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By the end of this lesson, students should be able to explain practical SAR applications.

Explain why radar is valuable for land and water studies 
under clouds, haze and night conditions.
Interpret common SAR responses from smooth water, wet 
soil, vegetation, urban surfaces and rough terrain.
Identify major radar applications: flood mapping, soil 
moisture, crop monitoring, wetlands, reservoirs and 
deformation.
Design a basic SAR workflow for land and water 
monitoring in Central Asia.
Recognize the main limitations of radar data and choose 
appropriate validation data.

SAR

H₂O

LULC
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Learning objectives



All-weather observation

Microwave radar signals can 
provide information when optical 
imagery is limited by cloud cover, 
haze or weak illumination.

Sensitive to water and 
roughness
Backscatter changes with surface 
moisture, smooth water, 
vegetation structure, soil 
roughness and built-up geometry.

Useful for monitoring 
change
Repeated SAR observations support 
flood extent mapping, seasonal 
wetland dynamics, crop development 
and ground movement analysis.

Works day and night

Because radar is an active system, 
it sends its own pulse and 
measures the returned signal 
rather than depending on sunlight.

Radar complements optical data: it does not replace field knowledge, 
but it adds information that optical sensors often miss.
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Why radar is useful for land and water studies?



SAR images are not natural-colour photos; brightness represents returned microwave energy.

Smooth water

Very dark

Specular reflection sends most 
energy away from the sensor.

Wet/rough soil

Medium–bright

Moisture and roughness increase 
returned energy.

Vegetation

Variable

Canopy structure and moisture 
create volume scattering.

Urban areas

Very bright

Corners and walls create strong 
double-bounce return.
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Reading SAR backscatter: what becomes bright or dark?



Smooth open water usually appears dark in SAR images, which helps delineate inundation extent.

Main use cases

Rapid flood extent mapping after heavy rainfall or dam 
releases
Monitoring river overflow in lowland agricultural areas
Separating permanent water from temporary inundation
Supporting emergency response when cloud cover blocks 
optical imagery

SAR image Threshold Flood map
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Application 1 — flood and open-water mapping



Radar backscatter often increases when bare soil becomes 
wetter, but interpretation must consider vegetation cover, soil 
texture, roughness and incidence angle.

Typical interpretation logic

Dry soil

Moist soil

Flooded field

Backscatter strength →

Why it matters in Central Asia
In irrigated drylands, radar can help detect wetting patterns, drainage problems 
and spatial differences in field moisture between satellite dates.
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Application 2 — soil moisture and irrigation monitoring



Radar can detect open water, wet soils and flooded 
vegetation when surface structure changes the returned 
signal.
Multi-date SAR helps separate seasonal wetlands from 
permanent water bodies.
Cross-polarization can be useful for vegetation structure 
and floodplain mapping.
Validation is essential because dense vegetation, wind-
roughened water and built-up edges may confuse 
interpretation.

Teaching example: compare Sentinel-1 images before and after 
irrigation season to identify temporary water and wetland expansion.
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Application 3 — wetlands, riparian vegetation and hidden inundation



Crop calendar signals

Backscatter changes through 
sowing, growth, irrigation, harvest 
and residue stages.

Land-cover classes

SAR adds texture and moisture 
information for separating water, 
bare soil, urban areas and vegetation.

Field boundary support

Radar time series can support parcel-
level monitoring when combined 
with GIS field boundaries.

Stress clues

Unusual wetness, drainage problems 
or delayed field operations may 
appear as changes in SAR response.

Best practice: combine SAR with optical indices such as NDVI and 
with field observations. Radar tells one part of the story; 
vegetation spectra tell another.
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Application 4 — crops, land cover and field condition



Interferometric SAR (InSAR) compares radar phase between 
acquisitions. It can reveal small surface movements when 
acquisition geometry and coherence are suitable.

deformation signal
Land subsidence from groundwater abstraction
Landslide or slope movement monitoring
Earthquake and fault deformation mapping
Infrastructure stability near canals, roads and reservoirs
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Application 5 — terrain, subsidence and ground deformation



What radar can support

Map water surface extent over time
Track reservoir filling or drying patterns
Identify shoreline changes and wet margins
Support drought and water-resource assessment 
together with hydrological data

before during season after
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Application 6 — lakes, reservoirs and shoreline change



Radar is useful when degradation is connected with moisture, roughness, vegetation structure, crusting, irrigation 
condition or terrain movement. It should be interpreted with optical, soil and field data.

1
SAR time series

Repeated radar images reveal 
wet/dry anomalies and structural 
changes.

2
Optical indices

NDVI, NDWI, salinity-related indices 
add vegetation and spectral context.

3
Field checks

Soil salinity, crop condition and 
drainage observations validate 
interpretation.

4
GIS decision layer

Risk maps support planning, 
reclamation and monitoring 
priorities.
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Application 7 — land degradation, salinity and dryland monitoring



1. Define question

flood, soil moisture, 
crop, wetland, 

subsidence

2. Select data

mission, band, 
polarization, dates

3. Preprocess

orbit, calibration, 
speckle, terrain 

correction

4. Analyze

threshold, time series, 
classification, InSAR

5. Validate

field data, optical 
images, local knowledge

6. Report

maps, uncertainty, 
decision 

recommendations

Important preprocessing note

For most land and water mapping tasks, SAR data should be radiometrically calibrated, corrected for terrain effects, reduced for
speckle where appropriate, and transformed into a map projection before interpretation.
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A practical SAR workflow for land and water studies



Example monitoring question

How can radar help identify changes in water extent, 
field wetness and risk zones along irrigated river 
corridors?

Use multi-date SAR scenes before, during and after 
irrigation or flood events.
Mask permanent water and compare temporary wet areas.
Overlay results with field boundaries, canals, settlements 
and soil information.
Use field observations to verify whether radar change 
indicates flooding, irrigation, wet soil or vegetation 
structure.

LESLIE Project • Land Management, Environment & Solid Waste in Central Asia 13

Central Asia example: irrigated land and river corridors



Speckle noise

SAR images contain granular speckle. 
Filtering and multi-temporal analysis can 
reduce confusion.

Geometry effects

Layover, foreshortening and shadow are 
common in mountains and steep terrain.

Ambiguous signals

Bright or dark pixels may result from several 
causes, so interpretation must be contextual.

Validation need

Use field data, high-resolution imagery, local 
knowledge and hydrological records to 
confirm results.

Sensor choice

Band, polarization, incidence angle, 
resolution and revisit time affect application 
suitability.

Combine data sources

Best results often come from SAR + optical 
imagery + GIS layers + field observation.

Good radar analysis is not only software processing. It is a chain of question design, data choice, preprocessing, 
interpretation and verification.
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Limitations and good practice



Radar supports land and water studies because it provides active 
microwave observations under many weather and light conditions.
Backscatter is shaped by roughness, moisture, geometry, vegetation 
structure and urban double-bounce effects.
Major applications include floods, open water, soil moisture, 
wetlands, crops, land degradation, terrain and deformation.
Reliable products require preprocessing, multi-date comparison, GIS 
context and field validation.
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Reflection question: Which radar application would be most useful for land and water 
management in your region, and what ground data would you need to validate it?

End of lesson

Summary of key points
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