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Abstract

Although the agricultural sector plays a crucial role in emerging economies, being one of the
largest sources of employment and contributing significantly to gross domestic product, access to
finance remains one of the biggest challenges faced by smallholder farmers, with more than 1.4
billion small farmers without access to credit and insurance. This paper looks at the disruptive
potential of Agri-FinTech solutions to fill the existing gap. Specifically, this paper discusses an
agri-fin tech platform known as AgroVault, which is based on the AgroScore artificial intelligence
engine, satellite monitoring, and parametric insurance, among other innovations. We first develop
an architectural and algorithmic blueprint for data-driven agricultural finance that replaces
collateral- and bureau-centric underwriting with multi-signal risk scoring grounded in agronomic,
behavioural, and market data. We then propose a four-dimension impact assessment framework
access, usage, quality, and welfare and apply it to empirical evidence from comparable
deployments in India, Kenya, Bangladesh, and East Africa, as well as to the AgroVault design and
interactive dashboard prototype. The synthesis indicates that NDVI-augmented credit models can
reduce default rates by 18-34 percent relative to bureau-only baselines, while parametric,
satellite-triggered insurance products materially shorten claim settlement times and improve
farmer satisfaction; integrated digital payments and market-linkage modules further enhance
farmgate incomes. Finally, we discuss regulatory, infrastructural, and ethical risks including
algorithmic bias, basis risk, over-indebtedness, and platform concentration and outline policy and
design recommendations for responsible, interoperable Agri-FinTech scale-up in agrarian
economies.

Keywords: Financial Inclusion, Credit Scoring, Parametric Insurance, Digital Wallets, Market
Linkage

1. Introduction

1.1 Scale of Financial Inclusion Agriculture plays a very important role in the emerging
economies of the world, being the single largest source of employment and contributing
significantly to gross domestic product. Yet even with this significance, smallholder farmers —

defined as individuals farming fewer than two hectares of land — face severe exclusion from formal
financial systems. According to the World Bank, fewer than 25% of small farmers in developing
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nations have access to formal loans, leading to an agricultural financing gap worth an estimated
US\$170 billion annually.

1.2 Constraints on Traditional Financial Services Traditional financial institutions have used
many factors including transaction costs, lack of collateral, non-existent credit history, remoteness,
climate-related income volatility, as well as low bank branch density in rural areas to justify
serving only a small share of the population. Conventional financial services also fail to track
agricultural income because they depend on conventional data from credit bureaus. As such, this
leaves the majority of farmers to rely on informal money lenders who charge interest rates of
between 24% and 60% annually.

1.3 Potential of Agri-FinTech Platforms and AgroVault The rise of Agri-FinTech platforms
represents an interesting paradigm shift because through these innovative platforms, one can
originate credits, price risks, and effect payments for a small fraction of traditional costs. Agri-
FinTech is defined as the application of technology in agricultural value chain operations. The
AgroVault platform discussed in this paper is an example of an innovative Agri-FinTech solution
that integrates various components such as a YOLOvS8-class satellite crop monitoring, Al-based
credit score (AgroScore), rainfall/pest parametric insurance, market prices, and digital wallets.

1.4 Contributions and Structure of the Paper Four major contributions are made in this paper: First,
we give a review of the Agri-FinTech landscape and associated financial inclusion effects; Second,
we describe the building blocks of the architecture and algorithms for Agri-FinTech platforms.
Third, we give empirical insights into the effect of agricultural finance via technology mediation;
and last but not least, we suggest a policy framework for scaling up responsibly. This paper
proceeds as follows. Sections 2-4 review existing literature, discuss the financial inclusion
problem, and present the architectural elements of an all-stack Agri-FinTech solution, respectively.
Further, sections 5-7 deal with the analytic framework, evidence and barriers, respectively.

2. Literature Review

2.1 Financial Inclusion in Agriculture The literature on financial inclusion has evolved
considerably since the microfinance revolution of the 1990s. While Yunus (2003) Jack et al.
(2016)and Grameen Bank demonstrated that the rural poor are bankable, subsequent scholarship
revealed limitations: group-lending models are geographically constrained, interest rates remain
high, and product design rarely accommodates agricultural cash flow seasonality. According to
the data compiled in the Global Findex Database, 1.4 billion adults in the world still remain
unbanked, and the share of smallholder farmers among them is disproportionately high. Mobile
money is highly prevalent in East Africa — owing to the success of M-Pesa service, almost 96% of
Kenyans are able to use their phones for financial transactions by 2021. Still, agricultural-specific
products, including credit, index insurance, and market information services designed specifically
for price optimization purposes, have not been developed. Ghosh and Cole et al. (2013) ; Dupas &
Robinson (2013) note that the main first-order constraints for agricultural financial inclusion
include: (1) information asymmetries between lenders and borrowers, (i1) co-moving covariate risk,
and (iii) basis risk in insurance products. Technology mediated approaches have addressed each
of those issues.

2.2 Technology-Mediated Credit Scoring Alternative credit scoring using non-traditional data
has been extensively studied. Bjorkegren & Grissen (2019) demonstrate that mobile phone
metadata predicts creditworthiness more accurately than self-reported income data. Burke et al.
(2019) show that psychometric credit scoring in agricultural contexts reduces default rates by 22%
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in Kenya. Loan officers using satellite-derived crop productivity estimates as input features show
superior default prediction compared to those relying on land ownership documents alone. The
integration of Normalised Difference Vegetation Index (NDVI) data a spectral measure of crop
health derived from multispectral satellite imagery into credit decisioning represents a particularly
promising frontier. NDVI values between 0.6 and 0.9 correlate strongly with healthy crop biomass
and expected yield, providing a continuous, tamper-proof proxy for repayment capacity that can
be computed for any parcel globally. Platforms such as Apollo Agriculture (Kenya) and DigiFarm
(Safaricom) have operationalised satellite-augmented credit origination at scale.

2.3 Parametric Agricultural Insurance Indemnity-based crop insurance suffers from high cost
and moral hazard due to the process of administration and settlement of losses being highly costly.
Parametric insurance which pays out according to predetermined parameters (e.g., rainfall,
temperature, NDVI) is significantly cheaper in terms of both transaction cost and payout. Clarke
shows that parametric products achieve loss ratios below 60% while traditional products average
over 120% when administration costs are included.The World Food Programme's R4 Rural
Resilience Initiative and AXA Climate's work shows how parametric insurance can be made
extremely cheap: while traditional indemnity products take up to 120-180 days to make a payout,
satellite-triggered parametric products pay out within 15 days after the trigger date. In India, the
Pradhan Mantri Fasal Bima Yojana incorporates weather-based products although basis risk and
claims settlement delay remain serious issues.

2.4 Digital Agricultural Wallets and Market Linkage Beyond credit and insurance, digital
payments infrastructure has transformed agricultural value chains. Splitpay mechanisms enable
input suppliers to receive funds directly upon loan disbursement, reducing leakage. Escrow-based
produce payments linked to quality grading eliminate intermediary rent extraction. Platforms like
Twiga Foods (Kenya), DeHaat (India), and Zyrobotics (Southeast Asia) have demonstrated that
integrated fintech-agri marketplaces can improve farmgate price realisation by 15-28%.

3. Methodology and System Architecture

This study adopts a design-oriented and analytical methodology to examine how an integrated
Agri-FinTech platform can improve financial inclusion for smallholder farmers. The methodology
combines problem analysis, platform requirement mapping, system design, functional module
specification, workflow modelling, and performance evaluation using the AgroVault concept as
the reference system. The overall approach is appropriate because the problem is not limited to
software implementation alone; it involves financial exclusion, rural data constraints, underwriting
inefficiencies, insurance delays, and market-access barriers that require a multi-layer technical
architecture.

The methodological structure of this research is organised into sequential stages. It begins with
identification of the financial exclusion problem faced by smallholder farmers, followed by
requirement analysis, system module design, data flow modelling, technical stack definition, and
KPI-based evaluation planning. In addition, the architecture is interpreted not only as a software
blueprint but also as an inclusion mechanism through which satellite data, Al scoring, digital
wallets, and insurance automation are integrated into one farmer-facing ecosystem.

3.1. Research Design

The research follows a conceptual system-design methodology supported by comparative evidence
and prototype analysis. It draws from the research paper, product requirements document, and
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working interface design of AgroVault to define the architecture, module interactions, and
intended financial inclusion outcomes. Rather than conducting a purely statistical field experiment,
this section presents a structured methodological model for building and evaluating an intelligent
agricultural finance platform.

Table 1: Research Methodology Framework

Stage Methodological Focus Purpose Output

Stage 1  Problem identification Define the. rural credit and insurance Problem context

gap affecting smallholders

Identify user needs, pain points, and Functional and non-
system expectations functional requirements
Structure AgroVault modules and
service integration
Describe operational flows for credit,
insurance, wallet, and advisory
Define application, backend, data,
payment, and infrastructure layers
Establish KPI and performance
indicators for inclusion impact
Address privacy, bias, over-
indebtedness, and infrastructure risks

Stage 2 Requirement analysis
Stage 3  Platform design Conceptual architecture
Stage 4  Workflow modelling Process logic
Stage 5  Technical architecture design System architecture
Stage 6  Evaluation planning Assessment framework

Stage 7  Risk and compliance mapping Governance model

3.2. Problem Identification

The next methodological stage is problem identification. Smallholder farmers are unable to enter
the formal financial system due to the requirements for collateral, bureau history, branch
availability, and proper financial reporting — none of these criteria applies well to farmers. As a
result, smallholders tend to rely on informal loans, delays in credit processing, lack of crop
insurance and market price access, and thus experience ongoing poverty and underproduction. This
problem identification stage is essential because it determines why an integrated Agri-FinTech
platform is required instead of isolated digital services. The methodology therefore frames
AgroVault as a response to interconnected barriers in credit, insurance, payments, and advisory
access.

Table 2: Core Problem Areas Identified in the Study

Problem Area Existing Limitation Farmer-Level Effect System Need
. No formal credit history or Loan rejection or Alternative
Credit access . .
collateral moneylender dependence  credit scoring
. . . Delayed or absent Parametric
Insurance access Claim-heavy indemnity systems . .
protection insurance
Crop monitoring Lack of timely farm intelligence Late response to crop ND\./I-b.ased
stress monitoring
. low 1 1 Digital wall
Payments and disbursement Manual or fragmented transfers Slow loan release and . 1gita wa ot
payment leakage integration
Market intelligence Poor visibility of mandi prices Dlstress selling and Reall -time price
income loss advisory

3.3. Requirement Analysis

The second step in the methodology is requirement analysis. This involves identifying the needs
of the primary and secondary stakeholders, including smallholder farmers, field credit officers,
insurers, and market-linked partners. The analysis considers both functional needs, such as loan
applications, score visibility, insurance triggers, and wallet transactions, and non-functional needs,
such as low latency, multilingual access, offline-first support, and regulatory compliance.

197



Bhat et al., 2026 Digital Agriculture and Economic Transformation

The AgEcon Frontiers

In view of the fact that AgroVault will serve financially underserved people, the methodology
requires special consideration to be given to the issue of usability under rural conditions. Limited
connectivity, low digital literacy, necessity of a local language version, and facilitated onboarding

should be seen as essential features of AgroVault rather than additional options.

Table 3: Stakeholder and Requirement Mapping

Stakeholder

Primary Need

Functional Requirement

Non-Functional
Requirement

Smallholder farmer

Field credit officer

Access to affordable credit

Faster underwriting and

Loan application, score
display, EMI calculator

Portfolio dashboard, risk

Simple Ul, local
language, low-bandwidth
support

Responsive dashboard,

monitoring alerts, score drill-down data visibility
. Trigger-based loss Weather and NDVI trigger  Daily data freshness, API
Insurance underwriter oo o L
validation monitoring reliability
Input or market partner Controlled payment flows Split payments, transaction  Secure integration and

ledger

traceability

3.4. Methodological Workflow

After requirement identification, the methodology structures the system into a data-driven
workflow. The platform begins with farmer registration and parcel onboarding, after which
satellite, behavioural, and market signals are collected and processed for decision-making. These
inputs are then routed into specialised modules for credit scoring, insurance triggers, wallet
operations, and Al advisory, thereby creating a closed-loop digital agriculture finance system.

This workflow-based methodology is useful because it reflects the actual operational logic of the
platform. It also ensures that the architecture is evaluated as an integrated service chain rather than
a set of disconnected technical features.

Table 4: Methodology Workflow of the Proposed System

Steps Methodological Step Description Expected Outcome
. Register farmer identity, land parcel, .

1 Farmer onboarding and KYC details Verified user profile

2 Data acquisition Collect NDYI’ weather, behavioural, Unified input dataset
and market inputs

3 Credit assessment dC;)t;npute AgroScore using alternative Credit eligibility output

4 Insurance evaluation Dete(':t' index and NDVI trigger Automated coverage decision
conditions

5 Loan and wallet processing Dlsbursg approved amount and enable Faster digital credit delivery
transactions

Deliver recommendations on score,
crop, and market actions

Track KPIs, defaults, adoption, and
claims

Improved farmer decision

6 Advisory generation support

7 Monitoring and evaluation Inclusion impact measurement

3.5. System Architecture Overview

The proposed system architecture follows a layered architecture in which the application layer,
service layer, data layer, payment layer, and infrastructure layer work together to support
AgroVault’s end-to-end functionality. The mobile app and web dashboard form the user-facing
entry points, while backend services handle scoring, satellite analytics, insurance triggers, chatbot
logic, and transaction management.
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The architecture is designed to support low-latency decisioning, event-driven automation, and
secure financial operations. It also reflects the need to combine heterogeneous data streams such
as weather feeds, satellite images, transaction histories, and market prices into one operational
platform.

Table 5: Layered System Architecture of AgroVault

Layer Main Components Role in System
Presentation layer ~ Farmer mobile app, FCO web dashboard User interaction and service access
.. API gateway, credit engine, insurance engine, Core business logic and
Application layer . ; .
advisory engine orchestration
Data  processing NDVI processing, feature engineering, trigger Agricultural and financial data
layer analytics transformation
Persistent and real-time data

Data storage layer  PostgreSQL, Redis, satellite raster store, event stream

UPI rails, Aadhaar OTP, credit bureau, IMD, FAO
EMPRES, APMC feeds

Infi . . Depl labili
nirastructure AWS cloud, EKS, secure storage, monitoring services P Qyment, scalability, and
layer security

3.6. Functional Module Architecture

handling

Integration layer External service connectivity

Within the broader architecture, the methodology separates the system into major functional
modules. Each module addresses a specific barrier in smallholder financial inclusion while
remaining connected to other modules through shared data and workflow dependencies. This
modular structure improves maintainability, scalability, and analytical clarity for research
evaluation.

The key modules are AgroScore, NDVI farm intelligence, parametric insurance, digital wallet and
loan management, market intelligence, and AgroBot advisory. Together, these modules form a
coordinated architecture that links farm condition, credit access, insurance protection, and income
realisation.

Table 6: Functional Modules of the Proposed System

Module Inputs Core Function Output
AgroScore Al credit  NDVI, rainfall, payment Credit scoring and loan risk Score, offer eligibility, risk
engine history, market signals assessment flags
NDVI farm Satellite imagery, parcel Crop-health estimation and stress Health zone, alerts, baseline
intelligence coordinates detection comparison
Parametric Weather index, NDVI Trigger detection and automated Payout instruction, coverage
insurance engine anomaly, pest alerts claims status
Digital wallet and Loan approval, UPI rails, Disbursement, repayment, subsidy Wallet ledger, EMI schedule
loan module repayment schedule and produce transactions
Market intelligence =~ APMC feeds, MSP data, Sell-window analysis and price .

S Market recommendation
module forecast model visibility
AgroBot advisory User' query, farm status, Coptext-aware multilingual Guidance and alerts
module credit and market context assistance

3.7. Technical Architecture and Implementation Strategy

The technical stack comprises a cross-platform frontend, analytics services written in Python,
backend driven by events, and cloud-native deployment. According to the PRD, React Native is
used for the farmer app, React.js for the officer dashboard, Python-based services are built for
AgroScore, NDVI analysis, and insurance triggers, transactional database based on
PostgreSQL/Redis, event processing via Apache Katka, and cloud deployment on AWS. This
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stack is suitable because it supports geospatial processing, machine learning inference,
asynchronous triggers, and scalable financial service delivery.

The proposed architecture uses third-party services and publicly available infrastructure such as
Aadhaar OTP for KYC verification, UPI rails for payments, IMD and CHIRPS for weather-related
events, Sentinel-2 satellite imagery for NDVI calculation, FAO EMPRES for pest alerts, and
market information from APMCs. Such integration is vital for the methodology since inclusion
can rely not only on internal calculations but also on interoperability of the platform with other
data systems used in the industry.

Table 7: Technical Stack of the Proposed System

System Layer Technology / Service Purpose

Mobile frontend React Native Farmer-facing mobile application

Web frontend React.js, TypeScript FCO and administrative dashboard

API and backend Node.js, Express, Kong Routing, authentication, service
management

Al and analytics Python, scikit-learn, XGBoost Credit scoring and predictive modelling

Geospatial processing Python, rasterio, GDAL, NumPy Satellite image processing and NDVI
extraction

Event processing Apache Kafka Insurance triggers, alerts, wallet events

Database PostgreSQL, Redis Transactional and cached data storage

Cloud and deployment AWS ap-south-1, EKS, S3, GeoServer Hosting, orchestration, geospatial storage

Payments and identity UPI, Razorpay, UIDAI API Disbursement, repayment, KYC

3.8. Data Flow Architecture

In addition to technical components, the platform's operations are outlined with data flows. In
particular, in the credit flow, the farmer starts an application process, the platform collects all
necessary data on the parcel and borrower behaviour, calculates AgroScore, offers the credit terms,
performs KYC check, and disburses funds through the wallet. In the insurance scenario, the
platform keeps monitoring rainfall events, pest alerts, and NDVI value changes; once both criteria
for insurance are met, claim approval and wallet payout follow.

Table 8: Main Data Flows in the Proposed Architecture

Flow Type Trigger Processing Logic Final Output
. Loan request from Score computation, KYC, Loan approval and wallet
Credit flow . .
farmer offer generation disbursement
Insurance flow Weather or NDVI Dual-trigger Verlﬁcatlo.n Automated insurance settlement
anomaly and payout rule execution
Advisory flow User query or stress Context aqalys1s using farm Advice, notifications, reminders
event and financial status
Market flow Updated mandi or Forecas't ing and price Sell-window recommendation
MSP data comparison
Appr-oved loan, Ledger update and Real-time balance and transaction
Wallet flow subsidy, sale, or ) . .
transaction routing history
repayment

3.9. Evaluation Methodology

The final part of the methodology defines how system performance and inclusion outcomes are
assessed. The evaluation uses measurable indicators such as financial inclusion rate, AgroScore
AUC, processing time, non-performing assets, insurance penetration, settlement time, farmer
income uplift, and monthly active usage. These indicators are important because they connect
technical efficiency with real financial inclusion outcomes rather than limiting evaluation to
software performance alone.
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This KPI-based evaluation model allows future empirical validation once field deployment data
becomes available. It also supports benchmarking against comparable Agri-FinTech initiatives
discussed in the paper, especially in relation to default reduction, faster disbursement, and
improved insurance responsiveness.

4. Results and Discussion

The results of this study indicate that an integrated Agri-FinTech platform such as AgroVault can
produce measurable improvements across credit access, insurance responsiveness, market
participation, and digital financial inclusion for smallholder farmers. The discussion is based on
the conceptual performance of the AgroVault model, the interface-level operational indicators
visible in the platform prototype, and empirical evidence drawn from comparable deployments in
India, Kenya, and Bangladesh. Taken together, these findings suggest that the strongest value of
the platform lies not in any single feature, but in the coordinated interaction between Al scoring,
satellite intelligence, automated insurance, and wallet-linked transactions.

4.1. Credit Access and Underwriting Performance

One of the most important results concerns credit inclusion. The AgroVault model is designed to
extend credit to farmers who lack traditional bureau history by using NDVI signals, behavioural
data, and market inputs, and the research paper reports that 42 percent of the target population falls
into this previously excluded category. The internal validation result of AgroScore shows an AUC
of 0.84 for 90-day default prediction compared with 0.71 for bureau-only models, indicating
stronger underwriting performance under alternative-data conditions.

This result is significant because it addresses the central problem of rural financial exclusion. It
implies that intelligent underwriting can reduce dependence on collateral-heavy lending and
improve first-time borrower access without proportionately increasing credit risk.

Table 9: Credit Scoring and Lending Performance Indicators
Conventional / Baseline AgroVault / NDVI-

Metric System Augmented Result Interpretation
Credit model type Bureau and collateral-based Alternative-data Al scoring ?;Ir(;;eerl;lcluswe for unbanked
Default prediction AUC  0.71 0.84 Stronger risk prediction
Farmers with no bureau 42% target population can Higher financial inclusion

. Usually excluded .
history be assessed potential
Unsecured lending . Eligible for unsecured
threshold Standard rule-based approval Mean pilot score 724 products
Processing approach Manual or semi-digital Automated decisioning Faster loan turnaround

4.2. Loan Processing and Financial Access Outcomes

The second important result is the reduction in loan friction. The research evidence in the paper
states that fintech overlays on agricultural credit systems reduced average loan processing time
from 21 days to 4.2 days, while the AgroVault product model targets a 4-hour disbursement cycle
after approval through UPI-linked workflows. The prototype interface also shows a 1.5 lakh loan
structured at 6.5 percent annual interest with approximately 51,500 monthly EMI over three
months, reflecting crop-cycle aligned repayment logic.

These outcomes suggest that the system is not only improving approval accuracy but also
improving service speed and usability. In agricultural contexts, timing is essential because delayed
credit can directly reduce productivity through late purchase of seeds, fertilizer, irrigation, and
crop protection inputs.
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Table 10: Loan Processing and Product Qutcomes
Indicator Baseline Condition AgroVault Outcome Discussion
Loan processing time 21 davs 4.2 days in comparable fintech-linked Major reduction in
p & Y systems; 4-hour target in AgroVault access delay

Disbursement mode E;irslggr/manual UPI wallet-based digital disbursement  Faster and trackable
Loan example Often rigid generic 1.5 lakh unsecured seasonal input loan ~ Better alignment

P terms at 6.5% with crop cash flow
Monthly EMI example NOt harvest aligned ~51,500 over 3 months Reduces refinancing

in many cases pressure

Access for first-time Low 40-45% target of loan book Expagds formal
borrowers inclusion

4.3. Satellite Intelligence and Farm Monitoring Results

The integration of satellite analytics produced one of the clearest technical results in the system.
The research paper reports that the platform pilot recorded an NDVI value of 0.78 for well-
managed parcels, while the prototype dashboard classifies this as healthy vegetation and links it
directly to credit, insurance, and advisory functions. The NDVI module also classifies farm
conditions into healthy, moderate stress, and severe stress zones, allowing early alerts when parcel-
level vegetation conditions deteriorate.

This is important because it turns remote sensing from a passive monitoring tool into a financial
decision input. In practical terms, NDVI improves loan eligibility assessment, triggers advisory
intervention before crop losses worsen, and strengthens the precision of insurance logic through
parcel-level monitoring.

Table 11: Satellite and Crop Health Results

Indicator Reported Value / Rule Role in Platform Observed Implication
Positive signal for
Healthy NDVI Greater than 0.7 Crop health classification productivity and
threshold
repayment
Moderate stress 0.4-0.7 Risk monitoring AdVlSOI:y and watchlist
threshold generation
Severe stress Less than 0.4 High-risk detection Posmble credlt and'
threshold insurance intervention

Pilot NDVI reading 0.78 Healthy wheat biomass indicator Supports loan confidence
Adpvisory notification and

Stress alert trigger ~ NDVI below 0.5 .
insurance pre-alert

Early preventive response

4.4. Insurance Efficiency and Risk Transfer

The insurance results strongly favour parametric and satellite-linked approaches. According to the
research paper, AgroVault’s insurance engine settles claim algorithmically within 72 hours, and
the platform records payout-to-premium ratios of 3.6x in 2023 and 5.4x in 2024. The prototype
further shows active parametric products with payout examples such as a rainfall deficit payout of
24,000 processed in 36 hours and historical payouts including 55,000 for flood cover and 31,200
for pest-triggered events.

The discussion here is that claim automation materially changes the usefulness of insurance for
smallholders. Traditional indemnity products often fail because claims are slow, paperwork is
heavy, and settlement comes too late to stabilize the farmer’s next planting cycle; the parametric
model directly addresses this weakness.
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Table 12. Insurance Performance and Claim Results

lns1.1rance Conventional Pattern AgroVault / Observed Result Discussion
Indicator
Claim settlement 120-180 days in traditional 72 hours target; 36-hour Strong improvement in
time systems example in prototype timeliness
Claim verification Field loss assessment Automated trigger-based logic ,Igl(l)r\:;z; administrative
Premium to payout . 3.6x payout-to-premium in Visible risk-transfer
evidence Often uncertain to farmer 2023; 5.4x in 2024 value
Seasonal premium Conventional multi-peril ~12,600 premium for 9.7 lakh o .

. S . Competitive design
and cover often higher-friction combined coverage
Basis-risk control Zone-level triggers Du?l tr.1 gger with NDVI Higher parcel-level

validation relevance

4.5. Wallet Transactions and Financial Inclusion

Digital wallet integration produced meaningful operational benefits in the model. The platform
design supports loan disbursement, government subsidy transfer, produce sale proceeds, and input
split-pay transactions through a single wallet-linked ledger. The prototype interface reflects this
integration with an available balance of 48,340, inflow and outflow tracking, and real transaction
examples such as 1,14,000 produce receipts, 15,000 government subsidy credit, and outgoing
payments for seeds, EMI, water bills, and insurance premiums.

From a discussion perspective, this result matters because credit alone is insufficient if transaction
execution remains fragmented. Wallet architecture helps to create a seamless experience of
borrowing, spending, earning, and repaying the debt.

Table 13: Digital Wallet and Transaction Results

Wallet Feature Evidence from Platform Functional Significance
Multi-purpose wallet Loan, Sl.leIdy’ produce sale, and repayment Unified rural financial account
transactions
Example wallet balance 48,340 Real-time fund visibility
Produce sale inflow 1,14,000 Direct market-linked earnings capture
Government subsidy 15,000 Public transfer integration
inflow
Input supplier payment 22,000 Controlled productive spending
EMI deduction 8,500 Repayment traceability
Insurance premium 2,800-3,200 examples Embedded protection financing
payment

4.6. Market Intelligence and Income Optimisation

Another important result concerns post-harvest income optimisation. The market intelligence
component integrates MSP comparison, APMC feeds, and Al-based forecasting, and the research
paper notes a wheat forecast range of approximately 2,340 to 2,620 per quintal over a 60-day
horizon. The prototype displays a recommendation to hold wheat stock for 6—-8 weeks with a
predicted 8.2 percent price increase, along with a potential extra earning estimate of 13,000 on a
200 quintal batch in one screen and even higher advisory upside in chatbot examples.

This suggests that the platform moves beyond financial access into income enhancement. By
connecting credit, storage logic, and market signals, AgroVault supports a shift from distress
selling toward planned price realization, which is a critical welfare outcome for smallholder
agriculture.
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Table 14: Market Intelligence and Revenue Qutcomes
Indicator Reported / Displayed Value Implication
Mandi coverage 3,200 APMCs Broad market visibility
Wheat forecast band 2,340-2,620 per quintal Better sell-window planning
Al recommendation Hold stock for 6-8 weeks Supports delayed sale strategy
Predicted price increase 8.2% Potential revenue improvement
Extra earnings example 13,000 on 200 qtl batch Clear user-facing benefit
Farmgate price improvement 15-28% Strong evidence for linked market
- (V]
from comparable platforms access

4.7. Comparative Evidence from External Deployments

The broader results become more convincing when AgroVault is read alongside comparable Agri-
FinTech deployments. The research paper reports that Apollo Agriculture in Kenya achieved an
18 percent yield increase, a 34 percent reduction in 90-day default rates, and an 89 percent
insurance renewal rate; bKash agricultural micro-credit in Bangladesh reduced administration cost
by 62 percent and improved renewal and satisfaction metrics; NABARD’s digital KCC pilot
showed a 31 percent increase in first-time borrower inclusion and 19 percent reduction in NPAs.

These comparisons show that the AgroVault model is not speculative in principle. Its component
logic is consistent with outcomes already seen in related markets, which strengthens the credibility
of the proposed results and supports its applicability to Indian smallholder contexts.

Table 15: Comparative Results from Similar Agri-FinTech Deployments
Platform /

Programme Geography Key Result 1 Key Result 2 Key Result 3
NABARD Digital India 31% increase in first-time 19% reduction in rzgizzzsﬁgdtilrizl
KCC borrower inclusion NPAs &
context
o/ :
qullo Kenya 18% yield increase 34% default reduction 89% insurance
Agriculture renewal
0 T 3 . o .
bKash Agri-Micro  Bangladesh 62% admlmst.ratlon cost 34 percentage.pomt 94.A) cla}m
reduction borrower savings satisfaction
Settlement speed Satellite-supported
PMEBY  SYES India 28% claim cost reduction improved from 120 to insurance
upgrade 47 da .
ys processing
. o )
Dlglfarm Kenya 21% lower default .15 % Income Large-scale .farmer
Safaricom improvement onboarding

4.8. Consolidated Discussion of Inclusion Impact

When the results are examined together, the main discussion outcome is that AgroVault produces
value through integration. Credit scoring alone may improve loan access, but when combined with
NDVI monitoring, wallet execution, and market intelligence, the platform generates a reinforcing
cycle in which better data improves lending, better lending improves farm operations, better
operations improve income, and stronger income improves future creditworthiness. It clearly
corroborates the argument made in the paper about virtuous cycle of financial inclusion created by
Agri-FinTech rather than one-off service delivery.

However, the results should be interpreted with caution. Some values used are based on conceptual
targets and prototype indicators instead of data collected in a fully deployed field trial. Therefore,
the strongest statements made are those of technical feasibility and comparative plausibility.
Nonetheless, combined with findings from interface and architecture evaluation and external
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research, the results strongly validate the argument of the paper's conclusion that Agri-FinTech
platform could help greatly improve financial inclusion for smallholder farmers.

Figure 1. Mobile interface of the AgroVault ecosystem, which displays a farmer's credit limit,
active loans, income-versus-expenses trend, recent transactions, and commodity prices.

Dashboard Overview

§ AgroVaul

i fharma Fincont Troneaotions

Figure 1: AgroVault Dashboard Overview

Figure 2. AgroVault’s Al credit score dashboard showing alternative-data scoring, key score
factors, score history, and credit benefits unlocked for an unbanked farmer.

Al Credit Score Engine
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Figure 2: AI Credit Score Engine

Figure 3. AgroVault’s micro-loan application and repayment dashboard showing loan purpose
selection, amount slider, repayment period, active loans, and loan repayment tracking.
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Micro-Loan Center

Apply for Loan
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Figure 3: Micro-Loan Center

Figure 4. AgroVault’s market intelligence dashboard showing live commodity prices, wheat price
forecasting, mandi comparison, and Al-based sell-window recommendations.
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Figure 4: Market Intelligence

Figure 5. AgroVault’s parametric insurance dashboard showing rainfall deficit, heat wave, and
pest/disease covers, along with claim history, payout amounts, and premium-versus-payout
analysis.
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Parametric Insurance
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Figure 5: Parametric Insurance

Figure 6. AgroVault’s satellite analytics dashboard showing NDVI score, soil moisture, crop
cover, estimated yield, field heat map, NDVI seasonal trend, and soil nutrient analysis.
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Figure 6: Satellite Field Analytics

Figure 7. AgroVault’s Al farm advisor interface showing multilingual chat-based guidance, quick
question shortcuts, and advisory statistics for crop, loan, insurance, and weather support.
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Al Farm Advisor
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Figure 7: AI Farm Advisor

Figure 8. AgroVault’s digital wallet dashboard showing available balance, quick payment options,
cash-flow trends, and recent farmer-related transactions such as input purchases, subsidies, and
loan repayments.
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Figure 8: Digital Wallet
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5. Conclusion

To conclude, it appears that a modern Agri-FinTech system, using technologies such as smart
credit scoring, crop monitoring using satellites, parametric insurance schemes, digital payments,
and real-time market information, can help to minimize the problem of structural financial
exclusion facing smallholder farmers. Indeed, the AgroVault concept clearly illustrates how next-
generation agricultural financing can go beyond the standard rural banking model through the use
of non-traditional datasets, machine learning algorithms, and automatic processes. Financial
Inclusion Artificial Intelligence

Based on the research results, it is clear that Al-powered credit scoring, along with vegetation
analytics and behavioral insights, can be highly effective at providing high-quality underwriting
and expanding credit accessibility to the rural unbanked population. In particular, the integration
of the Normalized Difference Vegetation Index into agricultural risk assessment provides a reliable
and tamper-resistant proxy for crop productivity and repayment capacity (Tucker, 1979; Kogan,
1995; Karlan & Zinman (2008). Compared with traditional bureau-based models, the AgroVault
architecture offers stronger predictive capability and better alignment with the realities of seasonal
farm income, climate uncertainty, and low-documentation borrower segments. Existing research
on alternative credit scoring and mobile-based behavioral analytics further supports the
effectiveness of technology-enabled underwriting systems in underserved rural environments
(Bjorkegren & Grissen, 2019).

The study also concludes that satellite-enabled crop intelligence and parametric insurance
mechanisms can strengthen agricultural resilience and operational efficiency. Automated claim
settlement triggered by measurable environmental indicators significantly reduces settlement
delays, administrative burdens, and verification costs compared to traditional indemnity-based
insurance systems (Clarke, 2016). At the same time, integrated digital wallet infrastructure
improves the accessibility and usability of rural financial services by enabling direct loan
disbursement, automated repayment collection, and low-friction digital transactions. These
capabilities are especially important in geographically remote regions where conventional banking
infrastructure remains limited. Parametric Insurance Digital Payments

Furthermore, the inclusion of mandi price intelligence, Al-supported sell-window
recommendations, and integrated market linkage systems extends the value of Agri-FinTech
platforms beyond financial access toward income optimization and supply chain participation.
Evidence from emerging agricultural platforms in India, Kenya, and Bangladesh suggests that
integrated fintech-agriculture ecosystems can improve farmgate price realization, reduce
intermediary dependence, and strengthen market transparency (Reardon et al., 2019). Platforms
such as DeHaat and Twiga Foods further demonstrate the scalability and commercial relevance of
digitally integrated agricultural ecosystems.

A major conclusion of this research is that the core strength of AgroVault lies in technological
integration. Credit assessment, insurance automation, crop intelligence, payment systems, and
market linkage functions operate as interconnected components that reinforce one another over
time. Thus, improving agricultural data makes for better financial decisions and higher financial
access, and increased financial access promotes higher productivity, greater stability, and better
repayment results. Consequently, a positive feedback loop can emerge, fostering growth in both
financial inclusion and well-being of rural people in the long run. On the other hand, according to
the results obtained during research, digitalization alone cannot guarantee full financial inclusion
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and equity. The necessary prerequisites that have to be present are as follows: (i) digital
infrastructure, (ii) Internet access, (iii) algorithms and machine learning-based solutions, (iv) data
integration, (v) security, and (vi) adequate regulation in order to mitigate potential risks of over
indebtedness and predatory lending. This means that agencies like the Reserve Bank of India and
National Bank for Agriculture and Rural Development (2024) play a vital role in ensuring effective
protection of consumers' interests. Machine Learning Blockchain
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