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DESCRIPTION

Droughts are among the most devastating natural disasters,
affecting millions of people worldwide by disrupting water
supplies, As
intensifies, the frequency and severity of droughts are expected to

agriculture, and ecosystems. climate change
increase, making it critical to develop effective prediction and
mitigation strategies. Integrating machine learning with satellite
providing

accurate, timely, and actionable insights. Drought prediction

data approach to enhance drought prediction,

involves forecasting the onset, duration, and severity of drought
conditions. Traditional methods rely on meteorological data,
historical records, and hydrological models.

Role of satellite data in drought prediction

Satellite data provides extensive coverage of the Earth's surface,
capturing
parameters. Key satellite data sources used in drought prediction

critical information on various environmental

include:

Vegetation indices: Vegetation indices, such as the Normalized
Difference Vegetation Index (NDVI) and Enhanced Vegetation
Index (EVI), are derived from optical satellite imagery. These
indices measure vegetation health and productivity, which are
directly affected by drought conditions. Satellites like MODIS,
Landsat, and Sentinel-2 provide high-resolution vegetation data.

Soil moisture: Data on soil moisture are essential to
comprehending the dynamics of drought. Passive and active
microwave sensors on satellites like SMAP (Soil Moisture Active
Passive) and Sentinel-1 provide soil moisture measurements,
which severity

progression.

are essential for assessing drought and

Precipitation: Satellite-based precipitation data, obtained from
missions like TRMM (Tropical Rainfall Measuring Mission) and
GPM (Global Precipitation Measurement), offer accurate and
timely information on rainfall patterns. This data helps in
identifying drought onset and monitoring precipitation deficits.

Surface temperature: Thermal infrared sensors on satellites,
such as those on the Landsat series, measure land surface
temperatures. Elevated surface temperatures are indicative of
drought stress, and this data helps in assessing drought impacts
on vegetation and soil.

Evapotranspiration: The total of plant transpiration plus
evaporation is known as Evapo Transpiration (ET). Remote
sensing data from satellites like MODIS and Landsat can
estimate ET, providing insights into water loss from the soil and
vegetation, which is critical for drought assessment.

Machine learning techniques for drought prediction

Machine learning (ML): It involves training algorithms to
recognize patterns and make predictions based on data. When
combined with satellite data, ML techniques can significantly
enhance drought prediction accuracy. Important
learning techniques for predicting droughts include:

machine

Supervised learning: Supervised learning algorithms, such as
Random Forests, Support Vector Machines (SVM), and
Artificial Neural Networks (ANN), are trained on labeled
datasets to predict drought conditions. These models learn the
relationships between input features (e.g., vegetation indices, soil
moisture) and drought labels, enabling them to forecast future
drought events.

Unsupervised learning: Unsupervised learning techniques, like
clustering and Principal Component Analysis (PCA), are used to
identify patterns and anomalies in satellite data without
predefined labels. These methods help in detecting emerging
drought conditions and understanding underlying factors.

Time series analysis: Time series models, such as Long Short-
Term Memory (LSTM) networks and AutoRegressive Integrated
Moving Average (ARIMA), are designed to handle sequential
data. These models are particularly effective for forecasting
drought conditions based on historical satellite data and
temporal trends.
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Hybrid models: Hybrid models combine multiple machine
learning techniques to improve drought prediction accuracy.

Benefits and challenges

The integration of machine learning and satellite data offers
several benefits for drought prediction:

High-resolution data: Satellite data provides high-resolution
information on various environmental parameters, enhancing
the accuracy of drought predictions.

Scalability: Machine learning models can process large volumes
of data, making them scalable and suitable for regional and
global drought prediction.

Timeliness: Satellite data is continuously updated, enabling
timely predictions and early warnings, which are crucial for
effective drought management.

] Remote Sens GIS, Vol.13 Iss.2 No:1000343

OPEN @ ACCESS Freely available online

Cost-effectiveness: Satellite-based monitoring reduces the need
for extensive ground-based surveys, making drought prediction
more costeffective.

Integrating machine learning and satellite data for drought
prediction to enhance our understanding and management of
droughts. By leveraging high-resolution, real-time data and
advanced analytical capabilities, this integration provides
accurate, timely, and actionable insights that can mitigate the
impacts of droughts on agriculture, water resources, and
ecosystems. As technology continues to advance, the potential
for improving drought prediction and management will expand,

contributing to a more resilient and sustainable future.
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