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Discussion Guide

Week 14 — Radar and LIDAR Remote Sensing | Student Discussion and Instructor Support File

Item Description

Format Guided discussion, mini-debate, comparative decision matrix, and short
reflection.

Recommended 50-75 minutes. The activity can be shortened to 35 minutes by using only

time Activity A and the final reflection.

Main goal Help students decide when radar, LIDAR, or optical data are most suitable for a
land or water study, based on data needs rather than technology preference.

Target group Undergraduate students in land management, environment, GIS, remote

sensing, agriculture, and water-resource studies.

Why this discussion matters

Optical satellite imagery is often the first remote sensing data type used by students because it looks
similar to a photograph and supports familiar indices such as NDVI, NDWI, SAVI, and land-cover
classification. However, optical data are not always the best option. Cloud cover, smoke, night-time
conditions, terrain shadow, vegetation structure, soil moisture, and the need for precise elevation
information can make radar or LIDAR more useful.

Radar and LiDAR are active remote sensing technologies: the sensor sends energy toward the
target and records the returned signal. This gives them important advantages in selected situations.
Radar uses microwave energy and is especially valuable for all-weather observation, surface
roughness, moisture sensitivity, water mapping, deformation monitoring, and repeated observation.
LiDAR uses laser pulses and is especially valuable for high-resolution elevation, terrain modelling,
canopy height, building structure, and three-dimensional point clouds.

The discussion is not designed to prove that one sensor is always better. The main academic task is
to match a research question with an appropriate data source. A good remote sensing specialist
does not ask only “Which data are popular?” but also “What physical property must be measured,
under what conditions, at what scale, and with what level of accuracy?”

Radar and LiDAR are preferable to optical data when the research problem depends on microwave
backscatter, surface moisture, surface deformation, elevation, height, 3D structure, or observation
under cloudy/night conditions. Optical data remain excellent for spectral reflectance, vegetation
indices, visible land-cover interpretation, and many low-cost monitoring tasks.

Key concepts for the discussion

Concept | Working meaning in this activity

Optical remote Passive sensing of reflected sunlight in visible, near-infrared, and

sensing shortwave-infrared wavelengths. It is strong for spectral information but
affected by clouds and illumination.

Radar / SAR Active microwave sensing. It records the strength and phase of
backscattered energy. It can work day and night and through many weather
conditions.

LiDAR Active laser sensing. It measures distance from pulse travel time and
produces high-density elevation or point-cloud information.

Backscatter The part of radar energy returned to the sensor. It is influenced by

wavelength, polarization, incidence angle, surface roughness, geometry,
and moisture.

Point cloud A set of three-dimensional points usually containing X, Y, Z coordinates and
sometimes intensity, return number, and classification.
DEM /DTM / DSM Elevation products derived from remote sensing: DEM is a general elevation
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Working meaning in this activity
model, DTM emphasizes bare-earth terrain, and DSM includes surface
objects such as buildings and trees.

Preferable More suitable for the defined objective, constraints, scale, timing, and
required accuracy. It does not mean universally superior.

Three sensor positions to compare

Technology Argument to defend
position
Optical data Best when spectral reflectance is the main information need: vegetation

health, land-cover classes, crop condition, water colour, burned area,
snow/ice albedo, and visual interpretation. It is usually easier for beginners
but depends on sunlight and clear skies.

Radar data Best when cloud, smoke, or darkness limits optical data; when the study
needs surface roughness, moisture sensitivity, flood/water detection,
deformation monitoring, or repeated observation at critical times. Radar
images require special interpretation because they contain speckle and
geometric distortions.

LiDAR data Best when the study needs precise elevation, terrain shape, slopes, drainage
features, canopy height, building heights, or 3D structure. It is powerful but
data coverage, cost, processing capacity, and availability may limit use.

Analytical test: eight questions before choosing data

1. What physical property must be measured: reflectance, moisture/roughness, height, deformation,
or 3D structure?

Is the study area frequently cloudy, smoky, hazy, or affected by seasonal atmospheric problems?
Is observation needed at night or immediately after an event such as a flood?

Is the main output a classification map, a water boundary, a deformation map, a DEM, a slope
map, or a point cloud?

What spatial resolution and positional accuracy are needed for the decision?

How often must the area be observed, and is the timing flexible?

What software, skills, and processing time are available?

Will the data be validated with field observations, GPS points, UAV data, existing maps, or official
measurements?

PwN

©No O

Decision matrix: when each data type is preferable

Frequent cloud Weak to Strong Moderate if Radar is usually

cover or smoke moderate airborne data preferable for regular
can be collected, monitoring under clouds.
but cloud/fog can

affect some
systems
Night-time Weak for Strong Strong if platform Radar and LiDAR are
observation reflected can operate at active systems, but
sunlight night satellite radar is more
operationally common
for repeated night
observation.
Crop health using  Strong Complementary Limited for Optical data are usually
NDVI or spectral spectral health preferable because
indices indices vegetation indices use
spectral reflectance.
Flood mapping Weak if clouds  Strong Useful for Radar is often preferable
during cloudy hide the detailed local for near-event flood
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weather surface elevation and extent mapping.
flood modelling
Bare-earth terrain  Limited Limited to Strong LiDAR is usually
model under indirect preferable because
vegetation approaches multiple returns can help
separate canopy and
ground.
Urban building Limited to Useful for Strong LiDAR is often preferable
height and 3D city 2D/texture or structure and for detailed 3D
structure stereo deformation modelling.
methods
Ground Weak Strong with Useful locally Radar/InSAR is
deformation or INSAR with repeated preferable for regional
subsidence surveys deformation monitoring.
Water turbidity or ~ Strong Usually limited  Limited Optical data are
chlorophyll preferable because

water colour and
reflectance are the key
signals.

Activity A: sensor choice diagnosis

Students work in pairs. For each case, they must choose optical, radar, LIDAR, or a combined
approach. They should justify the choice using the physical signal, data availability, environmental
condition, and expected output. A strong answer may recommend more than one data type, but it
must explain the role of each one.

Situation Recommended data and

reason
1 A cloudy spring season prevents optical monitoring of irrigated

fields. The task is to identify waterlogged zones and track field-

level changes.

2 A district needs a high-resolution slope and drainage map for
erosion-risk planning in foothill areas.

3 A teacher wants students to calculate NDVI and compare crop
vigour in May and June.

4 After heavy rain, a river expands quickly and the sky remains
cloudy for several days. Local authorities need a rapid flood map.

5 A city wants to map building heights, tree canopy, and road
drainage channels for a 3D urban model.

6 A mining area may be slowly subsiding. The question is whether
the surface is moving by centimetres over time.

7 A lake is visible in cloud-free Sentinel-2 imagery. The task is to
assess water colour and possible algal bloom patterns.

8 A mountain valley has landslide scars, steep slopes, and

shadowed terrain. The task is to improve hazard interpretation.
Pair-work instruction

For each situation, write one sentence that begins: “| recommend ... because the main information
needed is ...”. Then add one limitation of your selected data source.

Activity B: mini-debate

Divide the class into four groups. Each group defends one position for 5-7 minutes, then responds to
guestions from the other groups. The goal is not to win by exaggeration, but to show which sensor is
most appropriate under clearly defined conditions.
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| Role |  Managument |

Optical specialist Argue that optical data are often the best first choice because they are
interpretable, widely available, useful for vegetation and water indices, and
suitable for many land-cover tasks. Admit the limitations under cloud and
shadow.

Radar specialist Argue that radar is preferable when observation timing, cloud cover, night
operation, water mapping, moisture sensitivity, or deformation monitoring are
central. Explain that radar needs careful preprocessing and interpretation.

LiDAR specialist Argue that LIDAR is preferable when elevation, slope, height, canopy structure,
buildings, micro-topography, or 3D models are required. Explain that cost, data
volume, and coverage may limit use.

Project manager Do not defend one sensor only. Decide which data combination provides the
best evidence for a real land-management decision under budget, time, and
capacity constraints.

Case 1: flood mapping in an irrigated lowland district

A lowland district has canals, fields, drainage collectors, and settlements near a river. After a period
of heavy rain and upstream discharge, water spreads across low-lying agricultural land. Clouds
remain for several days. Local authorities ask for a rapid map of possible flood extent, and later they
need a better elevation model for drainage improvement.

Group tasks

Choose the most appropriate data for rapid flood-extent mapping and explain why.

Choose the most appropriate data for long-term drainage and terrain analysis and explain why.
Explain what optical data could still contribute after the sky becomes clear.

List two validation sources that would increase confidence in the final map.

State one risk if decision makers rely on a single sensor without field or local information.
Expected direction

Radar is usually defensible for rapid flood mapping under clouds because smooth open water often
appears dark in SAR images. LiDAR or another high-quality elevation source is defensible for

drainage and terrain planning. Optical imagery can support later interpretation of land cover, crop
damage, sediment patterns, or visual communication.

Case 2: terrain analysis in foothill and mountain areas

A regional land-management team wants to identify erosion channels, steep slopes, landslide-prone
areas, and suitable places for access roads in a foothill landscape. Optical images show useful land-
cover patterns, but shadows and vegetation make some terrain features difficult to identify. The team
can request either cloud-free optical imagery, a radar image pair, or a LIDAR-derived DEM for a
limited pilot area.

Discussion prompts

e Which data source is most suitable for producing a slope map and why?

o How would LiDAR-derived bare-earth terrain improve erosion and landslide interpretation?

¢ What information could radar add in steep terrain, and what radar distortions must students
remember?

o When would optical data still be necessary in this case?

o \Would you recommend one dataset or an integrated workflow? Defend your answer.

LiDAR is often preferable for high-resolution terrain analysis because it directly supports elevation
and derivative products such as slope, aspect, hillshade, channel networks, and local relief. Optical
data remain useful for land cover and visible surface condition, while radar can contribute structural
or deformation information but may be affected by layover, foreshortening, and shadow in steep
terrain.
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Case 3: agricultural monitoring in Central Asia

A research group is monitoring irrigated agricultural areas in a semi-arid region. The team needs to
assess crop vigour, identify possible waterlogging, monitor field preparation after rainfall, and
evaluate terrain-related drainage problems. No single dataset answers every question.

Recommended data

Crop vigour and Optical Sentinel-2 or Landsat Spectral reflectance in red, NIR, and

vegetation condition bands and vegetation SWIR bands supports vegetation
indices analysis.

Waterlogging or wet soil Sentinel-1 SAR or other Radar backscatter is sensitive to surface

after clouds/rain radar data roughness and moisture and can be

collected under many cloudy conditions.
Drainage direction, slope, LiDAR-derived DEM/DTM if  Elevation is needed to model water

micro-relief available; otherwise best movement and identify low-lying zones.
available elevation model

Field validation GPS field points, farmer Remote sensing interpretation is
interviews, UAV photos, soil  stronger when linked to independent
moisture checks reference information.

Student discussion questions

Which question in this case is best answered by optical data?

Which question is best answered by radar data?

Which question is best answered by LIDAR or elevation data?

How could the three data types be combined into one practical workflow?

What would be the main barrier to using LIDAR in many Central Asian study areas?

Activity C: build a sensor-selection argument

Each group selects one real or imagined land-management problem and prepares a short argument.
The argument must be written as a decision memo rather than a general description of technology.

Memo element | What to include

1. Problem statement What decision or research question must be answered?

2. Information need Which physical variable is required: reflectance, moisture, height,
roughness, deformation, or 3D structure?

3. Environmental Are there clouds, haze, shadows, night-time needs, steep terrain,

constraints vegetation cover, or access limitations?

4. Recommended data Choose optical, radar, LIDAR, or a combination. Explain the role of each
dataset.

5. Expected output Map, classification, flood extent, DEM, slope map, point cloud,
deformation map, or monitoring dashboard.

6. Validation plan How will the team check whether the result is correct enough for use?

Activity D: processing workflow comparison

Remote sensing data are not automatically ready for decision making. Each data type follows a
different preparation logic. In this activity, students compare the main processing steps and discuss
where errors can enter the workflow. The purpose is to connect sensor selection with practical GIS

work.

Optical workflow Cloud masking, atmospheric correction, Cloud contamination, seasonal
band selection, index calculation, mismatch, mixed pixels,
classification or visual interpretation, atmospheric effects, wrong band
accuracy assessment. combination.

Radar workflow  Orbit correction, radiometric calibration, Speckle, layover, shadow,
speckle filtering, terrain correction, incidence-angle effects, wrong
polarization selection, interpretation of dark/bright
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thresholding/classification or time-series surfaces.
analysis.
LIiDAR workflow  Point-cloud import, coordinate checking, Misclassified ground points, data

classification of ground/non-ground points, gaps, very large file size, vertical
DEM/DSM/CHM creation, derivative maps  datum issues, over-interpreting
such as slope and hillshade. point density.

Discussion prompts

Which workflow is easiest for beginners, and why?

Which workflow is most sensitive to geometric correction?

Which workflow creates the largest data-management challenge?

How does preprocessing affect the reliability of the final map?

Which products should be checked visually before they are used in a report?

Activity E: choose a combined workflow

Many real problems require more than one data source. Students should select a two- or three-stage
workflow and explain why each stage is necessary. The emphasis is on sequencing: which data
should be used first, which data should validate or improve the first result, and which output should
be delivered to the decision maker.

Problem Stage 1 Stage 2 Stage 3 Final output
Flood risk in Radar flood LiDAR/DEM drainage Optical post-event Flood extent and
irrigated fields extent during and lowland analysis  crop/land-cover vulnerable field

cloudy period assessment map
Urban heat and Optical land- LiDAR Radar if Urban risk and
drainage cover and built-  building/road/drainage deformation or infrastructure-
planning up mapping structure moisture patterns  priority map
matter
Pasture Optical Radar surface Field plots and Pasture
degradation in vegetation roughness/moisture UAV photos condition and
drylands cover and support monitoring
seasonal zones
greenness
Forest structure Optical canopy  LiDAR canopy height Radar Forest structure
and biomass cover and land-  and vertical structure  biomass/structure  and change map
study cover class support if
available

Group output requirement

Each group must present a combined workflow in four sentences: data source 1, data source 2,
validation method, and final product. Avoid listing technologies without explaining their roles.

Case 4: forest, shelterbelts, and vegetation structure

A land-management project wants to assess tree shelterbelts around agricultural fields and forest
patches in a semi-arid region. Optical imagery can show where vegetation is green, but it cannot
directly measure canopy height. Radar can provide structure and moisture-related information
depending on wavelength and polarization. LIDAR can provide height and vertical structure where
data are available.

Question | Most relevant data | Reason
Question Most relevant data Reason
Where is vegetation Optical imagery Spectral reflectance and vegetation
present? indices can map green cover.
How tall is the canopy? LiDAR Laser ranging can support canopy
height and vertical structure analysis.
Is the shelterbelt dense or LiDAR plus radar Point clouds and microwave
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Most relevant data

structurally complex? backscatter can add structural
information.

Has vegetation changed Optical time series, with Temporal monitoring requires

seasonally? radar support where cloud repeated observations.

affects dates

Debate question

If the project can afford only one dataset, should it choose optical imagery for area coverage or
LiDAR for structural detail? Students should answer by defining the main decision need first.

Case 5: urban land, infrastructure, and solid-waste sites

Urban and peri-urban land management often requires information about buildings, roads, drainage,
informal expansion, industrial areas, and solid-waste facilities. Optical data are useful for mapping
visible land cover and communicating results to stakeholders. LiDAR is useful for building heights,
terrain, drainage, and volumetric assessment. Radar can support monitoring where clouds, night-
time needs, moisture, or surface deformation are relevant.

Urban task Optical contribution Radar contribution LiDAR contribution
Mapping new Visible built-up change  All-weather monitoring Building height and 3D
construction and land cover and built-up backscatter form
patterns

Drainage and flood Impervious surface and Wetness/flood evidence High-resolution elevation
modelling land cover under clouds and flow paths
Solid-waste site Visible site boundary Moisture/roughness Surface volume, slope,
assessment and surrounding land support in selected and containment

use cases topography
Road and corridor Land cover and Surface deformation or ~ Terrain, cut-fill, slope, and
planning obstacles all-weather overview clearance analysis

LESLIE connection

This case links remote sensing with land management, environment, and solid-waste planning.
Students should think about how technical data can support safer, more transparent, and more
sustainable territorial decisions.

Case 6: Aral Searegion and wetland monitoring

The Aral Sea region and related delta landscapes include water bodies, wetlands, dry exposed

surfaces, vegetation patches, and saline or dusty areas. Optical data are important for visual land-

cover mapping and water/vegetation indices. Radar is valuable when observation is needed

regardless of clouds or lighting and when surface moisture or roughness is relevant. Elevation data

are important for understanding shallow water movement, lowland topography, and restoration

planning.

¢ Identify one situation where optical data would be the most defensible choice in this region.

o Identify one situation where radar would be more defensible than optical data.

o Identify one situation where LIiDAR or another high-quality elevation product would improve
planning.

o Explain why field validation is especially important in mixed wetland, saline, and vegetation
areas.

e Propose a small student project that combines at least two data types.

Student group worksheet

Use this worksheet during group discussion. The table is intentionally simple so that students focus
on reasoning rather than long writing.

Item | Group response
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Item Group response

Selected ProbIEM
Main dECISION NEEA ittt ettt e e e e e e e et e s e e e e eeeeee s bbb e e eeeesesesabbaanseaeeeeeseesrrens
BESE dAtA SOUICE OF ettt e e e e ettt e e e e e e e e e e e eas b et eeeeaeeesesabaaa e eaeeeeeeessbanaanss
combination

Y= Yo g T o T T To o] o T
physical signal

=TT I T 117>\ 1 o] o OSSR UPPPRPPTPN
V=1 [To F=1 a0 1 0 1= 1 4T To RN PSP SRUPPPPRPPPRN

Final product fOr dECISION ... e
maker

Mini glossary for student use

Term | Simple explanation

SAR Synthetic Aperture Radar, an active microwave imaging system that uses
platform motion to simulate a large antenna.

INSAR Interferometric SAR, a method using phase differences between radar images
to estimate elevation or surface deformation.

Polarization Orientation of the radar wave, commonly expressed as HH, VV, HV, or VH. It
affects how targets scatter energy.

Speckle Granular noise-like pattern in radar images caused by coherent interference of
returned signals.

Layover Radar geometric distortion where the top of a tall or steep feature appears
closer to the sensor than its base.

LiDAR return A recorded reflection from a laser pulse. Multiple returns can occur from
canopy, branches, and ground.

DTM Digital Terrain Model, usually representing bare-earth surface after removing
trees, buildings, and other objects.

CHM Canopy Height Model, commonly derived from LIiDAR by comparing surface

height and ground height.

Suggested classroom sequence

The instructor may use the following sequence for a 60-70 minute class. The timing is flexible and
can be adjusted for online or blended learning.

0-8 min Opening question: “Which sensor would Activate prior knowledge from optical,
you choose for a cloudy flood event?” radar, and LiDAR lessons.

8-20 min Key concept review and decision matrix Clarify physical signals and typical use
cases.

20-35 min Activity A or Case 1 in pairs Push students to justify choices, not
only name sensors.

35-50 min Mini-debate or combined workflow task Compare trade-offs and ask for practical
limitations.

50-60 min Group report-back Highlight good sensor-selection
arguments.

60-70 min Individual written reflection Assess conceptual understanding and

practical reasoning.

Independent study tasks

After the discussion, students can complete one of the following tasks individually or in small groups.
The tasks are designed to strengthen practical understanding without requiring advanced software in
every case.
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e Find one cloud-free optical image and one Sentinel-1 radar image for the same area. Compare
what each image reveals and what each image hides.
e Download or view a public DEM or LiDAR-derived hillshade. Identify at least five terrain features
that are easier to see than in a normal optical image.
e Write a short paragraph explaining why radar flood maps should be checked with local
information before official use.
e Prepare a one-slide workflow showing how optical, radar, LIiDAR, and field data could support a
land-management decision in Uzbekistan or Central Asia.
o Review the reference list and identify which source is most useful for SAR, which for LIDAR
elevation data, and which for canopy structure.

Instructor reminder

Students should be assessed mainly on the logic of their sensor choice. They do not need to master
advanced radar or LiDAR processing in this discussion session, but they should understand when
those technologies become preferable to optical data.

Additional scenario cards for fast discussion

The instructor can cut or assign these scenario cards. Each card asks students to choose a data
type and defend the choice in 60 seconds. This works well as a review activity after the main debate.

Card
Card
A

Scenario
Scenario

A dust storm season reduces visibility, but the project must
continue monitoring surface water extent.

A canal reconstruction project needs detailed slope and
cross-drainage information.

A crop-yield study needs seasonal greenness and vegetation
index values.

A city wants to estimate the height of buildings and roadside

trees.

A river flood occurs at night and the weather remains cloudy.
A lake water-quality study needs information related to water

colour and algal bloom patterns.

A mountainous area has shadows in optical images and
possible surface movement.

A landfill site requires volume estimation and surface-slope
assessment.

A wetland restoration area needs mapping of vegetation,
open water, and shallow topography.

A regional authority has limited budget and only needs a
simple land-cover map in a clear-sky dry season.

Likely direction
Likely direction
Radar is likely preferable for
repeated observation under
poor optical conditions.
LiDAR or the best available
high-resolution elevation
model is likely preferable.
Optical data are likely
preferable, with radar as a
supplementary source if
clouds are frequent.
LiDAR is likely preferable
because the question is
three-dimensional.
Radar is likely preferable for
rapid flood mapping.
Optical data are likely
preferable because the
signal is spectral
reflectance.
LiDAR can help terrain
analysis; radar/InNSAR can
help deformation
monitoring.
LiDAR is likely preferable for
surface geometry and
volumetric analysis.
A combined workflow is
likely best: optical, radar,
and elevation data.
Optical data may be the
most practical first choice.

Page 10




Co-funded by ; )
the European Union é TIIAME (LES LIE

Data choice checklist for student reports

Before submitting a discussion response or project report, students should check whether they have
justified the data choice properly. This checklist can be used for self-assessment or peer review.

Checklist item Yes / No Short note
The research question is clearly defined.
The selected data type matches the physical variable
needed.
Weather, illumination, season, and timing constraints are
considered.
Spatial resolution and positional accuracy are
appropriate for the scale of the study.
Main preprocessing steps are mentioned.
At least one limitation or uncertainty is stated.
A validation method is proposed.
The final output is described in a way useful for a
decision maker.

Core discussion guestions

9. When is optical imagery still the most appropriate choice, even if radar and LIDAR are technically
advanced?

10. Why can radar collect useful data under many cloudy and night-time conditions while optical
sensors cannot?

11. What makes LiDAR especially powerful for terrain analysis, urban modelling, forestry, and
drainage studies?

12. Can radar and LiDAR replace field observations, or do they mainly reduce and guide fieldwork?

13. What mistakes can occur when students interpret radar images as if they were optical
photographs?

14. Why is a LiDAR point cloud not automatically a ready-made land-management product?

15. In agricultural landscapes of Uzbekistan and Central Asia, which problems are better solved with
optical data and which with radar?

16. What budget, capacity, and software constraints may prevent the “best” technical solution from
being realistic?

17. How should uncertainty be communicated when different sensors give different results?

18. What combination of optical, radar, LIiDAR, and field data would you recommend for a complete
land-monitoring system?

Short written reflection (individual)
Write 180-250 words answering the following prompt:

“‘Radar and LiDAR are not replacements for optical remote sensing; they are preferable only when
their physical measurement advantages match the problem.” Do you agree? Explain your answer
with at least three arguments and one real or hypothetical example from land, water, agriculture,
terrain, or urban studies.

Student response:
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A strong student response should avoid simple claims such as “radar is better” or “LiDAR is always
more accurate.” Accuracy depends on the variable being measured, the scale, the platform,
preprocessing, validation, and the decision context. Students should be encouraged to connect each
data type to the physics of observation: optical reflectance, radar backscatter and phase, and LiDAR
travel-time distance measurement.

Instructor notes

Encourage students to use combined workflows. In many land and water studies, optical imagery
supports land-cover interpretation, radar supports timely all-weather monitoring, and LiDAR supports
elevation and three-dimensional structure. The best answer is often not a single sensor, but a
justified sequence of data collection and analysis.

Common misconceptions to correct

Correction

Radar brightness is related to microwave backscatter, not visible
colour. Interpretation depends on roughness, moisture, geometry,
and polarization.

LiDAR is a three-dimensional point measurement technology. It
records ranges and returns, not a normal image.

Optical data remain central for spectral land-cover analysis,
vegetation indices, and many environmental applications.

Misconception
Radar images show true
colour like optical images.

LiDAR is just a high-resolution
photograph.

Optical data are outdated
because radar and LIDAR are
more advanced.

One satellite image is enough
for a decision.

Reliable decisions often need preprocessing, multi-date
comparison, reference data, uncertainty checking, and local
validation.

Quick rubric for assessment

Criterion | Excellent | Adequate | Needs work

Understanding of
sensor physics

Sensor-selection
reasoning

Use of examples

Balanced
argument

Practical
relevance

Clearly links optical,
radar, and LiDAR to
different physical signals.
Chooses data based on
problem, conditions,
scale, output, and
validation needs.

Uses relevant land,
water, terrain,
agricultural, or urban
examples.

Recognizes strengths,
limitations, and combined
workflows.

Considers data
availability, cost,
software, timing, and field
validation.

Names the differences
but explains them only
partly.

Gives a reasonable
choice but with limited
justification.

Uses examples but with
weak connection to the
argument.

Mentions limitations but
not consistently.

Mentions one or two
practical issues.

Suggested reading and source-informed framing

Treats all images as
visually similar or
interchangeable.
Chooses a sensor
because it is familiar or
“better” without
evidence.

Examples are absent or
unrelated.

Presents one technology
as always superior.

Ignores implementation
constraints.

NASA Earthdata explains that Synthetic Aperture Radar can produce high-resolution imagery day or
night and under many weather conditions, which supports the discussion point that radar is
preferable when optical data are limited by clouds or illumination.

ESA describes Sentinel-1 as a radar mission designed to provide all-weather, day-and-night imagery
of Earth’s surface. This supports examples on flood mapping, land monitoring, and repeated
observation during cloudy periods.
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USGS 3DEP provides LIDAR point clouds and digital elevation models, illustrating why LiDAR-
derived products are useful for terrain analysis, slope mapping, drainage modelling, and 3D elevation
studies.

NASA GEDI uses spaceborne LIDAR to measure forest canopy height, canopy vertical structure, and
surface elevation, which supports discussion of LIDAR applications in vegetation structure and
ecosystem studies.
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