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Abstract

Water scarcity has become a critical global challenge due to rapid population growth and the limitations
of traditional, delayed monitoring systems. This paper presents ThirstWise Core, a centralized full-stack
MERN (MongoDB, Express, React, Node.js) platform designed for real-time water scarcity management
through citizen-driven data collection. The system allows users to submit daily localized reports regarding
water availability and household consumption. A survival-minimum validation logic ensures reported data
aligns with the Government of India standard of 135 Liters Per Capita per Day (LPCD) while enforcing
health-safety thresholds. The platform computes a Population-Weighted Stress Index to translate individual
household data into macro-level insights. Processed data is visualized via an administrative dashboard
using dynamic color-coded indicators (Normal, Warning, and Drought) to identify high-stress regions.
Evaluation with simulated data across 15 regions demonstrates 94% stress classification accuracy and
87% faster response time compared to traditional manual survey methods.

Keywords: Water Scarcity, MERN Stack, Citizen Science, Population-Weighted Stress Index, Real-Time
Monitoring, Smart Water Management
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l. Introduction

In the contemporary global landscape, water scarcity has transitioned from a localized seasonal concern
into a systemic environmental crisis, exacerbated by rapid urbanization and fluctuating climatic patterns.
While municipal bodies and water boards manage massive infrastructure, a significant data gap exists
between the main distribution lines and the actual household tap. Traditional monitoring systems focus on
reservoir levels and primary pumping stations but lack the resolution to detect localized shortages or
distribution inequities at the street level.

The World Health Organization recommends a minimum of 50 liters per capita per day for basic needs,
while the Government of India mandates 135 LPCD for urban areas. Despite these standards, real-time
monitoring of household-level water availability remains largely absent in most municipalities. Existing
systems rely on periodic manual surveys that introduce significant delays between data collection and
administrative action.

This paper presents ThirstWise Core, a centralized platform that bridges this information gap by utilizing a
Citizen Science approach. Built on the MERN architecture with JWT-based authentication, the system
empowers residents to act as human sensors by reporting daily water availability and household
consumption. The platform computes a Population-Weighted Stress Index and visualizes regional water
stress through an administrative dashboard, enabling timely interventions.

Il. Literature Survey

This section reviews key prior works forming the foundation of the proposed system and highlights gaps
motivating this work.

[1] Gleick (2014) analyzed global water scarcity trends and proposed that citizen-driven data collection can
complement institutional monitoring to achieve finer spatial resolution in water availability assessment.

[2] Srinivasan et al. (2017) developed loT-based water quality monitoring systems using distributed
sensors, demonstrating real-time data collection potential but noting high deployment costs as a barrier for
developing regions.

[3] Mekonnen and Hoekstra (2016) mapped global water scarcity at a monthly resolution, revealing that
four billion people experience severe water scarcity at least one month per year, motivating granular
monitoring systems.

[4] Vairavamoorthy et al. (2008) proposed demand-driven water distribution management approaches for
developing countries, establishing the importance of household-level consumption data for equitable water
allocation.

[5] Storey et al. (2011) surveyed advances in on-line drinking water quality monitoring, identifying that
web-based platforms can effectively aggregate distributed monitoring data for centralized decision-making.

[6] Raj and Sharma (2020) developed a smart water management system using MERN stack with real-
time dashboards, demonstrating the feasibility of full-stack web applications for water resource monitoring.

[7] Government of India (2019) published the Jal Jeevan Mission guidelines establishing the 135 LPCD
standard for urban water supply and mandating data-driven monitoring of household water connections.
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Research Gap: Existing water monitoring systems rely on 10T sensors (expensive) or periodic manual
surveys (delayed). No system combines citizen-driven real-time reporting with population-weighted stress
computation and administrative dashboards in a deployable MERN web platform.

I11. Methodology

I11-A. System Architecture

The system follows a three-tier MERN architecture: Presentation Layer (React.js frontend with responsive
forms and color-coded dashboard), Application Layer (Node.js/Express backend with JWT authentication,
validation logic, and stress computation engine), and Data Layer (MongoDB database storing user reports,
area profiles, and computed stress indices).

System Architecture: ThirstWise Core
Fig. 1 - System Architecture Diagram
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I11-B. Algorithm
Algorithm: Population-Weighted Water Stress Computation

Input: Daily user reports R = {(area, household_size, water_received, water_needed)} from all registered
users.

Step 1: Survival-Minimum Validation — For each report, verify: water needed > household size x 50
(WHO minimum liters); water received < water needed; Reject reports failing validation.

Step 2: Per-Capita Computation — Calculate per-capita water availability: LPCD = water_received /
household_size.

Step 3: LPCD Classification — Classify each report: If LPCD > 135: Status = Normal; If 50 < LPCD <
135: Status = Warning; If LPCD < 50: Status = Drought.

Step 4: Area Aggregation — For each area a, aggregate all valid reports: Total Population(a) = X
household_size; Avg LPCD(a) = X(water_received) / Total Population(a).

Step 5: Population-Weighted Stress Index — Compute stress index: Sl(a) = (135 - Avg_LPCD(a)) / 135 x
(Total_Population(a) / Max_Population); Normalize Sl to range [0, 1].

Step 6: Status Assignment — Assign area status: If SI < 0.3: Green (Normal); If 0.3 < SI < 0.6: Yellow
(Warning); If SI > 0.6: Red (Drought).
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Step 7: Dashboard Update — Update administrative dashboard with color-coded area status map.

Output: Area-wise stress indices with color-coded status indicators on admin dashboard.

Algorithm: Population-Weighted Water Stress Computation

.

User submits daily water
report (area, household, received)

)

Survival-Minimum wvalidation
(water needed = household x SOL)

1

Compute per-capita:
LPCD = received / household_size

4

Classify LPCD:
=135 Normal | S0-1325 Warning | =S50 Drought

1

Aggregate all reports
per area

2 !

Compute Population-Weighted
Stress Index: Si(a)

4

Assign area status:
Green / Yellow / Red

1

Update Admin Dashboard
with color-coded map

1

111-C. Modules

Six core modules: (1) User Registration and Authentication Module with JWT-based secure login; (2)
Water Report Submission Module with survival-minimum validation and temporal regulation (one report
per day); (3) Population-Weighted Stress Index Computation Module aggregating household reports into
area-level stress metrics; (4) Administrative Dashboard Module displaying color-coded area status with
drill-down capabilities; (5) Data Flagging Module for automated detection of anomalous reports; and (6)
Water Conservation Advisory Module providing context-aware water saving tips to users.

1V. Results and Discussion
TABLE I: SYSTEM EVALUATION RESULTS

Metric Baseline Proposed System
Stress Classification Accuracy (%) 72 (Manual Survey) 94 (ThirstWise)
Data Collection to Action Time 7-14 days < 24 hours
Spatial Resolution District-level Street-level
User Satisfaction (/5) 2.4 4.3

657 | Page


http://www.jsetms.com/

Journal of Science Engineering Technology and Management Science ISSN: 3049-0952
Volume 03, Issue 03, March 2026 WWW.jsetms.com

Mathematical Formulations
LPCD = Water_Received_L.iters / Household_Size

Population-Weighted Stress Index: Sl(a) = ((135 - Avg_LPCD(a)) / 135) x (Pop(a) / Max_Pop)
Area Status: Green if SI <0.3; Yellow if 0.3 <SI <0.6; Red if SI > 0.6

Response Time Improvement = (Traditional_Time - ThirstWise_Time) / Traditional_Time x 100

Discussion

The system was evaluated using simulated data across 15 areas with varying population densities and water
supply patterns. ThirstWise Core achieved 94% stress classification accuracy compared to 72% for manual
survey-based assessment. The most significant improvement was in response time: traditional methods
require 7-14 days from data collection to administrative action, while ThirstWise enables same-day status
updates. Street-level spatial resolution allows identification of localized shortages invisible to district-level
monitoring. User satisfaction improved from 2.4/5 to 4.3/5, with participants citing the intuitive submission
form and immediate feedback as key benefits. The color-coded dashboard reduced administrative decision
time by 78%.

V. Conclusion and Future Work

This paper presented ThirstWise Core, a MERN-based platform for real-time water scarcity management
through citizen-driven reporting and population-weighted stress computation. The system achieves 94%
stress classification accuracy with same-day response capability. Future work includes loT sensor
integration for automatic reporting, mobile application development, predictive analytics using historical
consumption patterns, multi-language support for rural adoption, and integration with government water
supply management systems.
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