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Abstract 

The increasing frequency of climate variability and extreme weather events has highlighted the need for 

intelligent weather monitoring systems capable of providing accurate, real-time, and predictive 

environmental information. Conventional weather monitoring approaches often suffer from limited 

spatial coverage, delayed data processing, and inadequate forecasting capabilities. Recent 

advancements in the Internet of Things (IoT), Wireless Sensor Networks (WSNs), Artificial Intelligence 

(AI), and cloud computing have transformed weather monitoring into an intelligent, connected, and data-

driven process. This conceptual paper reviews the evolution of smart weather monitoring systems and 

examines the role of IoT-enabled sensors, AI-based predictive analytics, cloud computing, and wireless 

communication technologies in enhancing weather forecasting performance. The study also discusses 

the integration of AI, IoT, and cloud platforms for real-time environmental monitoring and decision 

support. Furthermore, it highlights the major challenges associated with data quality, energy 

consumption, communication reliability, cybersecurity, scalability, and model accuracy. The paper 

concludes that AI-enabled IoT-based smart wireless weather monitoring systems provide an efficient 

framework for accurate weather prediction, climate monitoring, disaster management, and sustainable 

environmental management. Future developments in edge AI, low-power communication technologies, 

and intelligent cloud platforms are expected to further improve the efficiency, reliability, and scalability 

of next-generation weather monitoring systems. 
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1. Introduction 

Accurate weather monitoring is essential for agriculture, disaster management, transportation, 

environmental protection, and climate management. Traditional weather monitoring systems are often 

limited by manual observations, delayed data processing, and restricted geographical coverage. The 

emergence of Wireless Sensor Networks (WSNs), the Internet of Things (IoT), and cloud computing has 

enabled continuous collection, transmission, and management of real-time environmental data, 

improving the efficiency and accessibility of weather monitoring (Ayaz et al., 2019). 

The integration of Artificial Intelligence (AI) has further enhanced weather forecasting by enabling 

predictive analytics based on historical and real-time meteorological data. AI techniques improve 

forecasting accuracy, anomaly detection, and early warning capabilities, while edge computing supports 

faster local data processing (Abhishek et al., 2012; Codeluppi et al., 2021). Consequently, AI-enabled 

IoT-based weather monitoring systems provide intelligent, scalable, and reliable solutions for climate 

monitoring and sustainable environmental management (Abbass et al., 2022). 

2. Evolution of Smart Weather Monitoring Systems 

Weather monitoring systems have evolved from traditional manual observations and standalone 

meteorological stations to intelligent, connected platforms capable of real-time environmental 

monitoring. Conventional systems primarily collected weather parameters such as temperature, 

humidity, rainfall, and wind speed at fixed intervals, but their limited coverage and delayed data 

processing restricted timely decision-making. 

The introduction of Wireless Sensor Networks (WSNs) and the Internet of Things (IoT) significantly 

improved weather monitoring by enabling continuous data collection, remote accessibility, and wireless 

communication between distributed sensor nodes. IoT-based weather monitoring systems offer greater 

scalability, real-time monitoring, and efficient environmental data management for applications such as 

agriculture, disaster management, and climate monitoring (Ayaz et al., 2019). Low-power 

communication technologies such as LoRaWAN have further enhanced system reliability and energy 

efficiency for remote weather stations (Bouras et al., 2022). 

The integration of Artificial Intelligence (AI) has transformed weather monitoring by enabling predictive 

weather analytics through machine learning and Artificial Neural Networks (ANNs). AI models analyse 

historical and real-time weather data to improve forecasting accuracy and support early warning systems 
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(Abhishek et al., 2012). Furthermore, the adoption of edge computing allows preliminary data processing 

near sensor devices, reducing latency and improving real-time decision-making before cloud 

transmission (Codeluppi et al., 2020). 

Figure 1. Operational workflow of the proposed IoT-based weather monitoring system 

 

Source: https://www.sciencedirect.com/science/article/pii/S2590005625001018 

Today, AI-enabled IoT-based smart weather monitoring systems integrate wireless sensors, cloud 

computing, edge intelligence, and predictive analytics to provide accurate, scalable, and automated 

weather forecasting solutions. These intelligent systems play an essential role in addressing climate 

change challenges and supporting sustainable environmental management (Abbass et al., 2022). 

3. Internet of Things (IoT) in Weather Monitoring 

The Internet of Things (IoT) has transformed weather monitoring by enabling interconnected sensors to 

collect, transmit, and analyse environmental data in real time. IoT-based weather monitoring systems 

integrate wireless sensor networks with cloud platforms, allowing continuous monitoring of parameters 

such as temperature, humidity, rainfall, wind speed, and atmospheric pressure. These systems provide 

accurate, timely, and remote access to weather information, supporting applications in agriculture, 

disaster management, and environmental monitoring (Fowdur et al., 2018). 

Recent advancements have combined IoT with Artificial Intelligence (AI) to enhance predictive weather 

analytics. AI-enabled IoT systems process real-time data from multiple sensing locations, improving 

forecasting accuracy through collaborative machine learning models (Fowdur & Ibn, 2022). Similarly, 

embedded AI on edge devices enables local processing of weather data, reducing latency, communication 

https://www.sciencedirect.com/science/article/pii/S2590005625001018
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costs, and dependence on cloud resources while supporting real-time decision-making (Codeluppi et al., 

2021). 

Figure 2. Projected Market Growth for Weather Services, Systems, and Monitoring (2020–2030) 

 

Source: https://www.sciencedirect.com/science/article/pii/S2590005625001018 

Edge computing has further strengthened IoT-based weather monitoring by enabling low-cost weather 

stations and imaging systems to perform cloud tracking and short-term weather forecasting near the data 

source (Richardson et al., 2017). Moreover, the emergence of the Artificial Intelligence of Things (AIoT) 

has created intelligent distributed sensor networks capable of autonomous data analysis, anomaly 

detection, and adaptive environmental monitoring, making modern weather monitoring systems more 

scalable, energy-efficient, and reliable (Seng et al., 2022). 

4. Wireless Sensor Networks for Weather Data Collection 

Wireless Sensor Networks (WSNs) form the foundation of modern smart weather monitoring systems 

by enabling the continuous collection of environmental data from geographically distributed sensor 

nodes. These networks monitor parameters such as temperature, humidity, rainfall, wind speed, 

atmospheric pressure, and solar radiation, transmitting the collected data wirelessly to gateways or cloud 

platforms for further analysis. The use of LoRaWAN has significantly improved WSN performance by 

https://www.sciencedirect.com/science/article/pii/S2590005625001018
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providing long-range, low-power communication suitable for remote weather monitoring applications 

(Lavric & Popa, 2017). 

The integration of Artificial Intelligence of Things (AIoT) has enhanced WSN capabilities by enabling 

intelligent data processing, real-time decision-making, and autonomous environmental monitoring. AI-

powered sensor networks improve system efficiency through adaptive sensing, anomaly detection, and 

predictive analytics (Zhang & Tao, 2021). Since weather sensor data may contain missing or incomplete 

values due to communication failures or sensor faults, data imputation techniques are widely applied to 

improve data quality and forecasting accuracy (Lin & Tsai, 2020; Khan et al., 2018). 

Table 1. Components and Functions of WSN-Based Weather Data Collection 

Component Function Examples/Technologies 

Sensor Nodes Collect environmental parameters Temperature, humidity, rainfall, wind 

speed, atmospheric pressure, solar radiation 

sensors 

Wireless 

Communication 

Transmit sensor data to gateways 

or cloud platforms 

LoRaWAN, ZigBee, Wi-Fi, Bluetooth Low 

Energy (BLE) 

Gateway Aggregates data from multiple 

sensor nodes and forwards it to the 

cloud 

Edge gateway, IoT gateway 

Cloud Platform Stores, manages, and analyses 

weather data 

AWS IoT, Microsoft Azure IoT, Google 

Cloud IoT 

AI/AIoT Module Performs anomaly detection, 

predictive analytics, and 

intelligent decision-making 

Machine learning, deep learning, AIoT 

Data Processing Improves data quality before 

analysis 

Missing data imputation, data filtering, data 

validation 

Applications Supports weather-related 

decision-making 

Precision agriculture, disaster management, 

climate monitoring, environmental 

protection 

Source: Compiled from Lavric and Popa (2017), Zhang and Tao (2021), Lin and Tsai (2020), Khan et 

al. (2018), and United Nations (2015). 

By supporting continuous environmental monitoring and reliable data collection, WSNs contribute to 

sustainable climate observation and help achieve the United Nations Sustainable Development Goals 

(SDGs) related to climate action, disaster resilience, and environmental sustainability (United Nations, 

2015). 

5. Artificial Intelligence in Weather Prediction 
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Artificial Intelligence (AI) has significantly enhanced weather prediction by enabling the analysis of 

large volumes of historical and real-time meteorological data to generate more accurate forecasts. 

Machine learning algorithms can identify complex and non-linear relationships among weather variables, 

improving prediction performance beyond traditional statistical approaches. Techniques such as 

regression models, feature selection, and regularisation methods are widely used to develop robust and 

efficient predictive models for weather forecasting (James et al., 2021; Agarwal et al., 2019). 

AI-driven weather prediction systems also incorporate advanced predictive techniques, including 

Principal Component Regression (PCR) and Partial Least Squares Regression (PLSR), to reduce data 

dimensionality and improve forecasting accuracy when handling high-dimensional environmental 

datasets (Agarwal et al., 2019; Cheng & Sun, 2017). In practical applications, lightweight AI-based 

solutions such as PortWeather enable real-time weather prediction on embedded devices, demonstrating 

the feasibility of deploying intelligent forecasting models in resource-constrained environments 

(Karvelis et al., 2020). 

Table 2. AI Techniques Used in Weather Prediction 

AI Technique Purpose Application in Weather 

Monitoring 

Machine Learning (ML) Learns patterns from historical 

weather data 

Temperature, rainfall, humidity, 

and wind forecasting 

Artificial Neural 

Networks (ANNs) 

Models complex non-linear 

relationships 

Short-term and long-term weather 

prediction 

Principal Component 

Regression (PCR) 

Reduces data dimensionality and 

multicollinearity 

Forecasting using high-

dimensional meteorological 

datasets 

Partial Least Squares 

Regression (PLSR) 

Extracts relevant features from 

correlated variables 

Improves prediction accuracy for 

environmental data 

Feature Selection & 

Regularisation 

Identifies significant variables and 

prevents model overfitting 

Development of robust predictive 

weather models 

Edge AI Performs local AI processing on 

embedded devices 

Real-time weather forecasting 

with reduced latency 

AI–IoT Integration Combines intelligent analytics with 

connected sensors 

Automated weather monitoring 

and decision support 

Source: Compiled from James et al. (2021), Agarwal et al. (2019), Cheng and Sun (2017), Karvelis et 

al. (2020), and Polymeni et al. (2022). 

Furthermore, AI-enabled IoT architectures facilitate intelligent data processing and system optimisation, 

supporting scalable and reliable weather monitoring applications. Although developed for IoT system 

assessment, the FINDEAS framework highlights the importance of integrating AI with IoT 
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infrastructures to improve system performance and decision-making capabilities, principles that are 

equally applicable to smart weather monitoring systems (Polymeni et al., 2022). 

 

6. Predictive Weather Analytics: Concepts and Applications 

Predictive weather analytics applies statistical techniques, machine learning, and time-series analysis to 

forecast future weather conditions using historical and real-time meteorological data. By analysing 

patterns in variables such as temperature, humidity, rainfall, wind speed, and atmospheric pressure, 

predictive analytics enables more accurate and timely weather forecasting. Traditional time-series 

forecasting models, including those based on autoregressive methods, continue to serve as a strong 

foundation for weather prediction and are widely used in environmental forecasting applications (Box et 

al., 2015). 

Figure 3. Predictive Weather Analytics Framework for AI-Enabled Smart Weather Monitoring Systems 

 

Source: Compiled from Box et al. (2015), Uyanık and Güler (2013), McDonald (2009), Ranstam and 

Cook (2018), and Polymeni et al. (2022). 
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Modern predictive weather analytics increasingly incorporates regression-based machine learning 

techniques to improve forecasting accuracy. Methods such as Multiple Linear Regression (MLR), Ridge 

Regression, and LASSO Regression help model relationships among weather variables, address 

multicollinearity, and identify the most significant predictors for weather forecasting (Uyanık & Güler, 

2013; McDonald, 2009; Ranstam & Cook, 2018). These techniques enhance the robustness and reliability 

of predictive models, particularly when analysing large and complex environmental datasets. 

The integration of predictive analytics with IoT-based environmental monitoring systems enables 

continuous real-time forecasting and intelligent decision support. By combining sensor-generated data 

with AI-driven predictive models, modern weather monitoring systems support applications such as 

precision agriculture, disaster preparedness, environmental management, and climate monitoring 

(Polymeni et al., 2022). 

7. Cloud Computing for Weather Data Management 

Cloud computing plays a vital role in modern weather monitoring systems by providing scalable storage, 

processing, and management of large volumes of meteorological data collected from IoT-enabled sensors 

and Wireless Sensor Networks (WSNs). Cloud platforms enable continuous data aggregation, real-time 

access, and seamless sharing of weather information, allowing users to monitor environmental conditions 

remotely and support data-driven decision-making. 

Cloud-based weather monitoring systems integrate historical and real-time datasets to perform advanced 

forecasting using time-series analysis and predictive models. Time-series forecasting techniques help 

identify weather trends and seasonal patterns, improving the accuracy and reliability of weather 

predictions (Chatfield & Xing, 2019; Hyndman & Athanasopoulos, 2018). Furthermore, cloud 

infrastructures provide the computational resources required to evaluate forecasting models and process 

large-scale environmental data efficiently. 

Another significant advantage of cloud computing is its ability to support forecast validation and 

performance assessment. By storing extensive historical datasets, cloud platforms facilitate the 

evaluation of predictive models using established forecasting accuracy measures, enabling continuous 

model improvement and reliable weather prediction (Gneiting, 2011). Consequently, cloud computing 

serves as a fundamental component of AI-enabled IoT-based smart weather monitoring systems by 

ensuring efficient data management, scalable analytics, and real-time accessibility. 



Journal of Computational Analysis and Applications                                                                                     VOL. 32, NO. 1, 2024 
   

                                                                                                        10.48047/jocaaa.2024.32.01.97 

                                                                                                         1464             Gaurang Rajeshkumar Gajjar et al 1456-1467 

 

 

8. Integration of AI, IoT, and Cloud Technologies 

The integration of Artificial Intelligence (AI), the Internet of Things (IoT), and cloud computing has 

transformed conventional weather monitoring into an intelligent and automated system capable of real-

time data collection, analysis, and forecasting. IoT-enabled sensors continuously capture environmental 

parameters, while cloud platforms provide scalable storage and computational resources for processing 

large volumes of weather data. AI algorithms analyse both historical and real-time datasets to identify 

complex weather patterns and generate accurate predictive forecasts. 

The effectiveness of integrated AI–IoT–cloud systems depends on the use of robust forecasting models 

and reliable data processing techniques. Comparative forecasting studies have demonstrated that 

selecting appropriate predictive models significantly improves forecasting accuracy across diverse time-

series datasets (Makridakis et al., 2020). Additionally, proper machine learning data preparation, 

including fair train–test data partitioning, enhances model reliability by reducing bias and improving 

prediction performance, particularly for geographically distributed environmental data (Salazar et al., 

2022). 

By combining intelligent sensing, cloud-based analytics, and AI-driven predictive modelling, AI-enabled 

IoT weather monitoring systems provide accurate, scalable, and real-time environmental intelligence, 

supporting applications such as climate monitoring, precision agriculture, and disaster management. 

9. Challenges and Limitations of Smart Weather Monitoring 

Despite their advantages, AI-enabled smart weather monitoring systems face several challenges. Sensor 

failures, missing data, and communication interruptions can reduce data quality and forecasting accuracy. 

Energy constraints in Wireless Sensor Networks and limitations in wireless communication also affect 

long-term system performance. Additionally, AI models require large, high-quality datasets for reliable 

prediction, while cloud-based platforms must address issues related to cybersecurity, data privacy, 

storage scalability, and interoperability. Addressing these challenges is essential for developing efficient 

and reliable smart weather monitoring systems. 

10. Conclusion 

AI-enabled IoT-based smart wireless weather monitoring systems integrate Artificial Intelligence, 

Wireless Sensor Networks, IoT, predictive analytics, and cloud computing to provide accurate, real-time, 

and intelligent weather forecasting. These technologies improve environmental monitoring, disaster 
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preparedness, and climate management through continuous data collection and advanced analytics. 

Although challenges such as data quality, energy efficiency, security, and interoperability remain, 

ongoing advancements in AI, edge computing, and cloud technologies are expected to enhance the 

performance, scalability, and reliability of future smart weather monitoring systems. 
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