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Figure 1. Active remote sensing logic used by radar and LiDAR systems. 
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Suggested use: this reading is designed for undergraduate students before or after Week 14 lessons. It explains the 
scientific logic of radar and LiDAR, then connects both technologies to practical land and water management tasks. 

 

1. SUMMARY OF KEY IDEAS 

Radar and LiDAR are active remote sensing technologies. Unlike passive optical sensors, they do not depend 

mainly on reflected sunlight. They transmit their own energy toward the Earth surface and measure the 

returning signal. Radar uses microwave energy; LiDAR uses laser light. This difference explains why the two 

systems produce different kinds of information and why they are often selected for different land management 

tasks. 

Radar, especially Synthetic Aperture Radar (SAR), is valuable when optical data are limited by cloud cover, 

smoke, haze or lack of daylight. It can provide information about surface roughness, moisture, vegetation 

structure, flooding, ice, and small ground movements. LiDAR is especially useful where accurate three-

dimensional information is required. It can produce point clouds, digital elevation models, digital surface models 

and canopy height information that support terrain analysis, drainage planning, infrastructure design and 

vegetation structure studies. 

For land management in Central Asia, the two technologies are complementary. Radar can help monitor flood 

extent, soil moisture, irrigated land dynamics and surface deformation across large areas. LiDAR can help map 
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canal embankments, slopes, erosion-prone terrain, field microrelief, urban features and forest or shelterbelt 

structure. Optical data remain important for spectral land-cover interpretation, but radar and LiDAR add physical 

information that optical images alone cannot provide. 

• Radar answers many questions about moisture, structure, roughness and change through time. 

• LiDAR answers many questions about elevation, height, surface form and vertical structure. 

• The best workflow often combines radar, LiDAR, optical imagery, GIS layers and field observations. 

• Correct interpretation requires understanding sensor geometry, scale, data processing and uncertainty. 

2. LEARNING OBJECTIVES 

By the end of this reading, the student will be able to: 

• Explain the difference between passive and active remote sensing systems. 

• Describe the basic measurement principles of radar, SAR and LiDAR. 

• Interpret the main information contained in radar backscatter, phase and polarization. 

• Explain how LiDAR point clouds are processed into terrain and surface products. 

• Compare radar, LiDAR and optical data for land and water studies. 

• Select suitable sensor types for problems such as flood mapping, soil moisture monitoring, terrain modelling, 

forest structure assessment and infrastructure analysis. 

• Identify common limitations, including speckle, geometric distortion, cloud or aerosol sensitivity, cost, data 

volume and the need for ground validation. 

• Apply radar and LiDAR concepts to practical examples from Uzbekistan and Central Asia. 

3. INTRODUCTION: WHY RADAR AND LIDAR MATTER 

Remote sensing is often introduced through visible satellite images because they look similar to what the human 

eye expects to see. However, many important land and water management problems cannot be solved by 

optical imagery alone. Clouds may hide the surface during critical flood events. Shadows may reduce 

interpretation quality in mountain regions. Vegetation color may not be enough to estimate canopy height or 

terrain form. Small deformation of the ground may be invisible in a normal image. These problems require 

sensors that measure additional physical properties of the surface. 

Radar and LiDAR provide this additional information. Both are active technologies: they transmit energy and 

measure the response. This makes them different from most optical systems that record sunlight reflected by 

the surface. The active principle gives more control over the observation and allows measurements that are not 

simply color or brightness. Radar records the microwave response of the surface and is influenced by roughness, 

moisture, geometry and object structure. LiDAR records the travel time and return strength of laser pulses and is 

used to build three-dimensional models of terrain and objects. 

The two technologies are not replacements for each other. Radar usually covers wider areas and is very strong 

for monitoring change through time, especially under cloudy conditions. LiDAR usually provides much more 

detailed height information, especially from airborne or UAV platforms, but it may cover smaller areas and 

produce large data volumes. A land manager, GIS specialist or environmental analyst should therefore avoid 

asking which technology is better in general. The correct question is: which technology measures the property 

needed for this specific decision? 
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In the context of irrigated agriculture, water resources, land degradation, urban expansion and mountain 

hazards, this question is highly practical. Uzbekistan and other Central Asian countries include deserts, irrigated 

oases, floodplains, deltas, mountain valleys and rapidly changing settlements. These environments require 

reliable spatial data. Radar and LiDAR can support more accurate monitoring, but they must be used with careful 

interpretation and linked to field knowledge, cadastral information, land-use data and hydrological context. 

 

Figure 2. Comparison of radar, LiDAR and optical data as complementary remote sensing approaches. 

4. ACTIVE REMOTE SENSING: COMMON LOGIC 

The common logic of active remote sensing can be described as a four-part sequence. First, the instrument 

emits energy. Second, the energy interacts with the surface or an object. Third, part of the energy returns to the 

sensor. Fourth, the recorded signal is transformed into a data product such as a radar image, a deformation 

map, a point cloud or a digital elevation model. This logic is simple, but the interpretation is not always simple 

because the returned signal depends on many physical and geometric factors. 

In radar, the transmitted energy is in the microwave part of the electromagnetic spectrum. Microwaves have 

longer wavelengths than visible and near-infrared light. Their interaction with the surface depends on 

wavelength, incidence angle, surface roughness, moisture content and the size and structure of objects. This is 

why the same field, forest or urban area may appear very different in radar images compared with optical 

images. 

In LiDAR, the transmitted energy is laser light. The sensor measures how long it takes for a pulse to travel to a 

target and return. Because the speed of light is known, distance can be calculated from travel time. When many 

pulses are sent across a landscape, millions or billions of measured points can form a three-dimensional 
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representation of the surface. The same point cloud may include returns from tree crowns, branches, buildings, 

wires and the ground. 

Both technologies require accurate platform positioning and orientation. A satellite, aircraft or UAV is moving 

while data are collected. Therefore, GNSS and inertial measurement information are essential for locating 

observations correctly. Processing also requires correction, calibration and quality control. A good radar or 

LiDAR dataset is not only a sensor output; it is the result of measurement, positioning, processing, validation and 

interpretation. 

Component Radar / SAR LiDAR Why it matters 
Energy emitted Microwave pulse Laser pulse Controls interaction with surface materials 

and object structure 
Main measurement Backscatter intensity, phase, 

polarization 
Travel time, intensity, multiple 
returns 

Defines the data product and interpretation 
method 

Common product SAR image, interferogram, 
coherence map 

Point cloud, DEM, DSM, 
canopy height model 

Shows how raw signals are transformed into 
usable GIS layers 

Main strengths All-weather, day/night, wide-
area monitoring 

High-detail 3D structure and 
elevation 

Guides sensor selection 

Main risks Speckle, layover, shadow, 
complex geometry 

Large data volume, 
cloud/aerosol sensitivity, cost 

Requires careful processing and quality control 

 

Key idea: Active remote sensing is controlled by the physics of the emitted pulse and by the geometry of the observation. 
The same land cover can have different radar and LiDAR signatures because the sensors measure different properties. 

 

5. RADAR REMOTE SENSING AND SAR FUNDAMENTALS 

Radar means radio detection and ranging. In Earth observation, radar systems transmit microwave pulses 

toward the surface and measure the energy that returns to the antenna. The returning energy is called 

backscatter. A bright radar pixel usually indicates strong backscatter, while a dark radar pixel indicates weak 

backscatter. However, brightness must not be interpreted in the same way as optical brightness. Radar 

brightness is not surface color; it is a response to microwave interaction. 

Synthetic Aperture Radar, or SAR, is a radar imaging method that uses the motion of the platform to simulate a 

much longer antenna than the physical antenna itself. This synthetic aperture allows high-resolution imaging 

from satellites and aircraft. Without this principle, a radar antenna would need to be extremely long to achieve 

fine spatial resolution from orbit. SAR processing combines many observations of the same target as the 

platform moves, producing a detailed image of the ground. 

Radar wavelength is an important design choice. X-band, C-band, L-band and P-band radars interact differently 

with vegetation, soil and built structures. Shorter wavelengths are often more sensitive to small surface 

features, while longer wavelengths can interact more strongly with larger vegetation structures and may 

penetrate deeper into certain media. Interpretation must therefore consider the radar band, not only the final 

image. 

Radar is often described as an all-weather and day-night technology. This does not mean that radar has no 

limitations, but it means that microwave signals are much less affected by cloud cover than visible light. This is 

especially valuable during floods, storms, winter conditions or long cloudy seasons. It also makes radar useful for 

time-series monitoring because observations can be collected more consistently than optical images in cloudy 

regions. 
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Radar concept Meaning for interpretation Example in land or water studies 
Backscatter Strength of the returned microwave signal Water is often dark when smooth; rough urban surfaces 

are often bright 
Wavelength / band Controls interaction scale and penetration potential C-band may support crop and flood monitoring; L-band can 

be useful for vegetation structure 
Incidence angle Angle between incoming radar signal and surface 

normal 
Brightness may change across a scene because geometry 
changes 

Polarization Transmit and receive orientation of the microwave 
signal 

Helps separate water, crops, bare soil and urban structures 

Phase Part of the wave signal used in interferometry Can support deformation mapping and DEM generation 
Coherence Similarity between two radar observations Useful for change detection, disturbance and flood 

mapping 
 

 

Figure 3. Radar imaging geometry and the main information contained in SAR data. 

6. RADAR IMAGE INFORMATION: BACKSCATTER, PHASE, POLARIZATION AND 

GEOMETRY 

The first information layer in many radar products is backscatter intensity. It shows how strongly each pixel 

reflects the emitted microwave pulse back toward the sensor. Smooth open water often produces weak returns 

because the radar signal is reflected away from the antenna; it may appear dark. Urban areas can appear bright 

because buildings, walls and ground surfaces create strong double-bounce reflections. Vegetation may produce 

volume scattering because leaves, stems, branches and trunks interact with the signal in different directions. 

Moisture has a strong influence on radar response because wet surfaces often have higher dielectric contrast 

than dry surfaces. This is why radar can be useful for soil moisture studies, flood mapping and wetland 

monitoring. However, the relationship between radar backscatter and moisture is not automatic. Roughness, 

vegetation cover, incidence angle, soil texture and crop structure can also influence the signal. Good analysis 

usually requires calibration, masking, field data or modelling. 
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Phase information is another distinctive part of SAR data. When two radar images of the same area are acquired 

from similar positions at different times, their phase difference can be used to create an interferogram. 

Interferometric SAR, often called InSAR, can support measurement of surface deformation, subsidence, 

earthquake displacement, landslides and glacier movement. The method is powerful because it can detect small 

changes, but it is sensitive to coherence loss, atmospheric effects and processing choices. 

Polarization refers to the orientation of the transmitted and received microwave waves. Common polarizations 

include HH, HV, VV and VH. Different land covers may produce different polarization responses. For example, 

smooth water, bare soil, crops, forest and urban structures can show different combinations. Polarimetric 

analysis can improve classification and biophysical interpretation, but it also requires training because the visual 

appearance of polarimetric composites may not be intuitive for beginners. 

Radar geometry is essential. Side-looking radar does not view the surface from directly above. This creates 

effects such as foreshortening, layover and radar shadow, especially in mountainous terrain. In Central Asia, 

where mountain valleys and steep slopes are common, these effects are not minor details. A radar image may 

show strong distortions on slopes facing the sensor and missing information in radar shadow. Terrain correction 

and careful interpretation are therefore necessary before using SAR products in GIS analysis. 

Student reminder: A dark or bright radar pixel does not automatically mean poor or good land condition. It means the 
microwave return is weak or strong under a specific wavelength, incidence angle, polarization and surface condition. 

 

Radar effect What causes it? Interpretation risk Practical response 
Speckle Coherent interference in radar 

imaging 
Image appears grainy and small 
patches may look noisy 

Use filtering, multi-temporal data 
or object-based analysis 

Layover Top of a tall or steep object is imaged 
before its base 

Mountain slopes or buildings may be 
misplaced 

Use terrain correction and DEM 
support 

Radar shadow Signal cannot reach or return from 
areas hidden from the radar line of 
sight 

No useful information in shadow 
zones 

Use opposite viewing geometry or 
complementary data 

Foreshortening Slopes facing the radar are 
compressed 

Distance and area may be visually 
misleading 

Correct geometry before 
measurement 

Temporal 
decorrelation 

Surface changes too much between 
acquisitions 

InSAR phase becomes unreliable Use shorter revisit intervals or 
stable targets 

 

7. RADAR APPLICATIONS IN LAND AND WATER STUDIES 

Radar is widely used in land and water studies because it can collect information when optical sensors may fail. 

Flood monitoring is one of the clearest examples. During flood events, clouds and rain often reduce the 

usefulness of optical imagery at the exact time when information is needed most. SAR can often detect open 

water under cloudy conditions because smooth water surfaces return little energy and appear dark. This allows 

analysts to map flood extent and compare it with settlements, roads, agricultural fields and infrastructure. 

In irrigated agricultural regions, radar can support crop and soil-water monitoring. Backscatter changes through 

the season as crop structure, soil moisture, irrigation events and field roughness change. Time-series radar data 

can therefore complement optical vegetation indices. For example, optical images may show crop greenness, 

while SAR may provide additional information about structure and moisture. This is especially useful in regions 

where cloud-free optical images are not always available at the right time. 

Radar also supports land deformation studies. Subsidence can occur because of groundwater extraction, mining, 

construction, natural compaction or tectonic processes. InSAR time series can detect gradual ground movement 



 

Page 9 

over large areas. This is important for urban planning, irrigation infrastructure, road stability, dam monitoring 

and hazard assessment. However, deformation results must be interpreted with geotechnical and field 

information because radar measures surface displacement, not the cause directly. 

In wetland and water-resource management, radar can help identify inundation, water-level related changes, 

river ice, wetland vegetation structure and seasonal surface-water dynamics. In arid and semi-arid regions, the 

ability to observe wet surfaces and roughness changes can be useful for studying ephemeral water bodies, 

floodplains and irrigation return flows. Radar can also be used to monitor snow and ice processes, although 

interpretation varies by wavelength and conditions. 

For land-cover classification, radar is not always easier than optical data, but it can provide valuable additional 

variables. Urban areas, forest, wetlands, cropland and water often have distinct radar responses. Combining SAR 

with optical spectral indices, elevation data and cadastral layers can improve classification accuracy and support 

more reliable land management decisions. 

Application Radar contribution Useful supporting data Typical output 
Flood mapping Detects open water and inundation 

under cloudy conditions 
DEM, river network, settlements, field 
boundaries 

Flood extent layer and 
affected-area statistics 

Soil moisture and 
irrigation 

Sensitive to moisture and roughness 
changes 

Crop calendar, soil texture, irrigation 
records 

Moisture proxy maps 
and time-series 
indicators 

Surface deformation Measures displacement using InSAR 
phase differences 

GNSS, geology, groundwater levels, 
infrastructure maps 

Subsidence or uplift 
rate maps 

Crop monitoring Tracks seasonal structural and moisture 
changes 

Optical NDVI/EVI, field observations, crop 
masks 

Crop status and 
classification layers 

Wetland studies Maps inundation and vegetation-water 
interaction 

Hydrological records, optical water 
indices, DEM 

Wetland extent and 
seasonal change maps 

 

Central Asia link: SAR can be especially useful in irrigated valleys and floodplains because water, soil moisture, crop 
structure and land deformation are directly relevant to land and water management. 

 

8. LIDAR FUNDAMENTALS AND MEASUREMENT PRINCIPLES 

LiDAR stands for light detection and ranging. A LiDAR instrument emits laser pulses and measures the time 

required for each pulse to return after interacting with a target. Because the speed of light is known, the system 

can calculate distance. When the platform position and orientation are also known, the distance measurements 

can be transformed into x, y and z coordinates. The result is a point cloud: a large set of three-dimensional 

points representing surfaces and objects. 

LiDAR is often associated with topographic mapping because it can provide very accurate elevation information. 

However, it is not limited to bare ground. Depending on the system and environment, LiDAR can record returns 

from the top of vegetation, branches, understory, buildings, power lines and the ground. Multiple returns are 

especially important in vegetated areas: one laser pulse may produce several returns as it passes through 

canopy layers and reaches lower surfaces. 

Different LiDAR platforms serve different purposes. Airborne LiDAR from aircraft can cover large areas with high 

detail. UAV LiDAR can support very high-resolution local surveys such as canal inspection, erosion mapping or 

construction monitoring. Terrestrial laser scanning can capture detailed 3D information from ground positions, 

for example building facades, slopes or engineering structures. Spaceborne LiDAR, such as GEDI or ICESat-2, 
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provides systematic observations along satellite tracks and is important for global and regional science 

applications. 

LiDAR data quality depends on point density, vertical accuracy, horizontal accuracy, flight altitude, scan angle, 

GNSS/IMU quality, surface reflectance, atmospheric conditions and processing choices. Therefore, a LiDAR-

derived DEM should not be accepted only because it looks detailed. Analysts must check metadata, point 

classification, vertical datum, coordinate reference system and quality reports. For engineering and land 

management decisions, uncertainty must be documented. 

 

Figure 4. Main LiDAR processing workflow from point cloud to terrain products. 

LiDAR term Meaning Example use 
Point cloud Collection of x, y, z points and attributes 3D mapping of terrain, buildings and vegetation 
Return number Order of return from one laser pulse Separate canopy top from lower vegetation and 

ground 
Intensity Strength of returned laser signal Support object/material interpretation with 

caution 
DTM / DEM Model of bare-earth terrain Slope, drainage, contours and flood modelling 
DSM Model of highest visible surface Buildings, trees and infrastructure height 
Canopy height model Difference between surface and terrain for vegetation Forest height and biomass-related analysis 

 

9. LIDAR DATA PRODUCTS: POINT CLOUDS, DEM, DSM AND CANOPY METRICS 

The raw output of a LiDAR survey is not usually the final product used by planners or land managers. The first 

major product is the classified point cloud. Classification assigns points to categories such as ground, low 

vegetation, medium vegetation, high vegetation, buildings, water, bridges or noise. This step is important 

because a digital terrain model should usually be created from ground points, not from all points. If vegetation 

or building points are incorrectly included, the terrain model may be too high. 



 

Page 11 

A digital terrain model, or DTM, represents the bare-earth surface. It is useful for slope analysis, watershed 

delineation, drainage modelling, erosion studies, road design, land levelling and flood-risk assessment. A digital 

surface model, or DSM, represents the upper surface of the landscape, including buildings, vegetation and other 

objects. The difference between DSM and DTM can be used to estimate object height, such as building height or 

canopy height. 

LiDAR can also support detailed cross-sections. A cross-section through a canal, riverbank, landslide scarp or 

road embankment can show elevation changes that are difficult to see in a normal map. For irrigated 

agriculture, this is useful for understanding canal banks, drainage channels, field slopes and microrelief that 

influence water distribution. For mountain areas, it supports detection of landslide morphology, gullies, fault 

scarps and slope instability signs. 

Canopy metrics are an important product in vegetation analysis. LiDAR can estimate tree height, canopy cover, 

vertical structure and gap distribution. These metrics are useful for forest inventory, shelterbelt monitoring, 

carbon estimation and habitat studies. However, LiDAR does not directly measure species composition in the 

same way as optical or hyperspectral sensors may support species discrimination. Integration of LiDAR structure 

with optical spectral information is often stronger than using either dataset alone. 

The final step is GIS integration. LiDAR products become more useful when they are combined with land parcel 

boundaries, irrigation networks, soil maps, land-use layers, infrastructure data and field observations. A DEM 

alone is not a land management decision. It becomes decision-relevant when it helps answer questions such as: 

where will water flow, which field has poor levelling, which road is vulnerable to erosion, or which settlement is 

exposed to floodplain risk? 

Product Derived from Main information Land management use 
Classified point cloud Raw LiDAR points 3D points by class Quality control and detailed feature 

extraction 
DTM / bare-earth DEM Ground points Terrain elevation Drainage, slope, flood modelling, land 

levelling 
DSM Highest or first returns Top of surface objects Buildings, tree canopy, infrastructure 
Hillshade DEM with simulated 

lighting 
Relief form and microtopography Visual interpretation of landforms and 

erosion 
Slope / aspect DEM derivatives Inclination and direction of terrain Erosion risk, road alignment, suitability 

analysis 
Canopy height model DSM minus DTM Vegetation height Forest, shelterbelt and biomass-related 

analysis 
 

Quality note: Always check whether the DEM is a bare-earth DTM or a surface model. Confusing these products can lead 
to wrong slope, drainage, flood and construction interpretations. 

 

10. LIDAR APPLICATIONS IN TERRAIN, VEGETATION AND INFRASTRUCTURE 

ANALYSIS 

Terrain analysis is one of the strongest applications of LiDAR. High-resolution DEMs make it possible to detect 

subtle landforms that may be invisible in coarser satellite data. Examples include small channels, abandoned 

river courses, landslide scarps, terraces, embankments, erosion gullies and field-level microrelief. In agricultural 

land management, small elevation differences can influence irrigation efficiency, salinity risk and drainage 

performance. 



 

Page 12 

In hydrology, LiDAR supports watershed modelling, flow direction, flow accumulation, floodplain mapping and 

channel cross-section analysis. For flood modelling, elevation accuracy is critical because small vertical errors can 

change the estimated inundation extent. LiDAR can improve flood-risk assessment, but hydrological modelling 

also requires rainfall, discharge, roughness, land cover, drainage structures and validation data. Elevation is 

necessary but not sufficient. 

In vegetation studies, LiDAR adds vertical structure. Optical imagery can show greenness or spectral differences, 

but it cannot directly measure height with the same detail. LiDAR can estimate tree height, canopy layering, 

biomass-related variables and vegetation gaps. For shelterbelts, orchard structure or riparian vegetation, UAV or 

airborne LiDAR can provide detailed measurements for management and monitoring. 

In infrastructure and urban analysis, LiDAR can support building models, road elevation, bridge clearance, utility 

corridor inspection, solar potential studies and construction planning. In land administration, accurate 3D 

information can support better base mapping and improve understanding of physical features linked to 

cadastral and planning decisions. However, legal boundaries still require cadastral procedures; LiDAR does not 

replace the legal process of boundary determination. 

LiDAR is also valuable for hazard studies. Landslide-prone slopes, debris-flow channels, riverbank erosion and 

fault-related landforms can be detected from high-resolution terrain models. In mountainous regions of Central 

Asia, where settlements, roads and irrigation infrastructure may be located near unstable slopes or flood 

channels, this information can support risk-aware planning. 

Application area LiDAR contribution Decision supported 
Irrigation and drainage Field slope, canal embankment height, microrelief, channel 

cross-sections 
Land levelling, drainage improvement, 
water distribution planning 

Flood and river management High-resolution elevation and floodplain morphology Inundation modelling, hazard zoning, 
infrastructure protection 

Erosion and land degradation Gullies, rills, slope breaks, terrace forms Targeted restoration and conservation 
measures 

Urban and infrastructure planning Buildings, roads, bridges, utility corridors, clearance 3D city modelling, route design, 
maintenance 

Forestry and shelterbelts Tree height, canopy cover and vertical structure Inventory, carbon-related estimates, 
windbreak monitoring 

Mountain hazards Landslide scarps, debris channels, steep slopes Risk mapping and land-use restrictions 
 

11. RADAR, LIDAR AND OPTICAL DATA: COMPARATIVE USE 

Sensor comparison should be based on the physical information needed, not only on image appearance. Optical 

imagery is usually strong for land-cover interpretation because different surfaces have different spectral 

reflectance. Vegetation indices such as NDVI or EVI are useful for crop and vegetation monitoring. However, 

optical reflectance is affected by clouds, haze, shadows and illumination geometry. It is also limited for direct 

height and deformation measurement. 

Radar is preferable when the task requires all-weather monitoring, moisture sensitivity, structure sensitivity or 

deformation information. It is especially useful for flood mapping, wetland dynamics, soil moisture proxies, crop 

structure monitoring, ice movement and subsidence. Radar can also complement optical classification by adding 

texture and microwave backscatter variables. Its main challenge is that beginners often misinterpret radar 

brightness as optical brightness. 
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LiDAR is preferable when the task requires accurate elevation, 3D structure, object height or detailed terrain 

form. It is strong for DEM production, canopy height modelling, road and canal design, building extraction and 

floodplain terrain analysis. Its main challenges are cost, data volume, processing complexity and, for many 

airborne systems, the need for special survey planning. It can also be limited by atmospheric conditions and line-

of-sight issues. 

A practical workflow often integrates the three data types. For example, a flood-risk study may use SAR to map 

observed flood extent, LiDAR-derived DEM to model floodplain elevation, and optical data to map land cover 

and exposed cropland. A crop monitoring study may use optical vegetation indices, radar time series and field 

data. A landslide study may use LiDAR terrain morphology, SAR deformation and optical change detection. The 

strength lies in matching the sensor to the question. 

 

Figure 5. A simplified decision guide for selecting radar, LiDAR or optical data. 

Question Best first choice Why Complementary data 
Is an area flooded under clouds? Radar / SAR Open water often has a distinct microwave 

response and SAR works day/night 
DEM, river network, optical 
after clouds clear 

What is the detailed terrain 
elevation? 

LiDAR Laser ranging provides dense 3D points and 
high-resolution DEMs 

GNSS survey, hydrology, 
land parcels 

Which fields are green and actively 
growing? 

Optical Vegetation indices use spectral reflectance Radar time series and field 
crop data 

Is land subsiding? InSAR Phase differences can detect surface 
movement 

GNSS, geology, groundwater 
data 

How tall are trees or shelterbelts? LiDAR Multiple returns and canopy metrics provide 
height information 

Optical species/health data 

Where are erosion gullies and slope 
breaks? 

LiDAR High-resolution terrain derivatives reveal 
landforms 

Optical imagery and field 
validation 
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12. INTEGRATED WORKFLOWS FOR GIS AND LAND MANAGEMENT 

A remote sensing product becomes useful for land management when it is connected to GIS analysis and 

decision-making. The workflow begins with problem definition. For example, the question may be: which 

irrigated fields were affected by flooding, where is the ground subsiding near a canal, or which slope areas are 

most vulnerable to erosion? Clear questions help determine whether radar, LiDAR, optical imagery or a 

combination is needed. 

The second step is data selection. The analyst must check spatial resolution, temporal resolution, acquisition 

date, sensor mode, polarization, incidence angle, cloud conditions, vertical accuracy, coordinate reference 

system and data format. For SAR, the choice of orbit direction, polarization and pre-processing level matters. For 

LiDAR, point density, classification standard and vertical datum matter. For optical imagery, atmospheric 

correction and cloud masking matter. 

The third step is pre-processing. SAR data commonly require radiometric calibration, speckle filtering, terrain 

correction and sometimes co-registration. InSAR requires more specialised processing such as interferogram 

creation, phase unwrapping and atmospheric correction. LiDAR data require georeferencing, noise removal, 

classification and gridding into DEM or DSM products. Each step can affect the final map, so metadata and 

processing notes should be preserved. 

The fourth step is analysis. GIS tools can calculate area, slope, zonal statistics, distance to canals or settlements, 

field-level summaries and change through time. For parcel-based land management, outputs should be 

connected to administrative boundaries, field boundaries or cadastral layers. For environmental analysis, 

outputs should be connected to hydrological units, soil maps, land degradation zones or protected areas. 

The final step is validation and communication. Remote sensing results should be compared with field 

observations, high-resolution reference imagery, GNSS points, reports or official records where available. Maps 

should include scale, legend, date, data source, uncertainty and interpretation limits. A beautiful map without 

quality information can mislead decision-makers. A good land management product explains what is known, 

what is uncertain and what should be checked on the ground. 

Workflow step Radar / SAR example LiDAR example GIS output 
Problem definition Map flooded fields after a cloudy flood 

event 
Identify drainage problems from field 
microrelief 

Decision question and study 
area 

Data selection Choose Sentinel-1 date, orbit, polarization 
and mode 

Choose classified point cloud or DEM with 
known accuracy 

Input data inventory 

Pre-processing Calibration, filtering, terrain correction Noise removal, classification, DTM 
generation 

Clean analysis-ready layers 

Analysis Water thresholding, change detection, 
zonal statistics 

Slope, flow direction, cross-sections, 
contours 

Tables, maps and statistics 

Validation Compare with field reports and optical 
imagery after clouds clear 

Compare with GNSS or surveyed control 
points 

Accuracy statement and 
confidence level 

Communication Flood impact map by field or district Terrain risk map and engineering notes Decision-ready report or 
dashboard 

 

13. CENTRAL ASIA AND UZBEKISTAN-ORIENTED EXAMPLES 

Central Asia contains several landscape types where radar and LiDAR can support practical land management. In 

irrigated valleys, the relationship between land, water, soil and infrastructure is very close. Small changes in 

elevation can influence water distribution, while moisture and surface-water changes can affect crop 
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performance and salinity risk. LiDAR can help model microrelief and canal geometry, while radar can support 

monitoring of moisture and inundation changes through time. 

In the lower parts of river basins and delta environments, radar is valuable for surface-water mapping because 

water extent can change rapidly. SAR images can support comparison between pre-event and post-event 

conditions. When combined with DEMs, hydrological data and settlement layers, radar-derived flood maps can 

support emergency response, agricultural loss estimation and future planning. LiDAR-derived elevation data can 

improve floodplain and drainage modelling where available. 

In mountain and foothill areas, LiDAR can reveal landforms related to landslides, debris flows, gullies and river 

terraces. It can also support road planning and slope-risk analysis. SAR can complement this by identifying 

surface deformation where coherence is sufficient. Optical imagery can add land-cover and vegetation 

information. Together, the data support a more complete understanding of hazard-prone terrain. 

In urban and peri-urban areas, LiDAR can support 3D mapping of buildings, road corridors and infrastructure, 

while SAR can support deformation monitoring and mapping of built-up texture. Optical imagery remains useful 

for land-use classification and change detection. For land administration, remote sensing products should be 

treated as supporting evidence, not automatic legal proof. Legal boundaries and rights require official cadastral 

and administrative procedures. 

For universities, these examples can be turned into student projects. Students can compare optical and radar 

flood mapping, derive slope from a DEM, interpret a LiDAR point cloud, or design a sensor-selection plan for an 

irrigation district. The aim is not only to learn software tools, but also to understand why a sensor is selected and 

what uncertainty remains. 

 

Figure 6. Example of combining radar and LiDAR for land management in Central Asian landscapes. 

Local problem Suggested data combination Expected student output 
Flooded agricultural fields SAR before/after images + DEM + field boundaries Flood extent map and affected-field 

area table 
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Canal embankment condition UAV/airborne LiDAR + field inspection + 
cadastral/engineering layers 

Cross-sections and risk notes 

Mountain slope instability LiDAR DEM + InSAR time series + optical land cover Slope hazard interpretation map 
Urban expansion into agricultural 
land 

Optical land-cover change + SAR texture + cadastral/planning 
layers 

Change map and planning discussion 

Shelterbelt monitoring LiDAR canopy height + optical vegetation indices Height, continuity and vegetation 
condition assessment 

 

14. RADAR PROCESSING AND INTERPRETATION WORKFLOW 

A radar image used in a GIS project is usually not a raw satellite image. Several processing steps are required 

before the data can be measured, compared or combined with other layers. The exact workflow depends on the 

data provider and product level, but the logic is similar: locate the image correctly, convert the signal to a 

physically meaningful scale, reduce noise, correct geometry, and then interpret the result in relation to the land 

problem. 

Radiometric calibration is the step that converts digital image values into a radar backscatter measure such as 

sigma nought, gamma nought or beta nought. This matters because uncalibrated brightness values can be 

misleading when images from different dates, modes or viewing conditions are compared. For time-series 

monitoring, calibration is essential. Without it, an apparent change in brightness may reflect processing or 

acquisition differences rather than a real surface change. 

Speckle filtering is often applied because SAR images contain a granular pattern caused by coherent signal 

interference. Speckle is not the same as normal optical image noise. It is a property of coherent radar imaging. 

Filtering can improve visual interpretation and classification, but excessive filtering may remove real spatial 

detail. Students should understand that filtering is a balance between reducing noise and preserving meaningful 

features. 

Terrain correction, also called orthorectification in many workflows, is needed because SAR is side-looking. 

Mountains, valleys, slopes and tall structures can be displaced or distorted. A digital elevation model is normally 

used to correct the radar image into a map geometry suitable for GIS overlay. This step is especially important 

for Central Asian mountain and foothill regions where relief is complex. 

After pre-processing, interpretation can be performed through visual analysis, thresholding, classification, time-

series analysis, texture measures or object-based methods. A simple flood map may use a threshold on dark 

radar pixels, but more reliable workflows often compare pre-flood and post-flood images, mask permanent 

water, remove radar shadow and check results with field reports or optical images after clouds clear. 

Processing step Purpose Common mistake Good practice 
Orbit and metadata check Confirm acquisition geometry, date, mode 

and polarization 
Using images from incompatible modes 
without checking 

Record sensor, date, orbit 
direction and polarization 

Calibration Convert image values to comparable 
backscatter units 

Comparing raw digital numbers across 
dates 

Use calibrated backscatter 
for time-series analysis 

Speckle filtering Reduce grainy radar texture Over-smoothing small fields or 
channels 

Choose filter size according 
to mapping scale 

Terrain correction Place SAR pixels in map geometry Overlaying uncorrected SAR directly 
with parcel layers 

Use an appropriate DEM 
and check distortions 

Masking and validation Remove shadow, permanent water or 
irrelevant classes 

Treating all dark pixels as floodwater Use ancillary data and 
field/reference checks 

 

Classroom tip: When students compare two SAR dates, ask them to write the processing chain. If the chain is unclear, the 
change map cannot be fully trusted. 
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15. INSAR FOR SURFACE DEFORMATION MONITORING 

Interferometric Synthetic Aperture Radar (InSAR) uses the phase difference between two or more SAR 

observations to study topography or surface movement. A radar wave has amplitude and phase. Amplitude is 

related to the strength of the return signal; phase records the position of the wave cycle. When two SAR images 

are acquired from similar viewing geometry, their phase difference can contain information about distance 

change between the ground and the sensor. 

For deformation monitoring, the principle is powerful because radar phase can detect small movements that 

may not be visible in optical imagery. Subsidence, uplift, landslides, earthquake deformation and glacier 

movement are common application areas. In urban and agricultural regions, InSAR can help identify land 

subsidence related to groundwater extraction, soil compaction or construction-related processes. However, 

InSAR measures displacement along the radar line of sight, not always purely vertical movement. 

Coherence is a key condition for InSAR. If the surface changes too much between acquisitions, phase comparison 

becomes unreliable. Vegetation growth, ploughing, flooding, snow, construction or long time gaps can reduce 

coherence. Urban areas often maintain coherence better because buildings and hard surfaces remain stable. 

Cropland may be more difficult because crop structure and soil condition change rapidly during the season. 

InSAR products require careful interpretation. An interferogram contains fringes that may represent 

deformation, topography, atmospheric effects, orbital errors or noise. Time-series methods can improve 

reliability by using many images, but they also require specialist processing. For student work, it is enough to 

understand the principle: repeated radar phase measurements can reveal small surface movements when 

geometry, coherence and processing quality are suitable. 

In land management, InSAR outputs should be combined with local evidence. A subsidence map should be 

compared with groundwater records, geology, soil type, infrastructure locations and field observations. If 

deformation appears near a canal, road or settlement, the map can guide inspection, but it should not be the 

only evidence for engineering decisions. 

InSAR concept Meaning Why it matters for students 
Phase Position of the radar wave cycle recorded by SAR Phase difference can contain deformation information 
Line of sight Direction between sensor and ground target Measured displacement is not automatically vertical 
Coherence Similarity of radar response between acquisitions Low coherence reduces reliability 
Interferogram Map of phase difference between two SAR images Fringes need expert interpretation 
Time series Many SAR images analysed through time Improves monitoring of gradual deformation 
Validation Comparison with independent evidence Needed before policy or engineering use 

 

16. LIDAR ACQUISITION PLANNING AND ACCURACY 

LiDAR project quality begins before data processing. It begins with acquisition planning. The survey team must 

decide the platform, flying height, scan angle, overlap, pulse repetition rate, target point density, ground control 

and expected vertical accuracy. These choices depend on the intended use. A national elevation programme, an 

urban engineering survey and a small UAV canal survey do not require the same point density or accuracy level. 

Point density describes how many LiDAR points are available per unit area. Higher point density can improve 

detail, but it also increases data volume and processing requirements. For bare-earth terrain modelling in open 
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areas, moderate point density may be sufficient. For urban features, power lines, small canal embankments or 

complex vegetation, higher density may be needed. The correct density is therefore application-dependent. 

Vertical accuracy is critical for terrain applications. A DEM used for regional visualization can tolerate more error 

than a DEM used for flood modelling or engineering design. Accuracy should be reported using standard metrics 

and control points. Students should not describe a LiDAR DEM as accurate without specifying the accuracy 

standard, point density, datum and source. 

The scan angle can influence point spacing, object visibility and accuracy. Points collected near the edge of a 

flight strip may have different geometric quality than points near nadir. Vegetation, buildings and steep slopes 

can also create occlusions. Good acquisition planning uses overlap and flight-line design to reduce gaps. In UAV 

surveys, careful mission planning and ground control are especially important. 

LiDAR data management is another practical issue. Point clouds can be very large. Common formats include LAS 

and LAZ. Processing may require specialised software and sufficient storage. Metadata are essential: acquisition 

date, coordinate reference system, vertical datum, classification scheme, point density and accuracy report must 

remain attached to the dataset. Without metadata, even a visually impressive point cloud may be difficult to use 

responsibly. 

Planning factor Why it matters Example question before survey 
Platform Controls area coverage, point density, cost and 

flexibility 
Should the task use satellite, aircraft, UAV or terrestrial 
scanning? 

Point density Determines level of detail and file size Are small canals, trees or buildings important? 
Vertical accuracy Controls reliability of elevation-based decisions Is the product for visualization or engineering-level 

analysis? 
Scan angle and overlap Affects gaps, shadows and geometric quality Will steep slopes or buildings create occlusion? 
Ground control Improves georeferencing and accuracy 

assessment 
Are reliable GNSS control points available? 

Metadata Allows future users to understand the dataset Can another analyst verify the source and processing 
steps? 

 

Practical note: High point density is useful only when it serves the analysis goal. More points do not automatically mean 
better decisions if classification, accuracy and metadata are weak. 

 

17. DEM DERIVATIVES AND TERRAIN INTERPRETATION 

A LiDAR-derived DEM is only the starting point for many terrain analyses. From the DEM, GIS software can 

calculate derivative products such as slope, aspect, curvature, hillshade, flow direction, flow accumulation, 

drainage networks and topographic wetness indicators. These derivatives translate elevation into forms that are 

easier to interpret for land management. Each derivative has a purpose and each has limitations. 

Slope is one of the most common derivatives. It indicates how steep the terrain is and is used in erosion risk 

assessment, road alignment, irrigation suitability and construction planning. However, slope depends on DEM 

resolution and smoothing. A very fine DEM may show small microtopographic variation, while a coarser DEM 

may generalize it. Students should therefore report the DEM resolution when interpreting slope. 

Hillshade is useful for visual interpretation because it simulates illumination from a selected direction. It helps 

reveal channels, terraces, scarps, ridges and human-made features. However, hillshade can also create visual 

bias. Landforms facing the artificial light source appear bright; those facing away appear dark. For careful 
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interpretation, analysts may use multiple illumination directions or combine hillshade with slope and contour 

layers. 

Flow direction and flow accumulation are useful for hydrological interpretation. They can help identify where 

water is likely to move across the surface and where channels may form. In irrigated fields, these tools can 

support understanding of drainage paths and waterlogging risk. However, DEM preprocessing such as sink filling 

may change hydrological patterns. Field knowledge is needed because real water movement is also controlled 

by canals, drains, roads, culverts, soils and land management structures. 

Curvature and terrain position indices can support landform classification. They help distinguish ridges, valleys, 

convex slopes and concave areas. In land degradation studies, these variables can support erosion risk mapping. 

In floodplain studies, they can help identify depressions, abandoned channels and levees. A strong terrain 

interpretation uses several derivatives together rather than relying on one map. 

DEM derivative What it shows Useful for Caution 
Slope Steepness of terrain Erosion risk, irrigation suitability, road 

planning 
Depends on resolution and 
smoothing 

Aspect Direction a slope faces Solar exposure, snow, vegetation and 
microclimate studies 

Less useful on very flat 
terrain 

Hillshade Relief visualization using simulated 
light 

Visual detection of landforms and features Can create illumination 
bias 

Flow accumulation Potential concentration of surface 
flow 

Drainage modelling and gully detection Affected by DEM sinks and 
artificial barriers 

Curvature Convex or concave terrain form Landform and erosion analysis Sensitive to noise in high-
resolution DEMs 

Contours Lines of equal elevation Map reading and engineering 
communication 

Interval must match 
terrain and scale 

 

18. DATA FUSION EXAMPLES FOR WEEK 14 

Data fusion means combining information from different sensors or sources to answer a question more reliably 

than one dataset could do alone. Radar, LiDAR and optical data are especially complementary because they 

measure different physical properties. Radar contributes microwave response and change information. LiDAR 

contributes elevation and 3D structure. Optical data contribute spectral reflectance and visual context. GIS 

layers provide boundaries, infrastructure, soil, water and administrative information. 

Example 1: Flood impact on irrigated land. SAR can map flood extent during the event, even under clouds. A 

LiDAR or high-quality DEM can show floodplain elevation and flow paths. Optical imagery after the event can 

help interpret crop damage and sediment patterns. Field boundaries allow calculation of affected area by farm 

or field. The output is not just a flood map, but a table and map package that supports agricultural and 

emergency decision-making. 

Example 2: Irrigation canal monitoring. UAV LiDAR can provide canal cross-sections, embankment height and 

local slopes. Optical imagery can show vegetation stress or illegal encroachment near canals. Radar time series 

may help detect wet areas or surface-water changes. Engineering records and field inspection provide 

validation. The output can identify priority locations for maintenance and more detailed survey. 

Example 3: Land subsidence near settlements or infrastructure. InSAR can identify deformation patterns through 

time. LiDAR can provide detailed elevation and built-environment context. Optical imagery can show land-use 

change, construction expansion or drainage changes. Groundwater and geological data help interpret causes. 

The output can guide field inspection and risk communication. 
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Example 4: Mountain landslide analysis. LiDAR terrain derivatives can reveal scarps, hummocky terrain, debris 

paths and drainage disruption. SAR/InSAR may show movement where coherence exists. Optical imagery can 

show vegetation disturbance, road cuts or recent changes. Together, these data help identify areas that need 

field verification and risk-aware planning. 

For students, data fusion should not mean adding every available layer without logic. Each layer should answer a 

specific part of the problem. A good workflow explains why each dataset was chosen, how it was processed, 

what uncertainty remains, and how the result will be used. 

Case Radar role LiDAR role Optical/GIS role Final decision product 
Flooded cropland Flood extent during cloud 

cover 
Elevation and floodplain 
form 

Land cover, field boundaries, 
roads 

Affected fields and risk 
map 

Canal condition Wet areas and time-series 
change 

Cross-sections and 
embankments 

Infrastructure and maintenance 
records 

Priority inspection list 

Subsidence InSAR deformation time 
series 

Surface and built feature 
context 

Land-use change and 
groundwater data 

Subsidence risk report 

Landslide risk Movement evidence where 
coherent 

Scarps, gullies, slope forms Vegetation change, roads, 
settlements 

Hazard interpretation map 

Shelterbelt monitoring Structure/moisture support 
variables 

Tree height and canopy gaps Species/health indicators, 
parcels 

Shelterbelt condition 
assessment 

 

19. LIMITATIONS, QUALITY CONTROL AND RESPONSIBLE USE 

Radar and LiDAR are powerful, but neither should be presented as error-free. Radar interpretation may be 

affected by speckle, incidence angle, terrain distortion, vegetation structure, moisture changes and atmospheric 

effects in interferometry. A simple threshold may work for open water in one image but fail in another 

landscape or season. InSAR deformation maps may show displacement patterns, but they require careful 

processing and validation before they are used for infrastructure decisions. 

LiDAR limitations include cost, large data volume, processing requirements, variable point density, classification 

errors and sensitivity to acquisition conditions. A point cloud may contain noise, gaps, misclassified points or 

datum problems. A DEM created from poorly classified points may include trees or buildings as if they were 

ground. For water surfaces, low reflectance or absorption can create gaps depending on the LiDAR wavelength 

and system type. Bathymetric LiDAR requires specialized systems and clear-water conditions. 

Quality control should be systematic. For radar, analysts should check acquisition date, orbit, polarization, 

incidence angle, calibration, terrain correction, speckle filtering and metadata. For LiDAR, analysts should check 

point density, classification, vertical accuracy, horizontal accuracy, coordinate reference system, vertical datum 

and processing method. In both cases, field validation or independent reference data should be used where 

possible. 

Responsible use also means communicating uncertainty. A map used for education may be interpreted 

qualitatively, but a map used for public decision-making must include a clear source, date, method and 

limitations. Students should learn to write short notes explaining what the map shows and what it does not 

show. This habit protects the credibility of GIS and remote sensing work. 

Data ethics should also be considered. High-resolution LiDAR and radar can reveal detailed information about 

settlements, buildings, infrastructure and land use. Analysts must respect data access rules, privacy expectations 

and institutional responsibilities. In academic work, data sources should be cited, and results should not be 

exaggerated beyond the evidence. 
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Quality question Radar / SAR check LiDAR check 
Is the date suitable? Match acquisition to event or season Check survey date and vegetation stage 
Is geometry corrected? Apply terrain correction and check 

shadow/layover 
Check georeferencing, CRS and vertical datum 

Is noise controlled? Filter speckle carefully without removing real 
detail 

Remove outliers and review classification 

Is accuracy known? Use validation, coherence and processing reports Use vertical accuracy and control points 
Is interpretation justified? Relate brightness/phase to physical explanation Relate elevation/height to product type and class 
Is uncertainty communicated? Explain limits of threshold, InSAR or classification Explain point density, datum and classification 

limits 
 

Professional rule: a remote sensing map should include the data source, acquisition date, processing method and 
interpretation limitations. Without this information, the map is difficult to verify. 

 

20. STUDY TASKS FOR INDEPENDENT LEARNING 

Use the following tasks to check understanding before the practical activity and quiz. 

• Explain in your own words why radar can collect useful data at night, while optical reflected-light sensors require 

sunlight. 

• Look at a SAR image and identify at least three land-cover types that may appear bright or dark. Explain the 

physical reason, not only the visual color. 

• Compare a DEM and DSM. Give one example of a decision that would require each product. 

• Design a data plan for mapping flood impact on irrigated fields. Include radar, elevation, field boundaries and 

field validation. 

• Write a short paragraph explaining why LiDAR is useful for drainage and slope analysis in irrigated agriculture. 

• Describe one case where radar is preferable to optical data and one case where LiDAR is preferable to radar data. 

21. SHORT GLOSSARY 

Term Working definition 
Active remote sensing Remote sensing in which the sensor emits its own energy and records the return signal. 
Backscatter Part of a radar signal that returns to the sensor after interacting with the surface. 
Canopy height model A model representing vegetation height, often calculated from DSM minus DTM. 
Coherence Similarity between two SAR observations; important in InSAR and change detection. 
DEM / DTM Digital elevation or terrain model representing bare-earth elevation when correctly processed. 
DSM Digital surface model representing the highest visible surface, including trees and buildings. 
InSAR Interferometric SAR; method using phase differences between SAR images to study topography or 

deformation. 
LiDAR Light detection and ranging; laser-based active remote sensing used to measure distance and 3D 

structure. 
Point cloud A collection of 3D points produced by LiDAR or photogrammetric processing. 
Polarization Orientation of transmitted and received radar waves, such as VV, VH, HH or HV. 
SAR Synthetic Aperture Radar; radar imaging method that uses platform motion to create high-resolution 

images. 
Speckle Granular noise-like pattern caused by coherent radar signal interference. 

 

22. CONCLUSIONS 

Radar and LiDAR expand the practical power of remote sensing because they measure properties that optical 

images cannot fully capture. Radar provides microwave information about surface structure, moisture, 

roughness and change, often under cloudy and night-time conditions. LiDAR provides detailed three-
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dimensional information about terrain, vegetation and built structures. Both technologies are important for 

modern land management, environmental monitoring and water-resource analysis. 

The main lesson for students is sensor logic. A sensor should be selected because it measures the physical 

property needed for a decision. If the problem is flood extent under clouds, SAR may be the best first choice. If 

the problem is terrain elevation or canal cross-sections, LiDAR may be the best first choice. If the problem is 

vegetation greenness or land-cover spectral discrimination, optical data may be the best first choice. Many real 

projects require combining all three. 

In Central Asia, radar and LiDAR can support irrigation planning, flood monitoring, salinity and soil-moisture 

studies, deformation analysis, terrain modelling, erosion assessment, infrastructure planning and hazard 

mapping. Their use should be scientifically careful, transparent and validated. Good remote sensing practice is 

not only about producing maps; it is about producing reliable, explainable spatial evidence for responsible land 

management. 

APPENDIX A. WORKED EXAMPLES FOR STUDENT PRACTICE 

The following worked examples are included to help students connect the theory of radar and LiDAR with 

realistic land and water management questions. They may be used for seminar preparation, short written 

assignments or as preparation for the practical activity. 

A1. Flood mapping in an irrigated district 

Problem: heavy rainfall and upstream discharge caused water to spread across an irrigated agricultural district. 

Optical satellite images are not available because the event occurred under cloud cover. Local authorities need a 

rapid estimate of affected cropland and roads. 

Recommended workflow: acquire a SAR image from the flood date and a pre-event SAR image from a similar 

orbit and polarization. Apply calibration, speckle filtering and terrain correction. Identify temporary water by 

comparing the event image with permanent water layers and the pre-event image. Use a DEM to remove radar 

shadow and to understand flow paths. Overlay the flood mask with field boundaries, roads and settlements. 

Expected output: a flood extent map, a table of affected field area by administrative unit, and a short note 

explaining limitations. The note should state that dark SAR pixels may represent smooth water, but may also 

represent radar shadow or very smooth dry surfaces. Validation with field reports or later optical imagery is 

required. 

A2. Soil moisture and irrigation monitoring 

Problem: an irrigation service needs to identify fields that may have received water recently and fields that 

remain dry. Optical vegetation indices are useful but do not directly show soil moisture under sparse vegetation. 

Recommended workflow: build a SAR time series during the irrigation season and compare backscatter changes 

with crop calendar information, soil type and field boundaries. Use consistent sensor mode, orbit and 

polarization. Mask permanent water and urban areas. Combine SAR indicators with optical NDVI or EVI when 

cloud-free images are available. 

Expected output: a field-level table showing relative moisture/change indicators and a map of possible irrigation 

patterns. Students should avoid presenting SAR backscatter as direct volumetric soil moisture unless a calibrated 

model and field measurements are available. 
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A3. Canal embankment and drainage analysis with UAV LiDAR 

Problem: a small irrigation canal has uneven embankments, local seepage signs and poor drainage in nearby 

fields. A detailed local survey is needed for maintenance planning. 

Recommended workflow: plan a UAV LiDAR survey with sufficient overlap, ground control and point density. 

Classify ground, vegetation, water and structures. Generate a high-resolution DTM, cross-sections along the 

canal, slope layers and drainage flow paths. Compare results with field inspection notes and existing canal 

design drawings. 

Expected output: canal cross-section profiles, embankment height maps, slope maps and a prioritized list of 

locations for inspection. Students should note that LiDAR supports engineering diagnosis but does not replace 

hydraulic calculations or field inspection. 

A4. Urban subsidence and infrastructure risk 

Problem: cracks are reported in several buildings and roads near a rapidly growing urban area. The cause is 

uncertain. Possible explanations include groundwater decline, soil compaction, construction loads or drainage 

changes. 

Recommended workflow: use InSAR time series to detect spatial patterns and rates of deformation. Compare 

deformation zones with roads, buildings, canal networks, geological layers and groundwater records. Use LiDAR 

or high-resolution DEM data to understand local relief and drainage. Use optical imagery to check recent 

construction and land-use change. 

Expected output: a deformation screening map and a recommendation for field investigation. The map should 

not claim the exact cause of subsidence unless supported by geotechnical and hydrogeological evidence. 

A5. Landslide susceptibility in foothill terrain 

Problem: a foothill road crosses slopes with visible erosion and possible old landslide features. Local planners 

need to know where detailed field inspection should be focused. 

Recommended workflow: use a LiDAR-derived DEM to create hillshade, slope, curvature and flow accumulation 

maps. Identify scarps, hummocky terrain, gullies and drainage disruption. Use SAR or InSAR if coherence is 

sufficient to screen for active movement. Add optical imagery to identify vegetation disturbance and road cuts. 

Expected output: a preliminary landslide interpretation map and a field-check plan. Students should label the 

product as screening-level unless detailed geotechnical verification has been completed. 

A6. Shelterbelt and riparian vegetation structure 

Problem: a land management team needs to assess whether shelterbelts and riparian vegetation are continuous 

and structurally effective. Optical imagery shows greenness, but does not give reliable height information. 

Recommended workflow: use LiDAR to derive canopy height and gap metrics. Use optical imagery to evaluate 

vegetation vigor and seasonal condition. Use field observations to identify species and management condition. If 

radar data are available, test whether backscatter variables add information about structure or moisture. 

Expected output: maps of canopy height, gaps and vegetation condition, plus a summary table by management 

unit. Students should explain that LiDAR measures structure, while optical data provide spectral condition 

information. 
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APPENDIX B. RADAR INTERPRETATION CHECKLIST 

This checklist helps students avoid common mistakes when interpreting SAR images. It can be copied into a 

practical worksheet or used as a quality-control section in a student report. 

Question Why it matters Student action 
What is the sensor and band? X-, C-, L- and other bands interact differently with surfaces 

and vegetation. 
Write the sensor name, band and product 
type. 

What is the acquisition date? Radar response depends on season, event timing, crop 
stage and soil moisture. 

Compare the date with the event or crop 
calendar. 

Which orbit direction and incidence angle? Geometry affects brightness, shadow and layover. Record ascending/descending orbit and 
check geometry. 

Which polarization is used? VV, VH, HH and HV can show different surface responses. State polarization and avoid mixing 
products without explanation. 

Was the image calibrated? Raw values may not be comparable between dates. Use calibrated backscatter for analysis. 
Was terrain correction applied? Side-looking SAR can be displaced in map overlay. Terrain-correct before GIS measurement. 
Is speckle handled appropriately? Speckle can affect classification and thresholds. Use filtering or multi-temporal methods 

with caution. 
Could dark areas be shadow? Radar shadow can look like water. Compare with DEM, orbit geometry and 

permanent water layers. 
Are there field or reference data? Remote sensing interpretation needs validation. Use reports, GPS points, optical images or 

local knowledge. 
 

Checklist rule: A SAR map should never be submitted without sensor name, date, polarization, processing level and 
interpretation limitation. 

 

APPENDIX C. LIDAR INTERPRETATION CHECKLIST 

LiDAR data often look highly precise, but visual detail is not the same as verified accuracy. The following 

checklist supports responsible interpretation of point clouds and DEM products. 

Question Why it matters Student action 
What is the source platform? Airborne, UAV, terrestrial and spaceborne LiDAR have 

different coverage and detail. 
State platform and survey purpose. 

What is the point density? Feature detection depends on point spacing. Check points per square metre or dataset 
description. 

What is the vertical accuracy? Flood, slope and engineering uses require reliable 
elevation. 

Report accuracy metric if available. 

What is the coordinate system? GIS overlay can be wrong if CRS is mismatched. Check horizontal CRS and vertical datum. 
Is the point cloud classified? DTM generation requires ground points. Inspect class codes and classification 

quality. 
Is the DEM bare-earth or surface? DTM and DSM answer different questions. Label the product correctly. 
Are there gaps or water problems? Water and low-reflectance surfaces may produce missing 

points. 
Inspect point cloud and DEM for voids. 

Has the product been smoothed? Smoothing changes microtopography. Check processing method before 
measuring small features. 

Is the scale appropriate? A dataset suitable for regional mapping may not support 
engineering design. 

Match data quality to decision level. 

 

APPENDIX D. SAMPLE MINI-REPORT STRUCTURE 

When students prepare a short report using radar or LiDAR data, the following structure is recommended. It is 

simple enough for undergraduate work but still follows professional logic. 

Section What to include Recommended 
length 

1. Problem statement Define the land or water management problem and why remote sensing is needed. 100-150 words 
2. Data description List sensor, date, product level, resolution, CRS and data source. Table format 
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3. Method Explain processing steps: calibration, filtering, terrain correction, point classification 
or DEM derivation. 

150-250 words 

4. Results Present map, table or profile. Describe patterns without exaggeration. 200-300 words 
5. Validation Compare with field observations, official reports, optical imagery or existing maps. 100-200 words 
6. Limitations State uncertainty and what cannot be concluded from the data. 100-150 words 
7. Recommendation Explain how the result can support land management or further survey. 100-150 words 

 

A strong mini-report should connect the observed pattern to the sensor physics. For example, if water is 

mapped from SAR, the report should explain that smooth open water often gives low backscatter. If canopy 

height is mapped from LiDAR, the report should explain that height is derived from the vertical distance 

between surface and terrain models. This helps students move from map description to scientific interpretation. 

APPENDIX E. KEY FORMULAS AND CONCEPTUAL RELATIONSHIPS 

Only a small number of formulas are needed at introductory level, but students should understand their 

meaning. In LiDAR time-of-flight measurement, distance is calculated from travel time because the pulse travels 

from sensor to target and back. In simple terms, distance equals speed of light multiplied by travel time divided 

by two. The division by two is necessary because the measured time is the round-trip time. 

In radar, wavelength and frequency are inversely related. Long wavelength means lower frequency, and short 

wavelength means higher frequency. This relationship helps explain why different radar bands interact 

differently with surfaces. A radar band is not simply a label; it is part of the measurement physics. 

In DEM analysis, slope represents elevation change over horizontal distance. The exact calculation depends on 

the algorithm and neighbouring cells used by GIS software. Therefore, slope maps can change when DEM 

resolution changes. Students should always report DEM resolution and avoid comparing slope values from 

different DEMs without caution. 

Concept Simple relationship Meaning 
LiDAR range Distance = speed of light x travel time / 2 Measures distance from round-trip pulse travel time 
Radar wave relation Speed = wavelength x frequency Longer wavelength has lower frequency 
Canopy height CHM = DSM - DTM Vegetation or object height above bare-earth terrain 
Slope Elevation change / horizontal distance Used for erosion, drainage and suitability analysis 
Change detection Later observation - earlier observation Shows difference but not automatically the cause 

 

APPENDIX F. INDEPENDENT READING QUESTIONS WITH MODEL POINTS 

Question: Why is radar useful during floods? 

Model points: Because SAR can often observe the surface during cloud cover and at night. Smooth open water 

usually produces low backscatter, allowing flood extent to be mapped. However, radar shadow and smooth dry 

surfaces can create confusion, so DEM and validation data are needed. 

Question: Why is LiDAR useful for terrain analysis? 

Model points: Because LiDAR measures distance using laser pulses and produces 3D point clouds. From 

classified ground points, analysts can create detailed DEMs and derivatives such as slope, hillshade and drainage 

networks. 

Question: Why can optical imagery still be necessary? 
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Model points: Optical data provide spectral reflectance information. This is useful for vegetation condition, land-

cover classification, crop indices and visual interpretation. Radar and LiDAR add information but do not fully 

replace optical data. 

Question: Why is metadata important? 

Model points: Metadata tells users how, when and with what quality the data were collected and processed. 

Without metadata, the result cannot be properly verified or compared with other datasets. 

Question: Why should radar brightness not be interpreted like optical brightness? 

Model points: Radar brightness represents microwave backscatter, not visible color. It depends on roughness, 

geometry, moisture, structure, polarization and wavelength. 

Question: Why is field validation still required? 

Model points: Remote sensing measures signals, not final truths. Field data, reports or independent reference 

layers help confirm whether the interpretation is correct for the local context. 

APPENDIX G. EXTENDED SENSOR SELECTION SCENARIOS 

Scenario Recommended first choice Reasoning 
Cloudy floodplain after heavy rain Radar first Clouds are likely and rapid mapping is needed. SAR can detect open 

water under many weather conditions. DEM and field reports are 
needed to remove shadow and validate results. 

Detailed field levelling for irrigation LiDAR first Small elevation differences influence water distribution. LiDAR-derived 
terrain models and cross-sections can support field levelling and 
drainage planning. 

Crop health during clear-sky growing 
season 

Optical first, radar support Optical vegetation indices show greenness and stress. Radar can add 
structural or moisture-related information and improve time-series 
continuity. 

Ground deformation near a city InSAR first, LiDAR support InSAR can screen for displacement through time. LiDAR helps 
understand terrain and built-environment context but does not measure 
long-term deformation alone. 

Shelterbelt height and gaps LiDAR first, optical support LiDAR measures height and canopy structure. Optical data help assess 
vegetation condition and seasonal greenness. 

Mapping permanent land cover over a 
large area 

Optical and radar together Optical data provide spectral classes; radar adds structure, texture and 
all-weather observations. The best classification often combines both. 

Road alignment in foothills LiDAR and optical together LiDAR provides slope and terrain detail. Optical imagery adds land cover, 
settlements and visual context. SAR may support instability screening. 

Wetland vegetation and water dynamics Radar and optical together Radar helps detect inundation and roughness/vegetation-water 
interaction. Optical data provide vegetation and water color information 
when clouds permit. 

 

These scenarios show that sensor selection is a reasoning process. Students should not memorize radar as 

always better in one situation or LiDAR as always better in another. The correct choice depends on the question, 

the scale, the time window, the required accuracy, the available budget, and the level of uncertainty acceptable 

for the decision. 

A strong student answer should include three parts: the physical reason for choosing the sensor, the data 

processing steps required, and the validation evidence needed. For example, choosing SAR for flood mapping is 

justified by all-weather microwave observation, but the answer should also mention calibration, terrain 

correction, water thresholding and validation. Choosing LiDAR for terrain analysis is justified by 3D 

measurement, but the answer should also mention point classification, DEM generation and accuracy checks. 

In professional work, sensor selection is also influenced by institutional capacity. A university or local agency 

may have free access to Sentinel-1 SAR and Sentinel-2 optical data, but not to fresh airborne LiDAR. UAV LiDAR 
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may be possible for a small pilot area, but not for a whole river basin. Therefore, technical suitability and 

practical feasibility must be considered together. 

APPENDIX H. ASSESSMENT PROMPTS FOR READING REVIEW 

The following prompts may be used by the instructor for homework, oral discussion or a short written review. 

They are designed to encourage explanation, not memorization. 

1. Explain the complete active remote sensing sequence from emitted pulse to final data product. Use both radar 

and LiDAR examples. 

2. Compare the meaning of a bright pixel in an optical image and a bright pixel in a SAR image. Why can direct visual 

comparison be misleading? 

3. A farmer reports waterlogging in several fields. Design a remote sensing and GIS workflow that includes at least 

one radar product and one elevation product. 

4. A district administration wants to monitor illegal construction on irrigated land. Which data sources would you 

combine, and what limitations should be stated? 

5. Describe the difference between DTM and DSM. Give one example where using the wrong product could lead to 

an incorrect decision. 

6. Explain how InSAR can support subsidence monitoring and why field or geotechnical validation is still necessary. 

7. Choose one Central Asian land management problem and justify whether radar, LiDAR, optical data or data fusion 

is most suitable. 

8. Write a short quality-control checklist for a LiDAR-derived DEM before it is used for slope and drainage analysis. 

9. Write a short quality-control checklist for a SAR flood map before it is used to estimate affected agricultural land. 

Assessment principle: reward students for explaining why a sensor is selected, what it measures, how data are 
processed, and what uncertainty remains. 

 

APPENDIX I. QUICK REVISION SUMMARY 

Radar / SAR: Microwave active sensing; strong for all-weather and day-night monitoring; useful for flooding, 

deformation, soil moisture proxies, crop structure, ice and wetland studies. Main cautions: speckle, geometric 

distortion, difficult interpretation and need for calibration. 

LiDAR: Laser active sensing; strong for 3D point clouds, DEM/DSM, canopy height, buildings, terrain forms, canal 

cross-sections, slopes and infrastructure. Main cautions: data volume, cost, classification errors, vertical datum 

and acquisition quality. 

Optical imagery: Passive reflected-light sensing; strong for land cover, vegetation indices, crop vigor, water color 

and visual interpretation. Main cautions: cloud cover, haze, shadows and daylight dependence for reflected 

bands. 

Data fusion: Combines sensors to improve interpretation. A flood study may combine SAR flood extent, LiDAR 

DEM and optical land cover. A vegetation study may combine optical greenness and LiDAR height. A 

deformation study may combine InSAR and field/geotechnical evidence. 

Good practice: Always report data source, date, sensor, processing steps, coordinate system, scale, accuracy or 

uncertainty, and interpretation limitations. Remote sensing supports decisions but does not replace field 

understanding or institutional procedures. 
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End-of-reading reminder: radar and LiDAR products are powerful because they measure physical properties that 

are not visible in ordinary photographs. Their value depends on correct sensor selection, careful processing, 

validation and honest communication of uncertainty. Use this reading together with the Week 14 presentation, 

practical activity and independent exploration of open datasets. 


