Title Slide:  3.9 showing a fire burning in west central TX, and the characteristic look to the tail end of a squall line in east Texas.  Seeing such a characteristic feature is very helpful when assessing what’s happening now in the atmosphere.
Slide 2:  Satellites always show you the data at the same time – at least the geostationary ones do.  Interesting features are ubiquitous, and you can tell at a glance what the atmosphere is doing there: where is the moisture?  Where is the upward motion?  Where are the inversions?  All of this (and more!) can be inferred from satellite imagery.  And you can use that inferred information to help your nowcast or forecast, because what happens in the future does depend on upward motion, or the presence of inversions, or moisture.  And sometimes – as we’ll see – there are just very interesting features that leave you scratching your head.  If some media person calls up and asks about it, what are you going to say?  A goal of this teletraining is to point you in the right direction.
Slide 3:  This is a list of interesting events captured by GOES 11/GOES 12 in and around CONUS in the past year.  This teletraining will discuss what the features are and the kind of atmosphere needed to support the feature.  How you use that information in forecasting is left to you.

Slide 4:  Let’s look first at an undular bore.

Slide 5: This is the bottom-up view of an undular bore in Iowa – you can look at an animation of this on youtube (search for undular bore).  An undular bore is manifest as a series of parallel cloud bands.  Motion is orthogonal to the bands.  The bands are a reflection of a density current impinging on a stable layer.  And, or course, the stable layer is moist enough that slight lift causes condensation.  A critical feature is the inversion – don’t expect cumuliform development when a bore is there.  Bores are typically accompanied by gusty winds at the surface, and those winds can change direction – there’s plenty of shear – as the lines move through.  Note in the radar image on frame 2 of this slide:  lots of changes in wind direction.  Frame 3 shows an illustration from a paper on bores – a pulse of dense air underneath a stable layer is the underlying cause of the bore.
Slide 6:  This loop shows an undular bore in the Gulf of Mexico.  Note the steady progress southward, and the way the marine stratus is “consumed” by the bore.  The regions where the cloud lines evaporate – the bore may still be present there, but insufficient moisture makes it invisible in a satellite image.  Undular bores develop in regions of stability, so the lack of cumuliform clouds is entirely consistent with the presence of an undular bore.
Slide 7:  What level are the clouds at?  They are low.  This grey-scaled IR window channel image shows the cooler temperatures of the Gulf relative to the adjacent land.  A ‘normal’ enhancement relevant for convection does not highlight the bore, but a custom enhancement does.  The bore brightness temperatures are about 10 C cooler than the underlying ocean;  these clouds are low in the troposphere.

Slide 8:  More evidence of the low-level nature of bores:  they are not apparent on water vapor imagery.  Recall that the weighting function that governs the vapor distribution as monitored by the satellite has a peak in the mid- to low troposphere, and the bores do not show up in this loop because they are shallow features and they are low in the atmosphere.
Slide 9:  An example from 1987 over Oklahoma.  Again, because the bore requires a stable layer, don’t expect convective development in the region where the bore exists.  Note in addition how the bore breaks down once surface heating erodes the inversion.  At that point, the bore erodes as cumuliform development begins.

Slide 10:  What level?  Again, low levels, as inferred from the IR temperatures from GOES 7.

Slide 11:  Another view of a bore in the Arabian Sea, and a list of references (on frame 2 of this page) for further reading if you are interested.

Slide 12:  Another feature seen “frequently”:  Rope Clouds.
Slide 13: Some info on rope clouds;  Rope Clouds were first ID’ed over the Bering Sea in the 1960s.  As with bores, the wind is perpendicular to the Rope Cloud, and rope clouds are shallow features.  This slide also includes references for further reading, on frame 2.

Slide 14: A Rope Cloud example from last October.  The distinct line of cumuliform clouds is the leading edge of the cold air.  The enhanced IR image for the same time shows that the feature is shallow – although it is still apparent in the IR imagery.
Slide 15:  RUC Temperature analysis:  An obvious front.  Cooling starts at the Rope Cloud.  The rope cloud is the leading edge of the cold air.
Slide 16: Another example of a rope cloud, this time over land.  Note how this time, convergence that is helping the rope cloud formation serves as a focusing mechanism for subsequent convective development.

Slide 17: Unusual features still need to be explained!  Thanks to the NWS in Buffalo for pointing us to this very interesting case.
Slide 18:  Sometimes cloud features appear that are very interesting but are very difficult to interpret.  When that happens, recall what is needed for a cloud to form:  moisture, convergence.  Inversions will trap energy in a layer; look to see if they exist. Although such features may have little influence on your forecast/nowcast, you still may be called on to explain their presence.
Slide 19:  Why is that linear cloud edge so persistent with time?  Some things to consider:  Is the surface saturated over parts of SW Ontario but drier over other regions?   Why might it start eroding from the west during the course of the day?  This loop ends at 18:45 Z, so consider the effects of increased surface warmth and how that changes stability.
Slide 20: In this case, 850-mb convergence is concentrated over the cloud band, and as the convergence evolved with time, so did the cloud edge (the convergence eroded from the west and so did the distinct cloud edge).  In addition, a strong inversion above the cloud deck supports the presence of bore-like features over western Lake Ontario.  The strong inversion (frame 2) will also support a hydraulic jump, which jump would account for the sharp cloud edge.

Slide 21: The next topic is transverse bands

Slide 22:  Such bands are oriented perpendicular to the flow, and when they are at upper levels, they are associated with considerable turbulence.  At lower levels, they occur in airmasses with inversions – if topographically or orographically forced – or they suggest the presence of shear and a cap and as such are important precursor signals for convection.
Slide 23:  Transverse banding occurs in the anticylonically curved jet that can develop on the north side of a mature MCS, as in this example from Summer ’07.  An airplane ride in the region of the purple arrow would be bumpy.
Slide 24:  The bands can be fairly narrow, so the resolution of the sensor can be important.  Here are bands over the Gulf of Mexico that are well-resolved by AVHRR, but not so well by the GOES-12 imager.  These are bands associated with a strong jet moving northward out of the Gulf of Mexico, associated with strong cyclongenesis and a severe weather outbreak (strong winds) along the east coast
Slide 25:  Transverse bands show up well in water vapor imagery.  They are a classic sign of clear air turbulence.  This is a MODIS image – it has higher resolution (and a better view angle) than GOES imagery of this same event.
Slide 26:  The same bands show up in GOES-12 imagery – although they are not quite so well resolved.

Slide 27: GOES-11 cannot resolve these bands;  water vapor has 8-km resolution on GOES-11 and 4-km on GOES-12.

Slide 28: AWIPS GOES seam is upstream of the Colorado Rockies – but downwind of the Sierras.  So these particular bands are resolved – barely – in the remapped AWIPS display, ( remapped from the native satellite projection shown on the previous slides).

Slide 29:  Orographically forced wave clouds are ubiquitous over the NE CONUS in cold air outbreaks with northwesterly flow, which flow is orthogonal to the primary topographic feature, the Appalachian Mountains.  Wave clouds will form downwind of any large-ish mountain chain, especially if an inversion is present to trap energy in the lower troposphere, as in this case over the Canadian Maritimes, or the case over Nevada (shown in the later frames on this page).

Slide 30: Next example:  Mesolows over warm water

Slide 31: Mesolows form in very low stability air after arctic air surges over open water.  Wind speed and wind shear must both be small, so the formation is after the initial surge of cold air.  Convergence in such cases (from colliding landbreezes) will increase cyclonic vorticity and a mesolow can form.  Mesolows over the Great Lakes have been studied extensively – see the list of references in the last frame on this page.
Slide 32: Mesolows can develop over two lakes at once, as in this case with mesolows over Michigan and Huron.  Note how the structure of the mesolow over Lake Michigan rapidly deteriorates once the mesolow is over land.  The same is true of the mesolow over Lake Huron.

Slide 33:  This example has mesolows over Ontario, Erie and Huron.

Slide 34:  The mesolows developed in a region of very light winds under a sprawling arctic high pressure system.

Slide 35:  There was also a pronounced inversion.  Note also the very cold temperatures at 850 mb that are over the open water.

Slide 36:  Next up:  Comma clouds, baroclinic leafs, cyclogenesis.

Slide 37: A well-known and frequent satellite structure is the baroclinic leaf, and/or the comma cloud (a leaf will often develop into a comma cloud).  The clouds in this region develop as a result of upward motion associated with frontogenesis and cyclogenesis.
Slide 38:  Here’s a very colorful example over the Midwest, with a pronounced leaf over the western Great Lakes.  With time, if cyclogenesis occurs, that cloud feature will develop into a comma cloud.
Slide 39:  This leaf was associated with a mid-tropospheric front and the circulation around this front produced widespread early Autumn stratiform rains – well removed, apparently, from surface frontal features.
Slides 40 and 41: Water vapor imagery can be used to show the evolution of cyclogenesis.  In this loop, the primary warm conveyor belt is readily apparent, and a secondary warm conveyor belt and a cold conveyor belt also develop.  Being able to infer the presence of the various airstreams – and understanding the likely weather associated with each airstream – is vital to understanding how the atmosphere is behaving, especially if you see these features in regions with little data.
Slide 42:  This annotation spells out the locations of the conveyor belts.  It’s possible, also, that post-occlusion, a TROWAL might develop within this system.  In such a case, WCB2 might interact with the TROWAL airstream.

Slide 43: Next up:  Moisture return as observed from satellite.
Slide 44: An excellent example of 3.9-micron detection of low-level moistening over Texas.  The loop also shows the Huckabee fire in west TX and the cooling associated with a southward-moving cold front.  The satellite is not viewing the extra moisture – rather, it is sensing the response to that extra moisture.  In this case, the warmer overnight lows that you’d expect in an airmass with a higher dewpoint.
Slide 45:  If the moisture return is confined to the lowest part of the atmosphere, you won’t necessarily see a return in the water vapor channel, which channel is more sensitive to changes in mid-tropospheric moisture.

Slide 46:  What have you learned?

