Reading Satellite Images
of Earth: An Introduction

Free, global, repeatable views
of our planet for every learner

Reading means identifying,
interpreting how it was captured,
and judging limits

Roadmap: sensors and pixels,
color, scale, time-series,
verification, classroom practice

Recurring framework: Where?
What? How was it made?
How sure am I?

. Satellite images are data

visualizations, not photographs—

chonces shape what we see




How a Satellite Image Is Made: Sensors, Orbits, and Light

@ Passive sensors measure reflected sunlight;
active SAR and lidar send their own signal

@ Polar-orbiting satellites give global coverage;
geostationary satellites watch one hemisphere
frequently

e Swath width and orbit shape how much is
captured and how often

® Sensor design is a trade-off among spatial,
spectral, temporal, and radiometric resolution

e Key missions: Landsat, Sentinel-2, MODIS,
and commercial high-resolution constellations




Four Kinds of Resolution:
What ‘High Resolution’ Really Means

s

Spatial
ground area per pixel —
10 m, 30 m, 250 m, 1 km
answer different
questions

Temporal revisit time — minutes (geostationary), 1-2 days (MODIS), ~16 days (Landsat)

Spectral few broad multispectral bands vs. hundreds of narrow hyperspectral bands

Radiometric  brightness levels recorded; 8-bit = 256 values

OO

.\ Match resolution to your question — the first practical decision




(/) True Color and False Color: Reading Beyond the Visible

Sensors record grayscale per band; color comes from display assignments
True color: red, green, blue bands mimic human vision

False color: non-visible bands reveal vegetation, water, fire, snow

Color infrared makes healthy vegetation appear bright red

Ask which bands were assigned before interpreting color

Band Assignment

Red

Near-Infrared

k. & ~ & S’ < Shortwave-Infrared TR
True Color False Color
(visible wavelengths) (non-visible bands)




Visual Interpretation: Tone, Texture, Pattern, Shape, and Context

Nine classic elements: Tone / Color
tone/color, shape, size, e
texture, pattern, shadow,

site, association

Sequence: describe first,
then explain, then deduce,
then critique

Water reads smooth and dark;
fields geometric; cities dense
with roads; forests mottled

Season, sun angle, and
shadows change appearance—
and mislead beginners

Separate observation

(‘grid of straight roads’) from
inference (‘planned residential
area’)

SEE MORE. UNDERSTAND OUR WORLD.




Resolution, Scale, and What an Image Can Hide

Ground sample distance caps
detection: sub-pixel features
vanish or get averaged

Mixed pixels: one 30 m Landsat
pixel averages 900 m? of
pavement, lawn, and roof

Finer pixels aren't always better;
they add within-class variability
and comparison headaches

Scale traps: patterns clear at one
zoom level dissolve or mislead
at another

Match resolution to your question
and label the scale on every image




Changes Over Time: Separating Real
Change from Apparent Change

Before-and-after pairs reveal Benin City (2002 vs. 2025)

growth, deforestation, coastal
shifts, seasons

Match season, sun angle, and
sensor type when comparing
dates

Well-documented cases: Gran Chaco (1985-2025)

Benin City (2002 vs. 2025),
Gran Chaco (1985-2025),
Cerrado conversion

Clouds, haze, drought, and
processing differences can

fake change
Cerrado conversion

In class: align, describe
differences, map changes,
verify with independent
evidence




Where to Find Imagery and

How to Read Its Metadata

Free platforms: Copernicus Browser, Free Platforms for Satellite Imagery

NASA Worldview, Earthdata,

USGS EarthExplorer, Esri Landsat Explorer o g @ 0
Key metadata: date, sensor,

Earthdata

resolution, cloud cover, Cgpernicus
processing level kG

Metadata is the chain of custody —
it proves authenticity and fitness

Watch for adjustments: atmospheric
correction, mosaicking, pan-sharpening,
color stretching

Check licensing terms and always
credit the provider and processing

PEOPLE LAND DATA BRIGHTER DECISIONS

Worldview

USGS Esri

EarthExplorer Landsat

Explorer

Image Metadata (Example)

date
sensor
resolution
cloud cover

processing level



From Interpretation to Inquiry:

Designing Image-Based Activities

The Inquiry Cycle

9 9
observe describe

Activity Formats @ What?

Keep Every Step Anchored
to the Four Questions:

Where?

How was it made?

feature hunts image pairs grid mapping time-lapse

How sure am I?
Ask: “a.‘ Adapt by audience: m Ready-to-use models:
"What would this look label features, My NASA Data,
like if my interpretation debate evidence, USGS Tracking Change,

were wrong?" connect to field work

Copernicus Browser




Common Pitfalls and Responsible Interpretation

A singlei

2

o

mage can be misleading A responsible reading looks deeper

Where?

What?

How was it made?

How sure am I?

Striking colors can look dramatic, but they are not proof.

5

Color is not meaning; Never claim from one image: Spot manipulation: Protect privacy: avoid
sharp pixels are not proof cross-check dates, sensors, impossible details, sensitive sites; credit sources
ground data mismatched metadata, and respect communities

missing sources

Checklist: source, date, bands, scale, cross-check, uncertainty

BETTER AGERY
BRIGHTER DECISIONS




Guided Practice: Reading One Image Together

Image Metadata

Check metadata
and confirm which
band combination
produced the colors.

- [ Expert Thinks Aloud

“ Hear how an expert
hedges, requests more
evidence, and records
uncertainty.

How was
it made?

Walk through the four questions: Where? What? How was it made? How sure? IMAGES
INFORM

i =a— . e A BRIGHTER
Describe tone, texture, pattern, shape, and association before interpreting TOMORROW

Name one claim the image supports and one it cannot

Hear how an expert hedges, requests more evidence, and records uncertainty

A
9 Check metadata and confirm which band combination produced the colors




Paired-Image Exercise: Defend an Interpretation

Observation m Open questions

In small groups, list five or more
observable differences between
the image pairs

Sort findings into three columns:
observation, inference, open questions

©

Our interpretation:
Test alternatives: season, clouds,
sensor, processing, or genuine change
Present a defensible interpretation
and evidence that would overturn it Evidence that would overturn it:

Debrief: compare conclusions and
discuss why honest disagreement
matters

00




Connecting Global Imagery to Local Observation _

Use free browsers to find your
school, neighborhood, or local
nature site

Pair each satellite observation
with a field visit or ground check

Document change over time and
share findings with a real audience

Ask how global patterns shape local
choices about land, water, and
vegetation

Keep a class image log: date, source,
sensor, and what was noticed




Takeaway Checklist and Next Steps

From observation to understandina — and what to do next.

A\ Checklist: locate it, read
metadata, confirm bands,
note scale

Compare with another image,
then state your uncertainty

Four questions: Where?
What? How made? How sure?

Learners: explore your area,
compare dates, share a verified
observation

Educators: start with one
case study, then build a local
investigation

Reflection: what evidence
would change your mind?

THI!I

A BRIGHTER TOMORROW
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