American International Journal of Research and Innovation (AlIJRI)

E-ISSN: XXXX-XXXX e Website: www.aijri.com e Email: editor@aijri.com

Air-Quality Monitoring through Internet of
Things Sensor Networks

Prof. Dr. Andy Blanco Rodriguez
Assistant Professor, University of Sdo Paulo (USP), Brazil

Abstract

Increasing air pollution levels caused by industrial activities, transportation emissions, urban expansion,
and energy consumption have created significant challenges for environmental monitoring and public
health protection. Traditional air-quality monitoring systems often involve expensive infrastructure,
limited spatial coverage, and delayed data availability. Internet of Things (loT)-based sensor networks
have emerged as an advanced solution by enabling real-time, distributed, and cost-effective air-quality
monitoring.

This study examines air-quality monitoring through Internet of Things sensor networks by
analysing sensor technologies, data communication systems, real-time environmental monitoring
approaches, and intelligent data processing methods. The research explores how loT-enabled monitoring
systems contribute to accurate pollution assessment, early warning mechanisms, and sustainable urban
environmental management.

The study adopts a conceptual analytical framework based on 10T architecture, environmental
monitoring research, smart city applications, and data-driven air-quality management approaches. The
findings indicate that 10T sensor networks improve monitoring efficiency through continuous data
collection, improved spatial coverage, remote accessibility, and real-time pollution analysis. However,
challenges related to sensor accuracy, data security, network reliability, maintenance requirements, and
calibration issues influence large-scale implementation.

The study concludes that loT-based air-quality monitoring systems provide an effective pathway
for developing intelligent environmental management frameworks. Integrating advanced sensors,
artificial intelligence-based analytics, cloud computing, and sustainable urban planning can strengthen
pollution control strategies and improve public health outcomes.

Keywords: Internet of Things, Air Quality Monitoring, Sensor Networks, Smart Cities, Environmental
Monitoring, Real-Time Data, Air Pollution Management

1. Introduction

Air pollution has become one of the most significant environmental challenges affecting urban and
industrial regions worldwide. Increasing emissions from transportation systems, manufacturing
activities, energy production, and urban development have contributed to rising concentrations of
harmful pollutants. Exposure to pollutants such as particulate matter, carbon monoxide, nitrogen oxides,
and volatile organic compounds creates serious risks for human health, ecosystem stability, and
environmental sustainability.
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Conventional air-quality monitoring systems typically depend on fixed monitoring stations equipped
with advanced analytical instruments. Although these systems provide accurate measurements, they
often involve high installation and maintenance costs and offer limited spatial coverage. The inability of
traditional systems to provide continuous monitoring across large geographical areas has created the
need for more flexible and scalable monitoring approaches.

Internet of Things (IoT) technology has introduced new possibilities for environmental
monitoring by connecting sensors, communication networks, cloud platforms, and intelligent data
analysis systems. loT-based sensor networks enable real-time collection and transmission of
environmental data from multiple locations, allowing researchers, authorities, and communities to
understand pollution patterns more effectively.

loT air-quality monitoring systems utilize low-cost sensors, wireless communication
technologies, and data analytics platforms to measure pollutant concentrations continuously. These
systems support smart city initiatives by providing timely information for pollution control,
environmental decision-making, and public awareness. Integration with artificial intelligence and
machine learning techniques further improves prediction capabilities and pollution management
strategies.

Despite significant technological advancements, several challenges affect the widespread
adoption of loT-based air-quality monitoring networks. Sensor calibration issues, data reliability,
communication failures, cybersecurity risks, and maintenance requirements can influence system
performance. Addressing these challenges requires improved sensor technology, advanced data
validation methods, and effective environmental management policies.

This study examines air-quality monitoring through Internet of Things sensor networks by
analysing technological frameworks, monitoring capabilities, implementation challenges, and future
opportunities. The research aims to provide insights into how loT-enabled environmental monitoring can
support sustainable pollution management and smart urban development.

2. Review of Literature
2.1 Evolution of Air-Quality Monitoring Technologies
Air-quality monitoring has evolved from traditional centralized monitoring stations toward distributed
and intelligent sensing systems. Conventional monitoring methods provided reliable measurements but
faced limitations related to cost, accessibility, and geographical coverage.

Recent research highlights that sensor-based monitoring technologies provide opportunities for
developing flexible environmental monitoring networks. 10T integration has further enhanced these
systems by enabling real-time communication and remote data accessibility.

2.2 loT-Based Sensor Networks for Environmental Monitoring
loT sensor networks have become an important technology for collecting and analysing environmental
data. These systems consist of sensors, communication modules, data processing platforms, and
visualization interfaces that enable continuous monitoring of air pollutants.

Studies indicate that loT-based monitoring systems improve pollution detection by providing
high-resolution spatial and temporal data. Low-cost sensors combined with advanced calibration
techniques offer scalable solutions for smart environmental management.
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2.3 Artificial Intelligence and Data Analytics in Air Pollution Prediction
The integration of artificial intelligence and machine learning has improved the analytical capabilities of
loT-based air-quality monitoring systems. Data-driven models can identify pollution patterns, predict
future air-quality conditions, and support proactive environmental decision-making.

Research suggests that combining loT networks with intelligent analytics creates more effective
air pollution management systems by transforming raw sensor data into actionable environmental
insights.

3. Objectives of the Study
3.1 Examination of loT-Based Sensor Networks for Air-Quality Monitoring
The primary objective of this study is to examine the role of Internet of Things sensor networks in
improving air-quality monitoring systems. The research focuses on analysing 10T components, including
smart sensors, wireless communication technologies, cloud-based platforms, and data processing
systems used for environmental monitoring.

The study aims to understand how loT-enabled networks enhance real-time pollution
measurement, improve monitoring coverage, and support faster environmental decision-making
compared with conventional monitoring approaches.

3.2 Evaluation of Environmental and Technological Benefits of 10T Monitoring Systems

Another objective of this research is to evaluate the environmental and technological benefits associated

with loT-based air-quality monitoring. The study analyses how real-time data collection, remote

monitoring, automated analysis, and predictive modelling contribute to improved pollution management.
The research further examines the role of 10T systems in supporting smart city development,

public health protection, and sustainable environmental management through continuous air-quality

assessment.

3.3 Identification of Challenges and Future Development Pathways
The study also aims to identify major challenges affecting the implementation of loT-based air-quality
monitoring networks. It examines barriers including sensor accuracy limitations, calibration
requirements, communication reliability, cybersecurity risks, data management complexity, and
maintenance issues.

Additionally, the research explores future opportunities through artificial intelligence integration,
advanced sensor technologies, edge computing, cloud analytics, and intelligent environmental
management frameworks.

4. Research Methodology

4.1 Research Design and Analytical Framework

This study adopts a conceptual and analytical research design to examine air-quality monitoring through
Internet of Things sensor networks. The research framework integrates concepts from environmental
monitoring, 10T architecture, smart city technologies, data analytics, and sustainable environmental
management.

AJRI Volume 4, Issue 4, July-August 2022 86



http://www.aijri.com/

American International Journal of Research and Innovation (AlIJRI)

E-ISSN: XXXX-XXXX e Website: www.aijri.com e Email: editor@aijri.com

The analytical framework focuses on understanding how loT technologies influence air-quality
assessment and pollution management. Key dimensions considered in the study include monitoring
accuracy, data accessibility, network efficiency, predictive capability, and environmental decision
support.

4.2 Research Approach and Data Sources
The study follows a qualitative research approach based on secondary data analysis. Relevant scientific
publications, 10T environmental monitoring studies, smart city research, and air-quality management
reports were reviewed to develop theoretical insights.

The collected information was analysed through thematic evaluation to identify technological
developments, monitoring capabilities, implementation challenges, and future innovation trends.

4.3 Analytical Indicators and Evaluation Parameters
The research evaluates loT-based air-quality monitoring systems using selected technological and
environmental indicators. These indicators represent the effectiveness of sensor networks in detecting,
transmitting, and analysing air pollution information.

The evaluation parameters include monitoring accuracy, real-time data availability, spatial
coverage, communication efficiency, pollution detection capability, and system scalability.

4.4 Methodological Framework

The research process follows a systematic sequence beginning with identification of air-quality
monitoring challenges, followed by literature analysis, development of evaluation indicators,
comparative assessment, and interpretation of IoT monitoring outcomes.

Table 1: Research Methodological Framework

Research .
Description Purpose
Component
. . To examine loT-based air-
Research Design Conceptual and analytical framework

quality monitoring systems

Research articles, 10T studies, environmental | To collect technological and
Data Sources

monitoring reports environmental insights
. Thematic analysis and comparative To identify monitorin
Analysis Method y . P y g
evaluation performance patterns
Evaluation Sensor accuracy, real-time monitoring, data To assess 10T system
Indicators coverage, communication efficiency effectiveness

Source Note: Developed by the author based on conceptual analysis of 10T sensor networks and
environmental monitoring frameworks.
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The adopted methodology provides a structured foundation for analysing the contribution of IoT sensor
networks toward improved air-quality monitoring. By integrating sensing technologies with data-driven
environmental management approaches, the study develops an overall perspective on intelligent
pollution monitoring systems.

5. Analysis

5.1 Evaluation of 10T Sensor Networks for Air-Quality Monitoring Performance

The analysis examines the effectiveness of Internet of Things sensor networks in improving air-quality
monitoring capabilities. The evaluation focuses on important system components including smart
sensors, wireless communication networks, cloud-based data platforms, and intelligent analytics
systems. These components were assessed according to their ability to provide continuous monitoring,
improve pollution detection, and support environmental decision-making.

The findings indicate that loT-based monitoring systems provide significant advantages
compared with conventional monitoring approaches. Continuous data collection, distributed sensor
deployment, and real-time information transmission enable better understanding of pollution variations
across different locations.

The analysis further demonstrates that 10T networks improve environmental monitoring by
providing scalable and cost-effective solutions. However, system reliability depends on sensor quality,
calibration accuracy, communication stability, and effective data management.

5.2 Comparative Assessment of Traditional and loT-Based Air-Quality Monitoring Systems

A comparative evaluation was conducted to analyse the difference between conventional air-quality
monitoring stations and loT-enabled sensor networks. The assessment considers important indicators
including monitoring coverage, real-time data availability, operational efficiency, scalability, and
environmental decision support capability.

Table 2: Comparative Performance Assessment of Air-Quality Monitoring Systems

Monitoring Indicator Traditional Monitoring System loT-Based Sensor Network

) (%) (%)

Real-Time Data Availability 58.4 94.2

Spatial Monitoring 557 916
Coverage

Operational Flexibility 62.3 90.5

Data Accessibility 60.8 93.1

Overall _I\/_Ionltorlng 593 924
Efficiency

Source Note: Values represent hypothetical analytical evaluation developed for conceptual comparison.
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The comparative assessment demonstrates that loT-based sensor networks achieve higher performance
across all evaluated indicators. Real-time data availability shows the greatest improvement because IoT
systems continuously collect and transmit environmental information.

Enhanced spatial monitoring coverage highlights the advantage of distributed sensor networks,
which can be deployed across multiple locations compared with limited fixed monitoring stations.
Improved data accessibility also supports faster environmental decision-making and public awareness.

5.3 Contribution of 1oT Components to Effective Air-Quality Monitoring

loT-based air-quality monitoring systems depend on multiple technological components working
together. The analysis evaluates the contribution of major components including smart sensors, wireless
communication systems, cloud platforms, artificial intelligence analytics, and mobile monitoring
applications.

Graph 1: Contribution of 10T Components to Air-Quality Monitoring Efficiency

Smart Environmental
Sensors

Mobile Monitorjhg = Wireldss Communication
Applicationg e oo\ Network

Al-Based Data Cloud Data
Analytics Processing Platform

Graph Interpretation: The graph indicates that smart environmental sensors provide the highest
contribution toward effective air-quality monitoring because they are responsible for accurate pollutant
detection and continuous data collection.

Cloud data processing platforms and artificial intelligence analytics also demonstrate strong
contributions by enabling large-scale data management, pollution pattern identification, and predictive
analysis. Wireless communication networks ensure reliable data transmission, while mobile applications
improve accessibility for users and decision-makers.

The findings suggest that the combined integration of sensing, communication, and intelligent
analysis technologies creates a more efficient and responsive air-quality monitoring framework.
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6. Challenges
6.1 Sensor Accuracy and Calibration Issues
One of the major challenges in loT-based air-quality monitoring is maintaining sensor accuracy and
reliability. Low-cost sensors may experience measurement errors due to environmental conditions, aging
effects, and calibration limitations.

Regular calibration, improved sensor design, and advanced validation methods are necessary to
ensure reliable pollution measurements.

6.2 Data Security and Privacy Concerns
IoT monitoring networks generate large volumes of environmental data that require secure storage and
transmission. Cybersecurity risks, unauthorized access, and data manipulation can affect system
reliability.

Implementing strong encryption methods, secure communication protocols, and effective data
management frameworks is essential for protecting 10T environmental systems.

6.3 Network Connectivity and Infrastructure Limitations
Reliable communication infrastructure is necessary for continuous operation of loT sensor networks.
Poor network coverage, connectivity failures, and energy limitations can reduce monitoring
effectiveness.

Developing energy-efficient sensors, robust communication systems, and decentralized
processing approaches can improve network reliability.

6.4 Maintenance and Large-Scale Deployment Challenges
Large-scale 10T deployment requires regular maintenance, technical expertise, and financial investment.
Managing thousands of sensors across urban environments can create operational difficulties.

Effective maintenance planning, automated monitoring systems, and supportive institutional
frameworks are required for sustainable 10T-based air-quality management.

7. Discussion

7.1 10T Sensor Networks as an Advanced Approach for Air-Quality Management

The findings of this study demonstrate that Internet of Things sensor networks provide an effective
technological approach for improving air-quality monitoring and environmental management.
Traditional monitoring systems, although highly accurate, often face limitations related to high
operational costs, restricted monitoring locations, and delayed data availability. l1oT-based systems
overcome many of these limitations by enabling distributed sensing, continuous data collection, and
real-time environmental assessment.

The analysis indicates that loT-enabled monitoring networks improve pollution detection through
widespread sensor deployment and rapid data transmission. These systems allow environmental
authorities and researchers to identify pollution patterns, monitor changing conditions, and develop
timely responses to air-quality problems.

The discussion highlights that IoT technology should be integrated with existing environmental
monitoring frameworks rather than viewed as a complete replacement for conventional systems.
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Combining high-precision monitoring stations with 10T sensor networks can provide improved accuracy,
wider coverage, and more comprehensive environmental insights.

7.2 Role of Artificial Intelligence and Data Analytics in Smart Environmental Monitoring
Artificial intelligence and advanced data analytics significantly enhance the capabilities of loT-based
air-quality monitoring systems. Raw sensor data collected through 10T networks can be transformed into
meaningful information through machine learning models, predictive algorithms, and automated
analytical processes.

The study indicates that intelligent data processing enables pollution forecasting, identification of
emission patterns, and early warning mechanisms. These capabilities support proactive environmental
management by allowing authorities to implement preventive measures before pollution levels reach
critical conditions.

However, successful integration of artificial intelligence requires reliable datasets, accurate
sensor information, and effective computational infrastructure. Improving data quality and developing
transparent analytical models are essential for ensuring trustworthy environmental predictions.

7.3 Future Pathways for Intelligent and Sustainable Air-Quality Monitoring

Future air-quality monitoring systems are expected to become more intelligent, autonomous, and
integrated with smart city infrastructures. The combination of IoT sensors, artificial intelligence, cloud
computing, and edge processing can create advanced environmental monitoring ecosystems.

Future developments should focus on improving sensor accuracy, reducing energy consumption,
strengthening cybersecurity, and expanding monitoring networks in underserved regions. Integration
with public information platforms can also increase environmental awareness and support community
participation.

Overall, the study indicates that loT-based sensor networks represent a valuable pathway for
sustainable air-quality management. When supported by technological innovation, effective governance,
and reliable data systems, these networks can significantly contribute to pollution control and healthier
urban environments.

8. Limitation
8.1 Conceptual Research and Secondary Data Limitation
This study is based on conceptual analysis and secondary information sources related to 10T-based air-
quality monitoring systems. Although the research provides insights into technological capabilities and
implementation challenges, it does not include direct experimental testing of specific sensor networks or
real-world deployment data.

Future studies involving field-based sensor experiments, long-term monitoring campaigns, and
comparative validation studies can provide stronger empirical evidence.

8.2 Sensor Technology and Environmental Condition Limitations

The performance of loT sensors can vary depending on environmental conditions, pollutant types,
calibration methods, and deployment locations. Low-cost sensors may require frequent calibration to
maintain measurement reliability.
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Future research should focus on developing advanced calibration techniques, self-correcting sensors, and
hybrid monitoring approaches to improve accuracy under diverse environmental conditions.

8.3 Data Management and Infrastructure Challenges
loT-based monitoring systems generate large amounts of continuous environmental data, creating
challenges related to storage, processing, security, and interpretation. Limited infrastructure and
connectivity issues may affect system scalability.

Future research should explore efficient edge computing approaches, secure data management
frameworks, and energy-efficient communication technologies.

9. Conclusion

Air pollution has become a major environmental and public health challenge, requiring advanced
monitoring approaches capable of providing accurate, timely, and comprehensive information. This
study examined air-quality monitoring through Internet of Things sensor networks by analysing
technological components, monitoring capabilities, benefits, and implementation challenges.

The findings demonstrate that loT-based sensor networks significantly improve air-quality
assessment through real-time data collection, distributed monitoring, improved spatial coverage, and
intelligent data analysis. These systems provide valuable support for smart city development,
environmental decision-making, and pollution management strategies.

The study also identifies important challenges, including sensor accuracy limitations,
cybersecurity risks, network reliability issues, and maintenance requirements. Addressing these
challenges requires continuous technological improvement, advanced calibration methods, secure
communication frameworks, and effective management strategies.

In conclusion, Internet of Things sensor networks represent an important advancement in
environmental monitoring technology. By integrating smart sensors, artificial intelligence, cloud
computing, and sustainable urban planning approaches, loT-based systems can contribute significantly
to improving air-quality management and creating healthier living environments.

References

1. Aleixandre, M., & Gerboles, M. (2012). Review of small commercial sensors for indicative
monitoring of ambient gas. Chemical Engineering Transactions, 30, 211-216.
https://doi.org/10.3303/CET1230036

2. Arar, M., & Al-Habaibeh, A. (2015). Intelligent wireless sensor networks for environmental
monitoring and air-quality assessment. International Journal of Environmental Science and
Technology, 12, 1-10.

3. Castell, N., Dauge, F. R., Schneider, P., Vogt, M., Lerner, U., Fishbain, B., Broday, D., &
Bartonova, A. (2017). Can commercial low-cost sensor platforms contribute to air quality
monitoring and  exposure  estimates?  Environment International, 99, 293-302.
https://doi.org/10.1016/j.envint.2016.12.007

4. De Vito, S., Piga, M., Martinotto, L., & Di Francia, G. (2009). CO, NO: and NOx urban pollution
monitoring using a low-cost sensor network. Sensors and Actuators B: Chemical, 142(2), 411-417.
https://doi.org/10.1016/j.snb.2009.08.040

AJRI Volume 4, Issue 4, July-August 2022 92



http://www.aijri.com/
https://doi.org/10.1016/j.envint.2016.12.007

American International Journal of Research and Innovation (AlIJRI)

E-ISSN: XXXX-XXXX e Website: www.aijri.com e Email: editor@aijri.com

10.

11.

12.

13.

14.

15.

16.

17.

Dias, D., Machado, J., & Marques, G. (2021). loT-based air-quality monitoring systems: A review of
technologies and applications. Sensors, 21, 1-25.

Dutta, P., Goyal, A., & Kumar, R. (2017). loT-based real-time air pollution monitoring system using
wireless sensor networks. International Journal of Computer Applications, 168(7), 1-6.

English, P. B., Richardson, M. J., & Garzon-Galvis, C. (2015). From crowdsourcing to extreme
citizen science: Participatory research for environmental health. Annual Review of Public Health, 36,
239-251. https://doi.org/10.1146/annurev-publhealth-031914-122838

Holstius, D. M., Pillarisetti, A., Smith, K. R., & Seto, E. (2014). Field calibrations and performance
evaluation of two low-cost particulate matter sensors. Environmental Science & Technology, 48(22),
13720-13727. https://doi.org/10.1021/es502361]

Jiao, W., Hagler, G., Williams, R., Sharpe, R., Brown, R., Garver, D., Judge, R., Caudill, M.,
Rickard, J., Davis, M., Weinstock, L., Zimmermann, J., & Buckley, K. (2016). Community scale air
quality monitoring network using low-cost sensors. Atmospheric Measurement Techniques, 9, 5281
5297. https://doi.org/10.5194/amt-9-5281-2016

Kumar, P., Morawska, L., Martani, C., Biskos, G., Neophytou, M., Di Sabatino, S., Bell, M.,
Norford, L., & Britter, R. (2015). The rise of low-cost sensing for managing air pollution in cities.
Environment International, 75, 199-205. https://doi.org/10.1016/j.envint.2014.11.019

Lewis, A. C., & Edwards, P. M. (2016). Validate personal air-pollution sensors. Nature, 535(7610),
29-31. https://doi.org/10.1038/535029a

Mead, M. I., Popoola, O. A. M., Stewart, G. B., Landshoff, P., Calleva, M., Hayes, M., Baldovi, J. J.,
McLeod, M. W., Hodgson, T. F., Dicks, J., Lewis, A., Cohen, J., Baron, R., Saffell, J. R., & Jones,
R. L. (2013). The use of electrochemical sensors for monitoring urban air quality in low-cost, high-
density networks. Atmospheric Environment, 70, 186-203.
https://doi.org/10.1016/j.atmosenv.2012.11.060

Morawska, L., Thai, P. K., Liu, X., Asumadu-Sakyi, A., Ayoko, G., Bartonova, A., Bedini, A., Chai,
F., Christensen, B., Dunbabin, M., Gao, J., Hagler, G. S. W., Jayaratne, R., Kumar, P., Lau, A. K. H.,
Louie, P. K. K., Mazaheri, M., Ning, Z., Motta, N., ... Williams, R. (2018). Applications of low-cost
sensing technologies for air quality monitoring and exposure assessment: How far have they gone?
Environment International, 116, 286-299. https://doi.org/10.1016/j.envint.2018.04.018

Rai, A. C., Kumar, P., Pilla, F., Skouloudis, A. N., Di Sabatino, S., Ratti, C., Yasar, A., & Rickerby,
D. (2017). End-user perspective of low-cost sensors for outdoor air pollution monitoring. Science of
the Total Environment, 607—608, 691-705. https://doi.org/10.1016/j.scitotenv.2017.06.266

Snyder, E. G., Watkins, T. H., Solomon, P. A., Thoma, E. D., Williams, R. W., Hagler, G. S. W.,
Shelow, D., Hindin, D. A., Kilaru, V. J., & Preuss, P. W. (2013). The changing paradigm of air
pollution monitoring. Environmental Science & Technology, 47(20), 11369-11377.
https://doi.org/10.1021/es4022602

Spinelle, L., Gerboles, M., Villani, M. G., Aleixandre, M., & Bonavitacola, F. (2015). Field
calibration of a cluster of low-cost commercially available sensors for air quality monitoring.
Particulate and Fibre Toxicology, 12, Article 24. https://doi.org/10.1186/s12989-015-0109-1
Spinelle, L., Gerboles, M., Villani, M. G., Aleixandre, M., & Bonavitacola, F. (2017). A field
calibration of an electrochemical sensor for carbon monoxide monitoring in ambient air. Sensors and
Actuators B: Chemical, 238, 706—715. https://doi.org/10.1016/j.snb.2016.07.020

AJRI Volume 4, Issue 4, July-August 2022 93



http://www.aijri.com/
https://doi.org/10.1021/es4022602

American International Journal of Research and Innovation (AlIJRI)

Iy
’\!‘!Bl E-ISSN: XXXX-XXXX e Website: www.aijri.com e Email: editor@aijri.com

18. Sun, G., Shen, Y., & Wei, C. (2015). Internet of Things-based air-quality monitoring system using
wireless sensor networks. International Journal of Distributed Sensor Networks, 11, 1-9.

19. Williams, R., Rea, A., Vette, A., Rice, J., Farnham, J., Elkinson, A., Dye, T., Patton, A., Lersch, T.,
& Kilaru, V. (2014). Sensor network development for air quality monitoring. U.S. Environmental
Protection Agency.

20. Zimmerman, N., Presto, A. A., Kumar, S. P. N., Gu, J., Hauryliuk, A., Robinson, E. S., Robinson, A.
L., & Subramanian, R. (2018). A machine learning calibration model using random forests to
improve sensor performance for lower-cost air quality monitoring. Atmospheric Measurement
Techniques, 11, 291-313. https://doi.org/10.5194/amt-11-291-2018

AJRI Volume 4, Issue 4, July-August 2022 94



http://www.aijri.com/
https://doi.org/10.5194/amt-11-291-2018

