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INFORMATION TECHNOLOGIES FOR MONITORING CROP YIELDS 

BASED ON SATELLITE IMAGE DATA ANALYSIS 

 

With the increasing global population and the need for sustainable food 

production, monitoring crop yields has become crucial for ensuring food security and 

efficient resource management. Traditional methods of crop yield estimation, such as 

field surveys and manual sampling, are often time-consuming, labor-intensive, and 

prone to errors. The advent of satellite remote sensing technologies and advanced 

image processing techniques has revolutionized the way crop yields are monitored and 

assessed. This report aims to explore various information technologies that utilize 

satellite image data analysis for monitoring crop yields and their real-life applications. 

1. Remote sensing technologies, particularly satellite imagery, form the 

cornerstone of modern crop yield monitoring systems. Satellites equipped with 

specialized sensors capture multispectral and hyperspectral images of the Earth’s 

surface, providing valuable information about vegetation health, soil moisture, and 

other factors that influence crop growth and yield. For example, The Landsat program, 

operated by NASA and the United States Geological Survey (USGS), has been 

providing continuous satellite imagery of the Earth’s surface since the 1970s. Landsat 

satellites capture high-resolution multispectral images that are widely used for 

monitoring crop yields, land use, and environmental changes. 

2. Vegetation indices are mathematical calculations derived from satellite image 

data that quantify the greenness, density, and health of vegetation. These indices are 

widely used for monitoring crop growth, yield estimation, and identifying stress factors 

such as drought or disease. The Normalized Difference Vegetation Index (NDVI) is 

one of the most widely used vegetation indices. It is calculated from the red and near-

infrared bands of satellite imagery and provides a measure of the photosynthetic 

activity and biomass of vegetation. NDVI is commonly used for crop yield prediction, 

monitoring crop growth stages, and assessing the impact of environmental factors on 

crop performance. 

3. Crop simulation models are computer programs that simulate the growth and 

development of crops based on various environmental and management factors. These 

models integrate satellite image data, meteorological data, soil data, and other relevant 

information to estimate crop yields and predict potential yield losses due to stress 

factors. The Decision Support System for Agrotechnology Transfer (DSSAT) is a 

widely used crop simulation model developed by the University of Florida and other 

collaborators. DSSAT incorporates satellite-derived data, such as vegetation indices 

and soil moisture estimates, to simulate crop growth and predict yields for various crop 

types under different environmental conditions. 
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4. Machine learning and artificial intelligence (AI) techniques have 

revolutionized the analysis of satellite image data for crop yield monitoring. These 

techniques can handle large volumes of data, identify complex patterns, and provide 

accurate yield predictions by learning from historical data and integrating multiple 

sources of information. Researchers at the University of Illinois have developed a 

machine learning model called "DeepYield" that combines satellite imagery, weather 

data, and crop management practices to predict crop yields at a high spatial resolution. 

The model utilizes deep learning algorithms to extract relevant features from satellite 

images and integrate them with other data sources, providing accurate yield estimates 

for individual fields or even sub-field regions. 

5. Cloud Computing and Big Data Analytics is popular because of the large 

volumes of satellite image data and the complexity of analyses required for crop yield 

monitoring demand significant computational resources and data storage capabilities. 

Cloud computing and big data analytics platforms have emerged as essential tools for 

processing and analyzing these massive datasets efficiently. Google Earth Engine is a 

cloud-based platform that provides access to petabytes of satellite imagery and 

geospatial datasets, along with powerful computational resources for processing and 

analyzing this data. Researchers and organizations worldwide have leveraged Google 

Earth Engine for monitoring crop yields, mapping crop types, and assessing the impact 

of climate change on agricultural production. 

6. Web-based platforms and decision support systems have been developed 

to integrate various information technologies and provide user-friendly interfaces for 

farmers, agronomists, and policymakers to access and interpret crop yield monitoring 

data. The Food and Agriculture Organization’s (FAO) WaterProductivity Open-access 

portal (WaPOR) is a web-based platform that uses satellite data to monitor agricultural 

water productivity and crop yields at various spatial scales. WaPOR provides maps, 

charts, and analytical tools to support decision-making for sustainable water 

management and agricultural production. 

The technologies discussed in this report for monitoring crop yields based on 

satellite image data analysis have already made significant strides in improving 

agricultural productivity and resource management. However, the field of remote 

sensing and geospatial analytics continues to evolve rapidly, offering exciting 

opportunities for further advancements and innovations. 

One promising area of development is the integration of multiple data sources, 

including satellite imagery, unmanned aerial vehicle (UAV) data, ground-based 

sensors, and crowdsourced information. By combining these diverse data streams, crop 

yield monitoring systems can achieve higher spatial and temporal resolutions, enabling 

more granular and localized assessments. This multi-source approach can also enhance 

the accuracy and robustness of yield predictions by cross-validating and 

complementing data from different sources. 

Another emerging trend is the increasing use of hyperspectral and thermal 

imaging sensors, which can provide more detailed information about crop health, 

nutrient status, and water stress. These advanced imaging technologies, coupled with 

machine learning algorithms, can help identify early signs of stress or disease, enabling 

timely interventions and potentially mitigating yield losses. 
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Furthermore, the advent of new satellite constellations and small satellite 

technologies is expected to significantly improve the availability and frequency of 

high-resolution imagery. With more frequent data acquisition, crop yield monitoring 

systems can better capture the dynamic nature of crop growth and respond rapidly to 

changing conditions, enabling more proactive and adaptive management strategies. 

Cloud computing and big data analytics will continue to play a crucial role in 

handling the ever-increasing volume of satellite and geospatial data. Advanced 

computational techniques, such as deep learning and parallel computing, will be 

essential for extracting valuable insights from these massive datasets in a timely and 

efficient manner. 

Finally, the development of user-friendly web-based platforms and decision 

support systems will be instrumental in making crop yield monitoring technologies 

accessible to a wider range of stakeholders, including smallholder farmers and 

agricultural extension services. These platforms can integrate various data sources, 

analytical tools, and advisory components, empowering users with actionable 

information for optimizing crop management practices and maximizing yields. 

As the global demand for food continues to rise, the integration of satellite image 

data analysis and advanced information technologies will become increasingly vital for 

sustainable agricultural production. By leveraging these technologies and fostering 

interdisciplinary collaborations among scientists, technologists, and agricultural 

experts, we can unlock the full potential of crop yield monitoring and contribute to 

food security, environmental sustainability, and economic development. 

 

References 

1. N. Kussul et al., "Crop monitoring technology based on time series of satellite 

imagery," 2020 IEEE 11th International Conference on Dependable Systems, Services 

and Technologies (DESSERT), Kyiv, Ukraine, 2020, pp. 346-350. 

doi: 10.1109/DESSERT50317.2020.9125031. 

2. V. Kashtan, V. Hnatushenko and S. Zhir, "Information Technology Analysis 

of Satellite Data for Land Irrigation Monitoring : Invited Paper," 2021 IEEE 

International Conference on Information and Telecommunication Technologies and 

Radio Electronics (UkrMiCo), Odesa, Ukraine, 2021, pp. 1-4. 

doi: 10.1109/UkrMiCo52950.2021.9716592. 

  


