xyt2Kcg3Mg7jIPdZEVk43sZsuN9gw12IdamlXyR82Cb4x1JwrbjnF%2Fnz7Giu3xZAoevYJF9lB7sJp5NJqp9JEJdFCpkelddMzRW3qAbp4egAg8guSxUaGFq8%2B6dbHHhjNKu0pG2LEaDpiugSijROv8jG7%2BSUYfVKMo3fqkYrTFKlCge0dooVkbo6RkLaqleBAaBjUeg8ZDC9Ax4iWsUZBcAn7E9Bm4OWAV6nR%2F%2FDOsPGR6ydSAnj%2BhQJfuh5bZIUA2zM2EPOUoHDWQC4OLa3k2zrN8snk0xiNh7ZjaXdBNWUwnAl2lT%2Bjb6bdYFHmxsVVkO43pgNoIi%2FnLrWKn3L6ZT8uCQE%2FZ6RFBwzC2o5iHxrZRZtQcXQdqTgW67UKl0DXfpjjqFczvKQfHSPO486J2ofLLLqqaM%2BuRK3hOxxGNB4zcRy0uXoNnSi0Jqzh6EHeWeyZof7XzFiRY0BzESzKVG65XZ8Z4tksZJHIkN2gItv%2Fx0X0p6zprGG%2FApWTLlHQNRmmpmTW0oP2tdDdVVMwyHyykNhJ%2FI73pkMdh%2FymFack6xKlCwYpeoDk0fbFDjpGTA4mgxACpyvJSDD3J53k23Zr2z4v%2F1qaNgx24pEwLsq9D1ceA48bCl9ufP52eJEnSUCsvFBJlmQ90Fv%2FGWkaZetlnmBkShPy8%2BA8yBoqvZ83SXcR9L6QYUOGePkZrdCR4Dj2Ts1NmA4X%2F7ytjiHxcwF1adufWgs71rQV93H91iaCizCZDtmsPlKmoWK%2BG%2FEa%2BsMt0rxnW9TfPJM%2BLfCh7fRbtzGkEqv%2BXcT2BPYsOXbpn2jZoald8WSt5%2F4SEXDaa7T5l%2B12UiJvwFw9WLW403nfu1uYmbe3Y2HrzF4s7j1Z%2BAdZRitFX
https://jenni.ai/citation?d=z%3AfVXLbuM2FA0GLVCgP8HuEiB%2ByY4bFyjaNBn0lQbTTgZBuqPIK4kTilRJyo6zmmz6Gf2P%2FF0PKdlxkqYbW4%2F7OOfcw6v7h703hXWqVOaNXFl387D3ZcVzHxwXYf3Z%2FWVFTPAmtI4YN5I1jqQSQVnDbMEcV6bgWg%2BUka0gyTRivFaS2Io7o0zJvCoN154pzwJqIb9Wnhh6pntVN5pqMoFvar4sURP36O%2BH7MQwHgKiETsoWh9TcOdss2YrUmUVEBwqK9n%2BWzM4CcEcpE4dg1hrU7MgHjklXA3yrSf5rH7O8YwFqhvruGbCmqXVbXyFO0NtfGgoRNHY%2Fsnl6cVBLNamJLsRKpF8psWQvW9IqEIJSLc%2BTCGejAdQyQNnPGnN9foOpUASme%2BIOw%2BywjpHutMqhXi05EUgx2weMI0YnIoUztY7lT1DxmZch6y2yqeZglXke8ik8o3mIs3iMI3aW6UZjEAeiJMPbA1WFeqpJTFact12SDxgYZTokTAAtS0KjYsefd3qoDDn%2F55VV910Omzlx0tRcaN8vatqn5jgtTVAFwU5JGwrR1CYKkI7LKlooeLIHo1V8TvuJJNUOiK2f%2F7T2UHHEFfMEdfqLtZ4MbntSYBNnw2ty985HTCVgHKMS9sE%2FEFySZrlrdKB5WsWDZN4gFp8HZElg%2BIo2VVyrTVJQ7k2vFZip3jXTJmmDZtz9UjuiZM6%2F2nuIbZ9HG18aNuwkx%2BZ99FFmzh28V0rgszovCQTKfXs%2B5OGAktycDMmBF44D6m3J7De%2BmHrxv%2FZGF7BJ52h6LZBydQfnow6kjzjgcpsnM0H42MdbetU3gY4%2B2%2BsMAmJKK6yAlLpNf0J65RURsT5mZLOatp7GSauSHVB4lf%2BetQ1t32p61eD5PW2YfWL4gKGLl%2BLBTq87YLLH1ur7eux%2BXmPUP4Od3RRQkn%2FsPe5kFb9NRkPp9PFeOSzbDKfZ7MxznFuPuHXm3s1mWWzwXGWjSvbEAxMtzdXs2yRHR1NZ5O5bGolq%2Bl8PDlaLL7%2BiJS2k%2FkjZM4g82CyuMHxt60T9MHp2%2B%2BrEBr%2FzWi0Wq2GtWzUECthtG0yyrLRZD6KKEaNLL6DLeKG%2FhbAJtPF8XR8VPo2D%2BsG%2FPYoqAA8%2F5zufFzePfm4%2FLGxys%2B9Vc63Vrnqj%2BX7%2FuPyIa0ZbhhWfr%2B9f0jb%2B3KzvU%2BfbO%2BLbntf9Ns79n7bLxBYIm6Y37rVVATbKOE%2FyYj6C9FChK82IkD%2BoXXl6MUI%2FgU%3D
https://jenni.ai/citation?d=z%3AfVXLbuM2FA0GLVCgP8HuEiB%2ByY4bFyjaNBn0lQbTTgZBuqPIK4kTilRJyo6zmmz6Gf2P%2FF0PKdlxkqYbW4%2F7OOfcw6v7h703hXWqVOaNXFl387D3ZcVzHxwXYf3Z%2FWVFTPAmtI4YN5I1jqQSQVnDbMEcV6bgWg%2BUka0gyTRivFaS2Io7o0zJvCoN154pzwJqIb9Wnhh6pntVN5pqMoFvar4sURP36O%2BH7MQwHgKiETsoWh9TcOdss2YrUmUVEBwqK9n%2BWzM4CcEcpE4dg1hrU7MgHjklXA3yrSf5rH7O8YwFqhvruGbCmqXVbXyFO0NtfGgoRNHY%2Fsnl6cVBLNamJLsRKpF8psWQvW9IqEIJSLc%2BTCGejAdQyQNnPGnN9foOpUASme%2BIOw%2BywjpHutMqhXi05EUgx2weMI0YnIoUztY7lT1DxmZch6y2yqeZglXke8ik8o3mIs3iMI3aW6UZjEAeiJMPbA1WFeqpJTFact12SDxgYZTokTAAtS0KjYsefd3qoDDn%2F55VV910Omzlx0tRcaN8vatqn5jgtTVAFwU5JGwrR1CYKkI7LKlooeLIHo1V8TvuJJNUOiK2f%2F7T2UHHEFfMEdfqLtZ4MbntSYBNnw2ty985HTCVgHKMS9sE%2FEFySZrlrdKB5WsWDZN4gFp8HZElg%2BIo2VVyrTVJQ7k2vFZip3jXTJmmDZtz9UjuiZM6%2F2nuIbZ9HG18aNuwkx%2BZ99FFmzh28V0rgszovCQTKfXs%2B5OGAktycDMmBF44D6m3J7De%2BmHrxv%2FZGF7BJ52h6LZBydQfnow6kjzjgcpsnM0H42MdbetU3gY4%2B2%2BsMAmJKK6yAlLpNf0J65RURsT5mZLOatp7GSauSHVB4lf%2BetQ1t32p61eD5PW2YfWL4gKGLl%2BLBTq87YLLH1ur7eux%2BXmPUP4Od3RRQkn%2FsPe5kFb9NRkPp9PFeOSzbDKfZ7MxznFuPuHXm3s1mWWzwXGWjSvbEAxMtzdXs2yRHR1NZ5O5bGolq%2Bl8PDlaLL7%2BiJS2k%2FkjZM4g82CyuMHxt60T9MHp2%2B%2BrEBr%2FzWi0Wq2GtWzUECthtG0yyrLRZD6KKEaNLL6DLeKG%2FhbAJtPF8XR8VPo2D%2BsG%2FPYoqAA8%2F5zufFzePfm4%2FLGxys%2B9Vc63Vrnqj%2BX7%2FuPyIa0ZbhhWfr%2B9f0jb%2B3KzvU%2BfbO%2BLbntf9Ns79n7bLxBYIm6Y37rVVATbKOE%2FyYj6C9FChK82IkD%2BoXXl6MUI%2FgU%3D
https://jenni.ai/citation?d=z%3AjVRJbhxHECQEHQz4Ewn4YgGclTMU6ZstG4YA8iQbPmdXZXcXp7qqVcsM2ydZj%2FAj9AN%2Bxy9xVDeXoaSDLrNmRkZGRPY%2Fdycvah9MY9wLffBhd3fyfctVTIFVGl5%2BumbVGidkhYMzrqEfr69ekYnEpLy1opLxjnxNnaTW60g5iqbkScterO8pOy0hJna6dOON%2BiDaoG8vpLjnyliTBqqGpxlBLBfc2Jo%2BknSVaA1U40hz4jldXz2O4yBUifJd6UutkC4f2SXivg8e7CUSFqSO3UCJ4y4WnCgmdt76ZhjRCq0CTegdgUS1zrzP6FWMatM4Uxt8THYg0wEY5H0OxwuUISOsURMWqpTECLw5vXUgB9WC7I0c6CDl373RMuoIQGnFxSIJkMNYA00Ls763GDyqUYhDotS%2Bz7yTox1OSZuocowFtQkYOm6kWoZDrpF4On73dS3gmBv8MgEWznVOGSIW7%2Bf037%2Bf3ninpE%2BZLbpsg2ykFjtNEIVrTiMdtsR6zyiO1DKYi%2BPKwqbAvSku3zMB6dGXKQ%2BdwJoSl89zdWQX0vPVNedg9wegYADCWVBSy%2BloUqTOx0SqgMIoaK3LuOeydd6ZhK3u04gmlI%2FhxFwmB%2BkbcRLGJUeqWbXogkbPnTrChEEMhrEw%2FPnJsdKdXcx9sbTcxWeZlNveegzyYQAXtkMEm3EtiUKtadqZNlAsTnI%2FTIF4Q0mS4LdC9%2FmJof8%2BhkhlIfTFCR%2FfzhjDafcKKyEh02WyCr7EiCoQLp4iRgXag9t9zosnWNROV3VKVU4Uh5ikw%2FIKcE61HYfddJnB56Yl3wvOCZejhOrAnZTYTWl9rJ%2BuJ0qaGMJtH7BcGnMBNUcjXDIuF%2BQH9%2BeWVTk30b9ykma9XJ%2FPlhe2VAYDaj7Ej3jWaYeh5ZlXc2fs0Fz7HBn31mBpd%2FMOTwMkiGvWwVs5%2BbKh%2FkWC%2F5vv638PggMZ6M18qldGx7uTl0p7c%2FvDajlfrTbnC3YOnPezMS%2Bz5evVxXo9Wy2XZ%2BsznG3lPuA1uo9mubzYzM63l6%2FNarvZzjaby21b9GIrt7u%2FNmfLyy2W2p7foDxPa95gTWCtZuvVDiKMuv4Z7O3bNqU%2B%2FrRYHA6HeZnPdnryxLkPzQL0Fr2uF9%2FAsIm5SkMPBU4kmQQqrx7ydPWQJ9zXb0%2B38O7xXuvke6PiB10AvlMZxM4eiIHCSOUbKPwP
https://jenni.ai/citation?d=z%3AfZHLatxAEEWFIZD8Qxb9AdGMNJOZ0WQ3IYtAyC4QyK7UXWqV1A%2FRj3lk5QT%2F1PydS9jYC2NvGrrqnuLWrX%2FX4qbzgTS5G3XyYbwWHwxIiTGi%2BgYJ9apabcuqMdK7FKjNyYd4x5RyYHGmO7BkLuNXn3XGlOACqOmIbji0Co0Fg6MK3mDxEtJ%2FIPz1OTwA%2BB06VK9p%2B1%2FQYhiJLc1id7DkUPz0PVj7OqV%2FoOxJPVrCQ%2F%2BklaTitXgnlafzx7pa1FW9XQ6LSHoKfsFb11xq1tVeUWzdLb%2FR%2FScWbcp623ymutmtyt1ms5MW9LCu99t91WxWde8ndLz0efz9XByYzg%2BBDvNoDrRc1zrmNl0mtltgosTM6SACHglPwjuBEMxFnMiojgIKhQllIm50wVuRnQXnUAnAQGDEEXuSBqPIkZxmNU7C8AjHv7IFPqeQ3k45YRBHivMcMJpPn3obu%2BQnkvFWzXbeyxzM%2BVOf0hS%2FLJcc0MIHvXwro3s%3D
https://jenni.ai/citation?d=z%3AfZHLatxAEEWFIZD8Qxb9AdGMNJOZ0WQ3IYtAyC4QyK7UXWqV1A%2FRj3lk5QT%2F1PydS9jYC2NvGrrqnuLWrX%2FX4qbzgTS5G3XyYbwWHwxIiTGi%2BgYJ9apabcuqMdK7FKjNyYd4x5RyYHGmO7BkLuNXn3XGlOACqOmIbji0Co0Fg6MK3mDxEtJ%2FIPz1OTwA%2BB06VK9p%2B1%2FQYhiJLc1id7DkUPz0PVj7OqV%2FoOxJPVrCQ%2F%2BklaTitXgnlafzx7pa1FW9XQ6LSHoKfsFb11xq1tVeUWzdLb%2FR%2FScWbcp623ymutmtyt1ms5MW9LCu99t91WxWde8ndLz0efz9XByYzg%2BBDvNoDrRc1zrmNl0mtltgosTM6SACHglPwjuBEMxFnMiojgIKhQllIm50wVuRnQXnUAnAQGDEEXuSBqPIkZxmNU7C8AjHv7IFPqeQ3k45YRBHivMcMJpPn3obu%2BQnkvFWzXbeyxzM%2BVOf0hS%2FLJcc0MIHvXwro3s%3D
https://jenni.ai/citation?d=z%3AfZG9bsIwEICjqkP7DF28VwlJKBTYkGBBRZVKJebDPpIjjo3ODj8bLH0n3q5GaaeKLpbu%2FH3nO9%2F5Et2tLVNB5k7tLVeX6FGDlOgcqgl4LPI078fpQEtrPNOq8ZbdV7CUgRqv9hpq0kf1XhBiQTs06w%2B7QvaKrcboL4mzELofdFECW3MTnVvLv1XHmtxttJyQDv37sqWrT3A1mfgNGG4p1bgmLkpwWFNrFXMsWYG6ZdCyJO%2BhQm55nCVimrS0JOUu0b1Ulg5PWZpkadbvbBLaKOYkfGIeMvnroKvIrcwpnM6cKc%2BzPH7J02Fpt2hA46FahrCXZf3esLsJUNOuYXOtEKdZnPYL16z8cRvaitCTD850YSWBFjUqAtE4FGREeAGcRxaM0u6QjyMxFu4YUjV4kkJTuATfMAZiR7hfe7sl6U7qWvxBNqwPz6X3WzfqdMJQieWi889c3w%3D%3D
https://jenni.ai/citation?d=z%3AfZG9bsIwEICjqkP7DF28VwlJKBTYkGBBRZVKJebDPpIjjo3ODj8bLH0n3q5GaaeKLpbu%2FH3nO9%2F5Et2tLVNB5k7tLVeX6FGDlOgcqgl4LPI078fpQEtrPNOq8ZbdV7CUgRqv9hpq0kf1XhBiQTs06w%2B7QvaKrcboL4mzELofdFECW3MTnVvLv1XHmtxttJyQDv37sqWrT3A1mfgNGG4p1bgmLkpwWFNrFXMsWYG6ZdCyJO%2BhQm55nCVimrS0JOUu0b1Ulg5PWZpkadbvbBLaKOYkfGIeMvnroKvIrcwpnM6cKc%2BzPH7J02Fpt2hA46FahrCXZf3esLsJUNOuYXOtEKdZnPYL16z8cRvaitCTD850YSWBFjUqAtE4FGREeAGcRxaM0u6QjyMxFu4YUjV4kkJTuATfMAZiR7hfe7sl6U7qWvxBNqwPz6X3WzfqdMJQieWi889c3w%3D%3D


Journal of Computational Analysis and Applications                                                                                        VOL. 31, NO. 4, 2023 

                                                                                                                                     10.48047/jocaaa.2023.31.04.78 

 

                                                                                                            3212                       Kosygin Leishangthem et al 3208-3219 

happen. The progression from susceptibility mapping to early warning is particularly promising. A 

rainfall-induced landslide warning system can include rainfall intensity, cumulative and antecedent 

rainfall, soil moisture, slope, geology, ground displacement, vegetation, and historical occurrence, 

revising failure probability as conditions evolve (Zhang et al., 2022), suggesting a future architecture 

of static susceptibility + real-time observations + ML forecasting = dynamic landslide warning. 

Regional ML-based early-warning models, such as a 2022 case study in Fujian Province, China (Liu 

et al., 2022), illustrate this transition. The final serious caveat: landslide inventories are often not 

comprehensive, and an AI model inherits the weaknesses of the database from which it learns. 

Earthquakes, wildfires, and social media - There is an important distinction in seismology 

between prediction (specifying when, where, and how large an event will be) and detection, 

monitoring, and forecasting seismic characteristics. A 2022 review noted that ML is becoming more 

central to seismic monitoring and related tasks (Mousavi and Beroza, 2022). Automated event 

detection, waveform classification, catalogue development, ground-motion analysis, hazard 

assessment, and post-earthquake image analysis are all defensible applications for DRR, but claiming 

reliable deterministic prediction of earthquakes would exceed the evidence (Mousavi and Beroza, 

2022). Another area of active deep-learning application is in the detection of wildfires. In a 2021 

review of computer-vision methods for early wildfire detection from UAV imagery, it was suggested 

that autonomous systems might be able to detect a fire before it becomes unmanageable 

(Bouguettaya et al., 2021). Deep learning can be used to analyze visual features such as smoke, 

flame, thermal anomalies, vegetation change, and fire boundaries; like flood forecasting, the central 

tension here is between accuracy and speed. Disasters also produce massive amounts of human-

generated information, and NLP can sort messages into relevance and urgency, separating discussion 

from direct rescue requests. A 2022 framework used ML classifiers for social-media disaster-

response information, noting the scarcity of benchmark datasets and generalisation issues (Ponce-

López & Spataru, 2022); additional work, like VictimFinder, uses BERT-based NLP to identify 

rescue requests from social-media streams (Zhou et al., 2022), and systematic reviews of social 

media in disaster recovery also document the extent and limitations of these platforms (Ogie et al., 

2022). Digital participation is not equal, however, and communities without connectivity can be lost 

in the digital data, the population most visible to AI is not always the population most at risk for 

disaster. 

Multimodal AI for disaster response - Multimodal disaster information, including text, 

photographs, satellite and drone imagery, video, sensor readings, maps, and social-media messages, 

is becoming more prevalent. A review of 83 studies of multimodal data and deep learning for 

disaster response showed considerable research interest in combining modalities of data for 

emergency tasks, but that there was a gap between academic demonstration and operational 

deployment (Algiriyage et al., 2021). The possibilities are vast: one platform could combine satellite 

images of flooding, sensor readings of rivers, rainfall predictions, and messages from communities 

about trapped residents to paint a more complete picture than any one source alone. 

Table 2. Synthesis of key studies reviewed, listing domain, method, and main contribution 

Study Year Domain Method Contribution 

Meena et al. (Meena 

et al., 2022) 

2022 Landslide Machine learning + 

U-Net 

Landslide detection in the 

Himalayas 

Guha et al. (Guha et 

al., 2022) 

2022 Multi-

disaster 

Review of artificial 

neural networks 

128 studies (2010–2021); 

strongest interest in flood 

prediction 

Algiriyage et al. 2021 Disaster Systematic review 83 studies; gap between 

https://jenni.ai/citation?d=z%3ArVTNbttGEKaCoijQU29BcyhR9FIUlvljS3EuhaP81HGDKnaQXLvanSXHWu4y%2B%2BOINwftG%2FRp9AZ9hz5ELwZ06KWzpCs7qJNTDhTB3W9mvm%2FmG71bJ19WvA56eSQ2BlYerGZqxngNdFApw5k3diONxQr1naYV8iesakWPdxvZWpC42sCbYDxswHFj48t3CjbSBRkvxVtjl%2BvkK8U4B%2BdAPGIeqiIrJjvZ%2FYYb7RlqsEdamnXyWcWCr411FwqblnH%2FhB5jxf54MgWPXsEqO9I9S4%2BGqKbPTIiUUyPTR%2BiYo7v0BN0yPQEReATJc6NCA3dftNtiPw%2B61skIW1bBCdMVrJM7KNE6P6eTr5PRH6pWlG77pWK0xUWgQPcboYVmTYySkjWoOvE01AwqPAeNpxagZcRLWKMguQX8jOkrcH3CFqjT4%2FGHsPKU6Y6pAb18ToEuPQ4Ns0OArJmbC3nJUThqIBcGV%2FfybJxn%2BWT3bIxnwtoxtbugk7KYTgS6hb6gX6ffYVHkxc5ekR3UpgVqI6yWr%2FeKg3L%2Ffj4tCwL9wi7PCBqGsZ3FPDS2nTKj5ugqUHMWoJs2LBS6%2Br8pjnoFy8fKwTnSPB6%2BqlxY%2BK6NqpbMeuQKXtLniMYDRh6jFjePwTOlOsIqjh7Ew25mgvZ3W092Awuag3hNpnLD8frKGC8OKYNEjuQGDcH2Lx%2Fdl7K2tSaa2qVk5ZR0DUZpqJkVNKD9g%2FQwVVTMMh8spDYSfyu9aZHHYX8uhWnIOsRpgYIVvUBzavpipxwjJ0e7AEoMkEVZ3oqhK%2Fkyz6Z70%2F569e3WtHGwA5eUaUH2daj6mGGt%2Fvnx778uL5IkqamVNwqJsswHOqtvYi2jTNX1GeaGBCG%2FLv4%2FGQPFN%2FO6czdx7wspBlR4rM%2FRGh0JXkOv5ByU2UDhuyfKGCIfF%2FCQlt25raBrfVtBfx7%2FeougoswmQ7Z7T5VZULFeDfmNfGG7dFYP6%2FqJZ5LnRT6U%2FX4e7cxpBKr%2Fl3E9gZlFhy6dmaYJmtoVb7ZKfn9OQm4bzX6fsnkvSsRN%2BIIHq1Y%2F1N637sHuLm3t2Nhq9yOLu4xWfgXWUYrRvw%3D%3D
https://jenni.ai/citation?d=z%3ArVTNbttGEKaCoijQU29BcyhR9FIUlvljS3EuhaP81HGDKnaQXLvanSXHWu4y%2B%2BOINwftG%2FRp9AZ9hz5ELwZ06KWzpCs7qJNTDhTB3W9mvm%2FmG71bJ19WvA56eSQ2BlYerGZqxngNdFApw5k3diONxQr1naYV8iesakWPdxvZWpC42sCbYDxswHFj48t3CjbSBRkvxVtjl%2BvkK8U4B%2BdAPGIeqiIrJjvZ%2FYYb7RlqsEdamnXyWcWCr411FwqblnH%2FhB5jxf54MgWPXsEqO9I9S4%2BGqKbPTIiUUyPTR%2BiYo7v0BN0yPQEReATJc6NCA3dftNtiPw%2B61skIW1bBCdMVrJM7KNE6P6eTr5PRH6pWlG77pWK0xUWgQPcboYVmTYySkjWoOvE01AwqPAeNpxagZcRLWKMguQX8jOkrcH3CFqjT4%2FGHsPKU6Y6pAb18ToEuPQ4Ns0OArJmbC3nJUThqIBcGV%2FfybJxn%2BWT3bIxnwtoxtbugk7KYTgS6hb6gX6ffYVHkxc5ekR3UpgVqI6yWr%2FeKg3L%2Ffj4tCwL9wi7PCBqGsZ3FPDS2nTKj5ugqUHMWoJs2LBS6%2Br8pjnoFy8fKwTnSPB6%2BqlxY%2BK6NqpbMeuQKXtLniMYDRh6jFjePwTOlOsIqjh7Ew25mgvZ3W092Awuag3hNpnLD8frKGC8OKYNEjuQGDcH2Lx%2Fdl7K2tSaa2qVk5ZR0DUZpqJkVNKD9g%2FQwVVTMMh8spDYSfyu9aZHHYX8uhWnIOsRpgYIVvUBzavpipxwjJ0e7AEoMkEVZ3oqhK%2Fkyz6Z70%2F569e3WtHGwA5eUaUH2daj6mGGt%2Fvnx778uL5IkqamVNwqJsswHOqtvYi2jTNX1GeaGBCG%2FLv4%2FGQPFN%2FO6czdx7wspBlR4rM%2FRGh0JXkOv5ByU2UDhuyfKGCIfF%2FCQlt25raBrfVtBfx7%2FeougoswmQ7Z7T5VZULFeDfmNfGG7dFYP6%2FqJZ5LnRT6U%2FX4e7cxpBKr%2Fl3E9gZlFhy6dmaYJmtoVb7ZKfn9OQm4bzX6fsnkvSsRN%2BIIHq1Y%2F1N637sHuLm3t2Nhq9yOLu4xWfgXWUYrRvw%3D%3D
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(Algiriyage et al., 

2021) 

response of multimodal deep 

learning 

academic demonstration 

and operational 

deployment 

Liu et al. (Liu et al., 

2022) 

2022 Landslide 

warning 

Regional ML early-

warning model 

Case study, Fujian 

Province, China 

Zhang et al. (Zhang et 

al., 2022) 

2022 Landslide 

warning 

Attention-based 

temporal CNN + 

entropy weights 

Capture and prediction of 

rainfall-induced warning 

signals 

Ogie et al. (Ogie et 

al., 2022) 

2022 Disaster 

recovery 

Systematic literature 

review 

Social-media use across 

the recovery phase 

Kainthura & Sharma 

(Kainthura & Sharma, 

2022) 

2022 Landslide Hybrid ML Landslide prediction, 

Uttarakhand, India 

Mousavi & Beroza 

(Mousavi & Beroza, 

2022) 

2022 Seismology Review of ML ML increasingly central to 

seismic monitoring 

Ponce-López & 

Spataru (Ponce-López 

& Spataru, 2022) 

2022 Disaster 

response 

Social-media ML 

framework 

Response-information 

classification; limited 

benchmarks and 

generalisation 

Zhou et al. (Zhou et 

al., 2022) 

2022 Disaster 

response 

BERT-based NLP VictimFinder: harvesting 

rescue requests from social 

media 

Nevo et al. (Nevo et 

al., 2022) 

2022 Flood Operational ML 

forecasting 

River-stage forecasts 

during 2021 monsoon, 

India and Bangladesh 

Hermans et al. 

(Hermans et al., 2022) 

2022 Early 

warning 

Review Integration of local and 

scientific knowledge in 

EWS 

Saha & Saha (Saha & 

Saha, 2022) 

2022 Landslide AI + hybrid ML 

ensembles 

Susceptibility mapping, 

Kurseong Himalayan 

region 

Piadeh et al. (Piadeh 

et al., 2022) 

2022 Flood Critical review Real-time flood 

forecasting in urban 

drainage systems 

Tehrani et al. (Tehrani 

et al., 2022) 

2022 Landslide Review of ML 

applications 

Spatial and temporal 

forecasting, detection, 

data-driven analysis 

Bouguettaya et al. 

(Bouguettaya et al., 

2021) 

2021 Wildfire Review of deep-

learning computer 

vision 

Early detection from UAV 

imagery 

Bentivoglio et al. 

(Bentivoglio et al., 

2022) 

2022 Flood 

mapping 

Review of deep 

learning 

58 studies; physics-based 

and probabilistic DL as 

future directions 

Discussion 

https://jenni.ai/citation?d=z%3AfVXLTuRGFEWjRIqUn6jsQKJfbujQkaKEwCgzCUGTDCNEdtWua7uGcpWnHnQ3q2GTz8h%2F8GW9zamyu2kgzALctu%2FjnHNPXd%2Fd73xb5lXQ12%2FFytDCk9VcnfC8Ijwolcm5N3ZVGCtLqV%2FVjSjeyLJS%2BPNuVTSWCrlY0adgPK3I5cbGi18qWhUuFPGlmBt7jTYVnzlvee6XX91dVMRy3vhgiXEtGOoImXtpNDMFs1zqgivVk1qEnARTiHFKCmJzbrXUJXOyBE7HpGMetZBfS0cMONO9rBtFNWnP1zWfl6iJO%2FR3fXasGfce0YjtFcHFFNxZ0yzZnCJVBPvKCLb7WveOvdd7qVPLINZa1yyIR04JV4N840g8qT%2FjeMY81Y2xXLHc6BujQnyFO00hPtTko2hs9%2Fji5HwvFgspyayFSiSfaNFn7xvKZSFzSLfcTyGOtANQwT1nPGnN1fIWpUASme%2BIWweyGJsl1WqVQhxa8gJmYGbmMY0YnIoU1tRblR1Dxnpc%2B6w20qWZglXku8%2BEdI3ieZrFfhq1M1IxGIEcECcfmBqsKtSTN8TohqvQIkluiuRbDEBtikLhR4e%2BDspLzPn%2FZ9VW160OG%2FnxMq%2B4lq7eVrVLTPBCDdBFQRYJm8oRFKaK0BZLKlrIOLIHY1X8llvBBJWWiO2evTndaxniF7PElbyNNZ5NbnMSYNMnQ2vzt04HTJVDOcaFaTwukFyQYrMglWezJYuGSTxALb6OyJJBcZTMPLnW6KShWGpey3yreNtM6ib49bl6IPfISa3%2FFHcQ2zyMNj40wW%2FlR%2BZddBESxza%2BbUWQGZ1vSEdKHfvupKHADVm4GRMCL5yH1NsRWG%2F8sHHjFzaGk%2FBJayhaNCiZ%2BsOTUUcSp9xTmQ2zSW94pKJtrZwFrDz3z%2F3OKwGJCNeigFRqSX%2FDOiWVEfHsVAprFO08D8svSbZB%2Be%2F85agrbrpSVy8GiatNw%2Bo3GbeyLl%2BKBTq8bYPLX4NR5uXY2VmHUPwJd7RRuRTufufrXBj5aTTsj8fT4cBl2WgyyQ6GOMcz%2FRn%2Fnb6To4PsoHeUZcPKNAQD0%2BL68iCbZoeH44PRRDS1FNV4MhwdTqfff0RKaGX%2BCJkzyNwbTa9x%2FE2wOX2wavFz5X3jfhgM5vN5vxaN7GMlDDZNBlk2GE0GEcUAn5%2BfYIu4oX8EsNF4ejQeHpYuzPyyAb8d8tIDz78nWx%2BXd48%2BLn%2BtrfK2s8rZxiqX3bF8331cPqQ1wzXDyu%2B29y9pe1%2Bst%2FfJo%2B193m7v8257x96vuwUCS8QN80e7mgpvGpm7zyKi%2FiYPEOG7tQiQv29sOXg2gv8A
https://jenni.ai/citation?d=z%3AfVXLTuRGFEWjRIqUn6jsQKJfbujQkaKEwCgzCUGTDCNEdtWua7uGcpWnHnQ3q2GTz8h%2F8GW9zamyu2kgzALctu%2FjnHNPXd%2Fd73xb5lXQ12%2FFytDCk9VcnfC8Ijwolcm5N3ZVGCtLqV%2FVjSjeyLJS%2BPNuVTSWCrlY0adgPK3I5cbGi18qWhUuFPGlmBt7jTYVnzlvee6XX91dVMRy3vhgiXEtGOoImXtpNDMFs1zqgivVk1qEnARTiHFKCmJzbrXUJXOyBE7HpGMetZBfS0cMONO9rBtFNWnP1zWfl6iJO%2FR3fXasGfce0YjtFcHFFNxZ0yzZnCJVBPvKCLb7WveOvdd7qVPLINZa1yyIR04JV4N840g8qT%2FjeMY81Y2xXLHc6BujQnyFO00hPtTko2hs9%2Fji5HwvFgspyayFSiSfaNFn7xvKZSFzSLfcTyGOtANQwT1nPGnN1fIWpUASme%2BIWweyGJsl1WqVQhxa8gJmYGbmMY0YnIoU1tRblR1Dxnpc%2B6w20qWZglXku8%2BEdI3ieZrFfhq1M1IxGIEcECcfmBqsKtSTN8TohqvQIkluiuRbDEBtikLhR4e%2BDspLzPn%2FZ9VW160OG%2FnxMq%2B4lq7eVrVLTPBCDdBFQRYJm8oRFKaK0BZLKlrIOLIHY1X8llvBBJWWiO2evTndaxniF7PElbyNNZ5NbnMSYNMnQ2vzt04HTJVDOcaFaTwukFyQYrMglWezJYuGSTxALb6OyJJBcZTMPLnW6KShWGpey3yreNtM6ib49bl6IPfISa3%2FFHcQ2zyMNj40wW%2FlR%2BZddBESxza%2BbUWQGZ1vSEdKHfvupKHADVm4GRMCL5yH1NsRWG%2F8sHHjFzaGk%2FBJayhaNCiZ%2BsOTUUcSp9xTmQ2zSW94pKJtrZwFrDz3z%2F3OKwGJCNeigFRqSX%2FDOiWVEfHsVAprFO08D8svSbZB%2Be%2F85agrbrpSVy8GiatNw%2Bo3GbeyLl%2BKBTq8bYPLX4NR5uXY2VmHUPwJd7RRuRTufufrXBj5aTTsj8fT4cBl2WgyyQ6GOMcz%2FRn%2Fnb6To4PsoHeUZcPKNAQD0%2BL68iCbZoeH44PRRDS1FNV4MhwdTqfff0RKaGX%2BCJkzyNwbTa9x%2FE2wOX2wavFz5X3jfhgM5vN5vxaN7GMlDDZNBlk2GE0GEcUAn5%2BfYIu4oX8EsNF4ejQeHpYuzPyyAb8d8tIDz78nWx%2BXd48%2BLn%2BtrfK2s8rZxiqX3bF8331cPqQ1wzXDyu%2B29y9pe1%2Bst%2FfJo%2B193m7v8257x96vuwUCS8QN80e7mgpvGpm7zyKi%2FiYPEOG7tQiQv29sOXg2gv8A
https://jenni.ai/citation?d=z%3AfZK9btwwDICNoEOLPkIX74V9ttNck2yHJkAbNCjQFMiskyiJZ1lyKflib8nSd7on81oenK24DhJB8uOfqJdD9t5IO%2Fj2m5oDjAnIC%2FdFSAtsMC5IkQLNOhAa9Gddr%2FRXNNbxSXHWPYHGcYbfQ0gwQ5SBjiJNDmYdB310qqdA7SF754SUECOoG5HANFWzLqpLJ4NPhNuBq8Q%2Fh%2BxMedEBS61Fh25SPwwCGNyD1z%2FDFigpCg6yf0m4YzW%2Bog9WUPAn0fvAfb6iG4fxNGpv0HH%2FyS50%2B0vEDn3xXZA4FdJuOiRjRYQOlyhzD5aUUKci8NFiSqIFWni4K%2FPbcqElqnjI3kgVcPxQV2Vd1evVrsSdIir5ERu2NJ8vzxXGrX%2FmO%2FoXbJq6KT411ZUNPfA%2BYWwfWb2o6%2FXF1fmOoWFZw%2B6YoajqolqbOGzT1HNbGSRMHHP7ECQKl3egUORDhBx9zhVE5F%2BSE8iwB5qu800eJzZ1IqHMHbJTpIGAiT3Ck06hRxmf1TH5WzmQGz%2FalPp4vVrxUGUgs%2FrPXH8B
https://jenni.ai/citation?d=z%3AfZK9btwwDICNoEOLPkIX74V9ttNck2yHJkAbNCjQFMiskyiJZ1lyKflib8nSd7on81oenK24DhJB8uOfqJdD9t5IO%2Fj2m5oDjAnIC%2FdFSAtsMC5IkQLNOhAa9Gddr%2FRXNNbxSXHWPYHGcYbfQ0gwQ5SBjiJNDmYdB310qqdA7SF754SUECOoG5HANFWzLqpLJ4NPhNuBq8Q%2Fh%2BxMedEBS61Fh25SPwwCGNyD1z%2FDFigpCg6yf0m4YzW%2Bog9WUPAn0fvAfb6iG4fxNGpv0HH%2FyS50%2B0vEDn3xXZA4FdJuOiRjRYQOlyhzD5aUUKci8NFiSqIFWni4K%2FPbcqElqnjI3kgVcPxQV2Vd1evVrsSdIir5ERu2NJ8vzxXGrX%2FmO%2FoXbJq6KT411ZUNPfA%2BYWwfWb2o6%2FXF1fmOoWFZw%2B6YoajqolqbOGzT1HNbGSRMHHP7ECQKl3egUORDhBx9zhVE5F%2BSE8iwB5qu800eJzZ1IqHMHbJTpIGAiT3Ck06hRxmf1TH5WzmQGz%2FalPp4vVrxUGUgs%2FrPXH8B
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From reactive response to anticipatory action - The deepest implication of AI for DRR is 

the potential for reordering the temporal logic of disaster management: the Hazard → Impact → 

Emergency response model can be converted into an Observation → Detection → Forecast → 

Warning → Anticipatory action → Reduced impact model, which is not just technological, but a 

philosophical change: the primary purpose of forecasting is to give society time to act. A flood 

forecast might allow for evacuation before roads are impassable, moving livestock to a safer 

location, protecting equipment, pre-positioning food and medicine, and dispatching rescue teams and 

opening shelters. This transition is no longer hypothetical; the 2021 monsoon experience in India and 

Bangladesh illustrates this (Nevo et al., 2022). Thus, lead time is a key metric of AI performance. 

 
Figure 1: Two models of disaster management: reactive response (top) and AI-supported 

anticipatory action (bottom). The lower chain inserts lead time between hazard and impact 

Future scope: forecasting and early warning - Looking forward from September 2023, AI-

enabled DRR should focus on forecasting and early warning: 1) systems should transition from static 

prediction to dynamic forecasting, updating risk continuously as conditions evolve: for landslides, 

rainfall + soil moisture + slope movement + susceptibility → updated probability; for floods, rainfall 

+ river level + soil moisture + catchment response → updated forecast; regional ML-based early-

warning models already demonstrate this transition in practice (Liu et al., 2022); 2) systems should 

be evaluated not only by whether they predict an event, but also by how much useful time the 

forecast allowed: a forecast six hours in advance of a flood might allow for meaningful evacuation; 

the same forecast issued ten minutes before the flood would have little practical utility; research 

should therefore consider accuracy, lead time, false-alarm and missed-event frequency, spatial 

precision, computational speed, and decision usefulness, a multi-criteria view of performance. 

Impact-based and multi-hazard forecasting - One major future direction is the transition 

from hazard forecasting to impact forecasting. Traditional forecasting asks, will flooding occur? 

impact-based forecasting asks, what will the flooding do? An emergency manager must know which 

villages will be inundated, which roads will be closed, which schools will be evacuated, and where 

shelters and supplies need to be placed. AI that combines hazard forecasts with exposure and 

vulnerability data can deliver precisely that: Hazard forecast × Exposure × Vulnerability × 

Infrastructure = Expected impact. This direction links prediction directly to the decisions that will 

determine whether a hazard becomes a disaster. Disasters also interconnect: heavy rainfall might 

cause flood → landslide → road blockage → isolation → disrupted response; a cyclone may 

generate high winds → storm surge → coastal flooding → power and communication failure. 

Because a single-hazard lens underestimates the burden on response systems, future AI systems 
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should transition toward multi-hazard and cascading-risk analysis, and because AI is well-suited to 

modeling chains of consequence, it should do so. 

Physics-informed AI, explainability, and uncertainty - A common drawback of data-

driven models is their reliance on historic observations, which are often skewed in the case of 

extreme events: since extreme events are rare by definition, datasets may include hundreds of typical 

rainfall events, but only a few floods. AI coupled with physical understanding say for instance 

physical hydrological model + ML correction; slope-stability principles + ML classification, should 

be used in future research. The literature on flood mapping already indicates that physics-based deep 

learning will be useful because it retains the physical relationships while providing computational 

benefits (Bentivoglio et al., 2022). The hybridisation reflects the realization that data-driven pattern 

recognition and process-based understanding address distinct aspects of the forecasting problem. The 

AI systems that underpin disaster decisions cannot be black boxes: an emergency manager needs to 

be able to explain why an area was flagged as high risk, which factors played into this, how 

confident the model is, and what could cause the model to fail. Uncertainty must be communicated 

transparently: whereas a responsible system may say "there is a high likelihood of landslide 

occurrence given current rainfall and ground-movement conditions," instead of "there will be a 

landslide," uncertainty will be acknowledged while still allowing action to be taken, and institutional 

credibility will be maintained when probabilities do not translate to events. 

Data quality, transferability, and last-mile delivery - AI performance is inherently data-

driven. Incomplete historical records, inconsistent monitoring, insufficient sensor density, inaccurate 

inventories, spatial gaps, inconsistent formats, changing land-use conditions, and few records of 

extreme events are major limitations. Moreover, another challenge is geographical transferability; a 

model trained at one location may not work well at another due to geological, climatic, hydrological, 

and social conditions, which may vary across a country like India. Therefore, future studies should 

concentrate on regional benchmark datasets, open disaster inventories, cross-region validation, 

transfer learning, uncertainty quantification, and long-term operational validation. One of the biggest 

challenges is the last mile. An advanced AI system may predict a flood hour in advance, but the 

warning is useless if there is no connectivity, if messages are sent only in technical language, if 

communities do not understand them, if authorities have no means to evacuate, or if people do not 

trust the issuing institution. It is therefore necessary to have redundant pathways, AI forecast → 

disaster authority → local government → community leaders → households, combined with SMS, 

radio, public-address systems, sirens, volunteers, social media, and face-to-face communication. 

Resilience does not necessarily depend on technological sophistication: a warning is only useful if 

people receive it, understand it, trust it, and can respond. The body of early-warning literature 

overwhelmingly favors the integration of scientific and local knowledge, rather than technological 

solutions (Hermans et al., 2022), particularly in rural areas where communities identify 

environmental signals that never make it into a central database. 

Ethical and governance issues - Disaster management also raises new governance questions 

for AI. Algorithmic bias can occur when populations are systematically underrepresented in datasets, 

resulting in less accurate predictions for those communities. Accountability remains both human and 

institutional: if a warning is generated and no one responds, no one can shift blame to software. 

Social-media and mobile-location data can raise privacy concerns because of the sensitive 

information they may hold. Decision-makers may also fall victim to automation bias, which is the 

tendency to believe algorithmic recommendations are accurate because they are complex, and 

technological dependency, which is the condition in which institutions become dependent on 
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automated systems while human expertise atrophies. The implications for AI governance is that AI 

governance needs to be integrated into disaster-risk governance itself. 

Table 3. Persistent limitations of AI in disaster risk reduction and corresponding mitigation 

strategies 

Limitation Mitigation 

Incomplete and biased disaster 

inventories 

Open regional benchmark datasets, community-

contributed inventories 

Poor model transferability across 

regions 

Cross-region validation, transfer learning 

Black-box behaviour Explainable AI, feature-attribution reporting 

False alarms and missed events Multi-criteria evaluation (lead time, false-alarm rate, 

miss rate), probabilistic outputs 

Dependence on scarce historical 

extreme-event data 

Physics-informed and hybrid models 

Last-mile warning failure Redundant communication channels, community-

based dissemination 

Privacy and algorithmic bias Governance frameworks, fairness audits 

Institutional capacity gaps Long-term operational validation, human-in-the-loop 

design 

 

A human-centred AI framework for anticipatory action - Multi-source observations. 

Continuous streams from satellites, weather and river-gauge networks, seismic stations, UAVs, in-

situ sensors, and digital platforms form the raw material for risk assessment; value in diversity, as no 

single source can capture the complexity of an evolving hazard. Data integration. Heterogeneous 

observations are standardized, georeferenced, quality-controlled, and fused into coherent, analysis-

ready datasets, a prerequisite for any downstream model. AI/ML analytics. Predictive, classification, 

detection, and mapping models, from neural networks and ensembles to deep convolutional 

architectures and NLP, convert integrated data into hazard information: a flood forecast, a landslide 

probability, mapped inundation. Risk intelligence. When hazard information is combined with 

exposure, vulnerability, and infrastructure data, it becomes risk intelligence, producing estimates not 

only of what may happen, but also of what it would mean for people and assets, the impact-based 

logic. Human interpretation. Experts and communities interpret the intelligence, assess its 

uncertainty, and determine whether and how to act; this layer is intentionally not automated because 

accountability, judgement, and trust cannot be delegated to software, and local knowledge must be 

integrated with scientific output rather than displaced by it. Anticipatory action and resilience. 

Warnings are disseminated through redundant last-mile channels, and prepared institutions and 

communities convert them into protective actions evacuation, pre-positioning, shelter, livelihood 

protection that minimize impact and develop resilience. The principle that should guide this 

framework is that human judgement must be placed between prediction and action. The fundamental 

principle of the framework is the insertion of human judgment between prediction and action: an 

accurate forecast is useless without a communication channel, and a perfectly disseminated warning 

is meaningless if the forecast was too late. Therefore, AI-enabled disaster management is a socio-

technical system, not a software issue. 

 

 



Journal of Computational Analysis and Applications                                                                                        VOL. 31, NO. 4, 2023 

                                                                                                                                     10.48047/jocaaa.2023.31.04.78 

 

                                                                                                            3217                       Kosygin Leishangthem et al 3208-3219 

 
Figure 2:  Six-layer human-centered AI framework 

Conclusions 

The review concludes that Artificial Intelligence (AI) and Machine Learning (ML) have 

considerable potential to strengthen disaster risk reduction by transforming disaster management 

from a predominantly reactive system into a more predictive, anticipatory and decision-oriented 

approach. Evidence across floods, landslides, cyclones and extreme weather, earthquakes, wildfires 

and disaster-response information demonstrates that AI can process large, heterogeneous and rapidly 

changing datasets from satellites, sensors, weather stations, drones, imagery and social-media 

platforms to improve hazard detection, susceptibility mapping, forecasting, early warning, damage 

assessment and resource allocation. Flood forecasting and mapping appear particularly advanced, 

while landslide monitoring, wildfire detection, seismic monitoring and natural-language processing 

are promising areas of application. However, the review emphasises that the effectiveness of AI 

should not be judged solely by conventional measures of prediction accuracy. Its real disaster-

management value lies in whether it can provide earlier, reliable and actionable information that 

enables evacuation, protection of assets, pre-positioning of resources, rescue preparation and other 

anticipatory measures. Thus, lead time, false alarms, missed events, spatial precision, computational 

speed and decision usefulness should complement conventional model-performance indicators. At 

the same time, AI cannot replace conventional disaster science, expert judgement or community 

knowledge. Models trained on historical data may perform poorly when climatic, environmental and 

socioeconomic conditions change, while data limitations, poor generalisation, unequal digital 

connectivity, lack of benchmark datasets and the gap between experimental research and operational 

deployment remain significant challenges. Therefore, future development should prioritise dynamic 

rather than static forecasting, impact-based and multi-hazard prediction, integration of exposure and 

vulnerability information, and systems capable of analysing cascading risks. AI-supported warning 

systems should combine real-time observations with continuously updated forecasts and 

communicate information in ways that are understandable and actionable for affected communities. 

Ultimately, AI should be understood as a powerful decision-support technology, not an autonomous 

substitute for human responsibility. Scientifically robust models, human oversight, local knowledge, 

institutional capacity and meaningful community participation must operate together to ensure that 

improved prediction is translated into timely action and reduced disaster impacts.  
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