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Polar Satellite Imaging Sensors: 
Provide Daily Global Observations of the Earth

• Sensors on polar orbiting satellites provide consistent sun-
synchronous observations including: clouds and aerosols, 
snow and ice, ocean color and temperature, land surface, 
vegetation and fire. 

• AVHRR – Advanced Very High Resolution Radiometer flown on 
NOAA’s Polar Orbiting Environmental Satellites from 1978 to 
the present (METOP-A/NOAA15 for AM; NOAA19/18 for PM).

• MODIS – MODerate Resolution Imaging Spectroradiometer
flown on NASA Earth Observing System (Terra and Aqua 
satellites) since 1999.

• VIIRS – Visible Infrared Imager Radiometer Suite – to be flown 
first on the NPP satellite scheduled to launch in Oct 2011.

Satellites:  POES EOS NPP JPSS



• VIIRS Heritage:
– OLS: Operational Linescan System (DMSP Operational)

– AVHRR: Advanced Very High Resolution Radiometer (POES 
Operational)

– SeaWiFS: Sea-viewing Wide Field-of-view Sensor (R&D)

– MODIS: Moderate Resolution Imaging Spectroradiometer (R&D)

• VIIRS’ spectral coverage ranges from 412 nm to 12 
microns in 22 bands
– Imagery at ~375 m nadir resolution in 5 bands

– Moderate resolution (~750 m at nadir) radiometric quality data

– Day-night band (DNB) provides low light capability

– Improved radiometric and spectral quality

VIIRS: 

Visible Infrared Imager Radiometer Suite

VIIRS builds upon and improves from previous sensors



Higher spatial resolution with reduced pixel growth

VIIRS Improvements From AVHRR: 
Geometric properties 

MODIS @ 2300km:

1x2.4km/2x6km



Band Range (um) HSR (m) Band Range HSR Band Range HSR Band Range HSR

DNB 0.500 - 0.900 750
HRD 

PMT

0.580 - 0.910 

0.510 - 0.860
550 2700

M1 0.402 - 0.422 750 8 0.405 - 0.420 1000

M2 0.436 - 0.454 750 9 0.438 - 0.448 1000

M3 0.478 - 0.498 750
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0.459 - 0.479 

0.483 - 0.493
500 1000

M4 0.545 - 0.565 750 4          12
0.545 - 0.565 

0.546 - 0.556
500 1000

I1 0.600 - 0.680 375 1 0.620 - 0.670 250 1 0.572 - 0.703 1100

M5 0.662 - 0.682 750
13         

14

0.662 - 0.672 

0.673 - 0.683
1000 1000 1 0.572 - 0.703 1100

M6 0.739 - 0.754 750 15 0.743 - 0.753 1000

I2 0.846 - 0.885 375 2 0.841 - 0.876 250 2 0.720 - 1.000 1100

M7 0.846 - 0.885 750 16 0.862 - 0.877 1000 2 0.720 - 1.000 1100

M8 1.230 - 1.250 750 5 SAME 500

M9 1.371 - 1.386 750 26 1.360 - 1.390 1000

I3 1.580 - 1.640 375 6 1.628 - 1.652 500

M10 1.580 - 1.640 750 6 1.628 - 1.652 500 3a SAME 1100

M11 2.225 - 2.275 750 7 2.105 - 2.155 500

I4 3.550 - 3.930 375 20 3.660 - 3.840 1000 3b SAME 1100

M12 3.660 - 3.840 750 20 SAME 1000 3b 3.550 - 3.930 1100

M13 3.973 - 4.128 750
21        22        

23

3.929 - 3.989 

3.929 - 3.989 

4.020 - 4.080

1000 1000 

1000

M14 8.400 - 8.700 750 29 SAME 1000

M15 10.263 - 11.263 750 31 10.780 - 11.280 1000 4 10.300 - 11.300 1100

I5 10.500 - 12.400 375 31        32
10.780 - 11.280 

11.770 - 12.270
1000 1000

4         
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10.300 - 11.300 

11.500 - 12.500

1100 

1100
HRD 10.300 - 12.900 550

M16 11.538 - 12.488 750 32 11.770 - 12.270 1000 5 11.500 - 12.500 1100

OLS EquivalentMODIS Equivalent AVHRR-3 Equivalent

Ocean Color, Aerosol

Thin Cirrus

Atm Correction

Cloud Particle Size

Snow Map

Cloud

SST, Fire

Cloud Top Propoerties

Low light capabilities

VIIRS

VIIRS Improvements From AVHRR: 
Radiometric properties 

Greater spectral coverage with increased radiometric quality
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VIIRS Aerosol Products
•Aerosol EDRs:

–Aerosol Optical Thickness
–Aerosol Particle Size Parameter
–Suspended Matter 

•Aerosol Products are important to:
–Weather and Water
–Air Quality
–Aviation/Ship Operation
–Climate applications
–As input to VIIRS Surface Reflectance and Net Heat Flux

•Navy now operationally assimilating Aerosols

Image Source:  MODIS Granule 2000-258-0830 VIIRS Chain Test Report - The VIIRS Aerosol Algorithms

Dust over the Arabian Sea  

2011/03/30

http://rapidfire.sci.gsfc.nasa.gov/gallery/
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VIIRS Cloud Products

•Cloud Mask Intermediate Product (IP)
–Required for many other EDRs
–Confidently Clear, Confidently Cloudy, Probably 
Clear,, and Probably Cloudy

•7 Cloud Optical Properties EDRs:
–Cloud Optical Depth
–Cloud Effective Particle Size
–Cloud Top Temperature
–Cloud Top Pressure
–Cloud Top Height
–Cloud Base Height
–Cloud Cover/Layers

•High-spatial resolution cloud properties from VIIRS 
find use in many applications including:
–NWP models and hurricane forecasting
–Aviation 
–Climate
–Input to other applications

Image Source:  Test Scene: 

MOD2001.164.1800

http://www.ssec.wisc.edu/~gumley/modis_gallery/images

/Florida_20031220_1835_1000m.jpg



8

VIIRS Cryosphere Products
•Cryosphere EDRs:

–Snow Cover
–Ice Surface Temperature 
–Sea Ice Characterization

•VIIRS Cryosphere Products are 
fundamental to:

–Weather prediction
–Hazard detection
–Transportation
–Recreation
–Climate monitoring

Image source:  Test Scene 29: 2001-114-2305 (Bering Strait) VIIRS Chain Test Report – The VIIRS Sea Ice Algorithms

2011 April 2nd

http://www.star.nesdis.noaa.gov/smcd/emb/snow/HTML/multisensor_global_snow_ice.html
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VIIRS Imagery Products

• Imagery Key Performance 
Parameter (KPP)

–375 m from ‘I’ bands
–750 m ‘M’ bands
–NCC (Near Constant Contrast) imagery 

from Day-Night-Band
• City Lights
• Moonlit clouds
• Lighting
• Offshore petroleum platforms
• Highways

Image Source:  Test Scene: 

MOD2001.164.1800

BEFORE: (left) MODIS Terra 250m composite image 
view acquired on February 26, 2011, before the 
Tsunami. AFTER: (right) MODIS Aqua 250m composite 
image view acquired on March 13, 2010, after the 
Tsunami (Special Thanks to GOES-R AWG Rui Zhang, 
Yunyue Yu and Donglian Sun)

Highways

Lightning

Flashes

City Lights Offshore platforms

and lighted ships

DMSP OLS Image Courtesy of NRL, CA

Flood Area
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VIIRS Land Products

•Active Fire Application Related Product (ARP)
•Land Surface Albedo
•Land Surface Temperature 
•Vegetation Index 
•Surface Type 
•Surface Reflectance Intermediate Product (IP) 

M1 M2 M3 M4 I1 M5 M7 I2 M8 M10 I3 M11 M12 M13 M15 I5 M16

 Wavelength (um) 0.412 0.445 0.488 0.555 0.64 0.672 0.865 0.865 1.24 1.61 1.61 2.25 3.7 4.05 10.76 11.45 12.01

Land Surface Temp. x x x x

Active Fires x x x x x x

Vegetation Index x x

Surface Type x x x x x x x x x x x x x

Surface Albedo x x x x x x x x x x
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VIIRS Ocean Products

•Ocean EDRs:
• Sea Surface Temperature KPP

– Important for hurricane prediction , weather 
forecasting , climate change research, and assimilate 
into real time ocean circulation model for current and 
fronts prediction.

• Ocean Color/Chlorophyll (OC/C) EDR 
– Quantify water leaving radiances to determine the 

chlorophyll concentration and other changing optical 
conditions

– Provide continuity from previous ocean color missions 
(MODIS and SeaWiFS). 

Image Source:  

http://val.gsfc.nasa.gov/projects/modis_sst/index.html

Image Source:  http://coastwatch.noaa.gov/interface/most_recent.php?sensor=MODIS&product=chlorNASA

Ocean Color SST



Summary

• VIIRS incorporates technological advances from previous 
operational and R&D sensors.

• VIIRS will provide a continuation of global change 
monitoring for Land, Ocean, Cloud, and Atmosphere.

• These observations and derived products will be used to 
improve operational environmental forecast skills and 
enhance our understanding of climate change processes.

• For more VIIRS products information, please join the 
IGARSS 2011 NPP Users’ Workshop, July 2011 in Vancouver, 
Canada
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