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Abstract

The paper addresses the limitations of fragmented and delayed hydrological informa-
tion systems in supporting timely disaster risk mitigation. The paper introduces the
RoWaterAP]I, a framework that integrates near real-time hydrological measurements with
geospatial analytics to improve awareness during flood-related events. The methodology
utilizes open-source technologies, including Django, Kafka, and PostGIS, to support scal-
able data ingestion and hazard mapping. Initial baseline evaluation under a simulated
bursty workload indicates an end-to-end latency of ~1-3 s and a peak throughput of
~6000-8500 messages/s. This performance supports real-time alerts for data variations,
bridging advanced geoprocessing with user-centered design for public and institutional
stakeholders. Ultimately, RoWater API provides a transferable implementation model that
can be adapted to any national context facing similar constraints in data fragmentation and
operational accessibility.

Keywords: API; geospatial analytics; water monitoring; digital transformation

1. Introduction

Sustainable water management has become an increasingly important concern as
environmental pressures continue to intensify [1-3]. Ongoing climate changes are reshaping
water availability and variability, highlighting the limitations of traditional management
approaches and showing the need for more adaptive strategies.

Effective water management relies on the availability of timely and reliable hydrolog-
ical data, particularly when quick decision-making is required during fast-onset events
such as floods, and when sustained, adaptive management actions are needed during
slow-onset events such as droughts, which typically require sustained, adaptive manage-
ment decisions over a longer period of time [4]. It enables authorities and stakeholders to
respond effectively, minimizing damage and optimizing water distribution. In the broader
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perspective, it supports long-term planning and development strategies, ensuring water
security and resilience against the impacts of climate change and population growth.

The scientific community recognizes the complexity of implementing effective hydro-
logical monitoring systems, especially in areas like South and Southeast Asia, where diverse
weather patterns impact agriculture and livelihoods. The integration of meteorological
forecasts, downscaling methods, and hydrological models plays a crucial role in forecasting
systems’ accuracy. However, the effectiveness of these components can vary, highlighting
the ongoing debate regarding optimal methodologies for hydrological monitoring. This
conversation underscores the necessity for advanced, region-specific systems capable of
addressing the unique challenges posed by weather variability and climate change [5-9].

The integration of environmental science and information technology through plat-
forms like RoWater API highlights an expanding field of study that bridges the gap between
advanced computational techniques and practical environmental management strategies.
RoWaterAPI is a research-driven framework developed within the Interdisciplinary Center
for Advanced Studies, University of Bucharest, and is currently maintained and operated
by the authors. The framework was initiated in response to recurring operational con-
straints in national hydrological information delivery, including fragmented data flows,
limited interoperability, and the lack of programmatic access mechanisms that would allow
hydrological information to be reliably integrated into connected decision-support and
alerting systems. At present, publicly available hydrological information/data in Romania
is available as bulletins and static reports (hydrological bulletins are published as docu-
ments for public access, while flood hazard and risk information is provided through a
dedicated map portal). RoWaterAPI is proposed as an integration and access layer that
exposes hydrological measurements and hazard information via standardized endpoints,
complementing, rather than replacing existing monitoring infrastructures.

In general, operational hydrological management systems are part of public services,
with governmental policies and guidelines influencing the field of interest. Recent trends
show efforts to increase commitment to the sustainable management of water resources,
disaster prevention and mitigation, as well as the need for integrated water resource
management, as climate and social changes place increasing demands on resources.

Despite ongoing international efforts to modernize hydrological services, many na-
tional systems continue to rely on fragmented infrastructures and delayed data flows,
limiting their effectiveness during emergency situations. This highlights the need for a
modern, scalable, and accessible platform tailored to national needs.

Although several international standards such as WaterML 2.0, the OGC SensorThings
AP], and ISO-based Observations and Measurements (O&M) exist to support hydrological
data interoperability, their practical implementation in national systems like Romania
remains limited. Factors such as legacy infrastructure, inconsistent data formats, and insuf-
ficient integration capabilities often hinder adoption. This paper explores an alternative
approach that aims to complement these standards while addressing operational realities.

The objective of this study is to design and evaluate RoWaterAP], an event-driven
hydrological monitoring and alerting platform that integrates near real-time hydrological
observations with geospatial processing capabilities. The system is implemented using a
modular microservices architecture to support scalable data ingestion, spatial analysis, and
alert dissemination workflows.

RoWaterAPI is designed to support both institutional and public use cases by pro-
viding standardized access to hydrological data and warning information. Through this
approach, the platform addresses operational requirements related to water resource man-
agement, early warning, and situational awareness during hydrological events.
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Frameworks such as RoWaterAPI exemplify a novel integration in tackling these
pressing challenges. This initiative, emerging against a backdrop of global demographic
pressures and unpredictable climate phenomena, underscores the need for innovative
approaches to hydrological monitoring and data accessibility.

However, existing approaches often prioritize either scientific modeling or visualiza-
tion, while offering limited support for operational alerting and real-time data dissemina-
tion at a national scale.

By design, RoWater API supports adaptation to different water management contexts
and regulatory environments, providing transferability to similar hydrological information
systems. This approach encourages sharing knowledge and working together internation-
ally, improving water management, disaster readiness, and environmental protection.

Although developed in the context of Romania, the RoWaterAPI framework addresses
challenges that are common to many national hydrological monitoring systems, including
data fragmentation and limited real-time accessibility.

The remainder of this paper is structured as follows: Section 2 discusses the theoretical
background and related work. Section 3 outlines the proposed methodology and technical
architecture of RoWaterAPI. Section 4 presents the results, followed by a discussion in
Section 5. Finally, Section 6 concludes the paper and outlines future work.

2. Theoretical Background and Related Work

An Application Programming Interface (API) is a set of protocols, routines, and tools
for building software applications, acting as an intermediary that allows different software
programs to communicate with each other [10,11].

The main characteristic of an API is its ability to define a set of protocols or tools
designed to communicate with an operating system, a database, a network, and other
lower-level aspects of a software system [12-14].

The benefits offered by an API include flexibility and efficiency in data access, cus-
tomization based on user requirements, and code reusability to enable more productive
workflows [14]. The transition from Simple Object Access Protocol (SOAP) to APIs, partic-
ularly RESTful APIs, was driven by the need for simplicity, flexibility, and performance
in web services. While SOAP relied on rigid protocols and XML-based communication,
APIs introduced lightweight formats like JSON and a more flexible, resource-oriented
architecture. This shift allowed for faster data exchange, easier integration with modern
applications, and greater adaptability to diverse platforms, making APIs the preferred
choice for scalable and efficient web services.

Designed by Guido van Rossum and first released in 1991, Python 3.14’s philosophy
emphasizes code readability and syntax that allows programmers to express concepts in
fewer lines of code compared to languages like C++ or Java. One of Python 3.14’s key
strengths lies in its vast ecosystem of third-party modules and frameworks, which extend
its capabilities far beyond the standard library [15].

In the context of web-based and data-driven applications, frameworks such as Django
enable the efficient development of robust and scalable services, while scientific libraries
including NumPy, Pandas, Matplotlib, and Scikit-Learn support data analysis, visualiza-
tion, and predictive modeling tasks. Additionally, Python 3.14’s cross-platform allows
deployment without significant changes needed, an important requirement for such infras-
tructures [16,17].

PostgreSQL, extended with PostGIS, serves as the core data storage layer, providing
reliable management of large volumes of spatio-temporal hydrological data and supporting
advanced spatial queries essential for national-scale water monitoring applications [18].
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PostgreSQL, extended with the PostGIS spatial module, serves as the primary data
storage layer within RoWaterAPI. This combination enables efficient management of large
volumes of spatio-temporal hydrological data, supporting complex spatial queries required
for analyzing river networks, water bodies, and flood-prone areas [19,20]. By adhering
to Open Geospatial Consortium (OGC) standards, PostGIS ensures interoperability with
external geospatial tools and services commonly used in hydrological analysis.

Over the past decade, several standards have been developed to support the inter-
operable exchange of hydrological data. Among these, WaterML 2.0, an Open Geospatial
Consortium (OGC) standard based on the Observations and Measurements (O&M) model,
provides a structured representation of hydrological time series data. The SensorThings
API and OGC API—Connected Systems further define RESTful approaches for accessing
and managing sensor observations. While these standards have been adopted in large-
scale initiatives such as the US National Water Model and the UK Hydrology AP], their
implementation at the national level remains uneven, particularly in Eastern Europe.

Amazon Web Services is a comprehensive, evolving cloud computing platform pro-
vided by Amazon that includes a mixture of infrastructure as a service (IaaS), platform as a
service (PaaS), and packaged software as a service (SaaS). AWSs can offer organizations
tools such as computing power, database storage, and content delivery services. Its broad
set of tools and services includes computing, storage, networking, database, analytics,
application services, deployment, management, machine learning, mobile, developer tools,
and tools for the Internet of Things (IoT), making it possible to lower costs and become
more agile [21,22].

Amazon EC2 is a central part of AWSs, providing scalable computing capacity in the
Amazon Web Services cloud. It is designed to make web-scale cloud computing easier
for developers, allowing them to obtain and configure capacity with minimal effort. With
Amazon EC2, we will host our applications and microservices on a scalable and secure
cloud computing environment. EC2 provides the flexibility to choose the instance types,
operating systems, and software packages that best match the needs of our applications,
ensuring optimal performance and reliability. This setup allows us to efficiently manage and
scale our microservices architecture in response to changes in demand, without worrying
about the underlying hardware or the maintenance of physical servers. By leveraging
EC2’s capacity to dynamically adjust resources, we can ensure that our applications remain
responsive and available, while also optimizing costs based on actual usage [21].

Amazon MSK (Managed Streaming for Apache Kafka) is a fully managed service that
makes it easy to build and run applications that use Apache Kafka to process streaming
data. MSK provides the infrastructure for Apache Kafka without requiring users to become
experts in Kafka operations, making it easier to ingest and process streaming data in real
time. It automates the provisioning, setup, scaling, and management of Apache Kafka
clusters in the cloud, offering high availability and security. This service simplifies the
process of setting up a Kafka cluster, monitoring cluster health, and scaling the number
of messages that can be processed [23]. We will integrate Amazon MSK with the Kafka
component of our application, leveraging the managed service to streamline our event-
driven architecture. By utilizing Amazon MSK, we can connect our application’s Kafka
component directly to a fully managed Kafka environment. Through this setup, we ensure
that our Kafka component is optimally managed, allowing us to focus more on application
development and less on the operational overhead associated with running Kafka clusters.

Amazon RDS (Relational Database Service) is a managed relational database ser-
vice that provides six popular database engines, including Amazon Aurora, PostgreSQL,
MySQL, MariaDB, Oracle Database, and SQL Server. RDS makes it easier to set up, operate,
and scale a relational database in the cloud by handling routine database tasks such as
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provisioning, patching, backup, recovery, failure detection, and repair. Amazon RDS offers
cost-efficient and resizable capacity while automating time-consuming administration tasks
such as hardware provisioning, database setup, patching, and backups. It frees developers
to focus on their applications by managing the database infrastructure, providing a high
level of availability, security, and compatibility with existing tools and applications [24].

3. Proposed Methodology and System Architecture

RoWaterAPl is built on an event-driven microservices architecture designed to support
the integration and near real-time processing of hydrological data. By decoupling data
ingestion, processing, and alert dissemination, this architecture enables scalable handling
of heterogeneous data streams and supports low-latency propagation of hydrological
observations and warning events.

Event-driven architectures (EDAs) are particularly suited to hydrological monitoring
systems, where rapidly changing environmental conditions require timely system responses.
In RoWaterAPI, the use of EDA facilitates dynamic processing of incoming data and
supports adaptive system behavior under variable data loads, contributing to operational
scalability and reliability [25,26].

The proposed architecture was designed to address two operational constraints com-
monly identified in hydrological early warning systems: data latency and limited scalability
during extreme hydrological events. By decoupling data ingestion, processing, and alert
generation, the system enables faster propagation of critical alerts to decision-makers
(Figure 1).

Kafka Cluster
AWS R
A 5% Amazon MSK
|||| Amazon EC2 s
river.level.topic
Consumer
Topic
’ [—
lake.level.topic
Topic
hydrologic.alerts
Topic
1 Amazon RDS
PostgreSQL DB . l
Geoprocessing + Postgis _\ y User management

RoWater API
[
QUERY
PARAMETER
GET
JSON l METHOD
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Figure 1. Architecture diagram.

Within RoWaterAPI, the API layer functions as the primary interface for accessing
hydrological observations and alert information, supporting consistent integration across
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institutional and public-facing applications. This approach facilitates near real-time access
to hydrological data required for monitoring, analysis, and early warning workflows.

By formalizing data exchange through well-defined endpoints and access controls,
the API supports broad yet controlled availability of hydrological information to multi-
ple stakeholder groups, including governmental agencies, environmental organizations,
and the public. Such standardization enhances interoperability and reliability, which are
essential for operational water resource management and environmental decision-making.

The backend implementation of RoWaterAPI is based on Python 3.14, utilizing the
Django and GeoDjango frameworks to support web-based service development and geospa-
tial data handling. Django provides a stable application framework for implementing API
endpoints and data access logic, while its object-relational mapping capabilities support
structured interaction with the underlying spatial database [27,28].

Django is used within RoWaterAPI as the core web application framework for im-
plementing API endpoints and coordinating backend services. Its structured architecture
supports modular development and simplifies the integration of data access, authentication,
and request handling within a unified application layer.

The framework’s object-relational mapping (ORM) capabilities enable consistent
interaction with the underlying relational and spatial database, supporting structured data
access while reducing direct dependency on database-specific query implementations. This
approach contributes to maintainability and scalability, which are essential for operational
hydrological monitoring systems deployed at a national scale.

Python 3.14 was chosen due to its mature geospatial ecosystem and its suitability for
rapid prototyping of data-driven workflows.

The RoWaterAPI platform leverages Python 3.14, Django, and GeoDjango to support
scalable data ingestion, geospatial processing, and API-based data dissemination. Python
3.14’s mature geospatial ecosystem facilitates the implementation of complex data pro-
cessing workflows, while Django provides a stable and extensible framework for building
web-based hydrological services. GeoDjango extends this framework with native support
for spatial data models and geospatial querying, enabling the integration of hydrological ob-
servations with spatial analyses required for monitoring and alerting applications. Through
its integration with GEOS, GDAL, and PostGIS, the platform supports spatial indexing and
efficient geospatial queries within a relational database environment, ensuring consistent
handling of vector-based hydrological data [16].

To support near real-time data ingestion and alert dissemination, RoWater API employs
Apache Kafka as an event-streaming backbone. Kafka enables asynchronous communica-
tion between system components, allowing hydrological observations and warning events
to be processed and distributed with low latency [29-31]. This event-driven approach
is well-suited to dynamic hydrological monitoring contexts, where rapid changes in wa-
ter conditions require the timely propagation of alerts to downstream services and end
users [6,32].

In its current implementation, RoWaterAPI relies on a lightweight JSON-based schema
optimized for operational performance and system integration, while remaining extensible
toward WaterML 2.0 and SensorThings API mappings in future development stages.

To ensure that no hydrological data is lost during the ingestion of parsed reports,
RoWaterAPI utilizes an at-least-once delivery strategy. The Kafka consumers are configured
with manual offset commits, meaning a record is only acknowledged in the event stream
after it has been successfully persisted into the Amazon RDS spatial database. This reduces
the risk of data loss under bursty workloads, at the cost of possible reprocessing; therefore,
database writes are designed to be idempotent (e.g., via unique event identifiers and
upserts) to prevent duplicates.
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Compared to existing hydrological information systems, RoWater API adopts a modu-
lar, event-driven architecture that prioritizes operational deployment at a national scale,
extensibility, and public accessibility. Whereas many existing solutions focus primarily
on scientific modeling or data visualization, RoWaterAPI integrates real-time alerting,
geospatial processing, and API-based data access within a unified, production-oriented
framework adapted to the constraints of Romanian hydrological infrastructure.

Design Goals and Data Model

The system design was guided by requirements for low-latency access, scalability, and
modularity. RoWaterAPI is built around a simplified data model comprising three core
entities: hydrometric stations, time-series measurements (including water level, discharge,
and water quality), and warning events derived from hydrological and meteorological
nowcasting services. This structure supports both the ingestion of raw data from field
monitoring devices and the generation of post-processed geospatial outputs for analysis
and visualization.

The internal data schema was developed to accommodate heterogeneous data flows
while maintaining consistency across spatial and temporal representations. The API follows
RESTful design principles, enabling standard GET and POST operations with JSON-based
payloads. Although the current implementation is not fully compliant with WaterML
2.0, the data model has been designed to allow future extension or transformation into
standardized hydrological data formats.

Access control is implemented through token-based authentication, whereby authenti-
cated clients receive signed JSON Web Tokens (JWTs) containing identity and role-based
claims. These claims are validated at the API gateway level to enforce differentiated access
policies for administrators, institutional users, and public users. This approach enables
fine-grained control over data visibility and permitted operations, addressing common
limitations in hydrological information systems related to access filtering and accountability.
RoWaterAPI is designed to serve multiple stakeholder categories through differentiated
access policies and information products. In this paper, we distinguish the general public,
water users, and water management authorities (Table 1).

Table 1. Stakeholder categories and degree of detail provided by RoWaterAPI.

Category Description

General hazard information (read-only)
General public Map-based visualization
Active warnings/events

More detailed station-level information
(authenticated)
Water users Time-series access
Metadata
Data export

Highest detail (authenticated)
Full operational views
Water management authorities Administrative functions
Data management
data

The general public is provided with simplified, read-only hazard awareness informa-
tion, such as the current status of hydrometric stations and active warning events, primarily
through interactive maps and dashboards. Authenticated operational water users can
access a higher level of detail (station-level time series, metadata, and export capabili-
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ties) for monitoring and decision-support workflows. Water management authorities are
provided with the highest level of detail and operational capabilities, including access to
administrative and data management functions.

The system architecture illustrates how such design choices can support more efficient
operational workflows across hydrological monitoring, emergency response, and territorial
planning contexts. In the following sections, the functional components of RoWaterAPI are
described, including its real-time data access mechanisms, geoprocessing capabilities for
spatial analysis, and tools for flood hazard mapping and assessment. In its current imple-
mentation, RoWater API provides hazard-related information. Full flood risk assessment
would require the integration of exposure and vulnerability layers, which are outside the
scope of this work and are considered future work.

This system leverages event-driven microservices architecture, integrating near real-
time hydrological data, advanced geoprocessing techniques, and interactive user interfaces
to provide comprehensive water monitoring and alert solutions. The demonstration model
for RoWaterAPI includes a comprehensive platform that features:

e An API for near real-time hydrological data, facilitating access to water levels, flow
rates, quality measurements, and other important hydrological variables from a net-
work of hydrometric stations across the region (Figure 2).

e A geoprocessing microservice, capable of generating data for interactive maps and
dashboards that underscore flood risks and hydrological warnings, thus improving
the decision-making process for both authorities and the general population.

e A user-friendly interface, specifically designed for the beneficiary institutions,
equipped with advanced data management tools and enhanced security measures to
safeguard sensitive information.

Figure 2. API response example.

RoWaterAPI introduces a novel approach to hydrological monitoring by integrating
real-time data acquisition with advanced processing and user-focused design. This system
distinguishes itself from existing national and international frameworks by offering:
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e Advanced Geoprocessing Capabilities: Employing advanced geospatial analysis for
enhanced flood prediction and hazard assessment, RoWaterAPI delivers more precise
and actionable insights compared to traditional monitoring systems.

e  Accessible and Interactive Interfaces: With modern web technologies, RoWater API
makes hydrological information and alerts accessible to a wider audience, including
those without specialized knowledge.

e  Real-Time Data Integration: RoWater API provides a dynamic and responsive monitor-
ing solution by ensuring the availability of near real-time hydrological data.

Following the description of the backend architecture, this section addresses the design
and implementation of the user interface of RoWaterAPI. The focus is placed on how the
front-end layer enables user interaction with hydrological data and geospatial outputs
generated by the system.

The user interface was designed to support intuitive access to hydrological information
while maintaining consistency with the underlying real-time and geospatial data struc-
tures. The front-end implementation is based on a component-oriented web architecture,
facilitating maintainability, type safety, and structured interaction with the APL

The front-end layer of RoWaterAPI is implemented using React and TypeScript within
a component-based web application architecture. This approach supports modular devel-
opment, type safety, and long-term maintainability of the user interface, while enabling
structured interaction with backend services. The use of strongly typed components facili-
tates more predictable data handling and reduces implementation errors in data-intensive
applications [33,34].

The user interface design emphasizes interactive visualization of real-time hydrolog-
ical data and derived geospatial outputs, allowing users to explore measurements and
risk-related information without page reloads. React’s component-oriented model supports
efficient rendering and dynamic updates of map-based visualizations, which is particu-
larly relevant for real-time and event-driven applications [35,36]. This design aligns the
front-end layer with the system’s real-time processing and geospatial analytics capabilities.

The interface is being developed to accommodate a diverse range of users, from
hydrology experts and governmental bodies to the public, by offering data management
panels and data filtering options (Figure 3).

The solution incorporates security mechanisms, including role-based authentication
and data encryption, to protect sensitive information and regulate access to different data
layers based on user roles. In addition, the system provides data management functionali-
ties that allow authorized users to upload, modify, and remove datasets in a controlled and
secure environment, ensuring data integrity and accountability.

Interactive map visualization is implemented using the Leaflet library, which provides
a flexible and lightweight framework for web-based geospatial representation. Leaflet is an
open-source JavaScript library widely used for developing interactive maps and has been
adopted in numerous geospatial applications due to its efficiency and extensibility [37-39].
Its integration enables the visualization and manipulation of spatial datasets relevant to
hydrological analysis, including river networks, hydrometric station locations, water levels,
and flood-prone areas.

The mapping component supports the overlay of dynamic, near real-time data layers,
such as flood warnings and hydrological alerts, providing an up-to-date spatial overview
of evolving conditions. Generated maps allow direct user interaction through standard
navigation functions, including zooming and panning, as well as thematic highlighting
of areas based on selected criteria such as flood hazard /warning levels or water quality
indicators. Users may further customize the visualization by enabling or disabling specific
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RoWaterAPI

= Visualize data

Manage data

Settings

data layers and selecting alternative base map styles, supporting task-oriented exploration
of hydrological information.

Leaflet is characterized by a lightweight core architecture, with a compact JavaScript
footprint that minimizes the impact on page load times while supporting interactive map-
based applications. Despite its relatively small size, the library provides a broad range of
functionalities, including tile layering, vector data representation, markers, popups, and
standard user interactions such as zooming and panning. Its application programming
interface is designed to be platform-independent, supporting consistent behavior across
major desktop and mobile environments.

10}
Hydrologic data
Hydrologic station Watershed Date
Enter hydrologic station name Enter watershed name Enter date

Id Watershed Hydrologic station Water level (cm) Trend Date
1 Danube Bratul Borcea 314 Rising 18.03.2024
2 Olt Hoghiz 87 Decreasing 18.03.2024
3 Danube Calafat 344 Rising 18.03.2024
4 Mures Alba lulia 147 Normal 18.03.2024
5 Arges Malu Spart 108 Rising 18.03.2024
6 Bahlui lasi 84 Normal 19.03.2024
7 Siret Lespezi 423 Decreasing 19.03.2024
8 Jiu Podari 139 Normal 19.03.2024
9 Prut Ungheni 87.3 Normal 19.03.2024

Figure 3. Data management interface design.

In addition to its core functionality, Leaflet supports an extensible plugin ecosystem
that enables advanced capabilities such as geocoding, geolocation, and enhanced graphical
visualization of spatial data. These features make it suitable for data-intensive geospatial
applications requiring flexibility and modularity [39].

The RoWaterAPI application ecosystem is deployed on cloud infrastructure provided
by Amazon Web Services (AWSs). This deployment supports scalability, availability, and
performance requirements by enabling elastic resource allocation and reliable service
operation under variable usage conditions.

We will use Amazon RDS as the relational database backbone for our application,
taking advantage of its managed service to handle our database operations with enhanced
efficiency and reliability. Our application will connect to RDS for all data storage, retrieval,
and management tasks, leveraging the service’s performance to ensure fast and reliable
access to our data. The use of Amazon RDS will significantly streamline our development

https:/ /doi.org/10.3390/ geosciences16020087


https://doi.org/10.3390/geosciences16020087

Geosciences 2026, 16, 87

11 of 16

process, reduce operational costs, and increase the overall stability and scalability of our
application’s data layer.

4. Results

The framework was validated using a heterogeneous dataset sourced from multiple
hydrometric stations across several river basins in Romania, and the test data covered
various monitoring periods throughout 2024. Given the operational constraints of current
reporting, the system was evaluated by parsing legacy formats, specifically Word, Excel
and PDE which were transformed into structured JSON payloads.

The results obtained from the current implementation of RoWaterAPI indicate that the
system can effectively ingest, aggregate, and process near real-time hydrological data from
multiple sources. Performance tests and initial analyses demonstrate the system’s capacity
to handle substantial data volumes while maintaining low-latency access to hydrological
measurements and derived geospatial outputs. Under simulated stress workload with
small payload messages and no per-message geospatial transformations, the solution ex-
hibited an average end-to-end ingestion-to-API persistence latency on the order of seconds
(approximately 1-3 s) and sustained peak ingestion rates on the order of thousands of mes-
sages per second (approximately 6000-8500 messages per second). These results suggest
the event-driven pipeline can handle bursty workloads without becoming the dominant
processing bottleneck. These results reflect the baseline ingestion-and-access path. For
larger payloads and geospatial processing, RoWaterAPI is designed to offload computa-
tionally intensive tasks to dedicated microservices, preserving low-latency ingestion while
treating geoprocessing as a scalable downstream stage.

The integration of heterogeneous datasets from multiple hydrometric stations enables
the generation of event-based alerts for critical hydrological conditions, including flood
events and abrupt variations in water quality parameters. These alerts are produced in near
real time and are delivered through the API and visualization components, supporting
timely access to relevant information for institutional users and other stakeholders.

The results further highlight the role of the methodological framework in translating
complex hydrological data into operationally usable outputs. In particular, the structure
of the API responses and the design of the user interface contribute to streamlined data
delivery and facilitate interaction with spatial and temporal information. As illustrated
in Figures 2 and 3, these components support the transformation of raw measurements
into interpretable visual and analytical representations, bridging the gap between data
acquisition and practical application.

The API response structure illustrated in Figure 2 demonstrates how RoWaterAPI
standardizes the delivery of near real-time hydrological data. The structure is designed
to support consistent representation of heterogeneous data types, including water level
measurements, discharge values, and water quality indicators collected from hydrometric
stations. Data are provided in a JSON-based format, enabling straightforward integration
with external applications and analytical workflows used by researchers, developers, and
institutional stakeholders.

This response structure facilitates interoperability by allowing hydrological data to
be consumed across different platforms and systems without additional transformation.
In addition, the streamlined organization of the response supports efficient data transfer,
contributing to reduced latency and timely access to information during hydrological
events that require rapid interpretation and response.

The interface design presented in Figure 3 illustrates how users interact with hydro-
logical data through the RoWaterAPI platform. The interface provides functionalities for
filtering, editing, and visualizing data directly within the application, supporting struc-
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tured interaction with complex hydrological datasets. These functionalities are intended to
reduce workflow complexity and facilitate access to both spatial and temporal information.

Key interface features include dynamic data filtering, real-time map-based visualiza-
tion, and configurable dashboard elements that provide an integrated overview of current
hydrological conditions. The design supports scalability by allowing the incorporation
of additional data streams and analytical components, enabling adaptation to different
hydrological monitoring contexts.

Overall, the interface design demonstrates how usability and responsiveness can
be aligned with advanced geospatial analysis, supporting the practical interpretation of
hydrological information in operational and decision-support settings.

In summary, the results show that RoWaterAPI can ingest and process near real-time
hydrological data from multiple sources, deliver standardized API responses with low
latency, and support interactive visualization and event-based alerting through the user
interface, as illustrated in Figures 2 and 3. These results confirm that the implemented ar-
chitecture enables the coordinated handling of data ingestion, processing, and visualization
within a single operational system.

5. Discussion

RoWaterAPl illustrates an integrated approach to hydrological monitoring that lever-
ages event-driven system design and advanced geospatial analysis to support the timely
use of hydrological information. By combining real-time data processing with spatial
analytics, the system contributes to improved situational awareness in water resource
monitoring contexts.

This approach enables a more responsive framework for linking data acquisition
with operational outputs, supporting the translation of hydrological measurements into
information relevant for monitoring and early intervention in water-related events.

The modular and scalable architecture of RoWaterAPI creates opportunities to incor-
porate methodologies validated in other domains of geospatial research, broadening its
applicability beyond hydrological monitoring. By integrating techniques such as predictive
analytics, machine learning models for risk assessment, and geospatial data fusion, the
platform can enhance its functionality to address challenges in fields like urban planning,
agricultural resource management, and environmental conservation.

With its flexible design and modular structure, RoWaterAPI presents a potential
model for addressing the global challenge of sustainably managing water resources amidst
environmental changes, though it remains a participant among various efforts to bridge
gaps in existing water management approaches.

Comparable hydrological information systems have been implemented in several
countries, illustrating the role of centralized and accessible data services in water resource
management. In the United Kingdom, for example, the Hydrology API provides access to
a wide range of hydrological datasets, including river flows, water levels, water quality
parameters, rainfall, and groundwater conditions.

Similarly, hydrological services in countries such as the United States and Norway
provide operational access to critical monitoring data that support water management
activities, environmental protection, and disaster preparedness. These examples high-
light the growing reliance on integrated hydrological data platforms for operational and
decision-support purposes. These examples highlight the global demand for innovative
and adaptable hydrological monitoring systems to ensure sustainable water management
in the face of environmental challenges and climate variability.

The RoWaterAPI, aimed at improving hydrology data management and accessibility,
took a significant step forward with its introduction at the NISPAcee 2022 conference. This
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opportunity allowed us to share our work and gather first-hand feedback, laying a solid
foundation for the project’s future development.

The adoption of RoWaterAPI also highlights the potential of integrated hydrological
information systems to support collaborative approaches to water resource management
across institutional and societal levels. By emphasizing data accessibility and structured
user interaction, such systems can contribute to broader engagement with hydrological
information and support more informed use of data in operational and planning contexts.

From a longer-term perspective, the modular and transferable design of RoWater API
suggests its applicability beyond a single national context. The framework provides a
reference model that could be adapted to different institutional settings and hydrolog-
ical regimes, offering insights relevant to the development of comparable initiatives in
other regions.

These findings highlight the role of continued technological development and inter-
disciplinary cooperation in maintaining the effectiveness and adaptability of hydrological
information systems under changing environmental conditions.

6. Conclusions

While the platform demonstrates the feasibility of real-time hydrological data inte-
gration, its operational effectiveness depends on data availability, institutional adoption,
and governance frameworks. Through its innovative integration of event-driven architec-
ture, sophisticated geospatial analysis, and the utilization of modern technologies such
as Python 3.14, Django/GeoDjango, PostGIS, and Apache Kafka, RoWater API will bring
substantial improvements over traditional hydrological information dissemination work-
flows by providing standardized, near real time data access to critical information on top
of existing monitoring infrastructures. It offers a scalable and adaptable solution that not
only addresses current environmental and water management challenges but also lays the
groundwork for future advancements. The research underscores the importance of tech-
nological innovation and interdisciplinary collaboration in tackling global environmental
issues. As we move forward, continued exploration, technological integration, and expan-
sion into diverse ecological regions remain crucial. RoWaterAPI’s journey from concept
to implementation exemplifies the transformative potential of combining environmental
science with information technology, offering a template for future initiatives aimed at
sustainable environmental stewardship and proactive water resource management.

Furthermore, RoWaterAPI is poised to significantly contribute to the digitalization
process in Romania, exemplifying how technological advancements can streamline and
enhance environmental and water resource management. This initiative not only serves
as a pivotal step towards modernizing Romania’s hydrological information access and
decision-support workflows, by providing standardized, low-latency access to observations
and derived data. Through RoWater APl illustrates the global potential for digital solutions
to drive progress in sustainable water management and environmental protection.

RoWaterAPI’s use of real-time data delivers significant advantages across various
domains. In water management, it enhances decision-making processes, while strength-
ening disaster management through early warning systems for floods and droughts. In
agriculture, it supports precision farming by providing timely hydrological data to opti-
mize irrigation and crop planning. Furthermore, in environmental protection, it facilitates
ecosystem health monitoring and prompt interventions. As one of the few tools to compre-
hensively integrate real-time hydrological data, it serves as a crucial resource for tackling
interdisciplinary challenges, underscoring the profound impact of environmental data on
decision-making across diverse fields.
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Compared to traditional hydrological systems based on static datasets and delayed
reporting, the RoWaterAPI approach demonstrates an alternative workflow centered on
real-time processing and geospatial analysis.

This work also sets a precedent for leveraging technologies like Django and Apache
Kafka in building robust, real-time environmental data integration and dissemination
services (API-first), which complement existing systems and support early warning and
operation decision-making. The emphasis on democratizing data access—making hydro-
logical information available to a wide range of stakeholders, from governmental agencies
to local communities—represents a significant step towards fostering a culture of informed
decision-making and proactive environmental stewardship.

The outcomes of this study substantiate the research objective, demonstrating the
successful integration of real-time hydrological data processing with advanced geospatial
analysis. This accomplishment highlights the system’s capacity to serve as an innovative
and robust framework for sustainable water resource management and improved disaster
preparedness, thereby fulfilling the aims outlined in the research.

These findings validate the core hypothesis that a modular, event-driven architecture
can effectively support real-time hydrological monitoring and alerting, even in settings
where legacy infrastructure limits the adoption of existing standards. While RoWater API
does not fully implement protocols such as WaterML 2.0 or the OGC SensorThings AP], its
architecture is designed to remain extensible and adaptable to such integrations in future
iterations. The system’s focus on usability, scalability, and performance reflects a practical
response to the challenges identified at the beginning of this paper.

The paper contributes to a functional, extensible, and field-tested API architecture that
complements existing research on hydrological data sharing, bridging the gap between
theoretical standards and operational reality. RoWaterAPI stands as a practical model for
real-time information access, built on top of existing monitoring systems and capabilities
and adaptable to national and regional contexts where legacy infrastructure prevails.

To support research reproducibility, the authors are committed to releasing the RoWat-
erAPI source code under an open-source license. The codebase is currently undergoing
final documentation, dependency cleanup, and security hardening to ensure a safe pub-
lic release. This phased release strategy ensures that the framework, which has already
demonstrated stable performance in baseline evaluations, is packaged in a maintainable
and stable form for broader reuse. It should be noted that operational deployment re-
quires formal inter-institutional agreements for matters such as data-sharing arrangements,
cybersecurity review, and maintenance responsibilities; thus, institutional validation has
not yet been initiated and will be pursued through forthcoming consultations with the
National Administration “Romanian Waters”; therefore, the RoWaterAP]I is not yet im-
plemented within Romania’s water resources management and operational systems. To
support potential adoption, the authors plan a series of meetings with representatives
of the National Administration “Romanian Waters” to propose a pilot evaluation and,
subject to institutional approval, to explore integration pathways into their systems. In
the interim, the architectural designs, message formats, and data schemas detailed in this
study provide sufficient information to support conceptual replication and independent
re-implementation.

The hydrological datasets used for validation remain proprietary to the National
Administration of Romanian Waters and cannot be redistributed by the authors.
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