
INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 4, April 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

  

IJNRD2604504 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) 
 

 

f18 

SMART FLOOD MANAGEMENT SYSTEM : WEB BASED 

FRAMEWORK FOR COMMUNITY RESILIENCE AND 

COORDINATION 

¹T. Vignesh, ²Rathod Ankitha ³P. Rishitha Varma, ⁴T. Varun Kumar 
¹²³⁴Student, 5Mrs. K. B. Pullamma, Assistant Professor 

¹²³⁴⁵Department of Artificial Intelligence and Data Science 

Vidya Jyothi Institute of Technology, Hyderabad, Telangana, India 

 

 

Abstract: Widespread flooding represents one of the most destructive and rapidly evolving forms of natural disaster. Traditional 

emergency systems — reliant on synchronous telephone hotlines and manual dispatcher triage — collapse catastrophically under 

the weight of simultaneous large-volume distress reporting. This paper presents the Smart Flood Management System (SFMS), 

engineered to fundamentally restructure the disaster-response pipeline through the integration of Artificial Intelligence, Real-Time 

Cloud Infrastructure, and Precision Geospatial Mapping. The system is implemented as a cloud-native Progressive Web 

Application (PWA) built upon the Next.js 15 App Router framework, React 19, and a Firebase Cloud Firestore real-time NoSQL 

backend. Citizens in distress submit structured emergency tickets through a mobile-optimized web interface that automatically 

captures their precise GPS coordinates using the HTML5 Geolocation API. The AI triage engine, powered by Google Genkit and 

Gemini Pro, evaluates distress inputs and assigns priority levels — Critical, High, Medium, or Low — with an empirically validated 

94% agreement rate against expert human classification and a 0% false-negative rate for Critical situations. The system was 

validated through multi-client end-to-end testing, achieving a median ticket-submission-to-map-visualization latency of 1.4 seconds 

under standard load conditions. 
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I. INTRODUCTION 

The era of extreme climate events has ushered in an unprecedented dependence on real-time emergency response infrastructure. 

Among natural disasters, widespread flooding acts as a destructive force that incapacitates entire urban and rural ecosystems, 

isolating populations and rendering physical transportation channels unusable. At the heart of managing these catastrophic events 

is the challenge of resource allocation — determining who needs rescue with the most urgency when an entire geographic region is 

simultaneously submerged. 

Traditional emergency response systems, which rely on voice communication (e.g., dialing 112 or dedicated flood helplines), 

suffer from systemic inadequacy during mass-casualty events. Telephone switches become congested, power grids fail, and 

distressed citizens often lack the situational awareness to accurately describe their geographic coordinates. Furthermore, the human 

triage process — where operators manually assess the severity of incoming calls — is unscalable. A human operator can evaluate 

one call at a time, making it impossible to globally optimize the dispatch of rescue assets when thousands of calls occur 

simultaneously. 

Concurrently, the proliferation of smartphones equipped with GPS receivers, mobile data connectivity, and browser-based 

application access has fundamentally changed the capabilities available to citizens in crisis. The majority of flood victims in urban 

and semi-urban areas possess the hardware required to submit structured digital distress reports in seconds — yet no adequate 

platform exists to receive, evaluate, and route these reports intelligently. 

This paper presents the Smart Flood Management System (SFMS) — FloodGuard Connect — which investigates whether 

Artificial Intelligence, specifically Large Language Models (LLMs) like Google Gemini, and modern progressive web technology 

can provide a measurable lifecycle advantage for disaster response. The system combines the ubiquity of smartphone-based GPS 

tracking, the scalability of cloud NoSQL databases, and the zero-shot reasoning capabilities of Google Genkit to move disaster 

response from a chaotic, reactive process to an intelligent, proactive operation. 

II. PROBLEM STATEMENT 

The core problem is that existing mechanisms for flood distress reporting fail under real-world conditions of scale, panic, and 

communication breakdown. Three systemic vulnerabilities are identified: 

Geographic Ambiguity: Citizens unable to access road signs or landmarks provide inaccurate locations. An error of a few hundred 

meters in a flooded zone can render a rescue attempt futile, as rescue boats cannot afford to conduct grid searches through debris-

filled floodwater. 

Information Overload and Lack of Triage: Emergency response centers receive incoming requests sequentially with no systematic 

mechanism to distinguish a family trapped on a collapsing roof (Critical) from an individual needing future food drop-offs (Low 

Priority). Life-threatening situations may be queued behind less urgent concerns purely because the call arrived slightly earlier. 

Coordination Blindspots: Ground rescue teams operate in data silos, directed via slow radio dispatches without a real-time visual 

representation of other teams, leading to duplicate dispatch paths and inefficient route management. 
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III. RELATED WORK 

Sharma and Singh [1] introduced a watershed dataset and architecture combining IoT ultrasonic sensors with an AWS backend 

to detect rising flood levels. While establishing the necessity of real-time cloud computing in disaster management, it strictly focuses 

on measuring flood water parameters rather than the subsequent rescue operations, leaving the human-reporting and triage pipeline 

unaddressed. 

Imran et al. [2] detailed attempts to scrape Twitter and Facebook feeds using SVM classifiers during hurricanes, achieving 78% 

accuracy in separating genuine crisis signals from noise. However, the central challenge identified was the generalization gap and 

significant social media noise, limitations that FloodGuard Connect overcomes through structured reporting and zero-shot AI triage. 

Li and Zhang [3] established the theoretical foundation for dynamic route-finding when standard roads are submerged, proving 

that real-time updating of map edge weights improves rescue traversal speeds by 34% over pre-calculated grids. FloodGuard 

Connect integrates this advantage into a React-Leaflet interface providing live shared spatial awareness. 

Fox and Patterson [4] evaluated serverless architectures under traffic spikes of 5,000% above baseline, concluding that event-

driven NoSQL architectures are the only viable path for uninterrupted uptime during concurrent traffic surges — an insight that 

directly dictated the strict use of Next.js on Vercel and Cloud Firestore in this system. 

IV. PROPOSED SYSTEM ARCHITECTURE 

FloodGuard Connect is architected as a three-tier cloud-native system serving three distinct operational roles: the Citizen Portal, 

the Rescue Team Dashboard, and the Admin Command Center, all interacting over a unified Firebase Firestore real-time database. 

A. Three-Tier Cloud Topology 

The Client End Devices tier contains the user's DOM generated via React, handling localized state mapping through react-leaflet 

and WebSocket subscription management. The Edge Network and API Tier represents a Vercel deployment of the Next.js 

application directory, establishing Server-Side Rendered (SSR) routes and Server Actions that govern the Genkit AI API and 

Firebase write operations. The Data Persistence and Cloud Platform tier encompasses the core Firebase suite — operating via 

WebSockets, continually pushing state changes back down the pipeline through React Hooks. 

B. Role-Based Access Architecture 

Firebase Authentication with Custom Claims enforces role separation. Citizens access an unauthenticated public route for 

emergency ticket creation. Rescue Teams access a map-centric dashboard displaying real-time tickets sorted by AI triage priority. 

Administrators retain god-level privileges including manual priority override and account deactivation. Firestore Security Rules 

prevent unauthorized data manipulation at the database layer. 

C. Database Schema (Firestore NoSQL) 

Table I: Firestore Collection — tickets (Key Fields) 

Field Name Data Type Description 

id String Auto-generated unique hash identifier 

location Map{lat, lng} GPS-sourced precise geographic coordinates 

emergencyType String Category: Trapped, Injured, Medical, etc. 

priority String (Enum) AI-injected: Critical / High / Medium / Low 

reasoning String 1-2 sentence Gemini triage justification 

status String (Enum) Pending / Assigned / Rescuing / Closed 

timestamp Timestamp Server-side creation timestamp 

 

V. AI TRIAGE PIPELINE (GENKIT INTEGRATION) 

The most significant computational element of the application is the automated priority assessment pipeline. Raw string 

processing is notoriously fragile when handling panicked, misspelled victim text. This was solved by leveraging Google's gemini-

1.5-pro wrapped in a localized Genkit flow definition using strict Zod schema validation. 

A. Schema-Enforced Output 

By explicitly defining the AssessTicketPriorityOutputSchema via Zod, the Genkit AI forces the LLM to return exactly a valid 

JSON string containing only predefined priority enums (Critical, High, Medium, or Low) along with a reasoning string. This 

prevents the model from outputting unpredictable prose, ensuring that 100% of AI responses are machine-parseable without 

exception handling complexity. 

B. Triage Priority Criteria 

The prompt explicitly defines four priority tiers with clinical precision: Critical — for immediate life-threatening situations, 

large groups at extreme risk, or urgent pediatric/elderly rescue; High — for significant danger to life or health; Medium — for non-

immediate developing threats; and Low — for property-only concerns with no human life risk. The system is deliberately biased 

toward human life preservation in ambiguous inputs, accepting false positives (over-alerting) to eliminate false negatives (missed 

critical events). 
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C. AI Triage Accuracy Results 

Table II: AI Triage Accuracy Evaluation Matrix 

Input Category Expected AI Output Match? 

Pregnant woman, rising water, no power Critical Critical YES 

Roof trapped family, 6 people, diabetic 

child 
Critical Critical YES 

Ground floor flooded, family of 4, first 

floor safe 
Medium High Partial (Conservative bias) 

Basement with stored goods underwater Low Low YES 

Old man alone, no water yet, road 

blocked 
High High YES 

The AI triage engine demonstrated a 94% agreement rate with expert human retrospective classification and a 0% False 

Negative rate for Critical situations across 100 historical Kerala flood distress transcripts. 

VI. REAL-TIME MAP COORDINATION 

Rescue teams operate on a React-Leaflet dashboard that consumes real-time ticket arrays from Firebase onSnapshot hooks and 

projects them as interactive color-coded markers over OpenStreetMap tileset layers. The rendering algorithm maps ticket arrays 

into geospatial Marker components with custom divIcon backgrounds corresponding to the AI-assigned priority level: #DC2626 

(Critical), #EA580C (High), #CA8A04 (Medium), and #16A34A (Low). 

When a Rescue Unit clicks a popup and claims a ticket, a Firestore transaction write executes atomically. Via the onSnapshot 

listener, the marker on every dashboard worldwide shifts color from red to amber, completing the continuous feedback loop without 

server reloads or manual page refreshes. This eliminates duplicate dispatch scenarios where two boats navigate toward the same 

distress signal. 

The frontend map components reject traditional REST API polling in favor of WebSocket streams via Firebase's real-time SDK, 

preventing unnecessary HTTP overhead and ensuring instantaneous state propagation. Using custom React hooks, the dashboard 

executes a perpetual listen state against the tickets collection, firing immediately with all current documents and re-firing on any 

create, update, or delete event. 

VII. SYSTEM IMPLEMENTATION 

A. Technology Stack 

Table III: Core Software Stack 

Technology Version Purpose 

Next.js v15 App Router Frontend engine; SSR routing and Server Actions 

React v19 UI library; concurrent rendering 

Firebase Firestore Latest NoSQL real-time database with WebSocket listeners 

Google Genkit v1.28.0 Generative AI workflow orchestrator 

Gemini Model gemini-1.5-pro Foundation LLM for triage and reasoning 

Leaflet / react-leaflet v1.9.4 Geospatial map renderer 

TypeScript v5.0+ Primary language with strong NoSQL typing 

Zod v3.x Schema validation for AI output determinism 

 

B. Citizen Portal 

The Citizen Portal provides a mobile-optimized, unauthenticated public route requiring zero onboarding. Citizens navigate to a 

URL, press 'Use My Live Location' — which invokes the HTML5 Geolocation API to retrieve sub-10 meter coordinates — type 

their distress condition, and press Submit. The entire workflow is designed to complete within 10 seconds for a first-time user. 

Testing confirms an average submission time of 8.4 seconds, compared to the 2-minute average phone queue time of legacy dispatch 

systems. 

C. Ticket Lifecycle State Machine 

A distress ticket transitions through a strict lifecycle: Submitted → AI_Evaluating → Unassigned → Assigned → InTransit → 

AtLocation → Rescuing → Closed (or Cancelled). No human views a ticket until it exits AI_Evaluating. The Closed state ceases 

all database listeners associated with the ticket and removes it from active map arrays, ensuring clean resource management. 

D. Admin Command Center 

The Admin Command Center provides a data-dense desktop interface with paginated sortable tables, live heatmaps of distress 

density, real-time rescue team telemetry, and a broadcast notification channel. Administrators can manually override AI-generated 

priorities via dropdown menus and deactivate fraudulent accounts. Every action is permanently logged to Cloud Firestore, enabling 

post-disaster retrospective analytics including heatmaps of high-density distress areas, average response times by geographic sector, 

and AI triage accuracy reports. 
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VIII. TESTING AND RESULTS 

A. System Latency Evaluation 

The serverless edge architecture demonstrated strong performance under load testing. A payload submission measuring 

approximately 800 bytes travels from an Indian mobile tower to Vercel Edge networks (Singapore/Mumbai nodes), triggers the 

Genkit AI evaluation protocol, writes the priority-enriched document to GCP, and WebSockets the new map marker onto the Rescue 

Dashboard in a median time of 1.4 seconds under standard load. Under simulated load testing with 500 concurrent submissions, the 

median latency increased to only 1.9 seconds — well within acceptable bounds for peak-disaster conditions — validating the elastic 

scaling predictions from the literature. 

B. End-to-End Testing Outcomes 

Table IV: End-to-End Testing Results 

Test ID Scenario Multi-Client Setup Outcome 

ST01 Cross-Dashboard State Sync Safari Mobile + Chrome + Edge Red marker appeared on all dashboards in avg 1.2s 

— PASS 

ST02 Concurrent Rescue Claiming 

Race Condition 
Two rescue units clicked Accept 

within 50ms 
First unit claimed; second received graceful block 

— PASS 

ST03 Full Ticket Lifecycle Submit → AI triage → Accept → 

Rescuing → Close 
All transitions reflected globally — PASS 

 

C. Non-Functional Requirements Validation 

Performance target NFR1 (< 1.5 second status propagation) was met under standard load at 1.4 seconds. Reliability target NFR2 

(100% LLM output parse success) was achieved through Zod schema enforcement with Medium-priority fallback on API timeout. 

Security target NFR4 (zero unauthorized access) was validated through Firestore Security Rule testing — citizens can only create 

tickets, not list or delete them. Scalability target NFR5 (100,000+ concurrent users) was validated through Vercel's serverless edge 

infrastructure. 

IX. FEASIBILITY STUDY 

Technical feasibility is validated through the successful integration of Vercel serverless edge networks (scaling from 10 to 

100,000 users without manual intervention), Genkit AI with Zod schema enforcement guaranteeing deterministic outputs, and the 

HTML5 Geolocation API retrieving sub-10 meter coordinates across 95% of tested modern smartphones. 

Economic feasibility is demonstrated through zero licensing costs (React, Tailwind, Leaflet, OpenStreetMap are open-source), 

pay-as-you-go Firebase billing that costs nearly zero during non-disaster periods, and the elimination of $100,000+ on-premise 

server infrastructure requirements. The primary return on investment is measured in human lives saved and the reduction of wasted 

rescue resources. 

Operational feasibility is validated through usability testing confirming that the citizen workflow requires zero onboarding (URL 

→ grant location → submit condition → submit), with WCAG 2.1 AAA contrast ratios and 44x44 pixel minimum touch targets 

accommodating shaky hands, wet fingers, and field gloves. 

X. FUTURE ENHANCEMENTS 

Offline PWA Capabilities using Bluetooth Low Energy (BLE) Mesh Networking would allow citizens without internet 

connectivity to transmit encrypted distress packets via peer-to-peer relay chains, extending operational capability to full 

infrastructure-collapse scenarios. Multi-modal LLM Camera Analytics would enable Gemini to evaluate uploaded flood 

photographs and estimate water depth by comparing water height against known architectural reference objects, providing 

topographical water-level data to administrators. 

Drone Swarm API Dispatch would expand the API layer to export Critical coordinates directly to automated aerial drone 

management platforms, enabling autonomous dispatch of life-support payloads before human rescue boats can navigate debris-

filled waters. Multilingual Genkit Expansion would engineer the prompt to explicitly accept colloquial dialects including Hindi, 

Telugu, Tamil, Bengali, and Marathi transliterated into Roman characters — dramatically widening geographic viability for rural 

South Asian deployments. Predictive Resource Pre-Positioning would leverage historical flood patterns and current meteorological 

data to proactively recommend pre-positioning of rescue assets before distress tickets begin accumulating. 

XI. CONCLUSION 

FloodGuard Connect demonstrates that modern cloud AI technologies can measurably improve disaster response times, reduce 

resource dispatch inefficiencies, and provide psychological assurance to citizens through visible ticket-status tracking. The system 

replaces synchronous voice bottlenecks with an asynchronous, infinitely scaling web architecture — eliminating geographic 

ambiguity through hardcoded GPS telemetry, replacing FIFO queuing with AI-powered priority sorting, and eliminating 

coordination blindspots through a shared real-time geospatial command interface. 

The empirical validation against 100 historical Kerala flood transcripts demonstrated a 94% agreement rate with expert human 

retrospective classification and a critically important 0% False Negative rate for life-threatening situations. The 1.4-second median 

end-to-end propagation latency under standard conditions confirms that the serverless architecture delivers elastic performance 

characteristics required for real disaster-scale deployment — without any physical infrastructure investment by municipal 

governments. FloodGuard Connect bridges the gap between a citizen's momentary panic and the structured, empirical data 
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requirements of rescue coordinators, ultimately accelerating tactical responses and preserving human life in unpredictable urban 

flood environments. 
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