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Activity: Interpret Land Cover from a Satellite Image

Additional Material for PDF W13: Visual Interpretation and Digital Processing of Remote
Sensing Images

This practical activity trains students to interpret land cover from a satellite image using visual
interpretation elements, spectral reasoning, a simple class scheme, and validation logic. It is designed
for undergraduate learners in remote sensing and land management and can be completed on paper
or with GIS software.

Course unit Week 13 - Visual Interpretation and Digital Processing of Remote Sensing
Images

Activity title Interpret land cover from a satellite image

Estimated time 90-120 minutes in class, plus 30-45 minutes for final report writing

Working mode Individual first observation; pair/group comparison; final instructor-led validation
discussion

Main output Annotated image, evidence table, class scheme, validation statement, and short

interpretation report

Key principle

Visual interpretation is not guessing. Students must state the class, the visible evidence, the
expected spectral behavior, the confidence level, and the reference data needed for verification.

1. Learning Outcomes and Required Materials

» Recognize major land-cover classes in a satellite image using tone/color, shape, texture, pattern,
site, and association.

 Separate land cover from land use and explain the evidence behind each interpretation.

* Define a simple land-cover class scheme suitable for a selected image and mapping purpose.

 Use visual evidence together with spectral logic such as vegetation, water, bare soil, and built-up
indicators.

 Evaluate uncertainty and suggest reliable reference data for validation.

Printed/digital The annotated satellite image provided in this activity or a similar

image Landsat/Sentinel scene.

Writing tools Pencil, colored markers, notebook, or Word worksheet.

Optional GIS tools  ArcGIS Pro, QGIS, Google Earth Pro, or web-based satellite imagery
viewer.

Reference data Field observations, high-resolution imagery, official land-cover maps,

parcel boundaries, or instructor-provided points.

2. Activity Procedure

What students must do

1 Observe the whole image before making any labels. Identify large areas, linear
features, repeated patterns, and unusual tones.

2 Use the visual keys: tone/color, shape, size, texture, pattern, shadow, site/situation, and
association.
3 Define a class scheme before detailed mapping. Suggested classes are water/river

corridor, irrigated cropland, dry/bare solil, built-up/settlement, roads/linear infrastructure,
and natural/rangeland.

Activity: Interpret Land Cover from a Satellite Image
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What students must do

4 For each interpretation zone, write the evidence. Do not write only a label; explain why
the label is reasonable.

5 Assign a confidence level: high, medium, or low. Low-confidence areas must be
checked with field data, high-resolution imagery, or an official map.

6 Complete the final report using the rubric. The report must show the map legend,
interpretation table, and validation statement.

Suggested classroom timing
10 min Instructor briefing: land cover vs land use, activity aim, and class scheme.
20 min First visual interpretation of the whole image and major features.
25 min Detailed interpretation table for zones A-G.
20 min Group comparison and discussion of uncertainty.
20 min Validation planning and short written report.
15 min Instructor feedback using the answer key and rubric.

3. Study Image and Interpretation Zones

Figure 1 is the main image for the activity. It contains a mixture of agricultural and non-agricultural
features. The letters A-G mark interpretation zones. Students should not treat the labels as answers;
the labels only identify places to interpret.

Interpretation zones: A imrigated circles | B mixed crop parcels | C settlement | D river corridor | E bar
Student task: assign land-cover class, evidence, confidence, and validation source for each zone.

Figure 1. Annotated satellite image for land-cover interpretation activity. Image source in Week 13
materials: NASA Earth Observatory / Landsat example, Garden City, Kansas.

Activity: Interpret Land Cover from a Satellite Image
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First observation guide
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Compare field shape, tone variability, and parcel boundaries.

Look for circular geometry, repeated field units, and strong vegetation tone.

Look for compact texture, light/gray tones, road network, and settlement association.
Look for a meandering linear corridor, darker or moister tone, and natural setting.
Look for light or brown-gray tones, low vegetation signal, and field boundaries.

Look for a narrow linear feature with a direct path and transport association.

G Look for rougher natural texture, weak parcel boundaries, and dry land context.

4. First Observation: Describe Before Classifying

Before assigning land-cover classes, students should describe what is visible. This step reduces
guessing and makes interpretation repeatable. Complete the table using short but specific
observations. Observation describes what the image shows; interpretation explains what the feature

is likely to be.

Observation |Guiding question Student notes
focus

Whole scene

Regular shapes

Natural shapes

Texture

Pattern

Association

Uncertainty

What are the dominant colors and tones?
Which areas look vegetated, dry, wet, or
built-up?

Where do you see circles, rectangles, grids,
strips, or straight lines?

Where do you see curving or irregular
features such as rivers, floodplains,
drainage, or terrain?

Which zones look smooth, coarse, patchy,
or highly mixed?

Which zones show repeated human
organization? Which zones look more
natural?

Which features occur together: fields with
canals, settlements with roads, river with
floodplain, bare soil with agricultural blocks?

Which zones are difficult to interpret from
the image alone? Why?

Observation sentence starters

* "The strongest visual pattern in the scene is ..."
* "Zone ... appears different from nearby zones because ..."
* "The linear feature is likely ... because it is associated with ..."

"l am uncertain about zone ... because the tone is similar to ..."

5. Visual Keys Checklist for Each Zone

Use the visual keys as an evidence checklist. A strong interpretation normally combines several
elements. One clue alone, especially color, is not enough because color changes with band
combination, season, moisture, and processing method.

Activity: Interpret Land Cover from a Satellite Image
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Visual key How to use it in this activity

Tone / color Brightness or displayed color. Water may appear dark; A DE
healthy vegetation may appear green in natural color or
red in false color; bare soil is often tan, brown, or gray.

Shape Geometric or natural outline. Circular fields, rectangular A, D, F
parcels, meandering rivers, and straight roads are
common clues.

Size Relative dimensions. A road is narrow, a settlement is C,F
compact, and a crop field is an areal unit. Size must be
judged with image scale.

Texture Smooth, medium, or coarse appearance. Uniform water C, G
and large fields are smoother; settlement areas can be
coarse or mixed.

Pattern Repeated arrangement. Grids, circles, rows, strips, and A, B
regular parcel patterns often indicate managed land use.

Shadow Dark cast areas may show height but can also hide C,G
detail. Shadows should not be confused with water
without context.

Site / situation Physical setting and location. River corridors occur in low D, C
terrain; settlements often connect to roads; agriculture
may follow irrigation networks.

Association Nearby related objects. Fields, canals, roads, storage A B, C
areas, and settlements can confirm each other.

Student task

For each zone A-G, choose at least four visual keys from this checklist and write a short
explanation. Use the worksheet below.

6. Worksheet: Evidence Table for Zones A-G

Complete this table as the main evidence record. The table is intentionally structured so that the final
answer can be checked by another student or instructor.

Zone|Likely class|Tone/color |Shape/ Texture / site |Confidence|Reference data

evidence pattern evidence needed
evidence

G Mmoo o >

* High-quality answer: "Zone A is likely irrigated cropland. Evidence: circular fields, repeated pattern,
strong vegetation tone, and agricultural setting. Confidence: high. Validation: high-resolution image
or field parcel map."

* Weak answer: "Zone A is agriculture." This is incomplete because it gives no evidence and no
validation method.

7. Define a Land-Cover Class Scheme

Activity: Interpret Land Cover from a Satellite Image
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A land-cover class scheme is the set of categories used in the map. Classes must match the image
resolution and the activity purpose. Do not define more detail than the image can support. For this
scene, six classes are enough for a beginner-level activity.

Land-cover interpretation workflow

[Obser\.re imagH Read visual keHAssign class Hcheck referenH Report conﬁde}ce

Suggested activity classes:
Bl water Il Vegetation [ cropland
[ Bare soil I Built-up Il Road

Figure 2. Workflow and suggested activity classes.

Class Operational definition for this activity Likely

zones
Water / river Open water, river channel, or wet corridor; may include D
corridor riparian vegetation if it cannot be separated clearly.

Irrigated cropland  Green or active fields with circular or regular parcel shape, A, B
often associated with irrigation.

Bare or harvested  Light brown, gray, or tan agricultural parcels with little E
soil vegetation signal.

Built-up / settlement Compact, mixed texture, bright roofs or roads, organized C
blocks, and road association.

Road / linear Narrow, straight or curving linear features that connect F
infrastructure places and cross land-cover patches.

Dry rangeland / Large non-regular dry surfaces with rough or natural G
natural soil texture and weak parcel structure.

8. Detailed View: Agricultural Patterns

Agricultural landscapes are often recognized by repeated patterns. Center-pivot irrigation creates
circular fields, while rectangular parcels and grid-like roads suggest managed farmland. Students
should compare the local details with the full image before deciding.

Activity: Interpret Land Cover from a Satellite Image
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Zone A detail: circular fields and repeated Zone E detail: light brown or gray parcels with
geometric pattern. Likely interpretation: irrigated  field boundaries but weak vegetation signal.
cropland. Evidence is strong because the shape Likely interpretation: bare soil, harvested field, or
is distinctive. dry agricultural surface.

1 Why are circular fields a stronger clue than color
alone?

2 Which evidence would separate harvested cropland
from natural bare soil?

3 What additional data would you need to distinguish
crop type, for example wheat, cotton, rice, potato, or
vegetables?

9. Detailed View: River Corridor, Roads, and Settlement

Some features are easier to identify by their site and association than by color. A river corridor may be
dark, green, or brown depending on water, sediment, riparian vegetation, and season. Roads and
settlements are often confirmed by connectivity and compact pattern.

Zone D detail: sinuous corridor, darker/moister Zone C detail: compact mixed texture, light
tones, and natural meander-like shape. Likely objects, road connection, and cluster pattern.
interpretation: river corridor or floodplain feature. Likely interpretation: settlement or built-up area.

* Do not classify every dark feature as water. Shadows, asphalt, dense vegetation, and wet soil can
also be dark.

* Do not classify every light feature as settlement. Bare soil, dry fields, salt surfaces, and bright roofs
may look similar.

» Use connectivity: rivers connect downstream, roads connect settlements, and irrigation features
connect agricultural parcels.

10. Spectral Logic: From Visual Interpretation to Digital Processing

Digital image processing supports visual interpretation by measuring pixel values in different spectral
bands. Students do not need to calculate indices for this activity, but they should understand which
indices would help confirm a land-cover interpretation.

band

NDVI (NIR - Red) / (NIR  Vegetation vigor and green Use to confirm irrigated cropland or
+ Red) biomass. High values riparian vegetation.
usually indicate healthy
vegetation.
NDWI / Water-sensitive Open water and moisture.  Use to check river corridor, canals,
MNDWI band combinations MNDWI often improves reservoirs, or wet areas.

water separation from built-
up or soil surfaces.

Activity: Interpret Land Cover from a Satellite Image
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SAVI Vegetation index  Vegetation where coveris  Use in dryland agriculture or early
adjusted for soil sparse and soil influence is crop stages.
background high.

NDBI Built-up index Built-up or impervious Use cautiously for settlement areas
using SWIR and surfaces, depending on because dry soil may be confused
NIR local conditions. with built-up surfaces.

SWIR bands Shortwave infrared Moisture, bare soil, burn Use to separate dry soil, moist soil,
reflectance scars, and vegetation water and vegetation stress.

content.

Important limitation

Indices are evidence, not automatic truth. A high NDVI may indicate healthy vegetation, but it does
not by itself identify crop type. Crop type usually needs time series, field observations, training
samples, and classification validation.

11. Optional GIS Workflow: Manual Interpretation to Classified Map

The same activity can be completed on paper or in GIS. If using ArcGIS Pro or QGIS, students can
digitize polygons for the major classes and create a simple interpreted land-cover map. This is not a
full automated classification; it is a manual interpretation workflow that prepares students for
classification.

1. Open image Load the satellite image or a georeferenced scene  Image displays correctly.
in GIS. Set the correct coordinate reference system

if known.
2. Create class Create a polygon layer with fields: Class_Name, Blank interpretation layer.
layer Evidence, Confidence, Reference_Source.
3. Digitize zones  Draw polygons around major land-cover areas, Initial interpretation map.
starting with easy classes. Avoid tiny uncertain
features.

4. Attribute each  Fill class name, visual evidence, confidence level,  Evidence-based map table.
polygon and reference data needed.

5. Style by class  Apply a simple legend: blue water, green Readable land-cover map.
vegetation/cropland, brown bare soil, gray built-up,
black roads.

6. Validate Compare with higher-resolution imagery, field Revised map and

visually points, official map, or group interpretation. confidence notes.

7. Export layout  Include title, legend, scale, north arrow, source, Final map output.

date, and student name/group.

Polygon |Class name Evidence summary Confidence |Validation
ID source
1

a b~ w DN

12. Validation Planning and Confusion Matrix

Activity: Interpret Land Cover from a Satellite Image
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A land-cover interpretation becomes more useful when it is checked. Validation compares mapped
classes with reference information. In classroom activities, reference information may include field
observations, high-resolution imagery, official land-use/land-cover data, local expert knowledge, or
instructor-provided points.

Validation concept: compare mapped class with reference c|

Mapped I \Vater |Veg. Crop |Bare Built » Diagonal cells show correct classific

* Off-diagonal cells show disagreeme

Water 10 1 0 0 0

* Overall accuracy = correct samples
Veg. 0 8 2 0 1

* Validation helps decide whether the
Crop 0 1 12 2 0
Bare 0 0 1 9 1

Figure 3. Simplified validation concept using a confusion matrix.

Simple explanation Why it matters

Overall accuracy  Correctly classified samples divided by all  Shows general map reliability.
validation samples.

Producer’s Correct samples in a reference class Answers: how well was the
accuracy divided by all reference samples in that real class mapped?
class.
User’s accuracy Correct samples in a mapped class divided Answers: how reliable is this
by all samples mapped as that class. class for map users?
Error source notes Written explanation of mixed pixels, Makes the map transparent

seasonal change, clouds, shadows, and and honest.
spectral confusion.

13. Final Report Writing Template

Each student or group should submit a short final report. The report should be written in evidence-
based language and should avoid unsupported claims. A concise report is enough if it clearly explains
the class scheme, interpretation evidence, uncertainty, and validation plan.

Report section |What to include Recommended length

Title and State the image, date/source if available, study 2-3 sentences
purpose objective, and intended land-cover classes.

Image Describe the dominant visual patterns: fields, 1 paragraph
description settlement, river corridor, roads, dry areas, and

vegetation tone.

Class scheme  List classes and operational definitions. Explain any Table or paragraph
merged classes such as "water/river corridor" or
"bare/harvested soil".

Evidence table  Summarize zones A-G using visual keys and Completed worksheet
confidence levels.

Activity: Interpret Land Cover from a Satellite Image
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Report section |What to include Recommended length

Validation plan  Identify reference data sources and which zones need 1 paragraph
checking first.

Map limitations  Mention mixed pixels, seasonal variability, spectral 1 paragraph
confusion, resolution limits, and uncertain boundaries.

Conclusion State the most confident classes and the most 3-4 sentences
uncertain areas.

Model sentence

"Zone D was interpreted as a river corridor because it is a sinuous linear feature with darker/moister
tone and natural floodplain association; confidence is medium because the image resolution does
not clearly separate open water from riparian vegetation."

» Use cautious wording: likely, probably, interpreted as, evidence suggests.
* Avoid absolute statements when no field data are available.

* Explain uncertainty instead of hiding it.

* Report the reference data that would verify each class.

14. Marking Rubric and Submission Checklist

The rubric can be used for formative assessment, peer review, or instructor grading. A strong answer
is not necessarily the one with the most class labels; it is the one with the clearest evidence, most
transparent uncertainty, and most realistic validation plan.

Visual interpretation Uses tone/color, shape, texture, pattern, site, and 30

evidence association correctly; combines multiple clues.

Class scheme Classes are meaningful, not too detailed for the image, 15

quality and clearly defined.

Worksheet All zones A-G are completed with class, evidence, 20

completeness confidence, and reference data.

Validation logic Includes realistic reference sources and explains likely 15
error sources.

Final report clarity =~ Report is concise, well structured, and uses evidence- 15
based language.

Map/annotation Annotated image or GIS layout is readable and includes 5

presentation legend/source/date where possible.

O Annotated image or manual map with land-cover classes
O Completed zones A-G evidence table

O Class scheme with operational definitions

O Short validation plan and uncertainty notes

O Final report using the template

O References or image/data source acknowledged

15. Instructor Answer Key

The answer key below is a guide, not a single fixed truth. Some zones may contain mixed land cover.
Accept alternative answers when the student provides clear visual evidence and realistic validation
logic.

Activity: Interpret Land Cover from a Satellite Image
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Irrigated cropland / Circular field shapes, repeated pattern, agricultural High
center-pivot fields setting, vegetation tone.

B Mixed cropland / Rectangular and irregular field units, variable tone, Medium to
agricultural parcels parcel pattern, road/field association. high

C Built-up / settlement  Compact texture, light/gray features, cluster pattern, High

road association, named settlement area in image.

D River corridor / Sinuous linear corridor, darker/moister tone, natural Medium
floodplain meander pattern, association with lowland corridor.

E Bare soil / harvested  Light brown-gray tones, agricultural boundaries, weak  Medium
fields vegetation signal, field shape.

F Road / linear Narrow linear feature, connectivity, association with Medium to
infrastructure settlement and fields. high

G Dry rangeland / Less regular pattern, dry tone, rougher/natural texture, Medium
natural bare soil weak field boundaries.

16. Extension Task: From Visual Interpretation to Training Samples

After students finish the manual interpretation, they can convert the strongest evidence areas into
training samples for supervised classification. The purpose is not to run a complex algorithm
immediately, but to understand how human interpretation supports machine learning and
classification.

Training sample Select only pixels or polygons that clearly represent one class. Avoid borders,
rule mixed pixels, shadows, and uncertain zones.

Validation sample  Keep separate reference points for validation. Do not use exactly the same
rule points for training and accuracy assessment.

Feature selection  Use bands and indices that help separate the classes. For example, NIR and
rule NDVI help vegetation, SWIR helps moisture and dry soil, and texture may help
built-up areas.

Documentation rule Record image date, band combination, preprocessing steps, class definitions,
and source of reference data.

Final classroom message

A reliable land-cover interpretation is transparent: another person should be able to see the image,
read your evidence, understand your confidence level, and repeat or challenge your decision using
reference data.

17. Selected References and Source Materials

* NASA Earth Observatory. How to Interpret a Satellite Image: Five Tips and Strategies.
https://science.nasa.gov/earth/earth-observatory/how-to-interpret-a-satellite-image/

* U.S. Geological Survey. Landsat 8 mission information and Landsat data resources.
https://www.usgs.gov/landsat-missions/landsat-8

* Copernicus Data Space Ecosystem. Sentinel-2 mission and data collection information.
https://dataspace.copernicus.eu/data-collections/copernicus-sentinel-missions/sentinel-2

» Natural Resources Canada. Elements of Visual Interpretation and Fundamentals of Remote
Sensing. https://natural-resources.canada.ca/

» Campbell, J. B., & Wynne, R. H. (2011). Introduction to Remote Sensing. 5th edition. Guilford
Press.

« Jensen, J. R. (2015). Introductory Digital Image Processing: A Remote Sensing Perspective. 4th
edition. Pearson.

Activity: Interpret Land Cover from a Satellite Image
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* Lillesand, T. M., Kiefer, R. W., & Chipman, J. W. (2015). Remote Sensing and Image Interpretation.
7th edition. Wiley.

* Richards, J. A. (2013). Remote Sensing Digital Image Analysis. 5th edition. Springer.
18. Extended Zone-by-Zone Task Cards

Use these task cards when students work in groups. Each group can receive one or two zones,
prepare an evidence-based interpretation, and then present the result to the class. The questions
force students to connect visual interpretation with digital processing and validation.

Zone card |Class Expected Evidence |Visual clues Discussion |Question
focus interpretation |focus {JAVES

A - circular Likely Irrigated Evidence Circular shape, Follow-up  Would the class
fields land cropland or to check repeated pattern, question change if the same
cover active strong circles were brown
agricultural vegetation tone, after harvest?
fields. possible What reference
irrigation layout. data would confirm
the seasonal
status?
B - mixed Likely Mixed Evidence Rectangular Follow-up  Which parcels
parcels land cropland or to check fields, tonal guestion should be used as
cover agricultural variation training samples
land with between parcels, and which should
different crop roads or field be avoided
stages. tracks, because they are
agricultural mixed or
context. uncertain?
C- Likely Built-up Evidence Compact texture, Follow-up  Which spectral
compact land settlement or  to check light/gray guestion confusion is
area cover urban/peri- features, road possible: built-up
urban land. network, vs bare soil, roofs
clustered vs salt surfaces, or
pattern, shadow vs water?

association with
transport routes.

D - sinuous Likely River corridor, Evidence Meandering Follow-up  Would NDWI
corridor land floodplain, or to check shape, darker or question alone be enough
cover riparian moister tone, to separate open
vegetation. natural corridor, water from moist
relationship to vegetation? Why
low-lying land. not?
E - bright  Likely Bare soill, Evidence Light brown/gray Follow-up  How would a time
fields land harvested to check tone, field guestion series help decide
cover fields, dry boundaries, low whether this is
agricultural vegetation permanent bare
land, or fallow signal, regular soil or temporary
land. agricultural harvest stage?
setting.
F - narrow Likely Road, canal, Evidence Long and narrow Follow-up  Which clues help
line land field track, or to check shape, guestion separate a road
cover other linear connectivity, from a canal:
infrastructure. crossing pattern, color, width,
association with connectivity,
settlement and bridge crossings,
fields. or nearby water?

Activity: Interpret Land Cover from a Satellite Image
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focus interpretation |focus focus

G -dry Likely Dry rangeland, Evidence Irregular pattern, Follow-up  Which field

open land natural bare to check rougher texture, question observation would
surface cover soil, sparse weak parcel be most useful:
vegetation, or boundaries, dry vegetation cover
degraded land. tone, non-urban percentage, soil
context. surface condition,
grazing evidence,
or land-use
record?

19. Group Work Roles

For a 25-35 minute group activity, assign one role to each student. Roles make the activity more
active and prevent one student from doing all interpretation work.

Main responsibility Quality check

Observer Describes visible evidence without Tone, shape, texture, pattern, site,
immediately naming the class. and association are recorded
clearly.
Mapper Marks the image or GIS layer and Boundaries and labels are readable
organizes the class scheme. and consistent.
Validator Suggests what reference data could verify Field data, high-resolution imagery,
or reject the interpretation. official maps, or parcel data are
named.
Reporter Writes the final explanation and prepares  Each class decision is supported
the group presentation. with evidence and uncertainty.
Reviewer Checks whether the group is relying on Errors and weak assumptions are
one clue only or ignoring mixed pixels. identified before submission.

Short presentation format

» State the zone and likely land-cover class.

» Name at least three visual clues used for the decision.

* Explain confidence: high, medium, or low.

* Identify one reference source that would verify the interpretation.
* Mention one possible source of error.

20. Extended Paper-Based Mapping Method

This method is useful when GIS software is not available. It still follows the logic of land-cover
mapping: class definition, boundary delineation, legend design, evidence recording, and validation
planning.

Detailed instruction

Prepare the base Print the satellite image on A4 paper or insert it into Word. Leave

image margins for notes.

Create a legend Assign a color to each class: blue water, green vegetation/cropland,
brown bare soil, gray built-up, black roads, light yellow rangeland.

Draw boundaries Start with clear boundaries such as circular fields, river corridor,
settlement edge, and major roads. Do not over-map uncertain tiny
patches.

Label zones Write class codes directly on the image, for example W, IC, BS, BU, R,
DR.

Activity: Interpret Land Cover from a Satellite Image
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Detailed instruction

Record evidence For each mapped area, write at least two visual clues and one
contextual clue.

Mark uncertainty Use dashed boundaries or question marks where the evidence is weak
or mixed.

Review with peer Exchange maps with another student and check whether the

interpretation rules are understandable.

Finalize Prepare a clean map and attach the evidence table and validation plan.

Class code table

Suggested |Interpretation rule
(of0] (0]

IC

BS

BU

R

DR

Water / river corridor Blue Sinuous corridor, dark tone, floodplain association
Irrigated cropland Green Circular/rectangular fields, repeated pattern, active
vegetation tone

Bare / harvested soil Brown Light tan-gray tone, field boundaries, weak
vegetation

Built-up / settlement Gray Compact mixed texture, road network, clustered
blocks

Road / linear Black Narrow linear feature, connectivity

infrastructure

Dry rangeland / Light yellow Irregular pattern, dry tone, weak parcel structure

natural soil

21. ArcGIS Pro or QGIS Practical Workflow

This optional workflow supports students who will later create land-cover maps in GIS. The steps are
intentionally simple and can be adapted to ArcGIS Pro or QGIS. The main aim is not software
mastery, but a transparent interpretation process.

GIS instruction

1

a A W N

10

11

Open the satellite image or basemap. Check that it displays correctly and that the
projection is known if the image is georeferenced.

Create a new polygon layer called W13_LandCover_Interpretation.
Add fields: Class_Code, Class_Name, Evidence, Confidence, Validation_Source, Notes.
Create a class domain or consistent list of class names to avoid spelling differences.

Begin digitizing from the easiest zones: circular fields, river corridor, settlement, and
major roads.

Use snapping carefully only where boundaries are clear. Avoid artificial precision when
the image is coarse.

Create polygons for uncertain areas only when they are important for the activity
purpose.

Style polygons by class using a simple transparent fill so the image remains visible
underneath.

Add a map legend with all class names and remove unused classes.

Export a map layout with title, legend, scale bar, north arrow, image source, and student
names.

Open the attribute table and check that no polygons have empty class names or missing
confidence level.

Activity: Interpret Land Cover from a Satellite Image
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GIS instruction

12  Write a short quality statement explaining the most reliable class and the most uncertain

class.

GIS quality control questions

* Are the boundaries drawn at a level of detail supported by image resolution?

* Do class names match the legend exactly?

* Are uncertain areas marked as medium or low confidence instead of being hidden?

* Are roads or narrow canals mapped as lines/polygons only when they are visible enough?
* Does the exported map include title, legend, scale, source, and date?

22. Field Verification Plan

A remote sensing interpretation becomes stronger when it is connected to field verification. Students
should not assume that a visually attractive map is accurate. The field plan below can be used as a
classroom exercise even if actual fieldwork is not possible.

Plan element Recommended practice

Sampling goal
Minimum samples
Point location
Field record
Safety and access
Data organization
Validation use

Field observation form

Collect reference information for each land-cover class, including easy
and difficult zones.

At least 10 reference points per class for a classroom exercise; more are
needed for formal research.

Avoid boundaries between classes; choose the center of homogeneous
areas when possible.

Record GPS location, date, photo direction, land-cover class, visible
crop/soil/water condition, and notes.

Do not enter private land or restricted zones without permission. Use
public roads and safe viewpoints.

Store field photos with filenames that match the point ID, for example
W13 P01 _crop.jpg.

Use field points to confirm or correct the interpretation and to build an
accuracy table.

Point ID [Observed class Photo GPS /location note [Confidence|Comments
taken?
PO1

P02
P03
P04
P05
P06

23. Common Interpretation Errors and How to Correct Them

The same image can produce different interpretations if students rely on a single clue. The table
below helps students diagnose weak interpretation and improve it.

Error Example Correction

Using color only

A green area is classified as Add pattern, site, association, and
cropland without checking shape  seasonal reasoning.
or context.

Activity: Interpret Land Cover from a Satellite Image
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Error Example Correction

Ignoring scale

Confusing land

cover and land use

Over-mapping small

details

No uncertainty
statement

No validation source

Treating index
results as truth

A narrow feature is classified as a
road or canal although it may be
smaller than the pixel size.

A green field is named "farm
business" instead of physical cover
such as cropland.

Students draw many tiny polygons
that cannot be reliably interpreted.

Every class is reported as if it were
certain.

Final map is submitted without
reference data or checking plan.

NDVI or NDWI is used without
considering season, soil
background, or mixed pixels.

Corrected interpretation example

Weak: "This area is water because it is dark." Improved: "Zone D is likely a river corridor because it is
a sinuous linear feature, has darker/moister tones than surrounding dry fields, and occurs in a natural
lowland setting. Confidence is medium because the image does not clearly separate open water from
riparian vegetation; NDWI and high-resolution imagery would be used for validation."

24. Peer Review Form

Peer review helps students practice evidence-based interpretation. Each student should review
another student’s worksheet and write constructive comments.

Check image resolution and compare
with visible width.

Use land-cover terms first; discuss
land use only if evidence supports it.

Map only features that are visible
and meaningful for the activity
objective.

Use high, medium, and low
confidence and explain why.

Add field points, high-resolution
imagery, official maps, or peer
review.

Use indices as supporting evidence
and check with context and
references.

Review item Question Yes / partly / |Reviewer
no comment

Class scheme
Evidence
Confidence
Validation

Map clarity
Final report

Are the class names clear and suitable for the

image resolution?

Does each zone include visual clues and

contextual clues?

Are high/medium/low confidence levels
justified?

Are realistic reference data sources
suggested?

Is the annotated image or GIS map readable?

Is the writing concise, careful, and based on

evidence?

Peer feedback sentence starters

* "Your interpretation is strong because ..."

* "This class needs more evidence because ..."
* "l suggest checking this area with ..."

* "The confidence level should be changed from ... to ... because ..."
* "The map would be clearer if ..."

25. Student Self-Assessment

Activity: Interpret Land Cover from a Satellite Image
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At the end of the activity, students should reflect on what they learned and what still needs practice.
This supports skill development beyond one lesson.

Skill statement Yes / partly / Evidence or
not yet comment

| can describe image features before naming classes.

@ TIAME

| can use tone/color, shape, texture, pattern, site, and
association together.

| can explain the difference between land cover and
land use.

| can design a simple class scheme for a satellite

image.

| can identify uncertain areas and explain why they are
uncertain.

| can propose reference data for validation.

| can write a short evidence-based interpretation

report.

Reflection questions

* Which zone was easiest to interpret and why?

* Which zone was most uncertain and what evidence was missing?

»
QLESLIE

»

* Which visual key was most useful in this image: tone, shape, texture, pattern, site, or association?
* How would your interpretation change if you used a different season or a higher-resolution image?
» What would you improve before using this map for a real land-management decision?

26. Mini-Dataset for Validation Practice

The following fictional reference points are provided for practice. Students can compare the
interpreted class with the reference class and identify correct and incorrect classifications. The
dataset is small and simplified, but it helps students understand why accuracy assessment is

necessary

P02
PO3
P04
P05
P06
PO7
P08
P09
P10
P11

P12
P13
P14
P15

M mmoOoooOooOwmwm >
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Irrigated cropland
Irrigated cropland
Irrigated cropland
Irrigated cropland
Built-up

Built-up
Water/river corridor
Water/river corridor
Bare/harvested soil
Bare/harvested soll

Road/linear
infrastructure

Dry rangeland
Dry rangeland
Irrigated cropland
Built-up
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Irrigated cropland
Irrigated cropland
Bare/harvested soil
Built-up
Bare/harvested soil
Water/river corridor
Riparian vegetation
Bare/harvested soil
Irrigated cropland

Road/linear
infrastructure

Dry rangeland
Bare/harvested soll
Irrigated cropland
Built-up

Correct
Correct
Correct
Error
Correct
Error
Correct
Partly correct
Correct
Error
Correct

Correct
Error

Correct
Correct
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Validation questions

» Count the number of correct, partly correct, and incorrect points.
» Which class produced the most confusion? Explain the likely cause using image evidence.

» How would accuracy change if "river corridor" and "riparian vegetation" were merged into one
class?

» Which additional reference points would you collect before making a final map?
27. Confusion Matrix Exercise

Use the table below to build a simple confusion matrix. Rows are mapped classes and columns are
reference classes. Fill the empty cells by counting the validation points. Then calculate the simplified
overall accuracy using only the clearly correct points.

Mapped class Water / |lrrigated |Bare Built-up |Road |Dry range
river crop soil

Water/river corridor

Irrigated cropland
Bare/harvested soil
Built-up
Road/linear

infrastructure
Dry rangeland

Total validation points 15

Clearly correct points Student calculates from the mini-dataset

Simplified overall accuracy Correct points / total points x 100

Most confused classes Student identifies from matrix

Recommended improvement Add reference data, adjust class scheme, or improve

class definitions

28. Interpretation Rules Library

Students may use the following rule library to build consistent interpretation statements. Rules should
be adapted to the image, not copied without thinking.

Possible class Rule template Confidence note

Irrigated cropland  Regular circular or rectangular fields + active High when geometric
vegetation tone + agricultural setting + possible pattern is clear;
irrigation association. medium when crop

stage is unclear.

Bare/harvested Field boundary + light/brown-gray tone + weak Medium because

field vegetation signal + agricultural context. seasonal stage can

change quickly.

Settlement/built-up Compact mixed texture + bright/gray features + High for compact
roads + clustered block pattern. towns; medium where

dry soil and roofs are
similar.

Activity: Interpret Land Cover from a Satellite Image
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Possible class Rule template Confidence note

Road/track Long narrow linear feature + connectivity + crossing Medium to high
relation to fields/settlement. depending on width
and image resolution.
River/floodplain Sinuous corridor + dark or moist tone + lowland Medium because
context + riparian pattern. open water and
vegetation may mix.
Dry Large irregular surface + dry tone + weak human-  Medium when similar
rangeland/natural made pattern + rough texture. to harvested fields.
soll
Canal/drain Narrow linear feature + association with irrigated Medium; must be
fields + sometimes dark or blue tone. checked against

water index or high-
resolution image.

29. Alternative Activity: Compare Two Band Combinations

If the instructor has access to a satellite viewer or GIS software, students can compare the same area

in natural color and false color. The purpose is to show that color is controlled by band assignment
and should not be interpreted without knowing the display method.

Natural color Uses visible red, green, and blue  Useful for settlement, bare soil, and
bands. It looks similar to human intuitive landscape reading;
vision. vegetation is usually green.
False color Often assigns near-infrared to red Vegetation becomes bright red or
vegetation display channel. strong colored, making crop vigor
composite and riparian zones easier to see.
SWIR composite Uses shortwave infrared bands Useful for moisture, burn scars, dry
with visible/NIR bands. soil, and vegetation stress.
Index view Displays NDVI, NDWI, MNDWI, Useful for targeted separation but
SAVI, or other index values. should be validated and interpreted

with context.

Comparison worksheet

Vegetation is easiest to see in which display?

Water or wet corridor is easiest to see in
which display?

Built-up and bare soil are most easily
confused in which display?

Which display is best for final visual
interpretation and why?

30. Short Oral Exam Prompts

These prompts can be used for quick assessment at the end of the lesson. Students should answer in

evidence-based language rather than memorized definitions.

Prompt Explain why zone A is easier to interpret than zone G.
1

Prompt What is the difference between a land-cover class and a land-use interpretation?
2

Activity: Interpret Land Cover from a Satellite Image
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Prompt Why is a class scheme necessary before mapping?

3

Prompt How can mixed pixels affect the accuracy of a land-cover map?

4

Prompt Why should training samples and validation samples be kept separate?

5

Prompt Give one example of how seasonal change may create classification error.
6

Prompt Which visual clue is most useful for identifying roads or canals?

7

Prompt Why is field verification important even when the satellite image looks clear?
8

Prompt What does overall accuracy show, and what does it not show?

9

Prompt How can digital indices support but also mislead visual interpretation?

10

31. Glossary for the Activity

Meaning in this activity

Association The relationship between one feature and nearby features that commonly
occur together, such as fields with canals or settlements with roads.

Class scheme The list of land-cover classes used in a map, with clear definitions for each
class.

Confidence level A statement of how reliable an interpretation is: high, medium, or low.

Land cover The physical material visible on the Earth surface, such as water, cropland,
soll, buildings, or vegetation.

Land use The human purpose or function of land, such as agriculture, housing,
transport, or recreation.

Mixed pixel A pixel that contains more than one land-cover type, causing uncertainty in
interpretation or classification.

Reference data Independent information used to check an interpretation, such as field
observations, official maps, or high-resolution imagery.

Texture The visual roughness or smoothness of an image area, caused by local
variation in tone or color.

Tone The relative brightness or darkness of image features.

Validation The process of checking whether mapped classes agree with reference
data.

32. Instructor Facilitation Guide

This guide helps the instructor manage the lesson and keep the activity focused on evidence-based
interpretation. The instructor should encourage students to speak in terms of evidence, uncertainty,
and validation rather than only naming land-cover classes.

T s

Before class Prepare printed copies or digital files. Decide whether students will work on
paper, Word, ArcGIS Pro, QGIS, or a combination. Review the class
scheme and expected answer key.
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Co-funded by

the European Union } THAME ( L E S LI E
\é »

Instructor action

Opening question Ask students: "What can you recognize immediately, and what evidence
supports it?" Write their evidence words on the board: tone, shape, pattern,
texture, site, association.

During Stop students from labeling too early. First require them to describe visible
observation features. Then allow interpretation.

During group Ask each group to justify one high-confidence and one low-confidence
work zone. Make them explain what reference data would improve confidence.
During validation ' Show that error is normal in remote sensing. Discuss mixed pixels,
discussion seasonal effects, and class definitions.

Closing Connect the activity to supervised classification: good training samples

come from clear, well-justified interpretation zones.

Instructor prompts during the lesson

» Which clue is strongest in this zone: shape, tone, pattern, texture, site, or association?
» What alternative class could this zone be? What evidence would reject that alternative?
* Is this a land-cover statement or a land-use statement?

» Would the interpretation be the same in spring, summer, and after harvest?

» What would happen if this class were used as training data for Random Forest or Maximum
Likelihood classification?

33. Differentiation: Easier and Advanced Versions

The activity can be adjusted for different student levels. Beginner students can focus on visual
interpretation and class labels. Advanced students can extend the activity to indices, classification,
accuracy assessment, and field verification planning.

Version Task design Primary learning
focus

Beginner version Use only zones A-G and six classes. Students Main skill: visual
complete the evidence table and write one recognition and
paragraph of interpretation. evidence statement.

Standard version Students create a full class scheme, annotate the Main skill: systematic
image, complete validation planning, and submita  land-cover

short report. interpretation.
GIS version Students digitize polygons, prepare an attribute Main skill: converting
table, and export a simple map layout. visual interpretation
into map data.
Classification Students choose training samples, identify Main skill: linking
version features/bands/indices, and compare supervised vs interpretation to digital
unsupervised logic. image processing.
Research version Students add multi-date imagery, NDVI/NDWI time  Main skill:
series, field points, and a confusion matrix. reproducible land-
cover mapping
workflow.

Adaptation for Central Asian examples
* Use irrigated cropland, canal networks, river corridors, dry steppe/rangeland, settlements, and bare
saline soils as locally relevant classes.

* Ask students to compare parcel-based interpretation with pixel-based interpretation when field
boundary shapefiles are available.

* Include questions on seasonal crop calendars because the same field can appear very different
before planting, during active growth, and after harvest.
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* When using Sentinel-2, discuss why 10 m and 20 m bands may support parcel-level interpretation
better than coarser imagery, but still require validation.

34. Example Short Student Report

The example below shows the expected style and level of detail. Students should write their own
report using their interpretation results.

The satellite image was interpreted using six land-cover classes: water/river corridor, irrigated
cropland, bare or harvested soil, built-up settlement, road/linear infrastructure, and dry
rangeland/natural soil. The most confident interpretation was zone A, which was classified as irrigated
cropland because of its circular center-pivot field shapes, repeated agricultural pattern, and strong
vegetation tone. Zone C was classified as built-up settlement because it shows compact mixed
texture, light gray features, and road association. Zone D was interpreted as a river corridor or
floodplain because it has a sinuous linear form and darker/moister tone, but confidence is medium
because open water and riparian vegetation cannot be separated clearly from the image alone. Zone
E was mapped as bare or harvested soil due to light brown-gray tones and visible field boundaries;
however, a multi-date image would be needed to determine whether it is permanently bare or
temporarily harvested. Validation should use high-resolution imagery, field observations, official land-
cover data, and separate reference samples. The main limitations are mixed pixels, seasonal
variation, and spectral confusion between built-up surfaces and dry bare soil.

Why this report is acceptable

* It names classes and zones clearly.

* It connects each interpretation to visible evidence.

* It includes confidence and uncertainty.

* It proposes reference data for validation.

* It avoids unsupported claims about crop type or land use.

35. Answer Key for Extension Exercises

Expected answer / explanation

Mini-dataset result Clearly correct points: P01, P02, P03, P05, P07, P09, P11, P12, P14,
P15 = 10 correct. Partly correct: PO8 = 1. Incorrect: P04, P06, P10, P13
=4,

Simplified accuracy If only clearly correct points are counted, overall accuracy = 10/ 15 x
100 = 66.7%. If P08 is accepted as partly correct due to class definition,
the interpreted reliability may be discussed qualitatively rather than
treated as formal accuracy.

Most likely confusion Irrigated cropland vs bare/harvested soil; built-up vs bare sail; river
corridor vs riparian vegetation. These errors are common because
spectral and visual appearance changes with season, moisture, and
resolution.

Best improvement Collect more reference points for mixed and uncertain zones, use multi-
date images, refine class definitions, and avoid using boundary pixels as
training samples.

Expected class If water and riparian vegetation cannot be separated, merge them into

scheme improvement "river corridor" for this beginner-level map. If a higher-resolution image
is available, separate open water, riparian vegetation, and riverbank
soil.

36. Final Instructor Checklist

Checklist item What to verify

Content readiness Activity has a clear purpose, source image, class scheme, evidence
table, validation plan, and assessment rubric.
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Checklist item What to verify

Image readiness  The image is readable when projected and when printed. Zones A-

G are visible.
Classroom Groups, timing, roles, and expected outputs are explained before
readiness students begin.
Assessment Rubric is shared and students know that evidence and validation
readiness matter more than speed.
Follow-up Instructor connects the activity to the next task: image classification
readiness or land-cover map production.
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