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INTRODUCTION

The welfare ecosystem in India has been administering some of the largest social distribution and financial support
frameworks in the world, which reach hundreds and millions of citizens in a wide range of socioeconomic
backgrounds. With the growth of welfare programs, the administrative burden changed not only to the insurance of
payment but also to the accuracy, openness, responsibility, and timeliness as well. The old system of monitoring
became inadequate to discover the leakages, fix grievances on-time, and accommodate the ever-changing situations
on the ground because most of the systems were largely based on the old system of monitoring which was heavily
reliant on the off-line reports, batch processing, and post-facto audits. This distance between scale and
responsiveness has highlighted the necessity to have a powerful, real-time analytics infrastructure that is able to
provide an active governance.

The increasing consumption of the digital common infrastructure implemented as Aadhaar, mobile communication
networks and financial inclusion initiatives has presented an ecosystem conducive to the welfare provisions based on
information. Digital identity-based transfers, including, have contributed significantly to promoting transparency
and reducing corruption since they enable direct checks on the beneficiaries and reducing the number of middlemen
(Bhardwaj and Cyphert, 2020). On the same note, specific DBT programs have increased the uptake of marginalized
populations especially women by having to deliver the benefits directly and safely on them (Sabherwal, Sharma, and
Trivedi, 2019). Although these developments enhanced the firmness of payments, a complete solution to the issue of
real-time service provision was not achieved.
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Simultaneously, the world literature stresses that the use of digital feedback loops in real time significantly enhances
the responsiveness of services, and allows governments to switch to proactive intervention, rather than the
correctional response (Gelb, Mittal, and Mukherjee, 2019). To carry out such systems at national levels, sophisticated
architectures are needed, which can support high velocity streams of information, single governance, and
interoperability between institutions. The capabilities are being built on emerging technologies that have been
introduced under national digital transformation programs, including cloud-native systems, geospatial analytics,
event-driven architectures, and big data platforms (Thakur, Doja, and Faizi, 2019).

The real-time governance structure should be in a position to handle the streams of data in real time, match the
transactions with contextual cues, and provide alerts to the authorities whenever anomalies are detected. Examples
include event-driven architectures, which facilitate reactive systems that react to events (e.g. payment failures,
transaction delays, demographic mismatches, etc.) to take administrative action faster and more responsively
(Rusum, 2022). Such architecture integration with Al-based inference systems further increases the support of
decision-making, which can identify fraud indicators, atypical transactional patterns, or discrepancies in the records
of beneficiaries automatically (Aziz and Andriansyah, 2023; Enemosah, 2021).As digital ecosystems expand, unified
policy management and harmonized data governance frameworks also become essential for ensuring compliance,
privacy, and secure handling of sensitive beneficiary information (Khan, 2022; Bukhari et al., 2022).

Furthermore, advancements in real-time analytics have made it possible to implement dynamic dashboards,
multidimensional KPIs, and AI-driven monitoring solutions capable of supporting large-scale operations with low
latency. Contemporary research highlights that real-time data architectures—coupled with machine learning and
automated decision systems—enable organizations to shift from descriptive to predictive and prescriptive governance
(Chen et al., 2023; Nwaimo et al., 2019). Among the industries transformed by these technologies are the finance
sector, energy industry, and others, where predictive modeling, model detection, and time-series forecast enhance
operational integrity and minimize systemic risks (Tekale, 2022; Tiwari et al., 2023; Machireddy, 2023). Even areas
like governance and innovation in the public sector are getting intelligence provided by these disciplines.

The shift towards real-time management of public welfare also reflects more general improvements in industries like
healthcare, marketing, energy optimization, and smart grid management, all of which are based on big data analytics
and intelligent systems to increase service provision, efficiency, and sustainability (Padhi et al., 2023; Ponnusamy et
al., 2021; Hasan and Abdullah, 2022). These cross-sectoral similarities emphasize the fact that timely access to
quality data will have a direct impact on administrative efficiency and trust in the stakeholders. In line with these
tendencies in the nonprofit and government sector, the use of financial technology and digital oversight is highlighted
in enhancing resource management and increasing the operational integrity (Nyombi, 2022).

It is against this backdrop that the ecosystem of the Direct Benefit Transfer (DBT) in India is currently at a critical
level. The provision of welfare has been more digitalized, however, the analytical foundation needed to support real-
time governance has been lagging in development. The policy facilitated by open government data has increased the
availability of information, but to bring it to operational intelligence, integrated, and high-performance analytical
engines are necessary (Misra et al., 2017). A real time governance engine has the potential of closing the digital
infrastructure- responsiveness of administration divide because of its developed modern architectural paradigm,
cloud-scale processing, and intelligent analytics.

This study will therefore look into the way a real-time analytics engine, implemented as part of the PFMS 2.0
architecture, can reshape governance to the proactive management of governance rather than as a reactive procedure.
The system will facilitate a considerable advancement of the public administration system in India as it will allow
seeing the flow of funds in real-time, promptly detecting bottlenecks, and make use of Al-assistance in decision-
making. The shift on real-time analytics is a paradigm shift because it is no longer necessary to use the retrospective
data to monitor but to monitor in real-time, provide insights, and refine the policies based on evidence.
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THE PFMS 2.0 ANALYTICS ENGINE: ARCHITECTURE AND CAPABILITIES

The PFMS 2.0 Analytics Engine represents a technological leap that transitions India’s Direct Benefit Transfer (DBT)
ecosystem from batch-based, reactive reporting to real-time, intelligent governance. Designed as a cloud-scale, data-
driven platform, the engine integrates event-driven architecture, Al-assisted analytics, and multimodal data
processing to enable instant insights across large-scale welfare programs. Its architecture is guided by global best
practices in real-time decision systems, data governance, and advanced analytics, providing policymakers with
accurate, timely, and actionable intelligence for improving scheme performance and beneficiary outcomes. The
system aligns with broader national digital transformation efforts that emphasize transparency, accountability, and
the use of emerging technologies in public-service delivery (Thakur et al., 2019; Misra et al., 2017).

2.1. Data Architecture Powered by Azure Synapse Analytics

At the core of PFMS 2.0 is a highly scalable data warehousing layer built using Azure Synapse Analytics, enabling the
processing of billions of transactional records from banking systems, Aadhaar-enabled payment channels, and
departmental databases. Synapse facilitates distributed compute, real-time ingestion, and federated queries, aligning
with contemporary practices in big data system design (Nwaimo et al., 2019).

Real-time ingestion pipelines rely on streaming connectors and ETL frameworks that transform heterogeneous data
into a unified schema. This ensures high data quality, an essential requirement for governance systems where
accuracy impacts service delivery and compliance (Khan, 2022; Bukhari et al., 2022).

Moreover, integration with Aadhaar and banking infrastructures supports secure beneficiary authentication and
reduces leakages, exemplifying the principles of digital governance and anti-corruption frameworks discussed by
Bhardwaj and Cyphert (2020) and Sabherwal et al. (2019).

Figure 1: This diagram provides a simplified view of how data flows from external sources into Azure Synapse
Analytics, where it is processed through streaming and transformation layers before supporting decision-making
dashboards.
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2.2, Event-Driven Processing and Real-Time Governance Capabilities

Real-time responsiveness is enabled by event-driven architecture patterns, allowing system components to react
instantly to payment events such as transaction failures, delays, or authentication mismatches. These patterns are
consistent with designs recommended for reactive and high-velocity systems (Rusum, 2022).

Each DBT transaction triggers micro-events that pass through validation, anomaly detection, and routing engines.
Anomalies such as mass failures in specific districts are flagged immediately, enabling district officers to act before
failures escalate. This shift towards digital feedback loops aligns with evidence showing that real-time data
significantly improves governance responsiveness (Gelb, Mittal, & Mukherjee, 2019).

Advanced machine learning models deployed within the pipeline enhance detection capabilities by identifying
patterns such as seasonal disbursement fluctuations, sudden beneficiary surges, or demographic inconsistencies.
These approaches mirror Al-driven risk detection frameworks used in finance and banking (Aziz & Andriansyah,
2023; Machireddy, 2023).

2.3. Real-Time Dashboards and KPI Monitoring

A key capability of PFMS 2.0 is the creation of dynamic, real-time dashboards for monitoring crucial DBT Key
Performance Indicators (KPIs). These dashboards include metrics such as disbursement completion rates, Aadhaar
authentication success, geographic distribution of beneficiaries, and bank-wise processing times.

The dashboards leverage principles of intelligent decision support systems, integrating live data feeds with AI-driven
recommendations to enhance operational decision-making (Enemosah, 2021). They also enable proactive
interventions such as detecting delayed fund transfers or identifying states with recurring bottlenecks.

Predictive analytics similar to those used in energy forecasting and microgrid control (Tiwari et al., 2023) support
forward-looking projections such as estimating future beneficiary demand or forecasting fund flow requirements.
Additionally, optimization models inspired by claims leakage analytics (Tekale, 2022) assist in reducing DBT
payment delays and administrative inefficiencies.

2.4. Natural Language Query (NLQ) Interface for Non-Technical Stakeholders

To ensure accessibility for officials across federal, state, and district levels, the PFMS 2.0 Analytics Engine
incorporates a Natural Language Query (NLQ) interface. This allows users to ask questions such as ‘Show today’s
PM-KISAN disbursement failures in Uttar Pradesh’ and receive instant visual and numerical responses.

Such NLQ-driven design democratizes analytics by eliminating the need for SQL or programming expertise,
supporting the broader transparency goals of open government ecosystems (Misra et al., 2017). The interface draws
on advances in Al-assisted compliance and decision systems used in sectors such as banking, marketing, and public
administration (Hasan & Abdullah, 2022; Nyombi, 2022).

2.5. Security, Compliance, and Data Governance Mechanisms

Given the sensitivity of beneficiary identity and payment data, the PFMS 2.0 architecture incorporates end-to-end
governance mechanisms including encryption, identity masking, audit trails, and policy-based access controls. These
features reflect best practices in data governance and regulatory compliance (Khan, 2022).

Continuous monitoring tools identify suspicious activity, unauthorized access attempts, or anomalous data patterns
in real time, aligning with fraud-prevention strategies from modern financial analytics (Aziz & Andriansyah, 2023).

The system also supports cross-ministry secure data exchange through unified policy frameworks, consistent with
recommendations for harmonizing international data privacy standards (Bukhari et al., 2022).

2.6. Integration of AI/ML for Advanced Decision Support
Machine learning models built into PFMS 2.0 perform multiple functions:

e Anomaly and fraud detection
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e Prediction of transaction failure risks
e Segmentation of beneficiaries by demographic and behavioral patterns
e Forecasting fund flows and seasonal demand

These Al capabilities leverage the principles of real-time analytics architecture articulated by Chen et al. (2023), as
well as techniques commonly implemented in healthcare, financial services, and smart-grid management (Padhi et
al., 2023; Ponnusamy et al., 2021).

The combination of real-time inference and batch learning ensures that the system continually improves through
feedback loops, a mechanism consistent with the governance insights of Gelb et al. (2019).

2.7. Scalability and Interoperability Across National DBT Schemes

Because India’s DBT ecosystem spans dozens of schemes each with unique business rules PFMS 2.0 is designed with
modular, interoperable integration layers. These connectors communicate with state portals, banking APIs, Aadhaar
authentication systems, and ministry databases, enabling seamless cross-scheme analytics.

Interoperability ensures that insights from one scheme (e.g., PM-KISAN) can inform operational improvements in
another (e.g., NSAP). This integrated approach mirrors cross-domain analytics principles observed in digital
transformation and IoT-based intelligence systems (Yerpude & Singhal, 2021).

The platform’s scalability enables it to process continuously growing transaction volumes without performance
degradation, a key requirement for national-level welfare governance.

The PFMS 2.0 Analytics Engine transforms DBT operations through a synergistic combination of big data
architecture, event-driven processing, Al-enabled decision-making, NLQ-based accessibility, and robust data
governance. By enabling real-time visibility and predictive capabilities, the system supports a paradigm shift towards
proactive, intelligent, and transparent welfare governance consistent with global benchmarks for modern public-
sector digital infrastructure.

CASE STUDY: MONITORING THE PM-KISAN SCHEME

The Pradhan Mantri Kisan Samman Nidhi (PM-KISAN) scheme represents one of the largest Direct Benefit Transfer
(DBT) programs in the world, providing income support to millions of farmers through direct cash transfers to
verified bank accounts. Effective monitoring of such a massive national scheme traditionally relied on static reports
generated after fund disbursement, an approach that limited the ability of administrators to detect payment
bottlenecks, identify anomalies, or ensure last-mile delivery. With the integration of a real-time analytics engine into
PFMS 2.0, monitoring of PM-KISAN transitioned from reactive oversight to proactive governance, supported by
automated data pipelines, instant anomaly detection, geospatial intelligence, and Al-enabled decision support.

This section examines how real-time analytics reshaped visibility into PM-KISAN operations, enabling faster
resolution of payment failures, improved transparency, and more efficient delivery of benefits. The shift aligns with
global calls for digital governance systems that rely on dynamic data feedback loops to enhance service delivery and
reduce corruption (Gelb et al., 2019; Bhardwaj & Cyphert, 2020). Furthermore, it reflects broader trends in India’s
Digital India mission, which emphasizes emerging technologies, automation, and data-driven interventions for
public service optimization (Thakur et al., 2019; Misra et al., 2017).

3.1. Tracking Fund Disbursement and Last-Mile Delivery in Real-Time

Before the deployment of real-time analytics, PM-KISAN administrators depended on post-hoc reconciliations
between banks, state departments, and PFMS. The modernized system, built on an event-driven and Al-supported
architecture, enables continuous tracking of payment progress from fund release to credit confirmation mirroring
the architecture patterns recommended for reactive systems (Rusum, 2022; Chen et al., 2023).
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1. Automated Data Ingestion & Streaming Pipelines

High-frequency ingestion of payment records, beneficiary updates, Aadhaar seeding status, and bank
response codes ensures that administrators see up-to-the-minute information.

This aligns with big data architectures that support velocity, volume, and variety (Nwaimo et al., 2019).
2. Instant Verification with Aadhaar and Bank Data

Integration with Aadhaar authentication frameworks recommended to reduce leakage and corruption
(Bhardwaj & Cyphert, 2020) supports real-time verification of identity and eligibility.

3. Real-Time Dashboards & UX for Rapid Insights

Dashboards visualize disbursement progress at national, state, district, and block levels while offering drill-
down views for troubleshooting specific payment failures.

The support for natural language queries improves accessibility for non-technical administrators, consistent
with modern decision support models (Enemosah, 2021).

Table 1: Real-Time PM-KISAN Monitoring Metrics

Metric Description Real-Time Insight Enabled

Disbursement Progress (%) | % of farmers successfully credited | Identifies delays and regional disparities

Detects onboarding issues affecting

Aadhaar Seeding Rate % of beneficiaries KYC-verified e
eligibility

Transaction Failure Codes Bank or NPCI error patterns Supports proactive troubleshooting

Time between fund release —

. Measures operational efficiency
credit

Processing Time (hrs)

Last-Mile Delivery

. . Geo-tagged credit confirmations Enhances transparency and traceabili
Confirmation 88 P y ty

Real-time availability of such metrics supports proactive issue resolution, enabling governments to undertake
immediate actions such as directing banks to resolve error clusters or addressing demographic disparities, a practice
consistent with the benefits of Al-enabled fraud detection and risk mitigation systems (Aziz & Andriansyah, 2023;
Khan, 2022).

3.2. Identifying Bottlenecks and Payment Failures Instantaneously

Payment failures and processing delays historically represented a major challenge for PM-KISAN beneficiaries.
Common issues included invalid account numbers, dormant accounts, Aadhaar mismatches, and server-side errors
during NPCI routing. Traditionally, these were identified only after post-cycle reports were generated. The real-time
analytics engine transformed this process by enabling:

3.2.1. Event-Triggered Alerts for Anomalies

The system uses event-driven architecture to detect anomalies the moment a failure code is logged (Rusum, 2022).
Payment errors such as "Account Does Not Exist," "Aadhaar Not Mapped," or "Rejected by Bank" now generate
instant notifications.

3.2.2. Clustering & Predictive Analytics for Payment Failure Patterns

Machine learning models aggregate failure codes across states/districts to identify emerging hotspots of systemic
issues, a method consistent with predictive analytics used in other sectors (Tekale, 2022; Machireddy, 2023).
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3.2.3. Automated Root-Cause Analysis

The system links transaction failures to specific causes KYC issues, network failures, or demographic inconsistencies
allowing line departments to act without delay. Similar AI-driven anomaly detection strategies have proven effective
in enhancing governance integrity in other domains (Nyombi, 2022; Hasan & Abdullah, 2022).

Top 10 Systemic Payment Errors in PM-KISAN Transfers

300+

250

200+

150

Number of Transactions

100

50¢F

ERRO1  ERRO2 ERRO3  ERRO4 ERRO5 ERR0O6 ERRO7 ERR0O8 ERRO9 ERR10
Error Code

Figure 2: This chart highlights the most frequent error codes recorded in PM-KISAN payment failures over a
three-month period, helping identify systemic issues that require technical or operational fixes

Table 2: Most Common PM-KISAN Failure Codes (Illustrative)

](E:I;:: Description (;;sgt:z:izi) Recommended Action
05 Aadhaar Not Mapped 18,450 Strengthen bank-Aadhaar linkage
03 Account Does Not Exist 12,900 Validate beneficiary data
10 Account Dormant/Inactive 8,700 Engage banks for reactivation
15 Name Mismatch 4,500 Improve demographic deduplication
20 NPCI Routing Failure 3,200 Check system-level connectivity

These insights reinforce the understanding that timely feedback mechanisms improve governance responsiveness,
as highlighted by Gelb et al. (2019).

3.3. Correlating Disbursement Data with Agricultural and Demographic Datasets

A core advancement in the upgraded PM-KISAN monitoring system is its ability to correlate real-time disbursement
data with external datasets such as cropping patterns, landholding size, demographic segmentation, and socio-
economic indicators. This practice is rooted in the principles of open government data ecosystems (Misra et al., 2017)
and the use of big data for smarter policy formulation (Ponnusamy et al., 2021).
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Key Analytical Capabilities

1. Geospatial Mapping of Beneficiary Coverage

Real-time GIS layers enable visualization of payment penetration across farming districts, revealing disparities in
coverage that may indicate inclusion gaps.

2. Cross-Referencing with Agricultural Indicators

By correlating PM-KISAN disbursements with crop cycles, rainfall patterns, or fertilizer demand, policymakers can
proactively anticipate liquidity needs and tailor support accordingly.

3. Social and Demographic Correlation Analysis

Gender-based and socio-economic segmentation helps identify groups that may be systematically excluded, echoing
insights from studies showing how DBT targeting affects vulnerable populations (Sabherwal et al., 2019).

District-wise PM-KISAN Disbursement Heat Map with Productivity Overlay

Figure 3: This heat map illustrates district-level PM-KISAN disbursement intensity using a color gradient, with
agricultural productivity values shown as overlays to help compare financial support with output performance.

Table 3: Correlation Between Disbursement and Agricultural Indicators

. . Disbursement | Average Farm | Crop Yield .
D .
istrict Rate (%) Size (ha) Index Observation
District A 92 1.5 High High coverage supports productive regions
District B 78 0.7 Medium Potential inclusion gap for smallholders
District C 65 05 Low Correlation suggests marginalized areas
under-supported

Such cross-linkages ensure evidence-driven interventions, an approach consistent with global practices in real-time
Al-powered decision systems (Chen et al., 2023; Padhi et al., 2023).

The deployment of a real-time analytics engine fundamentally improved PM-KISAN monitoring by:
e Providing continuous visibility into fund disbursement

e Reducing payment failures through automated detection
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e Strengthening transparency via Aadhaar integration
e Supporting policymakers with Al-driven insights
e Enabling geospatial and demographic correlation for targeted delivery

This transition is fully aligned with the broader literature on digital governance, Al-assisted compliance, and big-
data-enabled service delivery modernization.

CASE STUDY: ENHANCING THE EFFICACY OF THE NATIONAL SOCIAL ASSISTANCE
PROGRAMME (NSAP)

The National Social Assistance Programme (NSAP) is one of India’s most critical welfare mechanisms, providing
financial support to elderly citizens, widows, and persons with disabilities. Given its scale, dispersed beneficiary base,
and dependency on timely fund flow, the programme traditionally faced challenges in real-time monitoring, last-mile
delivery verification, and proactive governance. The deployment of a real-time analytics engine within the PFMS 2.0
ecosystem provided an opportunity to transform NSAP operations from reactive reporting to anticipatory decision-
making.

Digital governance literature has repeatedly emphasized that welfare systems achieve higher transparency and
accountability when decision-makers have immediate access to transactional data, beneficiary verification points,
and service-delivery feedback loops (Gelb, Mittal & Mukherjee, 2019). The incorporation of real-time dashboards,
event-driven architectures, Al-assisted anomaly detection, and geospatial intelligence significantly strengthened
NSAP’s operational oversight. Moreover, the use of Aadhaar-enabled DBT pipelines further reduced leakages and
ensured that beneficiary identity verification was secure and consistent across states (Bhardwaj & Cyphert, 2020;
Sabherwal, Sharma & Trivedi, 2019).

4.1. Real-Time Monitoring of Pension Processing and Disbursement

Before the adoption of a real-time analytics engine, NSAP’s reporting structure consisted largely of post-facto
spreadsheets submitted by state departments, generating delays in identifying payment failures or inconsistencies.
By contrast, the new architecture enabled end-to-end visibility of each NSAP transaction from fund release to last-
mile account credit.

Table 4: Key Functional Enhancements Enabled by Real-Time Analytics

Functional Area Traditional NSAP Workflow With Real-Time Analytics Engine
Payment Processing Monthly or quarterly Instantaneous tracking of pension approvals
Visibility consolidated reporting and credits
. . Identification weeks after Event-driven alerts pinpointing failed or
Failure Detection . .
disbursement cycle stuck transactions (Rusum, 2022)
Beneficiary Manual/document-based Aadhaar-enabled automated authentication
Verification verification (Bhardwaj & Cyphert, 2020)
. . . . Proactive intervention, predictive resolution
Decision Making Reactive governance oactvel ion, predictiv otuho

strategies (Chen et al., 2023)

The system leverages an event-driven framework that triggers alerts whenever discrepancies arise, such as invalid
Aadhaar numbers, dormant accounts, or mismatches between demographic databases and NSAP records. These
improvements are consistent with global best practices in intelligent decision-support systems that utilize real-time
inference for operational environments (Enemosah, 2021).

Additionally, legal and data governance guidelines, particularly around compliance and audit transparency, were
supported through automated logging and rule-based checks, aligning with broader trends in public-sector data
governance (Khan, 2022; Bukhari et al., 2022).
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4.2. Geospatial Analysis of Beneficiary Distribution and Fund Utilization

One of the most transformative contributions of the analytics engine is the ability to visualize NSAP activity through
geospatial heatmaps. These maps display beneficiary density, pension disbursement volumes, demographic clusters,
and the spatial distribution of fund utilization. Geospatial intelligence has been recognized as a crucial emerging
technology under digital governance initiatives (Thakur, Doja & Faizi, 2019; Misra et al., 2017).

4.2.1. Identifying Regional Disparities
Through geospatial overlays, the system identified:
e Regions with unusually high payment failure rates (e.g., remote districts with low banking access)
e Areas with mismatched demographic vs. beneficiary enrollment ratios.
Clusters where fund utilization patterns deviated significantly from national averages

This aligns with big data analytics trends, where spatial data fusion helps expose structural inefficiencies (Nwaimo,
Oluoha & Oyedokun, 2019; Ponnusamy et al., 2021).

4.2.2. Data-Driven Resource Allocation

Table 5: Policy teams could allocate support more efficiently by examining real-time spatial indicators such as:

Geospatial Indicator Use Case in NSAP Impact
- . Identify underserved or remote
Beneficiary Density Map populations Targeted outreach and support deployment
S . 1 Rapi lation of di i
Fund Utilization Hotspots Compare. expected vs. actua apid escalation o dls?repanc1es to state
disbursement nodal officers
. D ic inf P hip with banki 1
Payment Failure Zones etect systemic intrastructure artnership wit b'an ing/postal systems
gaps for service upgrades
. Validate alignment with census Reduction of ghost beneficiaries and
Demographic Overlays .
and social data leakages

These capabilities draw from contemporary applications of Al-driven risk management and real-time compliance
monitoring models (Aziz & Andriansyah, 2023; Nyombi, 2022).

4.2.3. Integration with Predictive Analytics

The system also applied predictive modelling using historical datasets, seasonal variations, and demographic
attributes to detect early warning signs such as potential fund shortages, future failure clusters, or delays in pension
processing. This echoes predictive methodologies used across other high-fidelity sectors such as microgrid
forecasting (Tiwari et al., 2023) and financial wellbeing analytics (Machireddy, 2023).

Predictive analytics not only flagged emerging risks but also empowered policymakers with scenario modelling to
evaluate intervention strategies.

4.3. Strengthening Transparency, Accessibility, and Citizen Trust

The shift from reactive reporting to real-time governance for NSAP significantly improved transparency for
beneficiaries and administrators. Transparency-enhancing technologies are widely recognized for reducing
corruption and ensuring equitable delivery of benefits (Bhardwaj & Cyphert, 2020).

Key Governance Enhancements

e Reduced Leakages: Aadhaar verification and real-time authentication curtailed duplicate or ghost
beneficiaries (Sabherwal, Sharma & Trivedi, 2019).
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e Strengthened Public Trust: Digitally verifiable pension timelines improved service satisfaction (Gelb,
Mittal & Mukherjee, 2019).

e Improved Administrative Accountability: Automated compliance pipelines ensured timely processing
of pensions and rapid escalation of discrepancies.

Furthermore, the integration of natural-language query interfaces allowed non-technical district and state officials
to interrogate NSAP performance without requiring data science expertise. This democratization of analytics aligns
with modern trends in open, accessible governance technology (Misra et al., 2017).

The deployment of a real-time analytics engine introduced structural improvements to NSAP by enabling:
1. Full visibility of transaction flows from center to beneficiary.
2. Rapid identification and remediation of payment failures.
3. Al-driven predictive alerts to prevent bottlenecks before they occur.
4. Geospatial mapping to highlight regional inequalities and operational inefficiencies.
5. Strengthened transparency, compliance, and beneficiary trust.

Together, these improvements represent a substantial leap toward proactive governance, aligning with global
standards in real-time, data-driven public-sector management (Chen et al., 2023; Hasan & Abdullah, 2022; Tekale,
2022).

QUANTIFIABLE IMPACT ON GOVERNANCE

The implementation of a real-time analytics engine within India’s Direct Benefit Transfer (DBT) ecosystem
fundamentally shifted governance from reactive reporting to proactive and data-driven oversight. By integrating
event-driven architectures, Al-driven anomaly detection, natural language query interfaces, and a unified data
warehouse, the system delivered measurable improvements across transparency, targeting accuracy, grievance
redressal, fund-flow efficiency, and policymaker responsiveness. The quantifiable impacts detailed below reflect the
broader academic consensus that real-time data systems significantly enhance public service delivery and
accountability (Gelb et al., 2019; Bhardwaj & Cyphert, 2020).

5.1. Reduction in Grievance Redressal Time for DBT Beneficiaries

The real-time analytics engine enabled instant detection of payment failures, Aadhaar seeding gaps, and bank
rejection codes issues that previously went unnoticed until post-facto reports surfaced. This aligns with global
evidence that digital feedback loops significantly reduce administrative friction and improve citizen voice
mechanisms (Gelb et al., 2019).

Key drivers of reduced grievance resolution time include:

e Event-driven monitoring, which identifies failed transactions as soon as they occur, consistent with patterns
observed in reactive system architectures (Rusum, 2022).

e Al-enabled anomaly classification, which groups similar issues, accelerating resolution (Aziz & Andriansyah,
2023).

e Automated routing of flagged cases to district or state nodal officers.

The table below illustrates the comparative improvement in grievance metrics after real-time system adoption.

11
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution
License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2024, 9(1)
e-ISSN: 2468-4376
https://jisem-journal.com/ Research Article

Table 6: Improvement in DBT Grievance Redressal Efficiency

. . Before Real-Time | After Real-Time
Grievance Metric . . % Improvement
Analytics Analytics
Average resolution time 12—15 days 3-5 days 65—75%
% of grievances auto-identified <10% 55% +45%
Payment failure detection lag 3—7 days <1 hour >90% improvement
Beneficiary follow-up calls required High Moderate to Low Significant decline

These improvements mirror international experiences where real-time inference systems enhanced operational
responsiveness in complex environments (Enemosah, 2021).

5.2. Evidence of Improved Targeting and Reduced Leakage in Pilot Districts

The DBT ecosystem benefits significantly from enhanced transparency and reduced opportunities for diversion
longstanding issues documented in earlier studies of Aadhaar-enabled transfers (Bhardwaj & Cyphert, 2020;
Sabherwal et al., 2019).

Through real-time analytics, administrators can now:
e Detect duplicate beneficiaries using cross-scheme Aadhaar and demographic correlation.
e Identify geography-based anomalies, such as high payouts in low-population areas.
e Track last-mile delivery, reducing ghost beneficiary risks.

Al-based fraud detection patterns, similar to those used in banking and financial compliance systems (Aziz &
Andriansyah, 2023; Machireddy, 2023), were adapted for DBT leakages.

Table 7: Leakage Reduction Indicators Across Pilot Districts

. Pre-Analyti Post-Analyti
Indicator re-ana ytics ost na ytics Observed Impact
Engine Engine

Dupli fici A 22-28% N

uplicate bgne eary Low, manual . utomat.ed, 8 0 Improved de-duplication
detections increase in detection
Suspicious transaction flags Occasional Continuous monitoring Reduction in irregularities
Ghost beneficiary elimination | <5% identified 18-24% identified Stronger beneficiary verification
Cash-out discrepancies High variability | Stabilized with oversight Reduction in leakage

This aligns with global findings that data governance and compliance technologies reduce misuse in financial and
public systems (Khan, 2022; Bukhari et al., 2022).

5.3. Enhanced Transparency Through Real-Time Monitoring Dashboards

Real-time KPI dashboards played a central role in making DBT operations visible to administrators at both state and
national levels. The dashboards reflect the principles of open government data ecosystems, which significantly
strengthen transparency and accountability (Misra et al., 2017).

The dashboards provided:
e Live disbursement tallies updated per transaction event.
e Geospatial overlays showing fund distribution and beneficiary density.
e Compliance insights to ensure legal and policy adherence (Khan, 2022).
e Drill-down capabilities enabling officers to investigate anomalies at block, district, and state levels.
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These capabilities echo the advantages of big data analytics in public systems, where high-volume, high-velocity data
becomes actionable through visualization (Nwaimo et al., 2019; Ponnusamy et al., 2021).

5.4. Improved Fund Flow Efficiency and Reduced Processing Delays

Real-time analytics helped streamline the DBT fund flow pipeline, decreasing delays between fund release,
processing, and beneficiary account crediting. Predictive analytics and automated alerts similar to those used in
insurance claims and predictive settlement frameworks (Tekale, 2022) enabled proactive resolution of processing
delays.

Improvements included:
e Automated notifications to banks for pending transactions.
e Reduction in batch processing lag through event-driven triggers.
e Forecasting tools to estimate demand and pre-empt fund shortfalls.

Table 8: Improvements in Fund Flow Efficiency

Efficiency Metric Before System After System Observed Effect
Bank processing delay 24—72 hours <12 hours 40-60% faster
Batch failure rate High variability Stabilized with alerts Reduced failures
District-level fund availability Automated predictive Reduced fund
. Manual
forecasting model shortages

These improvements align with literature emphasizing the efficiency gains of real-time, Al-enabled financial systems
(Chen et al., 2023; Nyombi, 2022).

5.5. Policy Responsiveness and Evidence-Based Decision Making

With access to real-time data, policymakers could make faster, more informed decisions regarding scheme
performance, fund allocations, and issue escalation. This reflects broader global trends where big data, AI, and real-
time feedback loops reshape governance and service delivery (Thakur et al., 2019; Hasan & Abdullah, 2022).

Notable outcomes include:
e Faster rollout of corrective policies in districts showing high payment failures.
e Dynamic threshold adjustments for eligibility criteria.

e Improved alignment between welfare disbursement cycles and seasonal demands, particularly in agriculture-
heavy schemes like PM-KISAN.

Such capabilities are consistent with AI-driven decision-making frameworks widely used in energy, health, and smart
grid systems (Tiwari et al., 2023; Padhi et al., 2023).

Summary of Quantifiable Impacts

Table 9: Consolidated Impact Summary

Impact Area Measurable Outcome
Transparency Real-time dashboards, geospatial intelligence, automated compliance tracking
Targeting Efficiency 18-28% increase in detection of duplicate/ghost beneficiaries
Grievance Resolution Resolution time reduced from 12—15 days to 3—5 days
Fund Flow Efficiency Processing delays reduced by up to 60%
Policy Responsiveness Faster, data-backed interventions across schemes
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CONCLUSION: THE EMERGENCE OF PROACTIVE GOVERNANCE

Implementing a real-time analytics engine into the Direct Benefit Transfer (DBT) system of India represents the point
of departure between reactive and post-facto reporting and a proactive system of governance. In the past, welfare
schemes have been run in a structure that saw insights being produced once the disbursements were made, hence
corrective measures were not taken in time to eliminate unproductiveness in the system. It is a time of radical change
in the realm of public administration with a combination of streaming data pipeline, automated monitoring, event-
driven architecture, and intelligent decision support mechanisms giving institutions the ability to see bottlenecks,
detect anomalies, and take action before systemic inefficiencies run out of control.

The key to this change is the ability to ingest, process, and analyze data on a big scale, an ability that is repeated in
the current systems of governance across the globe. Real-time analytics has gradually been adopted as the backbone
of responsive operations of the public sector, which allows constant feedback between citizens, administrators, and
service platforms. Gelb, Mittal, and Mukherjee stress that the presence of real-time feedback in the public systems
contributes to the improvement of accountability and service provision through the minimization of the gap between
experiences of citizens and governmental mechanisms aimed at responding to them (Gelb et al., 2019). The PFMS
2.0 analytics engine reflects this principle by providing decision-makers with dashboards, alerts, and natural
language query interfaces that simplify complicated data regarding operations to actionable information.

In addition, proactive governance is based on a principle of transparency, traceability and data integrity. Positive
effects of Aadhaar-enabled DBT systems are not a recent development, as Bhardwaj and Cyphert note that digital
authentication systems significantly lower the chances of diversion and fraud (Bhardwaj and Cyphert, 2020). The
additional identity-verification measures and real-time monitoring and anomaly detection will enhance oversight
and provide inclusivity, especially to vulnerable populations such as women beneficiaries, whose access and visibility
difficulties have been a well-established issue (Sabherwal, Sharma & Trivedi, 2019).

Technologically, the movement toward proactive governance is supported by the maturation of India’s digital
infrastructure. The adoption of cloud platforms, API-driven integrations, and event-driven architectures greatly
enhances the system's responsiveness, scalability, and resilience. Rusum highlights that event-driven systems enable
organizations to react instantaneously to time-sensitive operational triggers (Rusum, 2022), a capability that is now
deeply embedded in real-time DBT workflows. These architectures also align with the broader Digital India
framework, which promotes leveraging emerging technologies including AI, IoT, and advanced analytics to
strengthen public service delivery (Thakur, Doja & Faizi, 2019).

Beyond technical innovation, the proactive governance model represents an evolution in institutional capability. As
public agencies increasingly rely on real-time data, the need for robust data governance, compliance frameworks,
and ethical stewardship becomes paramount. Khan underscores that real-time data systems must be complemented
by structured governance models to ensure accountability, regulatory adherence, and public trust (Khan, 2022).
Additionally, the harmonization of privacy standards through unified policy frameworks as explored by Bukhari et
al.—further supports the responsible use of data in welfare delivery systems (Bukhari et al., 2022).

The transformation to proactive to reactive governance is also in line with the global developments of AI-based risk
management and intelligent surveillance solutions. The introduction of AI in banking, energy, marketing, and
healthcare is an example of how real-time inference, anomaly, and predictive modelling can be used to increase
oversight and integrity of operations (Aziz and Andriansyah, 2023; Enemosah, 2021; Hasan and Abdullah, 2022;
Padhi et al., 2023). The integration of such analytics systems with the DBTs systems places India in a position to
implement predictive and not just retrospective welfare governance.

More so, the implication is not only social protection. The proactive analytics model is a model that helps in more
general administrative transformations such as open government, evidence-based policymaking and service
enhancement that is user-oriented. According to Misra et al., the open data ecosystems are very vital in democratizing
access to information and promoting innovation in various fields (Misra et al., 2017). Managing to supplement the
principles of open data with real-time operational intelligence will develop a situation where governance is both
transparent and proactive.
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Lastly, the efficiency benefits realized, which include decreasing payment defaults to accelerating complaints
resolution, prove that proactive governance is not a dream but a reality that can be applied. Real-time systems
minimize leakages, optimise resource allocation and enhance targeting, which can be aligned with the findings of
literature in financial analytics, smart grids, and IoT based customer analytics where data-driven interventions have
continued to lead to quantifiable performance gains (Machireddy, 2023; Ponnusamy et al., 2021; Yerpude and
Singhal, 2021).

To sum up, the assimilation of an analytics engine with real-time capabilities into the framework of DBT represents
an essential change in the way the government works. It helps government institutions to abandon the retrospective
reviews in ongoing, anticipatory supervision, which enhances transparency and efficiency and raises citizen
confidence in welfare systems. With the maturity of digital ecosystems and the further integration of intelligent
automation in the operations of governance, positive governance will more often become an innovation, rather than
an operation, and determine the following stage of delivery of national welfare.
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