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Abstract: We developed Aqua Sentry, a native Android application designed to address a critical limitation in current flood warning systems:
the “false safe” problem. This work was motivated by the 2025 Punjab floods, which affected nearly two million people and highlighted the
urgent need for reliable, location-specific alerts. Aqua Sentry introduces a Dual-API Risk Fusion model that integrates global river discharge
data (GloFAS) with locally predicted rainfall totals (Open-Meteo). This combined analysis enhances the accuracy of danger detection, allowing
the system to recognize threats from both river overflows and sudden urban floods. From a technical standpoint, Aqua Sentry was built for
maximum operational stability. The application employs Executor Service for concurrent network processing and applies defensive JSON
parsing to minimize crashes during external data failures—a feature essential for life-critical systems. Testing demonstrated the system’s ability
to avoid false safety conditions and achieve rapid response times of under 100 milliseconds when deploying evacuation routes through Google
Maps. These findings indicate that Aqua Sentry provides a dependable, low-latency framework for mobile-based flood intelligence, capable of
converting complex environmental data into timely and actionable safety guidance.
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I.INTRODUCTION

The monsoon season of 2025 brought devastating floods to Punjab, where the lack of reliable, multisource warning systems
and dependence on a single data stream contributed to numerous casualties. This tragedy revealed the fundamental shortcomings
of existing flood alert systems, especially their inability to provide hyper-local, real-time guidance. Urban regions are particularly
susceptible; for example, in Vikhroli, Mumbai, more than 200 millimeters of rainfall within a few hours can overwhelm drainage
networks (The Logical Indian, 2025). This oversight creates what we term the “false safe” problem—a condition in which river
indicators appear stable while nearby communities remain at high risk of flooding. Aqua Sentry was designed to directly address
this issue. We recognized that an effective disaster warning system must answer two distinct but equally critical questions: “Should
I be concerned?” and “Should I evacuate?” To achieve this, our approach integrates dual data sources, combining global river
discharge data with localized rainfall predictions. The resulting tool is engineered for reliability under emergency conditions. This
project serves as a framework for developing resilient disaster-response software that can be effective during emergencies. The
core of this work lies in a validated Dual-API Risk Fusion system, which combines GIoFAS river discharge data with local rainfall
readings to give clearer, more accurate flood-risk predictions. There is also a heavy focus on architectural resilience; the app is
built in Java using Executor Service to keep it running smoothly, even when one of the data sources fails. Finally, the interface
follows a low-cognitive load design, helping users stay calm and make quick decisions when every second matters.

I.LMATERIALS AND METHODS
Materials: System Architecture and Engineering Principles
In disaster-response applications, reliability is far more valuable than the sheer number of features. The system follows the
Android MVVM framework. Through Live Data, the View Model communicates real time status changes to the Ul. All API calls
are handled asynchronously through an Executor Service. To secure data transmission, a custom Tls12SocketFactory was
integrated to enforce TLS 1.2 encryption. To support consistent user experience, the abstract Base Activity automatically applies
system padding using Window Insets Compat.

Methodology: Data Acquisition and Dual-Modal Risk Modeling

The robustness of our model comes from its integration of multiple independent data streams. Aqua Sentry executes two
parallel requests to the Open-Meteo infrastructure, which delivers localized meteorological and hydrological datasets crucial to
the Dual-API Risk Fusion model. The specific inputs utilized are summarized in Table 2.
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Table no 1: Data Sources and Variables for Dual-API Risk Assessment

Risk Type Data Source Variable Extracted Purpose
Fluvial (River) | Open-MMeteo Flood API (GloFAS) | river discharge (m*/s) | Qumax for 3-day river flood prediction.
Pluvial (Rain) Open-Meteo Weather API precipitation sum (mm) Pumax for 3-day urban rainfall
prediction.

The Risk Fusion Algorithm:
The final risk score is determined by selecting the higher value between two independently calculated risk factors. The
resulting water level is scaled using empirically tested thresholds, which are formally defined by the equations below.

—5.0
= min (5.0, Qrmxif X 5.0)
WL fluvial 9.

River Scaling (WL fiuvia):

@
Rainfall Scaling (WL piuvial):
=4
= min (5.0. M X 5.0)

WL pluvial 150.0 = 50.0 )
Evacuation Trigger Logic:
The system issues an evacuation alert only when it identifies a significant and escalating flood risk.

Qfuture > (Qtoday x 1.5) A Qfuture > 10.0 m3/s ©)]

This mechanism activates only when the projected flow exceeds today’s value by at least 50 percent and simultaneously
surpasses a defined minimum danger threshold.

I1I.LRESULT
Validation of Dual-API Risk Fusion:

The critical evaluation was conducted under Scenario 111, which demonstrated the effectiveness and necessity of the Dual-
APl methodology. Table 1 presents the results of the Dual-API Risk Fusion validation across all simulated test conditions.

Table no 2: Validation of Dual-API Risk Fusion Across Simulated Scenarios.

Scenario Discharge Rain Calc WL Calc WL Final WL Dominant Risk
(Qmax) (Pmax) fluvial pluvial (ﬁ)
Test Case (m3/5s) (mm) (ft) (ft)
I (River Danger) 25.0 40.0 4.0 0.0 4.0 Fluvial
IT (Rain Danger) 8.0 120.0 0.6 3.5 3.5 Pluvial
III (False Safe Avoided) 4.0 150.0 0.0 5.0 5.0 Pluvial (Crit.)
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Figure no 1: Core User Interface and Actionable Intelligence in Aqua Sentry. (A) The Flood Dashboard (home screen), illustrating the low-
cognitive-load user experience. (B) The Flood Level View component. (C) The Safe Area status screen.
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The findings indicate that in **Scenario 111**, dependence on fluvial data alone (0.0 ft risk) would have resulted in a
critical system failure. Aqua Sentry accurately identified a 5.0 ft critical danger level by incorporating the rainfall component. A
visual representation of these conditions is provided in Figure 1.

Architectural and Performance Metrics:
Stability Validation:

The system successfully recorded error logs (e.g., *“E/Aqua Sentry: JSON Parsing Error...”*) and automatically reverted
to the default safe state of 0.0 ft when external data failed.

Time-to-Action:

The predictive evacuation sequence consistently demonstrated a latency **below 100 milliseconds** between receiving
the final API dataset and initiating the Google Maps intent. All evaluations were performed on [specify device model and operating
system], ensuring controlled testing conditions.

IV. DISCUSSION
The core outcome of this research highlights that **architectural integrity should be treated as a fundamental safety
parameter>* in disaster-response software. Our results demonstrate that the Dual-API model enables more reliable risk prediction
by integrating multiple data sources rather than depending on a single stream of information. This work also reflects a shift in
development philosophy: AquaSentry was not built for aesthetics or novelty—it was built for survival. The swift, one-tap activation
of the evacuation route stems from applying low-cognitive-load design principles. Equally important, the inclusion of the
Tls12SocketFactory ensures secure communication and uninterrupted functionality, even on older devices.

VV.CONCLUSION

Aqua Sentry presents a dependable and field-tested solution to the “false safe” challenge. Through the integration of the
Dual-API Risk Fusion model and a fault-tolerant architecture, the platform transforms complex hydrological and meteorological
data into timely, actionable alerts. Future development of this work will concentrate on three primary directions. The first involves
designing a community-based vetting mechanism that uses crowdsourced flood photographs and verified field observations to
continuously refine the system’s predictive accuracy. The second area focuses on integrating the OSM droid routing framework
with real-time geospatial datasets to enable dynamic and adaptive evacuation routing. Lastly, there are plans to extend multi-
language accessibility features, ensuring that the platform remains inclusive and fosters greater trust during emergency
communication.
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