
Geography 4110/5100
Advanced Remote Sensing

Lecture: Tues. & Thurs. 11:00– 12:15
Lab: Tuesday. 2:00-3-50

Ekeley, W240

Professor: Waleed Abdalati
Office Hours:  Wednesdays 2-3:30

and by appointment

Teaching Assistant: Jessica Bobeck
Office Hours: Thurs. 12:30-2:00, and by 

appointment (W240)



Advanced Remote Sensing
§ Computer login
§ Classroom access
§ Syllabus and Policy
§ Textbook

§ Remote Sensing Digital Image Analysis Fifth Edition by John A. 
Richards

§ Not required, but strongly recommended 
§ Complementary to lectures. I will identify sections of the text to 

supplement the class lectures
§ Some homework assignments will be from this text
§ http://libraries.colorado.edu

Class web page: 
http://cires.colorado.edu/esoc/classes/geog5100



• I will be out for several days this semester, 
during which Dr. Mahsa Moussavi will be 
lecturing on my behalf.
– January 19th

– February 16th

– March 2nd

– March 7th OR 9th

Advanced Remote Sensing







“From this distant vantage point, the Earth might not seem 
of any particular interest…” 



“But for us, it's different…” 



“That's here,  that's home, that's us.”
- Carl Sagan













• POSSIBLY INSERT ORBITING 
SATELLITES FROM PIERS’S TALK





GEOG 4110/5100 
Advanced Remote Sensing

Background Material

Review of Material from GEOG/GEOL 4093/5093, 
Remote Sensing of the Environment

Waleed Abdalati
Spring Semester, 2017



Preliminary	Concepts	from	GEOG/GEOL	4093/5093
• What	remote	sensing	is
• Advantages	of	remote	sensing
• Remote	sensing	platforms
• Active	and	passive	remote	sensing
• Electromagnetic	Spectrum
• Characteristics	of	electromagnetic	

radiation
– Wavelength,	frequency,	and	the	

relationship	between		the	two
• Spectral	emittance and	emissivity

– Blackbody,	gray	body,	selective	
radiator,	etc.

• Planck’s	law
• Stefan	Boltzmann	Law
• Wein’s law
• Brightness	Temperature
• Interaction	with	matter

– Absorption,	transmission,	reflection	
specular	and	diffuse

• Solid	Angle
• Scattering

– Rayleigh,	Mie,	non-selective

• Types	of	orbits,	in	particular	sun-
synchronous

• Types	of	image	acquisition	systems
– Panchromatic,	multispectral,	and	

hyperspectral
• Additive	color	theory
• Resolution

– Spatial,	spectral,	temporal,	
radiometric

• Cross-track	and	push-broom	
scanners

• Applications	of	different	spectral	
bands

• Characteristics	of	high-resolution	
commercial	satellites



• Passive	microwave	radiometry
• Rayleigh	Jeans	Approximation

• Synthetic	Aperture	Radar
• Atmospheric	and	surface	penetration
• Factors	that	affect	radar	backscatter
• Distortion,	including	layover,	

shadowing,	and	foreshortening
• Characteristics	that	affect	observed	

radiance	in	visible,	thermal,	and	
microwave	region

• How	InSAR works.	
• How	can	it	detect	precise	relative	

displacement
• Why	is	it	only	relative?

• How	altimetry	works
• How	scatterometry works
• How	GRACE	works

Preliminary	Concepts	from	GEOG/GEOL	4093/5093
• Spectral	signatures:	Definition	and	

importance
• What	is	BRDF	and	why	we	need	to	

know	it
• Relative	resolution	for	various	

sensors
– spatial,	spectral,	radiometric,	and	

temporal
• What	is	the	Earth	Observing	system
• Sources	for	data	(e.g.	DAACs)
• Current	and	planned	missions,	and	

their	associated	instruments.	What	
they	do,	and	how	they	work
– Parts	of	the	spectrum	the	operate	

in,	resolution,	etc.



• Key	sensors,	how	they	work	for	observing	the	following	phenomena
– Clouds	(coverage	and	vertical	distribution)
– Aerosols	(spatial	extent	and	vertical	distribution
– Components	of	the	energy	budget	(outgoing	and	incoming	radiation)
– Earth	Deformation	and	movement	of	glaciers
– Rain
– Snow	(area	and	water	equivalent)
– Sea	ice
– Soil	moisture
– Geological	mapping
– Health	and	extent	of	vegetation	cover.	
– Winds	over	the	ocean
– Ocean,	land,	and	ice	sheet	topography
– Surface	temperatures

Preliminary	Concepts	from	GEOG/GEOL	4093/5093



• Unobtrusive
• Automated
• Useful for extreme conditions
• Offers excellent spatial and temporal 

coverage
• Often cost-effective
• Extends our senses

Remote sensing is the collection of information 
about an object or system without coming into 
direct physical contact with it

Remote Sensing



Some Remote Sensing Platforms

• Ground-based
• Airborne
• Satellite





REMOTE SENSING DATA TYPES

Visible, infrared, thermal,  and microwave are most common



• According to Planck’s law, a blackbody will 
emit radiation in all wavelengths but not 
equally

• Stefan-Boltzmann Law:
Emittance is proportional to the fourth power of 

physical temperature to 
s = 5.670 x10-8 W m-2 K-4

• Graybody: 

 

4TM =

4TM =

Stefan-Boltzmann Law

Blackbody Radiation Laws

s

se



Electromagnetic Radiation 
Interactions with Matter

• Radiation is
– transmitted (t)
– reflected (r) 
– absorbed (a)
Radiation Budget Equation:
Fil = rl + tl + al



Atmospheric Effects

• EMR is attenuated by its passage 
through the atmosphere

Attenuation = scattering + absorption
–Scattering is the redirection of 

radiation by reflection and refraction
–Attenuation is wavelength dependent



Atmospheric Absorption

In the atmosphere EMR is primarily 
absorbed by

• H2O water vapor, water droplets
• CO2 carbon dioxide
• O2 oxygen
• O3 ozone
• dust



Absorption and Atmospheric Windows



Optical Depth
• The optical depth (t) expresses the quantity of light removed 

from a beam by scattering or absorption during its path through 
a medium.

I/Io = e-t (Eq. 1)
Where: 
– Io = intensity of a source
– I  = Intensity observed after a given path

• When a surface is viewed at an angle, Eq 1 becomes:
I/Io = e-t/cos(θ) (Eq. 2)

Where θ = the viewing angle

• Optical depth also determines how visible a surface is

*



3.3 Orbit types

Orbital parameters can be tuned to 
produce particular, useful orbits 

• Geostationary
• Geosynchronous
• Sun synchronous



Bidirectional Reflectance
Dependence of observed 
energy on relationship 
among the surface, the 
observer, and the source of 
illumination

Bidirectional Reflectance 
Distribution Function 
(BRDF): Describes fraction 
of energy observed as a 
function of illumination and 
viewing angles

• Often necessary to relate observed 
energy to incident energy (e.g. for 
albedo calculation)

• Sometimes spectral signatures 
depend on illumination and 
viewing angles *



Four types of resolutions in remote sensing:

(1) spectral: the number and dimension of specific wavelength
intervals in the EM spectrum to which the instrument is
sensitive.

(2) spatial: the smallest angular or linear separation between
two objects that can be resolved by the sensor (IFOV).

3) Temporal: the repeat frequency of information gathered at a
specific point.

(4) Radiometric: sensitivity of the sensor to different signal
strengths in radiant flux.

RESOLUTION

*



Imaging Systems: Whiskbroom Scanners

Artists impression of Spot 5 Across-track scanners scan
the Earth in a series of lines.
The lines are oriented
perpendicular to the direction
of motion of the sensor
platform (i.e. across the
swath). Each line is scanned
from one side of the sensor to
the other, using a rotating
mirror.

*



Imaging Systems: Pushbroom Scanners

• Pushbroom scanners use a 
linear array of detectors (A) 
located at the focal plane of the 
image (B) formed by lens 
systems (C), which are 
"pushed" along in the flight 
track direction (i.e. along 
track). 

• Each individual detector 
measures the energy for a 
single ground resolution cell (D) 
and thus the size and IFOV of 
the detectors determines the 
spatial resolution of the system. 

*



Landsat TM image of 
Mississippi River, 
before and after 
1993 flood



Monthly snow cover with fractional snow cover from the Terra MODIS, February 2004.

Cryosphere Remote Sensing Applications
Snow



Landsat TM 
Band-5

Landsat TM 
Band-2

*

What wavelengths would you want to sense to distinguish snow 
from other land cover types



Soils: Organic Matter

Organic matter 
is a strong 
absorber of EMR, 
so more organic 
matter leads to 
darker soils 
(lower 
reflectance 
curves)



Land Surfaces are 
often a mixture of 
soils that may have 
similar spectral 
signatures

*



AVIRIS: Airborne Visible 
InfraRed Imaging 

Spectrometer

• AVIRIS provides calibrated 
images of the upwelling 
spectral radiance in 224 
contiguous spectral channels 
with wavelengths from 400 to 
2500 nanometers (nm). 

224 Stacked images in very 
narrow spectral bands

**



Fe (Iron)-
bearing mineral 
map (0.35-1.35 
micron spectral 
region) in the 
Antelope 
Range, Nevada 
derived from 
Analysis of 
AVIRIS data

Created by the 
USGS



Geo-
morphology: 

Igneous 
landforms

Stratovolcano, 
Mount St. Helens, 

Washington



Geomorphology: Shoreline Landforms 

MISR image of Mississippi Delta (birdsfoot delta)

multi-angle composite false color composite

true color composite



Tectonic Landforms
Colorado Rocky Mountains from 

Landsat TM (band 4)

Canadian Rocky 
Mountains from 

Radarsat

Shaded Relief from Shuttle Radar 
Topography Mission



Healthy vs. Unhealthy Vegetation

Vegetation can be classified by its spectrum
*



MODIS Land Cover Classification

0 Water

1 Evergreen Needleleaf Forest

2 Evergreen Broadleaf Forest

3 Deciduous Needleleaf Forest

4 Deciduous Broadleaf Forest

5 Mixed Forests

6 Closed Shrublands

7 Open Shrublands

8 Woody Savannas

9 Savannas

10 Grasslands

11 Permanent Wetlands

12 Croplands

13 Urban and Built-Up

14 Cropland/Natural Veg. Mosaic

15 Snow and Ice

16 Barren or Sparsely Vegetated

17 Tundra



Landsat 9
(2020)PACE (2022)

NI-SAR (2022)
SWOT (2021)

TEMPO (2018)
JPSS-2 (NOAA)
RBI, OMPS-Limb (2018)

GRACE-FO (2) (2018)
ICESat-2 (2018)

CYGNSS (2016)
ISS

SORCE, (2017)
TCTE (NOAA)

NISTAR, EPIC  (2019)
(NOAA’S DSCOVR)

QuikSCAT (2017)

EO-1  
(2017)Landsat 7

(USGS)
(~2022)

Terra 
(>2021)

Aqua(>2022)

CloudSat (~2018)

CALIPSO (>2022)

Aura 
(>2022)

SMAP (>2022)

Suomi NPP 
(NOAA) (>2022)

Landsat 8
(USGS) (>2022)

GPM (>2022)

OCO-2 
(>2022)

GRACE (2)
(2018) OSTM/Jason 2 (>2022)

(NOAA)

(Pre)Formulation
Implementation
Primary Ops
Extended Ops

Earth Science Instruments on ISS:
RapidScat, (2017)
CATS, (2020)
LIS, (2016)
SAGE III, (2016)
TSIS-1, (2018)
ECOSTRESS, (2019)
GEDI, (2018)
OCO-3, (2018)
CLARREO-PF, (2020)
TSIS-2 (2020)

Sentinel-6A/B (2020, 2025)

MAIA (~2021)
TROPICS (~2021)
EVM-2 (~2021)

Implementation
Formulation

Primary Ops
Extended Ops

NASA Earth Science 
Missions: Present through 2023



Homework

Richards text, 
Problems 1.1, 1.7, 1.9, 1.13, 1.15

Due Thursday, January 26th


