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NASA Satellite Instruments for Land Resources Management
Satellite Sensor(s) Dates Spatial Resolution

MSS 1972 - 1983 80 meter

Landsat 4 and 5 Landsat TM 1982 - 2013 30m (120 m thermal band)

Landsat 7 Landsat ETM+ 1999 - present 15m panchromatic, 30m 
multispectral, 60m thermal

Landsat 8 (LDCM) Operational Land 
Imager (OLI), Thermal 
Infrared Sensor (TIRS)

2013 - present 15m panchromatic; 30m 
multispectral; 100m thermal

Terra, Aqua MODerate Resolution 
Imaging 
Spectroradiometer
(MODIS)

2000 - present 250m - 8 km

Terra ASTER 2000 - present 15-90m

EO-1 Hyperion, Advanced 
Land Imager (ALI)

2000 - present Landsat 1-3

Suomi NPP Visible Infrared Imager 
Radiometer Suite 
(VIIRS)

2013 - present 375-750m



Landsat 1 - July 23, 1972 (MSS)

Landsat 2 - January 22, 1975 (MSS)

Landsat 3 - March 5, 1978 (MSS)

Landsat 4 - July 16, 1982 (TM)

Landsat 5 - March 1, 1984 (TM, MSS)

Landsat 6 - October 5, 1993, but never reached orbit

Landsat 7 - April 15, 1999, May 2003 SLC-Off (ETM+)

Landsat 8 - February 11, 2013 (OLI, TIRS)

LANDSAT – 40 years of continuous data





1970 1980 1990 2000

MSS (79 m, 4 band)

TM (30/120 m, 7 band)

ETM+ (15/30/60 m, 8 band)

2010

Landsat 8 (15/30/90 m, 9 band) 

Landsat-2

Landsat-3

Landsat-4

Landsat-5

Landsat-6

Government operations

Commercial operations

Landsat-1 (ERTS)

Landsat-7

Landsat 8

Launched 11 Feb. 2013

Landsat: 30 years of observations



Landsat Global Archive Consolidation (USGS)

http://landsat.usgs.gov/Landsat_Global_Archive_Consolidation.php



Source: landsat.gsfc.nasa.gov

Landsat 7

Landsat 8





Sensor Architecture Evolution
Whiskbroom (Landsat 1-7) Pushbroom (LDCM)

Whisk broom Push broom



http://www.space.com/20335-landsat-satellite-first-photos.html



Fall 2015 GEO 827 – Digital Image Processing and Analysis

https://landsat.usgs.gov/ldcm_vs_previous.php

“Atmospheric windows”



Fall 2015 GEO 827 – Digital Image Processing and Analysis

http://landsat.gsfc.nasa.gov/wp-content/uploads/2015/06/Landsat.v.Sentinel-2.png

“Atmospheric windows”



Characteristics of Landsat 4, 5 and 7

Bands Wavelength
(micrometers)

Resolution (m)
Landsat 4-5 (TM)

Resolution (m)
Landsat 7 (ETM+)

Band 1-Blue 0.45-0.52 30 30

Band 2 Green 0.52-0.60 30 30

Band 3- Red 0.63-0.69 30 30

Band 4-Near Infrared 0.76-0.90 30 30

Band 5- Shortwave 
Infrared 1

1.55-1.75 30 30

Band 6- Thermal 
Infrared

10.40-12.50 120 60

Band 7- Shortwave 
Infrared 2

2.08-2.35 30 30

Band 8-Pan 0.52-0.90 -- 15



Characteristics of Landsat 8

Bands Wavelength (micrometers) Spatial Resolution (meters)

Band 1-Coastal aerosol 0.43-0.45 30

Band 2- Blue 0.45-0.51 30

Band 3- Green 0.53-0.59 30

Band 4- Red 0.64-0.67 30

Band 5- Near Infrared 0.85-0.88 30

Band 6- SWIR 1 1.57-1.65 30

Band 7- SWIR 2 2.11-2.29 30

Band 8-Panchromatic 0.50-0.68 15

Band 9-Cirrus 1.36-1.38 30

Band 10- Thermal Infrared 1 10.60-11.19 100

Band 11- Thermal Infrared 2 11.50-12.51 100



Differences

1) Cirrus Band added to detect cirrus contamination in other channels

2) Coastal Band added at request of ocean color investigators requiring higher resolution of 
coastal waters relative to MODIS and SEAWifs

3) Bandwidth refinements made in all bands to avoid atmospheric absorption features

4) Panchromatic band narrowed to avoid crossing vegetation reflectance transition

C LDCM Band Requirements

30 m  Coastal/Aerosol 0.433 - 0.453     (2) Band 1

Band 1 30 m   Blue 0.450 - 0.515 30 m  Blue 0.450 - 0.515 Band 2

Band 2 30 m   Green 0.525 - 0.605 30 m  Green 0.525 - 0.600 Band 3

Band 3 30 m   Red 0.630 - 0.690 30 m  Red 0.630 - 0.680 Band 4

Band 4 30 m   Near-IR 0.775 - 0.900 30 m  Near-IR 0.845 - 0.885     (3) Band 5

Band 5 30 m  SWIR-1 1.550 - 1.750 30 m  SWIR-1 1.560 - 1.660     (3) Band 6

Band 6 60 m  LWIR 10.00 - 12.50 120 m Thermal 1               10.30 – 11.30 (5)

120 m Thermal 2               11.50 – 12.50    (5)

Band 10

Band 11

Band 7 30 m  SWIR-2 2.090 - 2.350 30 m  SWIR-2 2.100 - 2.300    (3) Band 7

Band 8 15 m  Pan 0.520 - 0.900 15 m  Pan 0.500 - 0.680     (4) Band 8

30 m  Cirrus 1.360 - 1.390     (1) Band 9

Improvements with Landsat 8



Improvements with Landsat 8

• 12 bit vs. 8 bit (4096 potential grey levels vs. 256)

• 5x improvement in signal to noise ratios

• Greater number of detectors

• Pushbroom (along-track) vs. whiskbroom (across-track) scanner (no moving 
mirror)

• Addition of a 2nd thermal infrared channel improves temperature measurements

• Coastal aerosol band enables detection of additional water column constituents



• Cirrus cloud band added for quality control

• Addition of a Quality Assessment (QA) band

• Each pixel in the QA band contains a decimal value that represents bit-
packed combinations of surface, atmosphere, and sensor conditions 
that can affect the overall usefulness of a given pixel.

• Codes: 

• Bit 0 = 1 = fill

• Bit 1 = 0 = no cloud

• Bit 2 = 0 = land

• Bit 3 = 0 = no snow

• QA bits improve the integrity of science investigations by indicating 
which pixels might be affected by instrument artifacts or subject to 
cloud contamination. 



Download Landsat Images from 

GloVis

Earth Explorer

LandsatLook Viewer

Global Land Cover Facility



Obtain Landsat Images from

http://weld.cr.usgs.gov
http://globalweld.cr.usgs.gov

http://weld.cr.usgs.gov/
http://globalweld.cr.usgs.gov/


http://landsatlook.usgs.gov

The LandsatLook Viewer



Acquiring Landsat Images

http://glovis.usgs.gov

glovis.usgs.gov



Downloading Landsat Images

http://earthexplorer.usgs.gov



http://glcf.umd.edu/data/landsat

GLCF Univ of Maryland



Global Land Survey (GLS)

• Collaboration between USGS and NASA

• Global land survey datasets (uses a global collection of cloud free Landsat 
images from 1975-2008)

• Time series include (GLS 1975, GLS 1990, GLS 2000, GLS 2005, GLS 2010)

• Acquire GLS datasets through Earth Explorer, GloVis, and GLCF

source: glcf.umd.edu



https://landsat.usgs.gov/science_GLS.php



Land Cover Maps derived through image classification

Lake Tahoe Lake Tahoe



Landsat Derived Land Cover Products

• United States
• National Land Cover Database (NLCD)

• GAP Analysis

• LANDFIRE

• Global
• Global Land Cover Network (FAO)

• Forest Change Products (Amazon Basin, Central Africa, 
Paraguay) and Landsat Tree Cover (GLCF)



National Land Cover Database (NLCD)

• Supported by the Multi-Resolution Land Characteristic Consortium (MLRC)

• Provides National Land Cover Mapping products at 30m resolution for 1992, 
2001, 2006 and 2011.

• 16 class Land Cover classification scheme of the entire U.S. (modified from The 
Anderson Level 2 Classification System)

• Other NLCD Mapping products include: Land Cover Change, Percent Tree Canopy, 
and Percent Developed Imperviousness (1992, 2001, 2006)

http://www.mrlc.gov/nlcd11_data.php



National Gap Analysis Program

http://gapanalysis.usgs.gov

• Land cover maps

• Species distribution maps

• Land stewardship/protected areas



LANDFIRE (Interagency partnership between USFS and USGS)

• Products: Delivered at 30 m spatial resolution
• Vegetation data layers using Landsat imagery from 1999 - present

• Current and historic vegetation composition and structure of the entire U.S.
• Fuel and Fire Regime data layers

• Fire behavior and fuel loading models for entire U.S. 1999 -present
• Disturbance data 

• Fuel, vegetation, natural, and prescribed disturbance by type and year 1999-
present

http://www.landfire.gov



FAO Global Land Cover-SHARE (GLC-SHARE)

GLC-SHARE combines “best available” high resolution national, 
regional and/or subnational land cover databases

Produced with a resolution of 30 arc-second (~ 1 sq. km.)

11 land cover classes

Beta-release 1.0

http://www.glcn.org/databases/lc_glcshare_en.jsp



Landsat Tree Cover 

http://glcf.umd.edu/data/landsatTreecover/

 Landsat Tree Cover layers estimate the percent of tree cover per 30m 

pixel area  (includes stems, branches, leaves greater than 5 meters in 

height)

 Derived from all seven bands of Landsat 5-TM and Landsat ETM

 Landsat Tree Cover product represents 2000, 2005

source: glcf.umd.edu



http://www.geoportal.org/web/guest/geo_home_stp



http://www.earthobservations.org/geoss.php





MEdium Resolution Imaging Spectrometer



http://land.copernicus.eu/global/products/http://land.copernicus.eu
/global/products/





http://www.eotec.com/images/IRS_-_Current_and_Future_-_Web.pdf



http://www.eotec.com/images/IRS_-_Current_and_Future_-_Web.pdf



http://www.eotec.com/images/IRS_-_Current_and_Future_-_Web.pdf





http://www.eotec.com/images/IRS_-_Current_and_Future_-_Web.pdf





















https://www.digitalglobe.com/resources/satellite-information



http://www.satimagingcorp.com/satellite-sensors/worldview-3/







http://blackbridge.com/rapideye/gallery/index.html

RAPIDEYE



http://cad4nasa.gsfc.nasa.gov/





http://www.wired.com/2013/06/startup-skybox/



http://www.wired.com/2013/06/startup-skybox/





Fall 2015 GEO 827 – Digital Image Processing and Analysis
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Source: earthobservatory.nasa.gov

MODIS: Moderate Resolution Imaging Spectroradiometer, 
on two NASA spacecraft (Terra and Aqua)





MODIS (Moderate Resolution Imaging 
Spectroradiometer) 

Spatial Resolution
250m, 500m, 1km 

Temporal Resolution 
Daily, 8-day, 16-day, monthly, quarterly, yearly 
(2000-present)

Data Format
Hierarchal Data Format - Earth Observing System 
Format (HDF-EOS)

Spectral Coverage
36 bands (major bands include 
Red, Blue, IR, NIR, MIR)
Bands 1-2: 250m 
Bands 3-7: 500m 
Bands 8-36: 1000m 



MODIS Tiles vs. Landsat Images



MODIS Naming Convention

MODIS filenames follow a naming convention which gives useful 
information regarding the specific product. For Example: 

MOD09A1MODISTerraSurfaceReflectance8-dayL3500mSINGrid

Temporal Resolution

Product Number

Instrument

Platform
Parameter

Processing Level

Spatial Resolution

Projection

Grid

**NOTE: MOD – Terra; MYD – Aqua; MCD - Combined

**



MODIS Land Products

MODIS 

Name

Product Name Spatial

Resolution 

(m)

Temporal

MOD 09 Surface Reflectance 500 8-day

MOD 11 Land Surface Temperature 1000 Daily, 8-day

MOD 12 Land Cover/Change 500 8-day, Yearly

MOD 13 Vegetation Indices 250-1000 16 day, monthly

MOD 14 Thermal Anomalies/Fire 1000 Daily, 8-day

MOD 15 Leaf Area Index/Fraction of Absorbed 

Photosynthetically Active Radiation (FPAR)

1000 4-day, 8-day

MOD 16 Evapotranspiration

MOD 17 Primary Production 1000 8-day, yearly

MOD 43 Bidirectional reflectance distribution

function (BRDF)/Albedo

500-1000 16-day

MOD 44 Vegetation Continuous Fields 250 yearly

MOD 45 Burned Area 500 monthly

Short name

All MODIS Land Products are available at processing Level 3 



MODIS Land Products: Land Cover (MCD12Q1)

• Yearly 500 meter product 

• Primary Land Cover Type Scheme: International Geosphere Biosphere 
Program (IGBP) global vegetation classification scheme

• 11 vegetation classes

• 3 developed classes

• 3 non-vegetated classes



MODIS Land Products: Vegetation Indices 
(MOD13Q1/MOD13A1)

• NDVI (Normalized Difference 
Vegetation Index): Ratio between 
the red and the Near-Infrared 
bands

• EVI (Enhanced Vegetation Index): 
Addition of the blue band to 
account for atmosphere

• Used for: drought monitoring, 
phenology (timing of vegetation 
green-up)

Vegetation index data demonstrates part 

of the seasonal cycle in the contiguous US 

during the first half of 2001
Credit: NASA/GSFC/University of Arizona



MODIS Land Products: Land Cover Dynamics (MCD12Q2)

• Informally called the MODIS Global Vegetation Phenology product

• Provides estimates of the timing of vegetation phenology

• Primarily uses MODIS EVI

• Layers correspond to timing of vegetation greenup, maturity, 
senescence and dormancy:

• Onset_greeness_increase

• Onset_greeness_maximum

• Onset_greeness decrease

• Onset_greeness_minimum
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MODIS Land Products: Thermal Anomalies 
(MYD14A1)

• active burning fires and burned areas 

• Active Fire product delivers actively burning locations on a daily basis at 1km resolution 
(additional 8 day and monthly products)

• Fire product includes multiple attributes such as fire mask, fire pixel table, and maximum 
fire radiative power 

• Thermal Anomalies product detects other thermal anomalies such as volcanic signatures

Source: NASA’s Fire Information and Resource Manager’s System/NASA LANCE 

Global Fire Map (April 1- April 10, 2014) 



MODIS Land Products: Burned Area 
(MCD45A1)

• The combined Terra & Aqua MODIS Burned Area Product is a monthly gridded 
500m product

• MODIS detects the approximate date of burning at 500m resolution

• For more information: http://modis-fire.umd.edu

Example of the MODIS 500 m burned 
area product for sub equatorial Africa. 
The different colors indicate the 
approximate day of the burning detected 
between August and October in 2000. 
Image courtesy of MODIS Fire Team

http://modis-fire.umd.edu/


Where to Obtain Information on MODIS (and 
other) NASA Products

• Land Processes Distributed Active Archive (LP DAAC)
• https://lpdaac.usgs.gov/products/modis_products_table

• Earth Observing System Data and Information System (EOSDIS):
• http://Earthdata.nasa.gov

https://lpdaac.usgs.gov/products/modis_products_table
http://earthdata.nasa.gov/


Where to Obtain MODIS Images
• ECHO Reverb

• http://reverb.echo.nasa.gov

• Data Subsetting and Visualization: Oakridge National Lab DAAC 
(ORNL DAAC)

• http://daac.ornl.gov

• GLCF
• http://www.landcover.org/data/lc

• GLOVIS
• http://glovis.usgs.gov

• Fire Information for Resource Management System (FIRMS)
• https://earthdata.nasa.gov/data/near-real-time-data/firms

http://reverb.echo.nasa.gov/
http://daac.ornl.gov/
http://www.landcover.org/data/lc
http://glovis.usgs.gov/
https://earthdata.nasa.gov/data/near-real-time-data/firms


Where to Obtain MODIS Images

• Worldview (Fires, Land Surface Temperature and Snow Cover)
• https://earthdata.nasa.gov/labs/worldview/

• Visualization: SERVIR

• https://www.servirglobal.net/Global/MapsData/InteractiveMappe
r.aspx

• MRT Web
• http://mrtweb.cr.usgs.gov

https://earthdata.nasa.gov/labs/worldview/
https://www.servirglobal.net/Global/MapsData/InteractiveMapper.aspx
http://mrtweb.cr.usgs.gov/


News from past Sep and Aug,
Version 6 release









https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table





https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table





https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table



















MOD12Q1 1km, IGBP, 2004



Suomi National Polar-orbiting Partnership or 
Suomi NPP formerly National Polar-orbiting 
Operational Environmental Satellite 
System(NPOESS)

Launch date: October 28, 2011



https://asterweb.jpl.nasa.gov



https://asterweb.jpl.nasa.gov/gallery-detail.asp?name=agmontage





https://asterweb.jpl.nasa.gov/instrument.asp



https://asterweb.jpl.nasa.gov/gallery-detail.asp?name=gdem

Aster: Global Digital Elevation Model (30m)

GDEM is available for download from NASAÔÇÖs EOS data archive 
(https://wist.echo.nasa.gov/~wist/api/imswelcome/) and JapanÔÇÖs Ground Data System 
(http://www.gdem.aster.ersdac.or.jp/index.jsp).



https://eosweb.larc.nasa.gov/faq-page/misr-faq#t81n190


