ERASMUS-EDU-2023-CBHE Duration: 36 months
Project number: 1071129032 (01/01/2024 - 31/12/2026)

»
QLESLIE

LAND MANAGEMENT
ENVIRONMENT &
SOLID-WASTE

Co-funded by /A TIIAME
the European Union

MICRO-CREDENTIAL

LAND MANAGEMENT IN CENTRAL
ASIA

11.- Electromagnetic Radiation and
Energy Interaction

Spectral Characteristics of Natural
Objects

LM-W11-V74



»

(;ESLIE Why spectral characteristics matter
Physical idea Interpretation idea Decision idea
Different materials reflect, absorb, transmit, or A spectral pattern helps us separate healthy When the spectral response is understood,
emit energy in different ways. Those differences vegetation, open water, bare soil, snow, or remote sensing supports classification,
create measurable patterns. disturbed land in images. monitoring, and environmental management.

By the end of the lesson, students should be able to:

U Visibl NI SWI Therma

e define a spectral signature in simple terms; V e R R I Sicrowave

e describe the typical spectral behavior of vegetation, water, soil, and snow; L .

e explain why moisture, roughness, season, and wavelength change image A remote-sensing image is
appearance; useful because materials are not

e connect spectral behavior to satellite bands and common remote-sensing spectrally identical.

indices. . . ‘

Different response . Different bands
-> different map Different dates
i -> change detection -> targeted
meaning analysis
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(;ESLIE What is a spectral signature?

A signature is a pattern, not a single number

Conceptual example: reflectance versus wavelength

Reflectance Absorption
60 - Part of the incoming energy is Part of the energy is absorbed
reflected back toward the sensor. inside the material.
Transmission Emission
Some energy may pass through In thermal regions, objects also
the material, especially in thin emit energy depending on
media. temperature and emissivity.
045 055 065 085 1.6 2.2 Spectral signature = wavelength-by-

—®—ObjectA  —®—Object B wavelength response

A spectral signature describes how a material responds
across wavelengths. The shape of the curve often matters
more than any single band value.



»

(;ESLIE Vegetation: the classic spectral pattern

Healthy leaves have a highly diagnostic response

Schematic vegetation reflectance curve

\ /\

. /

. /

A )

10 /

0.45 0.55 0.65 0.70 0.85 1.6 22

Bl WIR
He and. red Green Red edge High NIR reflectanceS warter
absorption peak absorption

Why plants are green

Chlorophyll absorbs much of the blue and red light, so
green wavelengths are relatively more visible.

Why NIR is high

Leaf internal structure scatters near-infrared energy
strongly, which makes healthy vegetation bright in NIR.

Why SWIR helps

Water inside leaves absorbs more strongly in SWIR, so
stress or dryness often changes SWIR response.
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(;ESLIE Water: generally dark, but not always identical

Water signatures depend on depth, turbidity, and surface condition

Schematic spectral response of water Clear water Sediment-rich water
Usually low reflectance, Suspended particles can
16 - especially beyond the visible increase brightness in visible
14 region. wavelengths.
12
10
8 Shallow water Rough surface
\ Bottom effects may change the Waves and sun glint can
6 spectral signal in shallow zones. complicate the observed
4 \ response.
2
0 T T T T T 1
0.45 0.55 0.65 0.85 1.6 2.2
—@— Clear water  —@— Turbid water Interpretation tip: water is often easy to separate from land in

NIR and SWIR, but classifying water quality is more difficult
In NIR and SWIR, water usually becomes very dark. than simply mapping water extent.
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(;ESLIE Soil: variable and highly sensitive to condition

Moisture, texture, organic matter, and mineral content all matter

Typical soil behavior: dry soil versus moist soil Moisture Texture

Usually lowers reflectance Coarse and fine materials
50 1 and changes absorption scatter differently.

features.
40 —

. Iron oxides and
30 Organic matter .
minerals
/ Darker organic-rich soil is Specific minerals can add
20 / often less reflective. diagnostic spectral features.
10 +—=
0 T T T T T 1 . . . . . .
0.45 055 0.65 0.85 16 29 Soil interpretation is more difficult than water or healthy

vegetation because soils form a continuum rather than

=@—Dry soil =—@= Moist soil . .
one single universal curve.

Dry bare soil often brightens gradually from visible to SWIR. Moisture
generally darkens the curve.
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(;ESLIE Other natural objects: snow, ice, clouds, and rock surfaces

Brightness alone is not enough; wavelength matters

Snow and cloud behavior (schematic) Snow and ice

Often bright in the visible region, but reflectance decreases strongly

90 1 in SWIR. This is why NDSI can separate snow effectively.

. :i‘::\\‘

70

60

50 < Clouds

40 \ Clouds are also bright, but their spectral behavior differs from

\ snow, especially when SWIR information is used.
30 \\

20 \

10

0 . . . . . . Rocks and built surfaces
0.45 0.55 0.65 0.85 16 2:2 Many rock and urban materials are moderate to bright and often
~®—Snow/Ice =@~ Cloud show smoother curves than vegetation. Mineralogy and moisture
still matter.

Key lesson: two objects may look similarly bright in one
band but separate clearly when another band is added.
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(;ESLIE Comparing major natural objects

One chart can summarize the logic of multispectral interpretation

Conceptual spectral library How to read the comparison

90 - e Vegetation stands out in NIR.
80 — e Water becomes very dark beyond
70 the visible range.
\ * Dry soil often rises gradually with
60 wavelength.
50 \ ® Snow is bright in the visible but
/ drops in SWIR.
40 / —
30 \\
|

20 / V. These contrasts explain why
10 0 band selection is one of the

0 5 y = . . . most important decisions in

0.45 0.55 0.65 0.85 1.6 2.2 remote sensing.

=@ Vegetation —@—Water =@=Drysoil =®-Snow
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(;ESLIE Why spectral signatures are not fixed

The same object can look different under different conditions

Key factor Effect on spectral response

Moisture Often lowers reflectance and deepens absorption features.

Surface roughness Changes scattering geometry and apparent brightness.

Leaf condition /

Affects pigments, structure, and water content.
growth stage

Soil composition Minerals, salts, and organic matter alter the curve.
Sun-sensor N N .
Illumination angle and viewing angle change the measured signal.
geometry
Atmosphere Haze, water vapor, and scattering modify the path of radiation. Interpretation rule: spectral data are

powerful, but context matters.
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(;ESLIE From spectral behavior to satellite bands

Sensors sample the spectrum in selected windows

Approximate band positions used in common multispectral systems

Visible NIR SWIR Thermal Microwave

“mn o

0.45-0.52 0.53-0.59 0.64-0.67 0.85-0.88 1.57-1.65 2.11-2.29

Visible bands Near infrared Shortwave infrared
Strong for color, pigment information, Very useful for vegetation vigor, biomass Helpful for moisture, burn severity, snow
turbidity clues, and general interpretation. patterns, and land-water separation. discrimination, and some mineral or salinity
clues.

Sensors do not record the entire spectrum continuously. They sample key wavelength regions where useful information is expected.

10
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(;ESLIE How spectral behavior becomes image interpretation

Band combinations change what we see

Visible composite (concept) False-color NIR composite (concept) Interpretation logic
Useful for intuitive viewing, but it may hide Vegetation becomes much more prominent 1. Know the expected spectral pattern.
differences that become clearer in NIR or SWIR. because NIR reflectance is high, while water 2. Choose bands that maximize contrast.
stays dark. 3. Check the result against context and field
knowledge.

Water

Bare soil

Vegetation

Vegetatio
bright/red

n

Spectral behavior ->
image meaning
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(;ESLIE Indices built from spectral contrast

Simple band combinations can summarize physical differences

NDVI NDW!I / water indices NDSI
Uses red and NIR contrast to highlight green Use green and NIR or NIR and SWIR Uses visible and SWIR contrast to distinguish
vegetation and vigor patterns. relationships to emphasize water-related snow from many other bright objects.
features.
NDVI = (NIR - Red) / (NIR + Water is often separated Snow is bright in visible bands

because it stays dark in NIR and but much lower in SWIR.

Red)

SWIR.
Why indices work

e They compress spectral contrast into one interpretable layer.

e They are useful for monitoring change across time and space. , , ,

e They do not replace understanding; they depend on the same Band contrast Index layer Map meaning
physical spectral logic explained in this lesson.
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QLESLIE

Applications in land management and Central Asia

) 4

Spectral knowledge becomes operational when linked to decisions

Irrigated agriculture

Separate crops, detect vigor
differences, and identify water
stress or uneven field conditions.

Operational workflow

Know the target

What object or condition
must be separated?

Salinity and bare soil

monitoring
Track bright bare surfaces, surface
moisture clues, and land

degradation patterns.

Choose relevant
bands

Visible, NIR, SWIR, or
index products?

Water resources

Map canals, reservoirs, wetlands,
and seasonal water distribution
more effectively.

Check season and

conditions
Growth stage, moisture,

snow cover, or
atmosphere?

Snow and
runoff context
Observe snow-related
surfaces that influence
seasonal water

availability.

Validate

Use field observations,
maps, or local knowledge
before decision-making.
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(;ESLIE Key takeaways and common misconceptions

A short review before the references

What students should remember Misconceptions to avoid
e A spectral signature is a wavelength-by-wavelength ) . . i
response pattern. N(g’:1 gxgglsfzgr!m?%igizggﬁtgi(te ghgl:\;‘égc.he measured
e Vegetation, water, soil, and snow differ because they response.
interact with energy differently.
e NIR and SWIR are often especially powerful for separating
natural objects. "Brightness alone is enough." _
e Signatures are characteristic, but they also change with s:éfparat'on usually improves when multiple bands are
condition, season, and geometry.
* Good interpretation links spectral logic, suitable bands,

and ground context. "An index replaces interpretation."
No; indices help, but they still depend on spectral reasoning

and validation.

Final message: spectral understanding turns images into

evidence.
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(;ESLIE Selected references

Trustworthy literature and data sources for further study

Core textbooks and university-linked learning resources Authoritative mission and agency references

e Lillesand, T., Kiefer, R. W., & Chipman, J. W. Remote Sensing and Image e NASA Earth Observatory and NASA Earthdata resources on
Interpretation. Wiley. electromagnetic radiation, reflectance, and spectral signatures.

e Jensen, J. R. Introductory Digital Image Processing: A Remote Sensing e USGS Landsat mission documentation and spectral band
Perspective. Pearson. references.

e Campbell, J. B., & Wynne, R. H. Introduction to Remote Sensing. Guilford e European Space Agency Sentinel-2 MSI user materials and
Press. spectral band descriptions.

e ITC, University of Twente. Principles of Remote Sensing educational * FAO and related land and water monitoring resources for
materials. application context.

Note: the spectral curves used in this lecture are schematic teaching curves designed to explain typical behavior. Real measured
spectra vary with sensor characteristics, environmental conditions, and field properties.
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