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his article explores the transformative role of Remote Sensing (RS) and Geographic

Information Systems (GIS) in revitalizing India’s agricultural landscape. Facing
challenges of climate volatility and land fragmentation, the sector is pivoting toward a data-
driven model underpinned by Digital Public Infrastructure (DPI). The discussion traces
India’s journey from early satellite experiments to the sophisticated AgriStack and Bharat-
VISTAAR ecosystems, which integrate Al with real-time geospatial data.

The narrative examines how high-resolution sensors and platforms like Bhuvan and
FASAL empower smallholders with precision insights—reducing input costs by 20%—while
enabling financial institutions to de-risk lending through climate scoring. Despite technical
hurdles like cloud cover and digital literacy gaps, the article outlines a strategic roadmap
involving hyperspectral missions and drone-satellite fusion. Readers will discover how this
“Digital Renaissance” is not merely improving yields but securing the socio-economic future
of 14 crore farmers toward a Viksit Bharat 2047.

Introduction: The Urgent Imperative for a Geospatial Shift

The pressing need for Remote Sensing (RS) and Geographic Information Systems (GIS)
in Indian agriculture stems from the sector’s acute vulnerability to climate variability, highly
fragmented landholdings, and the necessity for precise, scalable monitoring to ensure food
security for a population of 1.4 billion. In the Indian context, where agriculture employs
nearly 46% of the national workforce and contributes approximately 18% to the Gross
Domestic Product (GDP), these technologies are no longer optional luxuries but essential
infrastructure.

Traditional field surveys are inherently labour-intensive, prohibitively costly, and
often inadequate for covering India's vast and frequently inaccessible terrains. In contrast, RS
and GIS provide synoptic, repetitive, and all-weather coverage through advanced satellite
constellations. This enables the timely detection of crop stress, accurate yield forecasting,
comprehensive soil health assessment, and resource optimization. These tools are critical in
addressing chronic challenges such as erratic monsoons, sudden pest outbreaks, and
accelerating land degradation. By supporting evidence-based policies under flagship schemes
like Pradhan Mantri Kisan Samman Nidhi (PM-KISAN) and Pradhan Mantri Fasal
Bima Yojana (PMFBY), these technologies are transforming traditional subsistence farming
into a data-driven, sustainable ecosystem capable of doubling farmer incomes and building
long-term climate resilience.

What are Remote Sensing and GIS?

Remote Sensing (RS) is the multifaceted science of acquiring information about objects or
phenomena from a distance without physical contact. This is achieved using sensors mounted
on satellites, drones, or aircraft to detect and record electromagnetic radiation reflected or
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emitted from the Earth’s surface. Complementing this, Geographic Information Systems
(GIS) represent a sophisticated framework for capturing, storing, manipulating, analysing,
and visualizing complex spatial and geographical data.

The Digital Public Infrastructure (DPI) Integration
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Together, these technologies form the cornerstone of India’s Digital Public Infrastructure

(DPI) for the agricultural sector. This is primarily operationalized through AgriStack, a

centralized digital ecosystem that aims to assign unique digital identities to 11 crore farmers

by the 2026-27 period.

e Sensor Technologies: The system utilizes a variety of sensors including Optical (e.g.,
Landsat, Sentinel-2, and the Indian Remote Sensing or IRS series), Microwave (Radar
for cloud penetration during monsoons), Light Detection and Ranging (LiDAR) for
canopy height, and Hyperspectral sensors for chemical composition analysis.

o Fiscal Commitment: The Union Budget 2026-27 has demonstrated significant political
will by allocating approximately Z1.63 lakh crore to agriculture and allied sectors. This
includes a dedicated 32,500 crore for the Digital Agriculture Mission and X150 crore for
Bharat-VISTAAR (Virtual Information Systems and Technology-Augmented
Agricultural Resources). It is an advanced, Al-powered advisory ecosystem designed to
bridge the gap between scientific research and field implementation by integrating the
AgriStack (a digital foundation of farmer IDs, land records, and crop data) with the
extensive knowledge base of the Indian Council of Agricultural Research (ICAR).

o Utility: This DPI enables the seamless integration of satellite-derived crop maps with
farmer databases, facilitating targeted subsidies, automated insurance claim processing,
and hyper-local weather advisories.

Indian History: From Experimental Roots to Operational Excellence

India’s journey into space-based agriculture began with the launch of IRS-1A in 1988,

though systematic applications can be traced back to experimental projects in the 1970s and

80s led by the Indian Space Research Organisation (ISRO).

1. Early Milestones: The first major initiative was the Agricultural Resources Inventory
and Survey Experiment (ARISE), which utilized aerial Colour Infrared (CIR)
photography to map crops.

2. The CAPE Project: In 1986, the Crop Acreage and Production Estimation (CAPE)
project was launched under the Department of Space. This provided the first district-level
forecasts for major crops using stratified sampling and IRS (Indian Remote Sensing)
data.
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3. Evolution into FASAL: This evolved in 2006 into the Forecasting Agricultural
Output using Space, Agrometeorology and Land-based observations (FASAL)
programme, which introduced a multi-disciplinary approach to forecasting.

4. Institutionalization: The Mahalanobis National Crop Forecast Centre (MNCFC) was
established in 2012 under the Ministry of Agriculture and Farmers Welfare
(MoAFW) to operationalize these technologies.

5. Democratization: The launch of Bhuvan (ISRO’s geospatial portal) in 2009 and
specialized training by the Indian Institute of Remote Sensing (IIRS) have since
democratized access to these tools. Today, the system integrates data from international
missions like Sentinel and MODIS (Moderate Resolution Imaging Spectroradiometer) to
provide high-frequency national forecasts.

Significance and Benefits to the Indian Farmer Community

RS-GIS technologies empower smallholder farmers by providing actionable intelligence that

was previously accessible only to large-scale commercial enterprises. On average, these tools

help reduce input costs by 15-20% through the precision application of fertilizers and

irrigation.

> Early Stress Detection: Using indices like the Normalized Difference Vegetation
Index (NDVI) and the Vegetation Condition Index (VCI), farmers can detect crop
stress due to pests or drought before visual symptoms appear, allowing for pre-emptive
intervention.

> Financial Security: Accurate yield forecasts aid in fair crop insurance assessments. The
PMFBY now utilizes YES-TECH (Yield Estimation System based on Technology)
remote sensing data to settle claims faster and more accurately.

> Soil Management: Comprehensive soil and land-use mapping allow farmers to choose
the most suitable crops for their specific land parcels, preventing soil exhaustion.

> Market Intelligence: Platforms like Bharat-VISTAAR provide real-time market data,
helping farmers decide the best time to sell their produce.

> Credit Access: Banks and financial institutions now use RS for remote risk assessment,
making it easier for farmers with clean digital records to access formal credit.

Global Scenario: The Competitive Landscape

While India is a leader among emerging economies, developed nations have long maintained

operational geospatial systems.

< United States: The United States Department of Agriculture (USDA) maintains the
Cropland Data Layer (CDL), which has provided 10-meter resolution maps for over
100 crops annually since 1997.

< Canada & Europe: Canada’s Annual Crop Inventory utilizes a combination of
Sentinel and RADARSAT data, while Europe’s Copernicus Land Monitoring Service
(CLMS) provides 10-meter crop-type layers for the entire continent.
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< Global Organizations: The Food and Agriculture Organization (FAQO) of the United
Nations conducts the Remote Sensing Survey (RSS) as part of the Global Forest
Resources Assessment (FRA) 2025 to complement ground-level data.

Market Trends: These global systems have improved yield prediction accuracy by 10-
15% and significantly reduced post-harvest food waste. India’s FASAL and Bhuvan
platforms mirror these global shifts yet excel by their swift expansion via the DPI
framework.

The Various Components of RS-GIS

The revitalization of the agricultural sector is supported by a multi-layered RS-GIS
technological framework.

Satellite and Sensor Platforms
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e Resourcesat-2/2A: Features the LISS-1V (Linear Imaging Self-Scanning Sensor) with 5-
meter resolution, ideal for detailed crop mapping.

« Sentinel-2: Provides high-frequency (5-day revisit) optical data.

e Microwave/SAR: Synthetic Aperture Radar (like RISAT-1) is critical for India as it can
penetrate thick cloud cover during the monsoon season.

Analytical Indicators and Software

e Vegetation Indices: Includes NDVI for general health, NDWI (Normalized Difference
Wetness Index) for monitoring water stress, and VCI to compare current vegetation
against historical maximums and minimums.

e« IMSD: The Integrated Mission for Sustainable Development uses RS-GIS for
watershed prioritization and long-term land-use planning.
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e CHAMAN: The Coordinated Horticulture Assessment and Management using
geoinformatics project focuses specifically on the area and yield estimation of high-value
fruits and vegetables.

Spectral Ranges and Agricultural Applications

Application Spectral Ranges Used
Agriculture/Forestry Crop ID, Yield estimation, Drought VIS, NIR, MIR, TIR, MW
Water Resources Surface water mapping, Flood monitoring VIS, NIR, MW
Marine/Coastal Phytoplankton, Wetland mapping Narrow VIS-NIR, TIR, MW

(Note: VIS = Visible, NIR = Near-Infrared, MIR = Mid-Infrared, TIR = Thermal Infrared,
MW = Microwave)

Key Applications in Agriculture Ecosystem

Crop Production Forecasting

The FASAL programme delivers multiple in-season forecasts—from pre-sowing to
harvest—for 9 major crops, including rice, wheat, cotton, and sugarcane. By integrating
MODIS 16-day time-series data into stepwise regression models, the MNCFC provides
forecasts that often show less than 10% deviation from the final Department of Economics
and Statistics (DES) yields. This system replaces subjective, error-prone ground estimates
and is vital for national procurement planning.

Horticulture Development

Horticulture is a high-stakes sector where precision is paramount. The CHAMAN project
uses high-resolution Resourcesat data to map orchards and thermal sensors to detect water
stress. This data helps the Agricultural and Processed Food Products Export
Development Authority (APEDA) in planning exports and optimizing value chains, leading
to a 10-15% increase in accuracy over traditional methods.

Precision Agriculture
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This involves "Variable-Rate Technology,” where NDVI-derived vigour maps guide the site-
specific application of inputs. By using drones and hyperspectral sensors to identify specific
spectral signatures of pests or diseases, farmers can reduce chemical use by 20-30% while
boosting overall yields. This aligns with ICAR's broader precision farming initiatives.
Spatiotemporal Cropping Analysis

GIS synthesizes multi-seasonal datasets to characterize intricate agricultural successions,
ranging from rice-fallow cycles to perennial sugarcane systems. A longitudinal study of the
Madnur watershed in Andhra Pradesh identified that while 52% of the landscape remained
under-utilized through low-intensity monocropping, a high-performing 10% achieved
consistent multi-season yields. These geospatial insights empower administrators to engineer
targeted strategies for inter-cropping expansion and the strategic elimination of seasonal
fallows.

Allied Activities: Livestock and Fisheries

s SR

o Fisheries: Bhuvan and Oceansat data are used to map Potential Fishing Zones (PFZ)
by identifying chlorophyll concentrations (phytoplankton) and sea surface temperature
gradients.

e Livestock: RS monitors fodder availability in grasslands (like the Banni grasslands) and
identifies watering points for livestock, supporting the development of the 500 reservoirs
planned under Budget 2026.
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Water Resources and Irrigation Management
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Effective water management is the most critical factor for Indian agriculture.

1. Watershed Development: RS-GIS prioritize watersheds under the Integrated Mission
for Sustainable Development (IMSD) by using Digital Elevation Models (DEMs) to
assess runoff and erosion risks.

2. lIrrigation Management: Thermal RS detects canopy temperature to determine crop
water stress, allowing for the precise scheduling of canal water releases and the
monitoring of canal command areas.

3. Groundwater Targeting: By integrating lineament mapping (via RS) with
hydrogeological data (via GIS), scientists can identify the best zones for borewells and
artificial recharge structures.

Implementation Challenges

Technology Hurdles: Standard satellite cameras cannot see through the heavy clouds during
the monsoon (Kharif) season, leading to gaps in data when farmers need it most.
Additionally, advanced tools like LIiDAR (laser mapping) and Hyperspectral (deep-colour)
imaging are currently too expensive for widespread use.

People & Skill Gaps: There is a big training gap among local operating functionaries who
are supposed to help farmers. At the same time, many older farmers struggle to use new
digital apps, creating a tech divide between the tools available and the people who need
them.

Field Mapping Problems: Because most Indian farms are very small and scattered, it is
difficult to match satellite data with the exact boundaries of a single field on the ground. This
makes it hard to give accurate, personalized advice to farmers in remote areas.

Government Support and Policy Framework

The Government of India is modernizing the agricultural landscape through a robust Digital

Public Infrastructure (DPI) and high-level inter-ministerial collaboration. Key initiatives

driven by the Ministry of Agriculture and Farmers Welfare (MoAFW), ISRO, and ICAR

include:

e FASAL and CHAMAN: National programs for crop forecasting and horticultural
inventory using satellite data.

o Digital Agriculture Mission 2.0: A comprehensive framework emphasizing Al-DPI
convergence through Bharat-VISTAAR, which integrates AgriStack with ICAR’s
research data.

e Bhuvan Platform: Managed by ISRO and utilized by NITI Aayog for initiatives like
GROW (Greening Restoration of Wasteland with Agroforestry), providing a geospatial
foundation for mapping and monitoring.
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e« Namo Drone Didi Scheme: An allocation of 1,261 crore to empower women's self-
help groups by providing drone services for farm-level precision.

« PMFBY: The national crop insurance scheme that now mandates Remote Sensing (RS)-
based yield estimation to ensure objective loss assessment.

o Capacity Building: The Indian Institute of Remote Sensing (I1IRS) offers free online
courses in agricultural informatics to bridge the technical knowledge gap.

The Role of Financial Institutions and Research Bodies

Financial institutions are no longer just lenders; they have become critical stakeholders in the

technological ecosystem. By harnessing RS and GIS, the sector has seen significant

improvements in:

o Risk Assessment: Lenders utilize historical crop-health maps and the Vegetation
Condition Index (VCI) to quantify losses and assess credit risk, which significantly
reduces Non-Performing Assets (NPAS).

e Targeted Lending: Data-driven insights allow for more accurate identification of Kisan
Credit Card (KCC) beneficiaries and real-time portfolio monitoring.

e Collaborative Research: Partnerships between financial foundations and bodies like
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) facilitate
the "SMART-CROP" initiative, using satellite imaging to monitor pulse crops for
thousands of farmers.

o Climate Scoring: The integration of FASAL and Bhuvan data into lending platforms
enables the creation of climate-risk scores, allowing for customized interest rates and
specialized financial products.

Strategic Recommendations and the Way Forward

To fully realize the potential of these technologies and drive an estimated 7-8% agricultural

GDP growth, the following transformative strategies are recommended:

e Advanced Satellite Missions: Launching a dedicated ISRO hyperspectral satellite and
establishing a National Soil Spectral Library to automate Soil Health Cards with
biochemical precision.

e System Integration: Mandating the use of Bhuvan APIs across all state-level
agricultural schemes to ensure a unified data layer.

e Public-Private Partnerships (PPP): Engaging technology giants to develop advanced
Al analytics for the Bharat-VISTAAR platform, accelerating the transition to predictive
farming.

e Drone-Satellite Fusion: Prioritizing the "fusion” of high-altitude satellite data with low-
altitude drone imagery to achieve farm-level precision.

« Fintech Innovation: Developing parametric insurance products where satellite-verified
weather or yield data triggers automatic payouts, removing the need for lengthy manual
inspections.

e Localized Access: Scaling IIRS certification to train one lakh extension workers by
2030 and launching Mobile Bhuvan apps in regional languages to ensure last-mile
access for smallholders.

Conclusion: A Digital Renaissance for Indian Farming

Remote Sensing and GIS have fundamentally shifted Indian agriculture from reactive,
experience-based practices to a proactive, data-driven stewardship model. From early projects
like CAPE to the modern era of AgriStack and Bharat-VISTAAR, India has emerged as a
global leader in DPIl-enabled farming. The integration of space technology, ground-level
policy, and financial innovation provides a roadmap for de-risking the agricultural sector and
empowering 14 crore farmers. By leveraging these tools to build climate resilience and
optimize resources, the nation is securing a sustainable and prosperous agricultural ecosystem
for a Viksit Bharat 2047.
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