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&% Drought remains one of the most pressing climatic threats to global agriculture,
el particularly in arid and semi-arid regions. Remote sensing (RS) technologies—
5% integrated with geospatial analytics, satellite monitoring, and climate models—offer timely
&gwfw and cost-effective data essential for drought detection, monitoring, and management. This
E paper reviews the role of remote sensing in supporting agricultural extension systems for
ot drought resilience training. Emphasizing multi-scale observations, crop-water stress indices,
ToRE early warning systems, and integration with decision support tools, it explores how extension
K agents can use RS to train farmers in adaptive responses. The review also highlights capacity
280 building, digital literacy, and policy integration needed to mainstream RS-based drought
940 resilience in smallholder farming systems. Case studies, current challenges, and future
@fb@ innovations in Earth observation and mobile-based advisory systems are also addressed.

. Introduction

& Drought as a Global Agricultural Risk

&;-}ﬁ@ Drought is the most widespread and devastating climatic stressor, affecting over 55 million

% people annually and threatening food security in vulnerable regions (FAO, 2021). Unlike
50 floods or storms, droughts develop gradually, making early detection and mitigation complex
3 but essential.
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%sf Importance of Drought Resilience Training

@g:‘,ig’ Resilience training equips farmers with knowledge and tools to anticipate, absorb, and
QB recover from drought impacts. Extension systems are the primary vehicles for disseminating
EE@;LE} . . S J . h
et adaptive practices—such as drought-tolerant crops, altered irrigation schedules, and soil

moisture conservation techniques.

Role of Remote Sensing in Extension

Remote sensing provides spatially explicit, real-time data on vegetation health, soil moisture,
temperature anomalies, and precipitation variability. These data inform extension-led drought
advisories and are essential for early warning and preparedness (Verdin et al., 2005).

Basics of Remote Sensing for Drought Monitoring

Definition and Principles

Remote sensing refers to the acquisition of information about Earth’s surface without

physical contact, using satellite or airborne sensors. It relies on detecting reflected or emitted

radiation across different spectral bands (Lillesand et al., 2015).

Types of Remote Sensing Platforms

o Optical sensors (e.g., MODIS, Landsat): Track vegetation vigor and canopy cover.

e Thermal sensors: Detect land surface temperature anomalies.

e Microwave sensors (e.g., SMAP, Sentinel-1): Measure soil moisture under all weather
conditions.

o Radar: Useful for penetrating cloud cover and assessing surface roughness.
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Key Satellite Programs

« NASA MODIS and VIIRS: Vegetation indices at daily to weekly scales.
o ESA Sentinel-1/2: High-resolution soil moisture and crop mapping.

e SMAP: Global soil moisture and freeze/thaw cycles.

e IMD INSAT-3D: Indian drought monitoring with rainfall anomalies.

Drought Indicators Derived from Remote Sensing

Vegetation Health Indicators

« NDVI (Normalized Difference Vegetation Index): Assesses green biomass.

« EVI (Enhanced Vegetation Index): Better in dense canopies and humid zones.

e VCI (Vegetation Condition Index): Standardized NDVI anomaly to identify drought
stress (Kogan, 1995).

Soil Moisture Indices

e SMI (Soil Moisture Index): Based on surface reflectance and microwave data.

e TVDI (Temperature Vegetation Dryness Index): Combines NDVI and thermal data.

Evapotranspiration and Water Stress

o ETa/ETc Ratios: Derived from energy balance models (e.g., SEBAL, METRIC).

e CWSI (Crop Water Stress Index): Based on canopy temperature and atmospheric
demand.

Extension-Led Applications of RS in Drought Resilience

Early Warning Systems

Integrating RS with weather forecasts, extension agencies can issue proactive advisories on:

e Crop selection

e Sowing dates

« Input application timing

 lrrigation scheduling

Seasonal Monitoring

Vegetation indices guide crop condition assessments during the season. Extension staff use
these assessments to prioritize visits and tailor advisory content for affected zone.

Yield Forecasting

RS-based NDVI trends correlate with expected yield drops under drought. This helps
extension workers manage market expectations, price stabilization efforts, and post-harvest
planning.

Decision Support Tools and Integration with Extension

Mobile-Based Advisory Platforms

« mKisan, eSagu, Krishi Gyan: Integrate RS data with SMS/advisory services.

o GIS-based mobile apps enable extension officers to visualize stress maps and issue site-
specific guidance.

Web Portals and Dashboards

« MOSDAC (India): Rainfall anomalies and soil moisture maps.

e« VITO VGTViewer: Global vegetation trends.

e Crop Monitor by GEOGLAM: Visualizes NDVI anomalies across time and space.

Case Studies

India: RISAT-Based Drought Monitoring in Maharashtra

The Mahalanobis National Crop Forecast Centre (MNCFC) uses RISAT SAR data to monitor
crop stress. Extension agents use the alerts to train farmers in Marathwada on crop rotation
and alternate watering strategies (MNCFC, 2020).

Ethiopia: VCI-Based Agro-Advisory

The Ethiopian Institute of Agricultural Research integrates VCI maps in extension meetings.
Results include better targeting of inputs and 15% reduction in crop loss under drought
conditions (USAID, 2019).
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Australia: NDVI-Based Grazing Advisories
Extension services use MODIS NDVI trends to advice livestock farmers on forage
management during El Nifio-induced droughts.

Capacity Building for Extension Agents

RS Literacy Programs

o Training on reading satellite imagery

e Use of Google Earth Engine (GEE)

o Basic GIS for spatial decision-making

Participatory Learning Approaches

o Climate Field Schools using RS visuals

o Group-based interpretation of drought maps

o Co-creation of seasonal plans

Participatory techniques increase technology uptake by 30—40% (van Asten et al., 2016).

Challenges in RS Adoption by Extension Systems
Technical and Data Barriers

o Limited internet in rural areas

o Lack of localized drought models

o Complexity of RS tools

Institutional and Financial Constraints

« Insufficient training budgets

o Fragmented coordination among RS agencies and extension departments
Farmer-Level Limitations

o Digital illiteracy

e Low trust in scientific predictions

o Language barriers in advisories

Innovations and Emerging Technologies

Machine Learning for Drought Prediction

Al algorithms enhance drought forecasting by analyzing multiple RS datasets, including
spectral, thermal, and meteorological parameters.

UAYV Integration

Drones provide high-resolution, localized data for micro-watershed drought monitoring.
Extension workers in Kenya and India use UAVs to validate satellite-based indices on-field.
Cloud Computing Platforms

Google Earth Engine, Amazon Earth, and Microsoft Planetary Computer offer open access to
RS tools and imagery, increasing accessibility for extension agents.

Policy and Institutional Frameworks

National Drought Mitigation Strategies

o India’s National Agricultural Drought Assessment and Monitoring System (NADAMS)

e Africa’s African Risk Capacity (ARC)

These integrate RS products into national contingency plans, supported by extension
networks.

Cross-Sectoral Collaborations

Linking meteorology, agriculture, water, and ICT departments ensures seamless data flow
and farmer reach.

Open Data Policies

Policies mandating open access to RS products enhance transparency and adoption (WMO,
2021).

Socioeconomic and Environmental Benefits
e Reduced crop failure and income loss
o Enhanced adaptive capacity of smallholders
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e Minimized groundwater extraction through informed irrigation
o Improved food security under climate stress

Future Directions

Localization of RS Models

Develop crop- and region-specific drought indices to improve accuracy in advisory outputs.
Gamification in Training

Interactive, game-based training on RS interpretation can enhance engagement of young
extension workers.

Integration with Farmer-Led Digital Platforms

Link RS tools with farmer groups’ WhatsApp networks or digital kiosks for crowd-sourced
drought monitoring.

Conclusion

Remote sensing technologies offer unparalleled potential in strengthening extension-led
drought resilience. Through early detection, targeted advisories, and dynamic response
planning, RS empowers extension systems to act proactively rather than reactively.
Mainstreaming these technologies into extension curricula, participatory approaches, and
national policies will ensure widespread adoption and long-term sustainability.
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