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Abstract. Poor water management has led to conflicts worldwide and significant loss of life and property. Ac-
cording to the UN, by 2040, nearly one in four children will live in an area with limited water resources. Poor
water management has also been a critical factor in accelerating climate change. Climate change, in turn, inten-
sifies extreme weather events, leading to more frequent and severe floods. The traditional water level monitoring
stations are outdated, invasive, and limited in telemetry capabilities, resulting in numerous fatalities due to the
lack of an effective early warning system. WAMO 300 (Water Monitor 300) introduces an innovative and nonin-
vasive method of measuring water levels using navigation satellites such as GPS or Galileo, providing real-time
alerts to various stakeholders. This study evaluates the feasibility of the WAMO 300 system and proposes de-
centralised water management solutions, leveraging this system to promote sustainable water diplomacy.

1 Fight for water

Rivers have played a crucial role in the development of civil-
isations, enabling human progress through engineering and
agricultural expansion. However, the overutilisation of wa-
ter resources and the release of harmful chemicals have led
to the destruction of rivers and sparked conflicts over wa-
ter sharing (Yemi Lufadeju, 2017). For example, the Nile
River is a source of contention among nine African coun-
tries (Swain, 2011), while the Brahmaputra River, one of the
largest rivers in the world in terms of both length and dis-
charge, regularly causes flooding and conflict in Bangladesh,
India, and China (Malhotra, 2010; Giordano and Wahal,
2022; Khadka, 2017; Pradhanang et al., 2017). The Rhine
River system in Europe is crucial for industry but faces in-
creasing challenges, including droughts and floods, exacer-
bated by overexploitation and climate change (Huang et al.,
2015). In July 2021, an extreme flood occurred in the Rhine
Basin, with up to 180 presumed deaths and infrastructure
damage in the billions. The losses occurred due to a lack of
measures, situational knowledge, and equipment in civil pro-

tection (Thieken et al., 2023). In the digital age, water diplo-
macy still remains a significant concern. Often, there is no
existing infrastructure to generate data, or the available tech-
nology is either costly, outdated, or both. Globally, countries
use stream gauges or gauging stations to measure the river
water level, as shown in Fig. 1. Such installations require
physical structures to be installed directly in the water body,
which disrupts aquatic ecosystems and potentially alters wa-
ter flow, sedimentation patterns, and habitats of aquatic or-
ganisms. They are immobile, making it challenging to adapt
them to changing monitoring needs, and often lack telemetry,
making remote operation or data logging impossible, thus in-
creasing maintenance costs (Joo et al., 2021). Additionally,
the bodies responsible for hydrological data are sometimes
reluctant to share data, citing reasons such as technical fail-
ure, and sometimes, the data are heavily manipulated, mak-
ing reliability a colossal challenge (India PT, 2018).

The WAMO 300 system, short for Water Monitor 300, is a
low-cost, community-driven, real-time surface water assess-
ment platform. WAMO 300 is noninvasive as it operates as
a floating platform. Its satellite-based water level measure-
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Figure 1. Water level measuring station on the river Rhine at
Koblenz.

ment reduces ecological disturbance and maintenance re-
quirements. Additionally, WAMO is mobile and modular and
can be deployed in different locations as needed, making it a
more flexible and sustainable solution. With an ensemble of
sensors, the device is capable of providing real-time monitor-
ing and timely alerts. A combination of the WAMO 300 hard-
ware and the software platform can help various stakehold-
ers, such as water authorities, firefighters, and local people,
take timely action and reduce losses in times of emergency.

2 Technical background

The technology proposed in this paper is a combination of al-
ready existing technologies. In this section, brief descriptions
of these technologies have been provided, which are crucial
for a better understanding of the overall system.

2.1 Internet of Things (loT) for environmental monitoring

WAMO 300 exemplifies an IoT solution for environmental
monitoring. The Internet of Things (IoT) refers to a net-
work of interconnected devices capable of collecting and ex-
changing data. Each device, or “thing”, is any physical object
in the world that has been provided with a unique identity
(Madakam et al., 2015). These devices are embedded with
sensors, software, and other technologies that enable them to
communicate with other devices and systems over the inter-
net. WAMO is equipped with various sensors to measure key
water parameters and transmit these data to a database. This
real-time data collection and transmission capability allows
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for continuous monitoring of water bodies, providing criti-
cal information for stakeholders to manage water resources
effectively and respond to environmental changes swiftly.

2.2 Water level measurement using the Satellite
Navigation System and real-time kinematics

WAMO 300 employs the satellite navigation system to deter-
mine the water level. Satellite navigation systems use satel-
lites from a particular constellation to determine the position.
These systems can be classified as either a GNSS (Global
Navigation Satellite System) or RNSS (Regional Navigation
Satellite Service) based on the coverage of the constellation.
In addition to latitude and longitude, the position informa-
tion includes altitude (height from average mean sea level)
and time. WAMO 300 uses this message to determine the
level of the water body. Satellite navigation systems have
a horizontal accuracy of around 10m and a vertical accu-
racy of around 30m because of atmospheric factors such
as ionospheric delay and multipath. To mitigate this, sys-
tems such as the WAAS (Wide Area Augmentation System),
GBAS (Ground-Based Augmentation System), EGNOS (Eu-
ropean Geostationary Navigation Overlay Service), and D-
GNSS (differential GNSS) are used (Prasad and Ruggieri,
2005). Such correction techniques improve the accuracy to
centimetre level.

WAMO 300 uses RTK (real-time kinematics), which is a
type of D-GNSS. D-GNSS employs a reference station to
broadcast error corrections, which is used by rovers to im-
prove the calculations. The accuracy of measurement de-
pends on the signal processing capability of receiver elec-
tronics (Grewal et al., 2020). RTK uses the satellite sig-
nal’s carrier wave as its signal, ignoring the information con-
tained within, simplifying the signal processing and reduc-
ing the cost of receivers (Langley, 1998). The base station
re-broadcasts the phase of the carrier it observes, and the
mobile units compare their phase measurements with the re-
ceived phase from the base station. The range of a satellite is
essentially calculated by multiplying the carrier wavelength
times the number of whole cycles between the satellite and
the rover and adding the phase difference. This technique en-
ables low-cost RTK devices to achieve centimetre-level posi-
tioning accuracy. Hence, using RTK, the WAMO 300 system
is able to reduce hardware costs and reach a vertical accuracy
of 10cm.

2.3 Web3 and blockchain for trust among stakeholders

Web3 represents the third generation of internet usage, aim-
ing to decentralise and empower users. The first generation
of the web, or Webl, was decentralised but lacked usability.
Web2 led to the centralisation of control in the hands of a few
tech giants. Web3 seeks to distribute control back to users
through decentralised, peer-to-peer, and self-sovereign, scal-
able technologies (Yeoman and Sutton, 2022). Water man-
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agement involves the participation of diverse stakeholders. A
decentralised solution offers advantages, including increased
resilience, local adaptability, and transparency.

Blockchain powers Web3, and Ethereum introduced
smart contracts (Mattila, 2016). Smart contracts consti-
tute a programme or set of instructions that are exe-
cuted when certain conditions are made (Dannen, 2017).
These are self-executing digital contracts with the terms
of the agreement between various stakeholders directly
written into code, making them the foundation of IoT
in Web3. WAMO produces data that are of public inter-
est. Water level data are made publicly available by web-
sites such as Hochwasser RLP (https://www.hochwasser.rlp.
de/, last access: 14 July 2025) maintained by the German
state of Rhineland-Palatinate and Pegelonline (https://www.
pegelonline.wsv.de/, last access: 14 July 2025) maintained
by the Federal Ministry of Transport and Digital Infrastruc-
ture. By leveraging blockchain, the WAMO 300 system can
ensure that the environmental data collected and transmitted
by its sensors are tamper-proof and verifiable, fostering trust
among all parties involved in water management. In addition
to adding a layer of trust, it could also decrease maintenance
costs.

2.4 Oracles for connecting the physical world with Web3

In the context of Web3, oracles play a crucial role in bridg-
ing the gap between blockchain smart contracts and real-
world data. Smart contracts operate as self-executing con-
tracts, with the terms of the agreement directly written into
code on the blockchain. However, they cannot directly access
external data or interact with the outside world. An oracle
is a mechanism by which smart contracts interact with any-
thing that is outside the blockchain (Beniiche, 2020). Oracles
serve as intermediaries that fetch, verify, and transmit exter-
nal data to smart contracts, enabling them to execute based
on real-world information. In the context of this paper, the
WAMO 300 functions as a blockchain oracle, providing real-
time environmental data — such as water levels, temperature,
biochemical oxygen demand (BOD), turbidity, pH, and to-
tal organic carbon (TOC) — to the blockchain. This ensures
that smart contracts have accurate and reliable information
for decision-making processes.

2.5 Artificial intelligence in Web3

Artificial intelligence (Al) involves the simulation of human
intelligence processes by machines, particularly computer
systems. These processes include learning, reasoning, and
self-correction. In the context of Web3, Al can enhance the
functionality and efficiency of decentralised systems.
Traditional centralised Al systems often face challenges
such as high computational resource demands, data privacy
concerns, and scalability issues. Decentralised Al (DAI) ad-
dresses these problems by distributing Al tasks across multi-
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ple nodes or devices within a network (Vincent et al., 2023).
Each node operates independently, processing data locally
and communicating with other nodes to share insights and
learn collectively. This decentralised approach reduces la-
tency, improves data privacy, and enhances system resilience.
A network of WAMO 300 devices can provide edge comput-
ing benefits from proximity to data. In the network, Al algo-
rithms can analyse the collected environmental data to detect
patterns, predict trends, and provide actionable insights. This
collaborative learning model enables faster and more adap-
tive responses to environmental changes, supporting sustain-
able water management practices.

2.6 Workflow

This paper introduces the first version of the in situ water
monitor known as WAMO. The development involved ex-
tensive consultations with various stakeholders to tailor the
device to their specific needs. Key public sector stakeholders
included the Municipality of Liibeck, which emphasised the
necessity for improved storm surge preparedness and envi-
ronmental monitoring. The Darmstadt Green Spaces Office
focused on optimising water quality and ecological research,
while Mecklenburg-Vorpommern stressed the importance of
sensor technology for comprehensive water quality monitor-
ing across multiple lakes. Additionally, insights from Darm-
stadt’s Smart City initiative contributed to real-time water
level monitoring and automated flood management. Com-
munication with these stakeholders was conducted through
workshops, interviews, and surveys, allowing for a thorough
understanding of their requirements. This engagement led to
the development of WAMO, designed to address the diverse
needs identified in these interactions, such as real-time mon-
itoring and environmental impact assessment. Based on the
stakeholders’ needs, a specification list was created, which
detailed the materials for WAMO and the selection of sen-
sors, microprocessors, telemetry options, and cloud plat-
forms. Once these specifications were frozen, a comprehen-
sive system architecture was developed, encompassing both
the application and the electronics. The development process
was then divided into three domains: the electronics compo-
nent, the cloud application for data visualisation, and the in
situ platform itself. After the individual components were de-
veloped, they were integrated, and the system was deployed
for testing.

3 The solution

3.1 WAMO 300 system

WAMO 300 is a self-sustainable, movable floating platform
developed through a community-driven, modular strategy
that allows for customisation of the onboard sensor array ac-
cording to the needs of the utilising community. The “300”
signifies the incorporation of three solar panels, providing
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Figure 2. Workflow diagram for the development of WAMO 300.

Figure 3. Different viewpoints of WAMO 300. Measurements:
2500 mm x 1650 mm x 1100 mm.

a peak capacity of 300 W. Equipped with a GNSS receiver,
it facilitates precise water level measurements and supports
the integration of additional sensors for comprehensive wa-
ter quality assessment. As shown in Table 1, this system dis-
tinguishes itself from existing commercial water monitoring
solutions by offering an integrated suite of features, includ-
ing real-time monitoring, water level evaluation, and early
detection of flood conditions and harmful algal blooms, pro-
viding critical alerts often absent in competing systems. Its
solar-powered architecture ensures sustained operation inde-
pendent of external power sources, while its design promotes
remote accessibility and adaptability, enabling targeted solu-
tions tailored to specific environmental monitoring needs.
The primary objective is to achieve precise measurements
of water levels, as conventional in situ sensor systems typi-
cally utilise pressure sensors that necessitate regular calibra-
tion. The innovative aspect of this solution lies in the appli-
cation of the U-Blox C94-M8P RTK-based sensor for wa-
ter level monitoring. The height from the average mean sea
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level is considered the water level. Upon receiving a correc-
tion message from a base station, the rover transitions to RTK
float mode. In this mode, the accuracy of the measurements
can vary from metre level to decimetre level, depending on
several influencing factors. These factors include the number
of satellites being tracked, the geometry of the satellite re-
ceiver, the utilisation of pseudo-range data alongside carrier
phase measurements, the degree of observation noise, and the
application of dual-frequency observations (Langley, 1998).
When accuracy improves to below 10cm, the rover enters
RTK fixed mode, which represents the optimal operational
state for this monitoring application.

The power management system of the WAMO comprises
three 100—120 W solar PVs for power generation and a 60 Ah
battery for up to 3d of backup, making it an autonomous
power system. This system incorporates an energy manage-
ment unit that operates within a voltage range of 3.8-24V
DC, adhering to marine safety standards. A Raspberry Pi mi-
croprocessor serves as the central processing unit, overseeing
data acquisition, processing, storage, and transmission while
also monitoring the integrated battery management system
(BMS) for safety.

Sensors within the system are polled every 60s. When
parameters breach predefined thresholds, the microproces-
sor leverages LoORaWAN technology to transmit warnings to
local stakeholders. Acquired data are stored in a local SQL
database and sent to a central cloud server via secure HTTPS
requests for downstream applications. As shown in Figs. 4
and 5, the telemetry system supports diverse communica-
tion methods, including GSM, LTE, LoRa, Wi-Fi, and non-
terrestrial modes, allowing configurable polling and trans-
mission frequencies based on service level agreements.

Data can be exported in standard formats such as JSON
or XML, with alarm strategies including push notifications,
email, or SMS alerts implemented through cloud data. Addi-
tionally, the system supports the integration of extra sensors,
notably multispectral sensors, which monitor critical water
parameters like temperature, dissolved oxygen, turbidity, and
TOC. These measurements are vital for detecting harmful al-
gal blooms and biodiversity loss. The innovative design en-
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Table 1. Comparison of available loT-based water monitors.

191

Features WAMO by Data buoys by Data buoys by  aquaEnvironment
e.Ray Europa  NexSens technology JFC Marine by INNOVASEA

Real-time monitoring v v v v

Water level monitoring v X X X

Water quality assessment v v v v

In situ measurements v v v v

Earth observation integration v v X X

Early warning and alarms v v X v

Harmful algal bloom detection v v X v

Solar-powered v v v X

Remote accessibility and coverage v v X X

Customisation and adaptability v v v X

Table 2. Various parameters that WAMO can measure.

Parameter Standard range  Unit
Water level n/a m
Latitude —90 to +90 degrees
Longitude —180to +180  degrees
pH 6.5-9.0 -
Temperature n/a °C
Dissolved oxygen >5.0 mgL—!
Turbidity <1.0 NTU
Total organic carbon (TOC, eq) 3-6 mg L!
Voltage from solar panel 0-24 \%
Current from solar panel 0-4.2 A
Load voltage 0-12 v

Load current 0-2 A

n/a: not applicable.

ables rapid integration, flexible installation, and straightfor-
ward maintenance for effective environmental monitoring.

The primary objective of WAMO is to comprehensively
understand surface water systems through precise and quan-
tifiable data, which are essential for effective resource man-
agement. A network of WAMOs strategically placed along
rivers can serve dual purposes:

1. River data collection
2. Timely emergency warnings

The extreme flood in Germany in 2021 shows that measure-
ment alone is not enough. In case of emergency, timely dis-
tribution of information to the concerned stakeholders can
reduce the damage drastically. This network of WAMOs can
provide valuable insights into river conditions, facilitating ef-
ficient water management through the regulation of dams,
canals, and catchment areas. In the event of water scarcity
downstream, upstream gates can be opened to ensure water
flow. Conversely, if a flood occurs upstream, WAMO data
can guide the redirection of water flow to canals or catchment
areas. Furthermore, real-time monitoring of water chemical
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composition can allow swift responses to chemical leaks and
eutrophication threats.

3.2 Decentralised approach to data handling

The River Sense application has been designed as a web-
based platform for visualising sensor data, currently utilis-
ing Google Firebase DB for cloud data storage. However,
centralised databases are inherently susceptible to risks of
data manipulation and single points of failure in the case
of a cyber-attack. To mitigate these risks, a decentralised
data management approach leveraging blockchain technol-
ogy is proposed. Figures 4 and 5 illustrate the data flow
management of centralised and decentralised systems. In a
centralised system, the data are sent from WAMO to the
database hosted in the cloud. In a decentralised ecosystem,
WAMOs function as oracles, collecting real-world data to be
recorded on the blockchain. This ensures the immutability
and transparency of information. To enhance the integration
and utilisation of this data, Application Programming Inter-
faces (APIs) can be developed to enable third parties to create
decentralised applications (dApps) and explore innovative
use cases. This decentralised approach provides a method for
overcoming the limitations inherent in centralised systems,
notably improving data integrity and fostering collaborative
potential.

Long-term data gathered by WAMOs can play a crucial
role in developing predictive models that elucidate seasonal
water level patterns. These data are vital for training models
aimed at forecasting floods and droughts, thereby enhanc-
ing water resource management and supporting informed
decision-making (Mosavi et al., 2018). A synergistic combi-
nation of historical data and real-time variables — such as wa-
ter levels, precipitation, flood frequency analysis, and daily
flows — alongside machine learning (ML) algorithms such
as artificial neural networks (ANNSs), neuro-fuzzy systems,
adaptive neuro-fuzzy inference systems (ANFISs), support
vector machines (SVMs), wavelet neural networks (WNNS5s),
and multilayer perceptrons (MLPs) facilitates both short-
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Figure 4. Data flow architecture of the system.

term and long-term flood prediction. Neural networks are
particularly noted for their superior accuracy, fault tolerance,
and powerful parallel processing capabilities, making them
well-suited for complex flood prediction tasks, even with in-
complete datasets. The ongoing development of hybrid and
ensemble machine learning methods aims to enhance further
the accuracy, performance, and robustness of these predictive
models.

The extensive data generated by a network of WAMOs ne-
cessitate substantial computational resources for developing
accurate models. To address these challenges and improve
the quality of predictions in terms of accuracy, generalisa-
tion, uncertainty, lead time, speed, and computational costs,
federated learning (Vincent et al., 2023) approaches can be
employed.

Federated learning, which combines artificial intelligence,
blockchain, and edge computing, allows for the training of
large models without the need for centralised data collection.
A network of decentralised agents, in this case WAMOs, op-
erates as collaborative participants in the remote exchange
of data, enhancing it recursively akin to a brainstorming
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team. Each participant trains an individual model using their
unique dataset and subsequently encoding the model’s new
configuration. The updated model data are averaged and in-
corporated into the collective deep learning model. This co-
operative training process can persist until the model at-
tains full convergence. Such an approach not only preserves
data privacy and security but also leverages decentralised re-
sources for model development, thereby offering a scalable
and efficient solution for environmental data analysis and
predictive modelling.

4 Experiment

4.1 Experiment setup and goal

The experiment was conducted in Woog Lake in Darmstadt
in collaboration with the Darmstadt city authority. The pri-
mary goal of the experiment was to demonstrate the system’s
capability in a near-real-life scenario, while also demonstrat-
ing its reliability over an extended duration. The observations
recorded during this period would be valuable in improving
the functionality of the system in subsequent iterations.
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Table 3. Real-time kinematic availability rate.

RTK status Total Relative number

count of counts [%]
RTK fixed 92177 85.4
RTK float 8078 7.5
No RTK 7674 7.1

MoRtk

RtkFLoat

RtkFixed

Figure 6. RTK availability rate.

4.2 Observation

The total number of days was 79 and the total number of
readings was 107 929.

As shown in Table 3 and Fig. 6, the system operated in
RTK fixed mode for 85.4 % of the time. Further, the avail-
ability of RTK float mode increased the overall uptime to
92.9 %. The instances of no RTK mode were because of elec-
trical faults in the reference base station. Such issues can be
mitigated by proper electrical installation, thereby increasing
the system’s availability further. Utilising a suitable N-TRIP
data provider, such as the SA-POS service provided in Ger-
many, can remove the dependence on a personal base station.
The satellite positioning service SA-POS is a joint initiative
of the Association of Surveying Administrations of the Fed-
eral Republic of Germany (AdV). The basis of the SA-POS
service is a network of around 270 GNSS reference stations
permanently operated in the federal states and other refer-
ence stations in the neighbouring states. The extensive net-
work ensures the provision of highly accurate and uniform
correction data services in the official three-dimensional ref-
erence system for the entire country. Additional information
can be accessed on their website: https://sapos.de/, last ac-
cess: 14 July 2025.

In order to evaluate the performance in various RTK
modes, 5000 random samples were analysed. Figure 7 illus-
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trates the time series of the values, highlighting three oper-
ational modes, as noted in Sect. 3.1. Flag 63 refers to the
unavailability of RTK correction messages, flag 127 corre-
sponds to RTK float mode, and flag 191 refers to RTK fixed
mode. As can be seen in the figure, when the RTK correc-
tion messages are not available, the precision is significantly
diminished. In RTK float mode, the readings have higher pre-
cision; however, the readings are most precise when they are
in RTK fixed mode. Achieving RTK fixed mode requires
satisfying multiple conditions; therefore, RTK float mode
data could be enhanced through Al-driven post-processing
techniques to yield more insightful results. Additionally, the
implementation of dual-band satellite receivers is recom-
mended, as they can provide superior accuracy over those
utilising only single-band systems.

5 Whom does it benefit?

5.1 Governments

The primary benefits of the WAMO system are to govern-
ment bodies. The real-time data collected by such a sys-
tem can be utilised to gain valuable insights into environ-
mental conditions and improve decision-making processes.
Such data facilitate optimised resource management, includ-
ing water and energy usage, and support the development
of evidence-based policies. Such advancements, in turn, aid
in biodiversity conservation and climate change adaptation
while facilitating diplomatic engagements among national
and federal entities. Additionally, compliance with the EU
Data Act mandates the public accessibility of non-personal
data, particularly in emergency contexts. The incorporation
of blockchain technology enhances the system by reducing
maintenance and security costs, thereby ensuring more effi-
cient and transparent governance.

5.2 Local bodies

The WAMO system offers substantial benefits to local com-
munities through its emergency alert capabilities, which de-
liver real-time warnings and enhance public safety. The in-
tegration of multi-outlet telemetry, particularly LoRaWAN,
enables efficient data transmission within communities. This
system not only provides actionable insights but also empow-
ers residents to participate actively in environmental sustain-
ability initiatives. Consequently, it fosters a sense of respon-
sibility and significantly enhances the overall quality of life
for community members.

5.3 Researchers

WAMO acts as an in situ sensor. In situ data and remote
sensing data are complementary sources of information that,
when used together, provide a more comprehensive and ac-
curate understanding of environmental conditions and pro-

J. Sens. Sens. Syst., 14, 187-196, 2025



https://sapos.de/

194

J. Biswas et al.: WaDA — water diplomacy automation

162

Water level
—
@
o

-
o
&

152

flags

2022-02-22
2022-03-01
2022-03-08
2022-03-15
2022-03-22
2022-03-29

Figure 7. Plotting the water level readings as a time series.

cesses. While new remote sensing technologies are able to
detect water data in high quality and large quantities, opera-
tional applications are still limited by deficiencies of in situ
verification. Remote sensing delivers the overall picture, and
in situ measuring provides localised, high-resolution mea-
surements over a wide range of parameters (Sputh et al.,
2008). This can play a pivotal role in advancing scientific
knowledge and supporting practical applications across a
wide range of scientific disciplines.

5.4 Insurance sector

The integration of environmental IoT technology within the
insurance industry significantly enhances risk assessment,
customer service, and loss reduction. The WAMO system de-
livers real-time, precise environmental data, enabling insur-
ers to evaluate risks better and provide more cost-effective
coverage. This capability is essential for developing robust
risk-transfer mechanisms in regions susceptible to climate-
related disasters. Moreover, blockchain technology reduces
administrative overhead and ensures accurate claims process-
ing (Ahmad and Saxena, 2022). Collectively, these innova-
tions improve the efficiency, transparency, and responsive-
ness of the insurance sector, ultimately benefiting both insur-
ers and policyholders.

6 Conclusion and future prospects

The water resource remains the most critical resource for sur-
vival. The management of water has always been a big chal-
lenge. Water diplomacy still remains a reason for conflict in
various parts of the globe. With the innovative WAMO 300
system, a decentralised solution for this problem has been
suggested. The primary goal of the experiment was to test
the feasibility of such a system. The experiment was con-
ducted in Woog, which is a swimming lake in Darmstadt.
Although snow and heavy rainfall were encountered, they do
not resemble the extreme cases that the solution is trying to
address. The device is planned to be tested in a different envi-
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ronment, such as a river. The Rhine Commission has shown
interest. This will help understand the technical challenges of
deploying such a system in rivers. In addition to that, a net-
work of WAMOs will demand huge investment, and hence, a
proper cost estimation of such a network needs to be done.

High-precision RTK positioning solutions are essential for
accurate water level measurements. The use of dual-band
GNSS chips such as C099-F9P may further increase the ac-
curacy of measurements in RTK float mode or even when
there is no RTK message. In addition, a sensor with dual-
band support goes from RTK float mode to RTK fixed mode
faster than a sensor that supports only a single band.

The next step involves reducing the dependency on cen-
tralised systems by adopting decentralised solutions. Algo-
rithms shall be developed to predict floods based on real-time
data provided by WAMO. The paper by Amir Mosavi, Pinar
Ozturk, and Kwok-wing Chau (Mosavi et al., 2018) on flood
prediction using machine learning will be the foundation of
the Al part of the project. In addition to the water level, the
flexibility of the system to accommodate additional sensors
further increases the system’s potential. WAMO’s measure-
ments can be used to establish models for understanding po-
tential changes in water quality and monitoring surface water
conditions. With this system, the changes caused by various
factors can be observed, and hence, better strategies for cli-
mate adaptation can be developed. The integration of Earth
observation data with the application will further improve
the platform’s data analytics capability. The WAMO system,
with its emergency services for rural populations, helps take
a step towards a sustainable future.

Code availability. The codes for the experiment are owned by
eRay Europa GmbH and are not publicly available. However, upon
special request, they can be made available to interested parties.
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Data availability. The experimental data are owned by eRay Eu-
ropa GmbH and are not publicly available. However, upon special
request, they can be made available to interested parties.
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