Talking points for Basic Satellite Principles
Slide 1:  Title Slide.  Brought to you by the Scotts of SSEC.

Slide 2:  With Thanks to the folks at CIRA from whom we stole images (mostly from previous teletrainings)

Slide 3:  There are lots of reasons that satellite data are important/useful/handy when making forecasts, and this slide lists a couple of them.  Relatively inexpensive means that you get a lot of data for you money.  To instrument the volume that the satellite samples would be prohibitively expensive.
Slide 4: Meteorological satellites have two primary orbits.  Geostationary (or geosynchronous) orbits are characterized by a satellite that remains stationary over one point on the Earth.  GOES-east and GOES-west are geostationary.  Sun-synchronous satellites are polar-orbiters, and they are called sun-synchronous because they cross the Equator at the same local time each time they pass.  Data used in this teletraining are mostly from geostationary satellites (GOES 12 [east] and 11 [west]) but there is also some MODIS data from Terra, which is a sun-synchronous satellite.

Slide 5:  The Picture Element (Pixel) is the smallest sized piece of the image.  The horizontal size and vertical sizes of the pixel define the resolution. That resolution is valid only at the sub-satellite point.  Slanted views have a geometry that causes the resolution to degrade horizontally and vertically away from the sub-satellite point.
Slide 6:  You can compute a factor by which to multiply the pixel to get the true resolution of the pixel at your latitude.  Those multiplicative values are given in the figures on this slide.  You’ll note that the line (multiply by this value for changes in the north-south) and element (multiply by this value for changes in the east-west) differences are the same for the GOES-east and GOES-west views, but the underlying maps change.  Elements (the east-west pixel size) change greatly in the east-west direction, and lines (the north-south pixel size) change most in the north-south direction.  This figure also shows how a 4x4 (km) pixel changes over CONUS.  Recall that the 4x4 is valid only at the subsatellite point.  Sometimes this is called the nominal resolution.
Slide 7: Another geometric vagary of satellite imagery is called parallax. Here is the dictionary definition:  the apparent displacement of an observed object due to a change in the position of the observer.  When discussing parallax with satellite data, it is useful to recall that each pixel is the ground location – that is, it’s where on the ground the satellite navigation places that pixel.  Much of the energy from that pixel (when it’s clear) is energy from the ground. (See Slide 8).
Slide 9: It can happen, however, that a cloud develops between the navigated position of the pixel on the ground and the satellite.  In the case drawn, the side of the cloud, though displaced horizontally from the pixel location, is nevertheless placed in the same ground location by the satellite navigation.  In this example, the sides of the clouds will be pixels, and the tops as well, and they will all be placed above points that aren’t where they actually are.  To correct for parallax, shifts images towards the subsatellite point.  Parallax is not a problem for downward looking satellites (Polar orbiters, or geo satellites at the sub-satellite point) but as you move towards the pole, especially for tall (cold) clouds, it becomes a bigger and bigger issue.

Slide 10:  This is an image that compares IR satellite imagery, visible imagery, and radar.  The IR and visible imagery show very cold cloud tops immediately to the south of Duluth – but look where the radar places that same region of strong convection?  The two regions do not overlap.  This is the parallax.  The strong convection is mapped to over Duluth even though radar shows its existence to the south.  So those cold/tall cloud tops are sensed along a line-of-sight from the satellite that intersects the ground a little farther to the north (away from the subsatellite point) than where the convection truly exists.  Truth here is considered to be the radar, even there may be position errors associated with the radar (however, these are likely smaller than satellite parallax error).

Slide 11: It is possible to develop remapping schemes that consider the height of the cloud (based on its temperature) and move convection towards the subsatellite point.  However, such sophisticated remapping is not done in AWIPS.
Slide 12: The different IR channels on the GOES satellite (the imager instrument, not the sounder) are influenced by absorption of radiation in the atmosphere.  Different gases absorb at different wavelengths, as seen on this chart.  Of course, there is very little absorption in the visible channel (which is one reason the atmosphere can be seen through), and there’s only modest absorption in the so-called IR window around 11 microns (which wavelength is near the peak radiation emitted by the Earth).  Oxygen and ozone absorb much of the high-energy radiation (UV), and note also the strong absorption by water vapor between 6 and 7 microns.

Slide 13: This slide shows a close-up view of transmittance (which is crudely the inverse of the absorption).  Note the wavelength band over which the visible sensor on the imager (the green bar) is in a region where little absorption is occurring.  Note also that the sounder visible sensor observes over a wavelength window that is narrower.

Slide 14: GOES imagers observe 4 channels in the infrared part of the spectrum, and 3 of them are in regions where there is strong transmittance and not much absorption by the atmosphere.  The exception in the channel at ~6.7 microns, which is in the middle of a region where there is strong absorption by water vapor.  Is it surprising, then, that this band can be used to judge water vapor in the atmosphere?  If there’s a lot of water vapor, there will be a lot of absorption.  If there’s not a lot, there won’t be.  In contrast, the other bands will usually see the surface (or highest radiating surface) because they occur in regions of strong transmittance.  Note that the 13 micron channel is on the so-called shoulder of the CO2 absorption band.  One of the methods to compute cloud-top pressure using this channel is called CO2 slicing.

Slide 15: Slide 15 shows the 5 channels on the GOES Imager.  There’s a visible channel, a 3.9 micron, 6.7 micron, and 11 micron channel.  On GOES 11 there’s 12 micron channel, on GOES 12 there’s a 13 micron channel.
Slide 16: This is an incomplete list of how the visible channel can be used.  You can add your own examples if you’d like
Sligde 17: Visible channel example showing the differences in different cloud types and snow cover.  Low and high clouds can be differentiated, as can stratiform and cumuliform.

Slide 18: One thing visible data is really good for is delineating boundaries along which active convection will subsequently develop.  Outflow from this convective system is a good example of this.  Use visible data to anticipate where subsequent convection develops.

Slide 19: Another example of boundary identification using visible satellite data.  The cold and warm frontal locations, and the location of an outflow boundary, can be identified in the first image of this loop.  Those locations are the focus of subsequent convective development

Slide 20: Slide describing the different IR channels on GOES-east and GOES-west.  Note that GOES-West has the 12 micron channel, and GOES-East has the 13 micron channel.  Both satellites have the other three channels (3.9, 6.7 and 11)

Slide 21: What can you use the 3.9 micron channel for?  This slide lists out possibilities:  Fire detection, nighttime fog/low cloud detection, water/ice cloud discrimination, SSTs

Slide 22: This slide shows the difference between water and ice clouds in the 3.9 micron channel.  A couple things to note:  Clouds off the east coast of the US show us as warmer than the shelf water.  Water clouds over the Great Plains are very warm.  Water clouds are more reflective than ice clouds at 3.9 – so they will appear warmer in daytime imagery.  Smaller particles – both water and ice – have larger reflectivities as well, so if you know the cloud composition, and the temperature (as given by 11 microns, for example), variability in 3.9 will be a function of cloud droplet size.

Slide 23:  3.9 is also used in fire detection, in part because it “saturates” – that is, it receives as much radation as it was designed for (the maximum amount) when fires exist within the pixel footprint.  In the figure shown over CO, only the Coal Seam fire is actually causing saturation (note the roll-over in the greyscale to white);  each of the other fires show up as obvious (very) warm pixels.  The effect at 3.9 is much larger than at 11 microns.  One way to highlight the fire detection capability is to adjust the enhancement so potential fire pixels truly stand out.  That’s the Florida example in the last two frames of this slide.
Slide 24: 3.9 is unique among the GOES imager IR bands.  At 3.9 microns, both Earth emissions and solar emissions can be of similar magnitude.  Reflected solar 3.9 during the day usually overwhelms emitted terrestrial 3.9;  at night, however, emitted terrestrial 3.9 dominates.
Slide 25:  One of the best known uses of 3.9 – in combination with 11 microns – is fog/low cloud detection.  If you were forecasting fog for south Texas in this example, would you think your forecast was verifying, based just on the 11 micron image?  Emissivity by water clouds at 3.9 is smaller than emissivity at 11 microns, so the amount of radiation observed by the satellite is smaller at 3.9 than 11, and the region in south Texas will be cooler (it’s brighter).  The difference is therefore positive, showing up as black in this standard AWIPS enhancement.  After sunrise, the reflectivity at 3.9 overwhelms any terrestrial emissions, and reflectivity at 3.9 is larger than reflectivity at 11 microns, so the difference flips sign and becomes negative.
Slide 26: This shows the same scene, but it uses the 3.7 micron data from MODIS.  It also demonstrates the utility of a good enhancement.  The areas of low clouds/fog really pop out at the eye when they are colored orange, rather than black.  In this image, you can also see the effect of different emissivities with ice clouds, as the cirrus clouds show as black in the enhancement.  

Slide 27: What can the water vapor channel be used for?  Many water vapor uses are linked to inferring atmospheric structure by the presence of moisture.  Others are linked to tracking features at mid-levels.  Note that the water vapor channel usually has a peak return in the mid-troposphere.  When the atmosphere is very very dry, however (Read:  Very cold!), the peak return will shift to lower and lower in the troposphere and there are cases when the water vapor channel will see the surface.  When that happens, there is very little water vapor in the atmosphere.  That means there can’t be many emissions at 6.7 microns, the wavelength that water vapor emits at.

Slide 28: Water vapor can be used to identify regions of turbulence, because the up/down motions associated with turbulence change the amount of water vapor emissions being sense by the satellite.  In this example, the variability over SE Colorado in the water vapor imagery is a telling turbulence signature.

Slide 29: This water vapor example, when used in conjunction with topics you have learned in the Cyclogenesis teletraining (and TROWAL), shows the development of a cold conveyor belt in the developing system on the East coast of the US.  The strong sinking behind the system – the dry stream – is also obvious in the very dry region near the Tennessee River valley.  The cold conveyor belt transports moisture westward from under the warm conveyor belt, and radiation emitted (at 6.7 microns) from that moisture adds to the signal detected by the satellite.
Slide 30: This figure shows vortices rotating around the polar vortex.  The centers of the vortices are very dry (downward motion there is entraining Stratospheric Air).

Slide 31: This example shows the utility of using water vapor imagery to delineate the dry tongue in a strong extratropical winter storm.  The jet associated with the dry slot curves northward from Mississippi into the central Ohio River valley then back northwestward to southern Lake Michigan.  Note, however, the persistent redevelopment of convection over Lake Michigan that then moves over the eastern Lake Michigan shoreline.  A loop such as this can be very helpful in a nowcasting situation during a winter storm.

Slide 32: The window channel displays radiation at the wavelength near where the peak amount of energy is being emitted by the Earth.  The atmosphere is mostly transparent to 11 micron radiation, so you are seeing the highest radiating surface in the atmosphere or on the surface.  Uses for the window channel are well-known – determining storm motion/cloud type, inferring winds from cloud motions, identifying severe storm structures, finding regions of heavy rain, and detecting fog/low clouds at night (as noted earlier)

Slide 33:  Animation of clouds is very important when the surface is as cold as the clouds are.  It’s difficult in the first image here to tell where the clouds end and the where the cold land is (although there are hints – ice covered Lakes/Rivers in Wisconsin are warmer than there surroundings).  And doubt is removed however, when you look at an animation since only the clouds will change from scene to scene.
Slide 34: From the Enhanced V teletraining:  you can use the thermal structure of the anvil top to infer where strong (severe) storms are occurring
Slide 35: The longest-wavelength channel on the GOES satellites varies.  Thus, how that channel can be used varies by satellite as well.  The 12-micron channel on GOES-West can be used to detect dust and volcanic ash, it can be used (with the 11-micron channel) to detect low-level moisture, and it can be used to compute SSTs.  The 13-micron channel on GOES-East is useful for detecting cloud-top pressure/height.
Slide 36:  This example is pulled from the MCV teletraining, and it shows how 11-12 can be used to show where low-level moisture is large (the orange/red shades in the enhancement).  Note how this pooling of low-level moisture precedes the development of an MCV-forced bout of convection.

Slide 37: Dust can also be detected from the difference field. The visible image in this slide clearly shows dust, and the observations for the same time show dust and haze in this region of Texas (not shown).  Channels 11 and 12 show cool temperatures in the same region – if this were a night-time shot, could you tell if this was cloudiness or dust?  The difference field shows a signature characteristic of dust.  Temperature differences between the two channels are on the order of 1-2 C in regions where dust is present.  This is a difference field that works both day and night, also, so it can be used when the visible channel can’t tell you if dust is present.

Slide 38:  Summary of dust detection on GOES-West

Slide 39: Cloud-top pressure detected using 13-micron channels on the Sounder.  You can construct a similar field using the 13-micron imager channel.  GOES Sounder DPI are also presented as cloud top heights.

Slide 40: This is an example of how you might use different satellite channels to help forecast cloud cover.  Note the rapid erosion of the cold temperatures over north-central Quebec in this loop.  In the “old days”, such clouds would be called black stratus, because they are warmer (darker) than the very cold ground they move over.  It’s difficult to tell, however, if these are clouds moving in, or just a layer of warmer temperatures aloft.  Note also at the end of this loop how striking the north wall of the Gulf Stream is.
Slide 41:  The visible loop, once the sun is up, shows thin stratus clouds moving over the forests of northern Quebec, but because of snow cover, it’s difficult to determine where the snow ends and the clouds, which are eroding, end.

Slide 42:  In this case, the difference between 3.9 and 11 micron is the key to determining where the clouds are.  The early morning image suggests that the black stratus is a layer of clouds.  Note how the sign flips when the Sun rises – remember, reflectivity of 3.9 will dominate during the day.  This difference field can be used to monitor effectively the eroding cloud field during the day over the snow field.

Slide 43:  This teletraining has just scratched the surface of topics that can be taught.  Check out these other teletrainings on satellite topics!

Slide 44: Summary slide
