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Abstract:
The intensification of global climate change and the significant increase of extreme rainfall events have made traditional 
urban drainage systems face great adjustments. As a key component of green infrastructure to avoid urban flood risk, 
green roofs are receiving increasing attention due to their unique capabilities in stormwater management. This paper 
explores the potential of Internet of Things (IoT) technology and sensor networks to enhance green roof stormwater 
management. Integrated real-time monitoring of key environmental parameters, including soil moisture, temperature 
and rainfall, enables the system to dynamically adjust roof drainage and irrigation strategies. This greatly improves 
the rainwater retention capacity and reduces the pressure on the municipal sewage system. The results show that the 
combination of IoT technology and sensor networks not only improves the efficiency of green roof management in 
combating climate change, but also promotes the efficient use of water resources and enhances the adaptability and 
sustainability of the system. This research provides the necessary technical support for the wider adoption of green roofs 
in urban environments and offers viable solutions to future challenges posed by climate change.
Keywords: Green roofs, Internet of Things, sensor networks, stormwater management, urban flooding.

1. Introduction
As the climate continues to warm, many regions across 
the globe are projected to face an increased risk of ex-
treme rainfall events. Approximately 46% of the world’s 
regions may be at medium-high risk of such events [1]. 
Conventional urban drainage systems are increasingly 
inadequate in coping with the rising frequency and inten-
sity of rainstorms. Consequently, green infrastructure is 
emerging as a vital strategy to address this issue. Among 
the components of green infrastructure, green roofs have 
garnered significant interest due to their unique capabil-
ities in stormwater management. Green roofs can effec-
tively detain and absorb rainwater, thereby alleviating 
the burden on urban sewerage systems and reducing the 
risk of flooding [2]. Additionally, green roofs contribute 
to mitigating the urban heat island effect, enhancing air 
quality, and increasing biodiversity, leading to their wide-
spread promotion and application worldwide.
However, despite the clear potential of green roofs for 
stormwater management, the current generation of green 
roof technologies still faces substantial challenges when 
dealing with the complexities of changing climatic and 
seasonal conditions [3]. Notably, existing stormwater 
management strategies often rely on traditional methods 

and experience, lacking the ability to respond promptly to 
dynamic environmental data. The rapid development of 
the Internet of Things (IoT) and sensor networks presents 
a novel solution for managing rainwater on green roofs. 
The integration of sensors, networks, and data processing 
technologies within the IoT framework facilitates re-
al-time monitoring and data collection of environmental 
conditions on green roofs, providing a basis for optimizing 
rainwater management strategies [4]. Furthermore, sensor 
networks enable detailed monitoring of various environ-
mental parameters pertinent to green roofs, including soil 
moisture, temperature, and precipitation. This supports ac-
curate management and evidence-based decision-making 
[5].
This paper aims to review existing researches and case 
studies to explore the integrated application of IoT tech-
nology and sensor networks in green roof rainwater man-
agement. It specifically focuses on the innovative role 
that such technology can play in enhancing the rainwater 
retention capacity of green roofs and optimizing rainwater 
management strategies. Additionally, this paper proposes 
a theoretical framework for the integrated application, 
intending to provide technical support and practical guid-
ance for the development of green infrastructure.
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2. Research Status of Stormwater 
Management in Green Roofs
2.1 Existing Technologies and Methods for 
Stormwater Management on Green Roofs
Green roofs are a building technology that provides a 
range of environmental benefits, including reducing 
stormwater runoff, mitigating the urban heat island effect, 
and enhancing air quality. These benefits are achieved 
through the planting of vegetation and the use of suitable 
substrate layers on the roof. The application of green roofs 
as a sustainable stormwater management tool in highly ur-
banized areas has been extensively researched and validat-
ed. Green roofs have proven to be an effective method for 
alleviating the pressure of urban stormwater runoff. The 
degree of stormwater retention by green roofs varies sig-
nificantly, depending on the intensity and duration of rain-
fall events, with typical retention rates ranging between 
10% and 60% [6]. Previous studies have focused on op-
timizing vegetation selection, substrate composition, and 
drainage system design. The effectiveness of green roofs 
in managing rainwater largely depends on the appropriate 
selection of vegetation and substrates. Researchers have 
attempted to improve this effectiveness by identifying 
plant species that are tolerant of drought and cold, as well 
as substrate materials with high water absorption capac-
ity and low weight [7, 8]. Additionally, a well-designed 
drainage structure is essential for preventing saturation of 
the substrate layer while ensuring the structural integrity 
of the roof. Therefore, the design of drainage systems re-
mains a critical area of research.

2.2 Challenges in Stormwater Management 
on Green Roofs
However, most existing research on green roofs for rain-
water management has focused on specific climatic con-
ditions, limiting the generalizability and replicability of 
the findings. For example, the rainwater retention capacity 
of green roofs is more pronounced in temperate or humid 
climates, while in arid or cold regions with low rainfall, 
retention capacity is comparatively reduced, significantly 
impacting their effectiveness. Additionally, the influence 
of hydrological variables (e.g., rainfall intensity, evapo-
ration, and transpiration rates) on retention varies consid-
erably even within the same green roof design category 
under different climatic conditions [9]. A key challenge 
for current research is thus to identify optimal design and 
management strategies for green roofs that can be adapted 
to diverse climatic conditions and urban environments.
The economic aspects of green roofs have also been a 
significant focus of investigation within the research com-
munity. Despite the considerable benefits of green roofs 

in rainwater management and eco-efficiency, their high 
initial costs and maintenance requirements often hinder 
broader adoption. Over the past decade, researchers have 
increasingly focused on life cycle cost analysis of green 
roofs, seeking ways to reduce costs and enhance benefits 
through policy incentives and technological innovation 
[10].
Moreover, the advent of the IoT and sensor networks has 
facilitated the development of sophisticated and intelligent 
rainwater management systems for green roofs. These 
systems are capable of real-time monitoring and data anal-
ysis, enabling the assessment of rainwater management 
efficacy and the implementation of dynamic adjustments 
in response to changing environmental conditions, thereby 
enhancing green roof performance.

3. Application of IoT technology in En-
vironmental Monitoring
3.1 Basic Concepts and Development of IoT 
Technology
The core concept of the IoT involves the real-time collec-
tion of environmental data through interconnected sensors 
and devices, with the subsequent transmission of this 
data to a central system for processing and analysis via a 
network. As advancements in computing power and data 
transmission technology have progressed, IoT systems 
have become increasingly efficient and reliable. Moreover, 
the applications of IoT have expanded beyond the initial 
focus on industrial automation to include agriculture, ur-
ban management, environmental protection, and various 
other domains.

3.2 Application Examples of IoT Technology 
in Environmental Monitoring
In the field of environmental monitoring IoT technolo-
gy is employed extensively in the management of water 
resources the monitoring of air quality the observation 
of climate change and other related areas. In the context 
of agriculture, the application of IoT technology enables 
farmers to optimize irrigation strategies and reduce water 
wastage through the real-time monitoring of soil mois-
ture air temperature and other pertinent data. To illustrate 
in the Medenine region of Tunisia from March 2020 to 
March 2021 researchers implemented a cost-effective IoT 
platform on an agricultural field for the purpose of mon-
itoring environmental parameters. As shown in Fig. 1, 
the system incorporates drones and ground-based sensors 
for the real-time monitoring of data such as soil moisture 
temperature and air humidity and transmits the data to the 
cloud for subsequent analysis and storage. This platform 
has facilitated improvements in crop management and an 
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increase in farm productivity for farmers in the region [11].

Fig. 1 Overview of the agricultural IoT platform [11]
In urban management, IoT technology has the potential to 
monitor air pollution indices and provide real-time alerts, 
thereby reducing the impact of air pollution on residents’ 
health. To illustrate this point, Edupuganti et al. [12] put 
forward a proposal for an IoT-based dynamic air pollution 
monitoring system. The system measures and analyzes 
air quality parameters in real time and alerts users when 
air quality deteriorates so that they can take necessary 
preventive measures. The system has been tested in re-
al-world environments, proving its effectiveness in pro-
viding accurate and reliable air quality data [12].
In particular, the IoT has been effectively utilized in the 
field of stormwater management with applications in-
cluding the monitoring of rainfall stormwater runoff and 
alterations in water quality. The analysis of real-time data 
enables prompt adjustments to water allocation strategies 
thus ensuring the effective utilization of stormwater and 
reducing the likelihood of urban flooding.

3.3 Application of IoT Technology in Green 
Roofs
The installation of sensors on green roofs enables the 
monitoring of a number of parameters in real time, in-
cluding soil moisture, temperature and plant health. 
Subsequently, the data are transmitted to the central 
management system, where they are subjected to detailed 
analysis, thus assisting managers in optimizing rainwater 
management strategies. In the future, the system may be 

able to adjust the drainage settings on the roof in advance 
to improve rainwater retention capacity in anticipation of 
rainfall, and automatically adjust the frequency of irriga-
tion during a drought to maintain healthy plant growth. 
Furthermore, IoT technology can be integrated with other 
smart systems, such as building energy management sys-
tems, to enhance the overall efficacy of green roofs. For 
example, IoT systems can help reduce air conditioning 
energy consumption of the building and achieve greater 
energy efficiency by regulating the transpiration of rooftop 
vegetation.

4. Application of Sensor Networks in 
Stormwater Management
4.1 Basic Principles and Classification of Sen-
sor Networks
The basic principle of sensor networks involves moni-
toring environmental parameters such as temperature, 
humidity, rainfall, and water levels by deploying multiple 
sensor nodes at different locations. These sensor nodes 
work autonomously, transmitting data to a central process-
ing unit for centralized analysis and processing. Sensor 
networks are generally divided into three categories: wire-
less sensor network, wired sensor networks and hybrid 
sensor networks. Among them, wireless sensor networks 
are particularly popular in environmental monitoring be-
cause of their flexible deployment and low cost [13].
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The nodes of wireless sensor networks typically consist of 
sensors, processors, memory, and wireless communication 
modules. These nodes communicate via a self-organizing 
network, allowing for extensive environmental monitoring 
and extending the system’s operational lifespan through 
low-power design. Such a system enables managers to 
monitor changes in environmental parameters in real time, 
thereby facilitating prompt action.

4.2 Case Study of Sensor Networks in Storm-
water Monitoring and Management
In the context of urban rainstorms, sensor networks can 
monitor real-time changes in rainwater flow and water 
levels, subsequently transmitting the data to a central con-
trol system. This system can then use the data to predict 
potential flood risks and implement preemptive drainage 
measures, thereby reducing the likelihood of urban flood-
ing.
A notable example is the distributed stormwater monitor-

ing system deployed in Ann Arbor, Michigan. This system 
consists of a network of sensors located in various areas, 
enabling city managers to monitor stormwater runoff dy-
namics in real time. Such systems can detect immediate 
changes in water flow during heavy rainfall and make 
intelligent decisions based on the data to automatically 
adjust the city’s drainage system, aiming to reduce the risk 
of flooding. This innovative technology has the capacity 
to adaptively control urban watersheds, potentially sav-
ing up to 50% of storage for smaller events (e.g., 10-year 
storms) [14]. The distributed monitoring system not only 
improves data accuracy but also enhances the emergency 
response capabilities of the entire city. Fig. 2 shows the 
study catchment area in Ann Arbor, Michigan. In Fig. 2, a) 
is a stormwater management model, and b) is a network 
representation of a linearized model, reflecting the relative 
sizes of storage nodes, their interconnections and subsets 
[14].

Fig. 2 The study catchment in Ann Arbor, Michigan [14]
4.3 Combination of Sensor Networks and IoT 
Technology
Integrating sensor networks with IoT platforms allows the 
data collected by these networks to be shared with other 
city management systems, such as those for traffic and en-
ergy management. This cross-system data sharing creates 
a comprehensive, city-wide view, facilitating the optimal 
allocation and utilization of resources. Moreover, IoT 
platforms can conduct comprehensive analyses of the vast 
quantities of data gathered by sensor networks, enabling 
the generation of predictive models and intelligent deci-

sion-making recommendations. For example, analyzing 
historical rainfall data and prevailing hydrological condi-
tions allows the system to forecast future rainfall patterns 
and the potential for flooding, thereby enabling the timely 
deployment of protective measures [15]. Additionally, the 
integration of IoT technology allows for the remote man-
agement and automated control of these systems, thereby 
enhancing the efficiency and responsiveness of stormwa-
ter management.
In summary, deploying sensor networks in stormwater 
management has shown considerable promise. The inte-
gration of IoT technology is expected to lead to the de-
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velopment of more intelligent and effective solutions for 
urban water management in the future.

5. The Integration and Application of 
IoT and Sensor Network in Green Roof 
Stormwater Management
5.1 The Necessity of Combining Theory and 
Practice
From a theoretical perspective, the integration of IoT 
technology and sensor networks provides a novel frame-
work for green roof management. This combination not 
only monitors a wide range of environmental parameters 
on the roof in real time but also processes and predicts 
the data using big data analysis and artificial intelligence 
algorithms, enabling dynamic regulation and precise 
management. Theoretically, this data-driven approach has 
the potential to optimize the functionality of green roofs, 
minimize water waste, and enhance rainwater retention 
capacity.
In practice, the integrated application of IoT technology 
and sensor networks has produced notable results across 
various fields. The real-time monitoring and dynamic 
adjustment capabilities of green roofs allow for pre-drain-
ing water before heavy rainfall, thus increasing retention 
space on the roof. Conversely, during drought conditions, 
the system can automatically initiate irrigation measures 
to ensure healthy plant growth. This synergy between 
theory and practice underscores the significant potential 

of IoT technology and sensor networks in enhancing the 
effectiveness of green roof rainwater management.
In essence, sensors and the IoT systems they connect are 
indispensable for environmental monitoring and rainwater 
management. Sensors serve as the primary data source, 
collecting and providing essential environmental infor-
mation. In contrast, the IoT functions as the central pro-
cessing unit, analyzing and applying this data to achieve 
intelligent and automated environmental management. 
Therefore, the combination of these technologies can 
optimize the efficiency and effectiveness of monitoring 
systems, providing robust support for management and 
decision-making in diverse and challenging environmen-
tal conditions.

5.2 Innovative Applications of IoT and Sensor 
Networks in Green Roof Stormwater Man-
agement
The rapid evolution of IoT technology has brought about 
a transformative shift in the management of rainwater on 
green roofs. As shown in Fig. 3, traditional approaches to 
green roof management rely on fixed designs and routine 
maintenance, which are often inadequate for adapting to 
environmental changes and unforeseen weather events. 
However, the advent of IoT technology has enabled a 
more intelligent and dynamic approach, significantly en-
hancing the efficiency and effectiveness of rainwater man-
agement on green roofs.

(a) Traditional green roof stormwater management process

(b) Optimised process
Fig. 3 The impact of IoT technologies and sensors networks on green roof stormwater 
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management
Firstly, the integration of IoT technologies and sensor 
networks with weather data is discussed. By incorporating 
regional or city-specific meteorological data, IoT systems 
can predict future rainfall patterns and optimize water 
management strategies for green roofs in advance. For 
example, if sustained rainfall is forecasted, the system can 
automatically adjust drainage settings, allowing the green 
roof to retain more water during and after the rainfall, 
thus preventing overloads on the city’s sewer system. This 
prediction-based management approach not only enhances 
the resilience of the green roof but also significantly re-
duces the risk of flooding and water wastage [16].
The second stormwater management system is a distrib-
uted management model enabled by IoT technologies, 
which is particularly important for large building com-
plexes or ecosystems composed of multiple buildings. 
Utilizing distributed sensor networks and IoT platforms 
allows managers to simultaneously monitor and manage 
multiple green roofs. This approach not only improves 
management efficiency but also facilitates the sharing 
and distribution of resources among different buildings, 
enabling dynamic adjustments in moisture distribution 
based on the real-time needs of each building. Such an in-
tegrated application ensures that each green roof performs 
optimally under its specific environmental conditions, 
maximizing the benefits to the overall ecosystem.
Moreover, IoT technology supports the long-term mon-
itoring and optimization of green roof management. By 
continuously collecting data from sensors, the system can 
identify trends and potential issues that may arise during 
long-term operation, providing a reliable foundation for 
future maintenance and improvements. Analyzing data 
over extended periods enables researchers to determine 
how specific vegetation performs under various climatic 
conditions, thereby optimizing vegetation selection and 
management strategies. This capacity for long-term opti-
mization allows green roofs to operate efficiently through-
out their lifespan, significantly extending their longevity 
[17].

5.3 Integrated Application Examples and Ef-
fect Analysis of Integrated Technologies
Busker et al. [16] proposed a predictive blue-green roof 
system that uses real-time weather forecast data (e.g., 
precipitation forecasts) to automatically adjust the water 
storage facilities on the roof, thereby freeing up sufficient 
storage space and maximizing the roof’s water retention 
capacity before heavy rainfall. This is achieved through 
automated adjustments based on sensor and forecast data. 
This IoT-based operation ensures that the system can 
preemptively respond to upcoming rainfall or heatwaves, 

reducing the load on the city’s drainage system and min-
imizing the risk of urban flooding and heat stress. Blue-
green roofs have been shown to significantly enhance 
water retention across various precipitation scenarios. 
Specifically, during extreme rainfall events, these systems 
have been observed to retain between 70% and 97% of 
precipitation, significantly reducing runoff into urban 
drainage systems. Besides their role in stormwater man-
agement, blue-green roofs also mitigate the urban heat 
island effect through evapotranspiration. In high-tempera-
ture conditions, the system can reduce roof temperatures 
via water evaporation and vegetation shading, thereby 
decreasing the need for cooling within buildings. Addi-
tionally, the incorporation of weather forecast data allows 
the blue-green roof system to actively adjust water levels 
before heavy rainfall, enhancing the system’s adaptability 
and efficiency under uncertain weather conditions [16].
Moreover, the use of IoT technologies and sensor net-
works can optimize rainwater management for green facil-
ities in regions with extreme climatic conditions. Zaina’s 
team has proposed an IoT-based smart irrigation system 
that monitors environmental parameters (such as tempera-
ture, humidity, and soil moisture) and real-time weather 
forecast data to automatically adjust irrigation strategies 
for green roofs and walls, enabling adaptation to Doha’s 
extreme climate. This automated operation allows for pre-
cise control of irrigation timing and volume, ensuring that 
plants receive the necessary amount of water during pe-
riods of high temperatures and low precipitation, thereby 
reducing water waste and improving greenery. Research 
results demonstrate that the smart irrigation system sig-
nificantly enhances water use efficiency and ensures ro-
bust plant growth in hot and dry conditions. Furthermore, 
the system dynamically adjusts irrigation frequency and 
water volume based on real-time data, ensuring that green 
facilities are consistently maintained in optimal condition 
under extreme weather conditions. This approach prolongs 
the service life of green roofs and walls while optimizing 
their ecological benefits [18].

6. Conclusion
The integration of real-time monitoring, data analytics and 
intelligent regulation enables IoT technologies and sensor 
networks to respond more effectively to changing climate 
conditions and unexpected weather events, providing 
innovative solutions for urban stormwater management. 
This paper explores the potential applications of IoT tech-
nologies and sensor networks in green roof stormwater 
management, illustrating how these technologies can 
enhance the performance and management efficiency of 
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green roofs.
This paper demonstrates that IoT technology can dynam-
ically modify the management strategy of green roofs 
through the real-time monitoring of key environmental 
parameters, including soil moisture, temperature, and rain-
fall. This intelligent, data-driven management approach 
not only optimizes the rainwater retention capacity of 
green roofs but also reduces water wastage and enhances 
overall management efficiency and accuracy. Additional-
ly, the implementation of an IoT system allows managers 
to oversee multiple green roofs with greater flexibility 
through remote control and distributed management 
modes, facilitating optimal resource allocation. Moreover, 
the role of sensor networks in green roof management is 
crucial. The deployment of sensor nodes in various loca-
tions enables meticulous monitoring and documentation 
of a wide range of environmental data, providing a reli-
able foundation for real-time decision-making. The data 
obtained not only aids in optimizing existing management 
procedures but also serves as a valuable reference for 
planning future maintenance and system enhancements.
Despite the considerable advantages IoT technologies and 
sensor networks offer in green roof rainwater manage-
ment, there are still challenges in practical applications. 
The initial cost and complexity of system maintenance re-
main primary obstacles to the widespread deployment of 
these technologies. Further research is needed to explore 
methods for reducing costs and improving the system’s 
universality and operability, with the goal of promoting 
the large-scale application of these technologies.
In conclusion, this paper highlights the significant poten-
tial of IoT technologies and sensor networks to improve 
management efficiency, optimize resource utilization, and 
better cope with extreme weather conditions in green roof 
rainwater management. As these technologies continue to 
evolve, green roofs are likely to become an increasingly 
integral part of urban environmental management, pro-
viding essential support in addressing future climate chal-
lenges.
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