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Abstract 

Soil moisture plays a crucial role in geotechnical studies, directly influencing 

slope stability, settlement rates, shear strength, and foundation design. 

Traditional field-based measurement techniques, while accurate, are often 

restricted by cost, labor, and spatial limitations. Remote sensing provides a cost-

effective, large-scale, and repeatable approach for estimating soil moisture, 

enabling continuous monitoring across vast regions. This paper examines remote 

sensing techniques such as active microwave (Synthetic Aperture Radar), passive 

microwave radiometry, optical, and thermal sensing, and evaluates their 

relevance to geotechnical applications. Challenges including vegetation 

interference, surface roughness, and calibration issues are addressed. The 

integration of multi-sensor data, advanced retrieval algorithms, and machine 

learning is highlighted as a path toward improving soil moisture estimation 

accuracy in operational geotechnical projects. 
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INTRODUCTION 

Soil moisture is one of the most influential variables in geotechnical engineering, as it governs 

the hydro-mechanical properties of soils, such as cohesion, permeability, compressibility, and 

strength. Accurate soil moisture estimation is essential for applications including slope stability 

analysis, earthen embankment monitoring, and shallow foundation design. 

Conventional techniques—such as gravimetric sampling, tensiometers, neutron probes, and time-

domain reflectometry (TDR)—offer high accuracy but are costly, invasive, and limited in spatial 

coverage. In contrast, remote sensing methods provide non-invasive, wide-area, and time-

efficient data acquisition. Over the past two decades, developments in microwave sensors, 

hyperspectral imaging, and data fusion algorithms have made remote sensing a viable 

operational tool in geotechnical studies. 

This paper provides an in-depth discussion of remote sensing methods for soil moisture 

estimation, compares their capabilities, and explores their integration into geotechnical 

engineering workflows. 

REMOTE SENSING TECHNIQUES FOR SOIL MOISTURE ESTIMATION 

Remote sensing techniques for soil moisture estimation can be categorized into: 

1. Microwave Remote Sensing 

2. Optical Remote Sensing 

3. Thermal Infrared Remote Sensing 

Microwave Remote Sensing 

Microwave sensors measure the dielectric properties of soil, which change significantly with 

moisture content. 

• Active Microwave (SAR): Synthetic Aperture Radar transmits microwave pulses and 

measures backscatter. Its ability to penetrate vegetation and operate in all weather 

conditions makes it a valuable tool for continuous monitoring. 

• Passive Microwave: Detects natural microwave emissions from the Earth's surface. 

Instruments like SMAP and AMSR-E provide soil moisture data at regional to global 

scales, although with coarser resolution compared to SAR. 

Optical Remote Sensing 



 
 
 

  138 Page 136-140 © MANTECH PUBLICATIONS 2017. All Rights Reserved 

 

Journal of Remote Sensing, Environmental Science & Geotechnical Engineering 

Volume 2, Issue 3, September-December, 2017 

 

 
Optical sensors measure reflected solar radiation, enabling the derivation of vegetation indices 

(e.g., NDVI) that correlate with soil moisture indirectly. While optical data offers high spatial 

resolution, it is limited by cloud cover and daylight availability. 

Thermal Infrared Remote Sensing 

Thermal sensors measure surface temperature, which is influenced by soil moisture due to 

evaporation and heat capacity effects. Thermal methods are most effective when integrated with 

optical or microwave data to improve reliability. 

COMPARATIVE ANALYSIS OF METHODS 

Below is a comparison of primary remote sensing techniques for soil moisture estimation in 

geotechnical applications: 

Method Advantages Limitations 

SAR (Active 

Microwave) 

High spatial resolution; all-weather 

capability; vegetation penetration 

Complex processing; sensitive to 

surface roughness 

Passive 

Microwave 

Directly measures soil dielectric properties; 

large-area coverage 

Coarse resolution; vegetation 

interference 

Optical 
High spatial detail; useful for 

vegetation/land cover correction 

Cloud-sensitive; indirect 

moisture estimation 

Thermal Infrared 
Captures evapotranspiration effects; 

complements other datasets 

Limited to surface; affected by 

atmospheric conditions 

 

APPLICATIONS IN GEOTECHNICAL STUDIES 

1. Slope Stability Analysis 

Soil moisture is a critical trigger for landslides. SAR time-series can detect pre-failure 

moisture buildup. 

2. Earth Dam and Embankment Monitoring 

Remote sensing aids in identifying seepage zones through temperature anomalies and 

moisture maps. 

3. Foundation Design and Settlement Prediction 

High-resolution soil moisture maps inform ground improvement requirements in soft soil 

zones. 

4. Groundwater Recharge Estimation 

Integrating optical, thermal, and microwave data can identify recharge zones and 

infiltration rates. 

CHALLENGES AND LIMITATIONS 
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Despite its advantages, remote sensing for soil moisture estimation faces challenges: 

• Vegetation Cover: Dense vegetation masks soil signals, requiring correction algorithms. 

• Surface Roughness: Alters microwave backscatter, introducing uncertainties. 

• Calibration Requirements: Ground truth data is essential for accurate retrieval models. 

• Depth Sensitivity: Remote sensing primarily measures near-surface moisture, which may 

not represent deeper layers relevant in geotechnical design. 

ADVANCES AND FUTURE DIRECTIONS 

Emerging trends in soil moisture remote sensing include: 

• Multi-Sensor Fusion: Combining SAR, passive microwave, optical, and thermal data 

improves accuracy. 

• Machine Learning Models: Algorithms such as Random Forests and Neural Networks 

enhance prediction reliability. 

• High-Resolution SAR Missions: Satellites like Sentinel-1 and NISAR will provide more 

frequent, higher-resolution observations. 

• Integration with GIS and BIM: Directly feeding moisture maps into geotechnical 

models streamlines design and monitoring workflows. 

CONCLUSION 

Remote sensing offers a transformative approach to soil moisture estimation in geotechnical 

studies. Microwave-based techniques, particularly SAR, enable all-weather, vegetation-

penetrating observations, while optical and thermal methods provide complementary insights. 

Integrating multi-source data, adopting advanced retrieval algorithms, and coupling remote 

sensing with in-situ measurements can significantly improve accuracy and operational 

applicability. The future of soil moisture monitoring in geotechnics lies in real-time, high-

resolution, multi-sensor systems that seamlessly integrate with engineering decision-making 

processes. 
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