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Why the Electromagnetic Spectrum Matters

Lesson roadmap and learning outcomes

Know the
spectrum

Read wave
properties

Follow the
signal path

Interpret
materials

Choose the
right region

Know the spectrum
Identify the visible, near-
infrared, shortwave
infrared, thermal
infrared, and microwave
regions used in remote
sensing.

J

Read wave properties

Relate wavelength,
frequency, and energy to
sensor design and to the
type of information a
band can reveal.

.

J

Follow the signal path

Explain how source
energy, atmosphere,
surface interaction, and
sensor recording shape
the final image.

.

J

Interpret materials

Link vegetation, water,
soil, and built surfaces to
their typical spectral
response patterns.

g

J

Choose the right region

Match visible, NIR, SWIR,
TIR, and microwave
bands to real land-
management
applications.

.

Core message: Remote sensing becomes meaningful when we understand which wavelengths are measured, how those wavelengths

interact with the atmosphere and surface, and what physical property each band helps us observe.
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< The Electromagnetic Spectrum at a Glance

Only a small part is visible to the human eye; remote sensing extends observation beyond it.

shorter wavelength e higher frequency

[
»

longer wavelength e lower frequency

Gamma X-ray Visible

Thermal IR

Microwave

Visible light = 0.4-0.7 um

Blue Green Red
( \ 4 N\ 4 N\
]
Why this matters in remote sensing What visible light can do What non-visible bands add
Earth-observation systems mainly use the visible, infrared, Visible bands support natural-color interpretation, water - .
. .y ¥ PP ) P NIR highlights plant structure, SWIR responds to moisture
and microwave regions because those wavelengths appearance, haze detection, and chlorophyll-related - . .
. . h . . and minerals, TIR captures emitted heat, and microwave
interact strongly with the atmosphere, vegetation, water, contrast—but they show only a fraction of the available L
. . . ) enables all-weather observation in many cases.
minerals, snow, and built surfaces. information.
\ J . J . J
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Remote sensing bands are selected by wavelength because wavelength controls interaction with matter.

Waves Carry Information

' N\ N\ N\ N
] I
Wavelength (A) Frequency (f) Amplitude Key relation
Distance between successive wave . . Related to the strength of the o
. Number of wave cycles passing a point . & . Because the speed of light is constant, wavelength and
crests. Remote sensing commonly s measured signal. In real images, . N )
. per unit time. Shorter wavelengths . frequency move in opposite directions. Higher
expresses bands in nanometers or . . brightness also depends on surface .
) correspond to higher frequencies. . frequency also means higher photon energy.

micrometers. and atmospheric effects.

\. J/ . J . J/ . J

longer wavelength

lower frequency / lower energy

( N\
Speed relation
c=Axf
Sensors may describe the same band by wavelength or
frequency.
\. J
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shorter wavelength

higher frequency / higher energy

Energy relation

E=hf

Shorter wavelengths carry more energy and behave differently.
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< From Sun to Sensor: The Atmosphere Filters the Signal

Atmospheric windows allow observation; absorption and scattering can hide or distort it.

Sun Atmosphere Surface Sensor Image / data

Simplified atmospheric transmission

strong absorption

( N\ 4 N\ ( N\
| ] ]
Scattering Absorption Practical implication

. . . Atmospheric correction is important because the sensor records the
Molecules and aerosols redirect energy, which can Water vapor, ozone, and carbon dioxide remove . P P
. . - . combined effect of the source, atmosphere, and surface—not a pure
brighten haze and reduce image contrast. energy from specific wavelength regions. .
ground signal.
. J . J . J
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How Earth Materials Interact with Radiation

The balance of reflection, absorption, transmission, and emission changes with wavelength.

4 N\ ( N\
1 [ e
Reflection Absorption
( )
Target surface Main source of optical image Linked to pigments, water, and
contrast. chemistry.
Incoming energy leaf e soil  water e asphalt \ J \ J
( \ 4 \
] ]
L ) Transmission Emission
Some energy passes through a Dominant in thermal remote
material. sensing.
. J . J

. A material is not defined by one brightness value. It is defined by a pattern of interaction across many wavelengths. That pattern is what allows
Spectral signature  (|3qsfication and interpretation.
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Patterns across wavelengths matter more than a single pixel brightness value.

Typical Spectral Signatures of Common Surfaces

80 -

Vegetation

Strong chlorophyll absorption keeps red reflectance low, while internal leaf
60 -

structure drives a sharp jump in the near infrared.

N
|
Water
40 -

Water is usually dark in NIR and SWIR because it absorbs those wavelengths
strongly, which helps water-body detection.

\.
20 -

Soil and built materials

Soils often rise more gradually with wavelength. Built surfaces vary with material
composition, moisture, and texture.
Blue Green Red NIR SWIR-1 SWIR-2

== \/egetation === \Water === Dry soil === Built surface
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Blue, green, and red bands support interpretation, but non-visible bands reveal much more.

Visible Light: Familiar, Useful, but Not the Whole Story

s )
( ) 4 N\ ( \
True color composite - - -
Uses red, green, and blue for natural-looking display. Helpful for orientation and
Blue Green Red communication with non-specialists.
water penetration peak visible strong chlorophyll - g
aerosols / haze vegetation reflectance absorption p N
. J . J . J

False color composite (NIR-R-G) - - -

Maps near infrared into display red, so healthy vegetation stands out strongly and water

usually appears dark.

. J
4 N\ 4 \ 4 \
- I
What visible bands do well What visible bands miss Teaching point
They support natural interpretation, color discrimination, Moisture content, plant internal structure, and . . - .
. . . . ) } The visible region is the beginning of remote sensing
basic land-cover reading, and communication with non- thermal state are not fully captured in ordinary RGB . . L .
. . interpretation—not the limit of it.
specialists. imagery.
. J . J . J
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(;ESLIE Near-Infrared and Shortwave Infrared

These regions are central for vegetation, moisture, stress, fire, and material discrimination.

Near Infrared (NIR) Shortwave Infrared (SWIR)

Typical role Typical role

Sensitive to water content, mineral differences, smoke penetration, and post-fire

Strongly highlights healthy vegetation because leaf structure reflects NIR efficiently. surface change.

( ) ( )
(e

Plant vigor Leaf / soil moisture
. Healthy leaves reflect strongly . Low moisture usually changes SWIR response

( ) ( )
(e L]

Water boundary Burn scars

. Water becomes dark and easy to separate . Useful after wildfire events

( ) ( )
(e L]

NDVI logic Minerals and salinity clues
. Combines red absorption with NIR reflection . Important in semi-arid landscapes
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(;ESLIE Thermal Infrared: Measuring Emitted Energy

Thermal remote sensing is especially useful when the question is about heat, stress, or surface temperature.

Concept Common applications

Thermal sensors record energy emitted by surfaces, not ( )

only reflected sunlight. Warm targets generally emit more
thermal radiation than cool targets.

Land surface temperature
urban heat, bare soil heating, water-temperature contrast
.

---- -- , \
Crop water stress

I rm . - o
oo wa hotter canopies can indicate stress or poor irrigation
\ J
4 N\
]
Important caution Geology / geothermal
Temperature and emissivity both influence the signal, | thermal anomalies, heat retention differences )

so thermal interpretation still needs physical context.

( )

Disaster monitoring

wildfires, volcanic activity, hot spots

\. J/
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Longer wavelengths support all-weather observation and are sensitive to roughness, moisture, and structure.

Microwave Remote Sensing and Radar

Two observation modes

Strengths

Works day or night; many microwave systems can observe through clouds; sensitive
G A e ) Surface to moisture, roughness, and structure.

& ,

Typical applications
pulse out ® backscatter in

Flood extent, soil moisture, snow and ice, forest structure, ground deformation, and
rapid disaster response.

|\ J
Passive microwave ( Natural emission

Interpretation challenge

sensor only receives

Radar brightness is not like optical brightness; geometry and scattering mechanisms
must be considered.
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(;ESLIE Sensors Are Designed Around Spectral Regions

The best sensor is the one whose wavelengths match the physical question.

Region Main information Typical use in land studies Example platforms / sensors Mode

Visible color, albedo, water appearance general interpretation, true-color imagery RGB cameras, Sentinel-2, Landsat passive

plant structure, biomass

NIR e crop vigor, water-land separation Sentinel-2, Landsat passive
SWIR ?esiesrtittj\r/e, minerals, burn drought, salinity clues, fire mapping I;:rr:gg?st' ASTER, hyperspectral passive
TIR emitted heat, thermal inertia surface temperature, heat stress Landsat TIRS, ASTER TIR passive
Microwave roughness, moisture, structure floods, soil moisture, all-weather monitoring SAR / radar, radiometers active / passive

Rule of thumb: start with the phenomenon you want to observe, then choose the wavelength region and sensor that are physically suited to that task.
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(;ESLIE Resolution Still Controls What We Can Learn

Band choice matters, but so do pixel size, band width, brightness precision, and revisit frequency.

4 N\ 4 N\ ( ) 4 N\
- ] N ]
Spatial resolution Spectral resolution Radiometric resolution Temporal resolution
How large is one pixel on the ground? How many bands exist and how narrow How finely can brightness be measured? How often can the same place be
Finer pixels show smaller field patterns, are they? More and narrower bands More levels improve sensitivity to subtle observed? Revisit rate is critical for crops,
roads, canals, and patch boundaries. improve material separation. differences. floods, drought, and change detection.

. J . J \. J/ . J

Multispectral vs. hyperspectral Decision principle
———— ——— No dataset is best in every case. The most useful dataset is the one whose
Multispectral Hyperspectral spatial, spectral, radiometric, and temporal properties match the question
Fewer, broader bands. Efficient for Many narrow, contiguous bands being asked.
many mapping tasks. for finer material discrimination.
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(0 Spectrum Knowledge Becomes Better Land Decisions

Examples especially relevant to Central Asian land and water management

e a 4 N\
Visible + NIR ) Crop condition and seasonal vegetation
Track green cover, field variability, and crop vigor through the growing season.
. 7 \_ )
e a 4 N\
]
SWIR ) Moisture stress and salinity clues
Reveal leaf water loss, dry soil patterns, and material differences in semi-arid landscapes.
\ v \_ Y,
's N\ ( )
. ]
Thermal IR ) Irrigation efficiency and heat stress
Detect warmer stressed surfaces, urban heat, and hot-field anomalies.
\ v \_ )
e N\ 4 )\
. ]
Microwave ) Floods, snow, and cloudy-season monitoring
Useful when optical data are blocked by clouds or when roughness and moisture matter.
\ v \_ )
e \ 4 )
. ]
Multi-band integration ) Stronger analysis and better interpretation
The most reliable decisions usually combine several spectral regions rather than a single image band.
. 7 \_ )

Takeaway: understanding the spectrum helps analysts move from “what does this image look like?” to “what physical property is this band measuring?”
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(;ESLIE References and Recommended Reading

Selected for teaching reliability, accessibility, and direct relevance to electromagnetic radiation in remote sensing.

University-based teaching resources Agency + textbook references used in slide design
1. MIT OpenCourseWare. 12.815 Atmospheric Radiation — “Remote Sensing” 1. NASA Earthdata. The Electromagnetic Spectrum
Izec;ure nsitis' e e 2. NASA Science / Landsat.

- Fenn State Dutton Inst u €. o Spectral Bands and Applications.
GEOG 480 — Electromagnetic Radiation. 3. USGS
3. ‘Un.lver5|ty of Twente (ITC)' . Landsat Glossary — Electromagnetic Spectrum.
Principles of Remote Sensing course materials. 4. Lillesand, T., Kiefer, R., & Chipman, J
4. Optional extension reading: open course material from high-ranking Remote Ser;sin’g and Ir"naée Interpreta’tion
environmental and Earth-science institutions may be added in future revisions. 5. Jensen. J. R

Remote Sensing of the Environment / Introductory Digital Image Processing.

These sources were used to keep the presentation academically reliable while still accessible to undergraduate students.
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