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Objectives 

• Describe the different types of satellites. 

• State the differences between polar orbiting 

and geostationary datasets. 

• Describe primary types of GOES satellite 

imagery and characteristics of each. 

• List unique features identified in visible, IR 

and water vapor imagery. 
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The SKY 

• Biggest lab in the world. 

• Available to everyone. 

• Most people - Just like background music 

in the mall. 

• We view from below, satellites view from 

above. 

 



More than 

just a 

pretty 

picture 
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Keeping our eyes on the clouds… 
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Why Are Satellites Important? 

• Monitor atmosphere, land surface, and oceans 

at multiple scales using a single viewpoint. 

• Consistent global, high-resolution coverage 

over oceans, rugged terrain, and sparsely 

populated regions. 

• An excellent data set in the forecasters toolbox 

to help solve meteorology and hydrology 

problems. 
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Snellman Forecast Funnel 



Scales of motion 
March 12, 2012 
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Satellite Types 

• Geostationary: 

 Same position near equator – same rotation speed as earth. 

 Constant height – 36000 km (22,400 mi). 

 Resolution - 1 km visible to 4-8 km IR and H2O channels. 

• Polar Orbiting: 

 Every orbit passes over the poles. 

 Height around 850 km (530 mi). 

 Scan earth in 2600 km (1600 mi) wide swaths. 

 View same location twice at equator; overlaps toward 

converging longitudes at poles. 

 Resolution – 250 m (4 times more detail than GOES). 
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Geostationary Satellite View 



GOES Satellite 
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First GOES Satellite launched in 1975 

Weather radar was widely used nearly twenty years 

before this in the 1950’s. 
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Geostationary Satellite Global Coverage 

• GOES East (13) – 75W 

• GOES West (15) – 135W 

• GOES  (South America) – 60W 

• MTSAT (Japan) – 140E 

• Meteosat (7) (Indian Ocean) – 57.5E 

• Meteosat (9) Europe – 0° 
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Geostationary 

Satellite 

Views 
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GOES 8   USA Eastern View   
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GOES 10   USA Western View 
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GMS    Japan 
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Parallax error increases at higher latitudes.  

 GOES data less useful at latitudes above 60  

degrees north and south.  High clouds can  

appear up to ten miles away from their actual 

position. 
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Polar Orbiting Satellites - POES 

• Polar orbits. 

• Same local solar time passage. 

• Morning and afternoon satellites. 

• Global coverage 4 times daily. 

• AVHRR – Advanced Very High Resolution 

Radiometer. 

• TOVS – Tiros Operational Vertical Sounder. 

http://www.oso.noaa.gov/poes/index.htm


POES Status 
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Polar Orbit Viewing Earth 
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Terra Satellite – MODIS Image 

http://images.google.com/imgres?imgurl=http://www.ntsg.umt.edu/modis/EOS_AM1_scan.jpg&imgrefurl=http://www.ntsg.umt.edu/modis/&h=576&w=691&sz=120&hl=en&start=1&um=1&tbnid=dsr0kw5JLemg-M:&tbnh=116&tbnw=139&prev=/images%3Fq%3DMODIS%2Bsatellite%26um%3D1%26hl%25
http://images.google.com/imgres?imgurl=http://www.ntsg.umt.edu/modis/EOS_AM1_scan.jpg&imgrefurl=http://www.ntsg.umt.edu/modis/&h=576&w=691&sz=120&hl=en&start=1&um=1&tbnid=dsr0kw5JLemg-M:&tbnh=116&tbnw=139&prev=/images%3Fq%3DMODIS%2Bsatellite%26um%3D1%26hl%25
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MODIS Web Site 

http://modis.gsfc.nasa.gov/about/
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MODIS True Color 



Terra Satellite image 
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Satellite Radiometers 

• Measure radiation of different wavelengths in 
discrete intervals. 

• Intervals are called windows, channels or 
spectral bands. 

• GOES measures five spectral bands; one 
visible and four IR. 

• Use mirrors to scan a region. 

• Transmit digital data to earth for processing. 
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GOES Satellite Basics 

• 5-channel Imager: 

 Visible (0.69 μm):  Identify snow, fog, smoke. 

 Near-IR (3.9 μm):  Distinguish water and ice clouds and 

cloud particle size. 

 Water Vapor (6.7 μm):  Wind patterns, H2O content, 

moisture plumes. 

 IR Window (10.7 μm):  Cloud top and ground surface T. 

 CO2 Absorption (13.2 μm):  Cloud heights. 

 

• 19-channel Sounder: 

 Hourly 10-km data vertical T and moisture distribution. 



Imager - pictures 



Sounder - profiles 
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Visible Imagery 

• Reflected sunlight. 

• Presented in shades of gray: 

 Dark: Low brightness – vegetation, water. 

 White: High brightness – clouds, snow fields. 

  Excellent detail of cloud features. 

• Brightness depends on: 

• Albedo of underlying surface. 

• Position of sun and satellite with respect to Earth. 
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Albedo 

• Fraction of total radiation reflected by an 

object (surface). 

• Varies according to: 

 Cloud cover. 

 Particles in air. 

 Angle of sun’s rays. 

 Types of surface. 
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Scattered 

 Showers 

 11 April 2012 

      1945Z 

(3:45 pm EDT) 
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Summary – Visible Imagery 

• Determine amount and extent of clouds. 

• Recognize features: 

 Fronts/drylines 

 Moist/dry areas 

 Thunderstorm development and evolution 

 Land and water 

 Offers the best resolution 

• Help explain a meteorological concept. 
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Animated Visible 

• Observe Trends. 

• Identify wind direction/speed at different 

levels. 

• Relate land features to clouds. 

• Evolution/movement of meteorological 

features. 

• Better understand atmospheric processes. 

• Help explain observed features and trends. 
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Infrared (IR) Imagery 

• Distinguish the height of clouds. 

• Determine cloud layers. 

• Relate feature development/dissipation to 

warming/cooling trends. 

• Observe surface temperature trends. 

• Help identify upper air features.  



Infrared 

    Imagery 

Temperature 

       Map 
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Water Vapor (WV) Imagery 

• Detects amount and height of water vapor. 

• Water vapor absorption at 6.7 µ between 300-600 
mb layer. 

• Dark shades (b/w) and red (color) relate to less 
moisture. 

• Clouds and bright gray shades relate to moisture. 

• Moisture below ~ 800 mb not detected. 

• Useful depicting large-scale flow and moisture 
layers – tracer. 





Enhanced IR 

   → 

Enhanced WV 

← 



Imagery Comparison 
 

•  Visible 

 

•  Infrared 

 

•  Water vapor 



Satellite Imagery 
                     Visible  
 

Infrared       Water Vapor 
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Near IR (3.9 µ) Imagery 

• Small overlap between reflected solar rad and emitted 
rad from Earth/clouds. 

• Earth’s sfc emits as black body at this λ – clouds do not. 

• At this λ, Earth and solar emissions similar magnitude.  

• Water clouds more reflective than ice clouds. 

• Daytime – Reflected solar overwhelms emitted Earth. 

• Nighttime – Emitted Earth dominates. 

• Fires saturate the pixel footprints – Detect fires. 

• Use in combo with 11 µ for fog/low cloud detection. 

 

 



3.9 μm 

NIGHT DAY 

Transparent 

Reflected 
    Solar 

Radiation 



HIGH   CLOUDS - ANVIL   CIRRUS 

                           (ice) 

10.7 μm 

COLD 

3.9 μm 

relatively  warm 
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Thunderstorms 

• Can see all scales of motion. 

• Large complexes down to developing cumulus. 

• Clouds outline moisture – shallow or deep. 

• Identify boundaries. 

• Severe signatures. 

• Linear and clusters. 

 



Thunderstorms over Kansas 
• Weak flow aloft…anvil spreads out in all 

directions. 
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Macroburst 

2345Z 3 July 2011 



Joplin, MO – 22 May 2011 – EF5 



Derecho: family of downburst clusters 













4 AM Friday morning vs 4 AM Saturday morning 



17 deaths 
 

1.25 million 

  w/o power 
 
Montgomery Co., 

      MD 

          38.6% 
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Hurricanes 



Supertyphoon Songda 

       26 May 2011 

 

Hurricane Adrian 

     9 June 2011 
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Winter Storms 





Halloween Storm 2011 



Lake Effect Snows 18 Jan 2012 



         
 

 

 

 

Blowing  Dust 

• Hazard to visibility and breathing. 

• Reveal wind patterns. 
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http://www.youtube.com/watch?v=lrcVqtmugj8&feature=relmfu


Dust 
 

from 
 

Sahara 



Dust from 
 

Sahara over 
 

Mediterranean Sea 
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Fire and Smoke 



Wyoming, Colorado Wildfires – 26 June 2012 

MODIS Aqua 



2011 Wildfires 
~ 346,000 

 

[NOAA AVHRR, GOES Imager, MODIS] 
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Volcanoes 



Puyehue-Cordón 

         Chile 

     9 July 2011 

 
      Ash Cloud 

    13 June 2011 
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Cryosphere 

(Ice, Snow) 





Ice Island 

east of 

Newfoundland 

 
from Petermann 

Glacier 

30 June 2011 

 
[MODIS Aqua] 
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Satellite 

Derived 

Products 



“Earth  shine” 





“Ship Tracks” – 2/12/2012 



Mississippi – 

Ohio River 

Flooding 

 
28 – 29 April 2011 



Derived GOES Products 
• Total Precipitable Water 

• Convective Condensation Level 

• Freezing Level 



• Effective Cloud Amount 

• Winds 

• Cloud Top Pressure 



May 2012 

Temperature 

Anomalies 
(vs 1971-2000 avg) 

GOES 

Search 
 and 

 Rescue 
saved 2,338 people  

in 2010 



Off Argentina 
 

sediment from Rio Plata 

phytoplankton bloom 



TRMM – Tropical Rainfall Measuring Mission 



Normalized Difference Vegetation Index 
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Summary 

• Satellite imagery is the “real world”; not model 
“fantasy” world. 

• See all atmospheric scales of motion in a single 
image. 

• Identify features and postulate causes. 

• Imagery can help explain weather events. 

• Educate students (early age) in understanding our 
atmosphere through studying satellite imagery. 
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Satellite Imagery and Loops: 

http://www.rap.ucar.edu/weather/satellite/ 

Geostationary Satellite Server: 

http://www.goes.noaa.gov/ 

RAMSDIS online: 

http://rammb.cira.colostate.edu/ramsdis/online/goes-west_goes-east.asp 

NASA Global Hydrology and Climate Center: 

http://wwwghcc.msfc.nasa.gov/GOES/ 

Space, Science and Engineering Center, U of Wisconsin, Madison: 

http://www.ssec.wisc.edu/data/ 

Satellite Education: 

http://noaasis.noaa.gov/NOAASIS/ml/education.html 

Satellite learning links: 

http://noaasis.noaa.gov/NOAASIS/ml/education.html 

GOES Status: 

http://www.oso.noaa.gov/goesstatus/ 

POES Status: 

http://www.oso.noaa.gov/poesstatus/ 

Satellite Links 
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http://www.rap.ucar.edu/weather/satellite/
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http://www.goes.noaa.gov/
http://www.cira.colostate.edu/RAMM/Rmsdsol/main.html
http://rammb.cira.colostate.edu/ramsdis/online/goes-west_goes-east.asp
http://rammb.cira.colostate.edu/ramsdis/online/goes-west_goes-east.asp
http://rammb.cira.colostate.edu/ramsdis/online/goes-west_goes-east.asp
http://rammb.cira.colostate.edu/ramsdis/online/goes-west_goes-east.asp
http://rammb.cira.colostate.edu/ramsdis/online/goes-west_goes-east.asp
http://wwwghcc.msfc.nasa.gov/GOES/
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