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griculture is increasingly dependent on technologies that can improve productivity while

conserving water, fertilizers, pesticides and other natural resources. Remote sensing has
emerged as one of the most valuable technologies for achieving this goal. It enables
observation and monitoring of agricultural fields from satellites, aircraft and unmanned aerial
vehicles (UAVs or drones) without requiring direct contact with the crop. Modern remote
sensing systems can provide information about crop growth, vegetation health, soil
conditions, water stress, nutrient deficiencies, pests, diseases and crop yield. Satellite
missions such as Sentinel-2 and Landsat provide repeated observations over large agricultural
areas, while UAVs provide high-resolution information at the individual field and plant
levels. The integration of multispectral, hyperspectral and thermal sensors with artificial
intelligence, machine learning and geographic information systems (GIS) is further
expanding the potential of remote sensing. These technologies are helping farmers and
agricultural scientists move towards precision agriculture and site-specific crop management.
This article highlights major applications, benefits, limitations and future opportunities of
remote sensing in agriculture.

Keywords: Remote sensing, Precision agriculture, GIS, Satellite imagery, UAV, Crop
monitoring, NDVI, Artificial intelligence

Introduction

Agriculture is facing several major challenges, including climate variability, declining water
availability, soil degradation, increasing input costs and the need to produce more food for a
growing population. Conventional crop monitoring generally depends on field visits and
visual observations. Although these methods remain important, they can be time-consuming
and may not adequately capture the variation that exists within a large agricultural field.
Remote sensing provides an effective approach for observing agricultural areas from a
distance. Sensors mounted on satellites, aircraft or drones detect electromagnetic radiation
reflected or emitted by crops, soil and water. These observations can be processed to generate
maps and indicators that provide information about crop condition and environmental
changes. One of the most common applications is crop health monitoring. Healthy
vegetation reflects and absorbs different portions of electromagnetic radiation compared with
stressed or damaged plants. Vegetation indices such as the Normalized Difference Vegetation
Index (NDVI), Enhanced Vegetation Index (EVI) and Normalized Difference Red Edge
(NDRE) can be used to assess crop vigour, biomass and canopy development. Repeated
satellite observations can help identify areas where crop growth is below normal and where
further field investigation is required.

Satellite Remote Sensing in Agriculture
Satellite remote sensing has transformed agricultural monitoring because it provides
information over large areas at regular intervals. Platforms such as Sentinel-2 and Landsat
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offer multispectral imagery that can be used for crop classification, acreage estimation, crop
growth monitoring and drought assessment. Satellite data can also support crop acreage and
production estimation. Agricultural agencies and researchers can classify different crops
using their spectral characteristics and seasonal growth patterns. This information is
particularly useful for regional agricultural planning, food-security assessment and disaster
management. Another important application is drought monitoring. Changes in vegetation
indices, land-surface temperature and soil moisture can indicate the effects of water shortage
on crops. Combining satellite observations with meteorological information can provide a
better understanding of agricultural drought and its spatial distribution.

UAYV and Drone-Based Remote Sensing

While satellites are highly useful for regional monitoring, UAVs provide much finer spatial
resolution. Drones equipped with RGB, multispectral, hyperspectral or thermal cameras can
collect detailed images of individual farms. UAV remote sensing is increasingly being used
for precision crop management. High-resolution images can identify variations in crop
growth within a field. Farmers can use this information to apply fertilizers, irrigation or crop-
protection measures only where required. Drones are also being investigated for weed, pest
and disease detection. Plants affected by disease or nutrient deficiency may show changes in
colour, structure, temperature or spectral response before visible symptoms become
widespread. Artificial intelligence and deep-learning models can analyse these images and
help identify affected areas.

Water and Nutrient Management

Efficient water management is one of the most important applications of agricultural remote
sensing. Thermal and multispectral sensors can provide information related to crop water
stress. When combined with weather data and crop models, remote sensing can support
irrigation scheduling and help identify areas requiring additional water. Remote sensing can
also contribute to nutrient management. Nitrogen deficiency, for example, can influence
crop canopy colour and spectral characteristics. Vegetation indices and machine-learning
models can therefore be used to estimate crop nutrient status and support variable-rate
fertilizer application.

Crop Yield Estimation

Yield estimation before harvesting is important for farmers, traders, food-processing
industries and government agencies. Remote sensing can provide information about crop
development throughout the growing season. When satellite or UAV observations are
combined with weather, soil and historical yield data, machine-learning models can be
developed to estimate crop yield. Such systems can help improve agricultural planning and
provide early information about possible production shortages or surpluses.

Integration with Artificial Intelligence and GIS

The future of agricultural remote sensing is closely connected with artificial intelligence
(AI), machine learning and GIS. Large volumes of satellite and drone imagery can be
difficult to analyse manually. AI algorithms can identify patterns in images and classify
crops, detect disease symptoms, estimate biomass and predict yields. GIS provides the
framework for integrating remote sensing with soil maps, weather observations, irrigation
networks, topography and farm boundaries. This creates detailed spatial information that can
support site-specific agricultural decision-making.

Benefits and Challenges

Remote sensing offers several benefits to agriculture. It can monitor large areas rapidly,
identify spatial variability, reduce the need for extensive field surveys and support efficient
use of agricultural inputs. It is particularly valuable for precision agriculture, drought
monitoring and agricultural disaster assessment. However, some challenges remain. Cloud
cover can restrict optical satellite observations. High-quality UAV systems and sensors can
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involve considerable cost, while processing large datasets requires technical expertise.
Remote-sensing models developed in one region or crop may not always perform equally
well in another region because of differences in climate, soil, crop variety and management
practices. Therefore, field validation and calibration remain essential.

Future Prospects

The combination of satellite remote sensing, UAVs, 10T sensors, artificial intelligence,
cloud computing and farm machinery is likely to create increasingly intelligent agricultural
systems. In the future, farmers may receive near-real-time information about crop water
stress, nutrient requirements, disease risk and expected yield through mobile and web-based
platforms. The integration of satellite and drone observations is particularly promising.
Satellites can provide broad regional coverage, while drones can provide detailed information
about selected fields or problem areas. Together, they can create a multi-scale monitoring
system for modern agriculture.

Conclusion

Remote sensing has changed the way agricultural resources and crop conditions can be
observed and managed. From satellite-based crop mapping to drone-based plant monitoring,
the technology provides valuable information for timely and scientific decision-making. Its
integration with GIS, artificial intelligence and precision-farming technologies can improve
resource-use efficiency and contribute to sustainable agriculture. Although technical,
economic and data-related challenges remain, continued advances in sensors, computing and
Al are expected to make remote sensing increasingly accessible to farmers and agricultural
institutions. The future of agriculture will increasingly depend not only on what farmers see
in the field, but also on what modern sensors can reveal from above.
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