 TURBULENCE TRAINING OVERVIEW:








ASSUMPTIONS:





This training  is to focus on the turbulence forecasting efforts of the HQ AFWA Strategic Section. Primarily, we will deal with synoptic/Clear Air Turbulence (CAT) and only limited mountain-induced turbulence (whether this be “mechanical” or  “mountain wave” turbulence.





While this point is a debate in some circles, this training assumes that while thunderstorms do imply the potential for Moderate to Severe Turbulence whenever they are present, the presence of such convective systems should not preclude you from including such an area in an icing only forecast chart. Icing and Thunderstorms should be analyzed and forecast separately, and as such, icing and thunderstorm areas may overlap.








INITIALIZATION / ANALYSIS:





Jet Placement


 - Use Water Vapor Imagery and other METSAT derived products


			to determine the location of the Jet, to include the jet core, jet


streaks, jet max. Give special attention to areas where RAOBs are


scarce.


- Use Upper Air  (U/A) plots over data rich regions to determine


			the strength and location of the Jet(s). Compare with previous


METSAT analysis.


- Identify the Polar Front Jet (PFJ) and it’s branches [if applicable] and the Subtropical Jet (STJ) using a combination of METSAT and U/A plot data. Give special attention to any point where any of the these jets appear to diverge or converge. Note jet maxima/minima locations, as well as locations of major synoptic features (shortwaves, troughs, ridges, vorticity maxima, etc)





Initialize the Model


- Analyze the Jet stream patterns using (first) only model data. Then


compare the model jet patterns to the METSAT/Plots derived pattern. Note inconsistencies in these patterns, location of  jet maxima / minima and other synoptic scale features as above.


Does the Model track U/A patterns correctly? Is the model too slow? Too fast? Is a given ridge (or trough) sharper/higher amplitude on the U/A plots than on the model?


- Compare model wind speeds and directions with actual wind speeds and directions. Is the model depicting a strong enough  jet core?


- Compare the different models that are available for use. Look at NOGAPS, AVN, ETA (for CONUS), RWM, MM5, etc.  as applicable.  Which model seems to do the best job of handing the winds? Which model seems to do the best overall job of handling all the synoptic features (as a rule)? 			


- Annotate the model tendencies  you observed with your preferred


model. Keep in mind any documented model strengths and


weaknesses:


Upper level vs. Lower level models, etc.


Seasonal Model tendencies (Winter/Summer/Spring/Fall problems).





Analyze Fronts.


- Determine location of current surface features, including areas of 


precipitation. 


- Identify areas of associated convective (thunderstorm) activity. Since we do not include thunder on our turbulence charts, it is helpful to screen out the areas that will already be covered by convective turbulence. This helps the forecaster simplify the turbulence problem by focusing on strictly NON-CONVECTIVE areas of turbulence. 





 Analyze Turbulence.


Retrieve at least 3 (preferably 6) hours , prior to and including


analysis time, of Pilot Reports (PIREPs)  and identify areas where


moderate or greater turbulence is occurring. Investigate reports of Severe turbulence and see if the reporting aircraft is  at least Category II.


- Compare analysis model data to Real life  data. Look at each mandatory level, starting at 700 mb, and work up to 500 mb, 300 mb, 250 mb, and finally 200 mb. At each level, consider the following: 


Look at Thermal advection at each level. Place most of your emphasis on the 200 mb level since this is the only level that displays isotherms every 2 degrees C (this would be desirable for every level, if possible. The RWM data on MGWDS does offer a better capability for this, but NOGAPS on SDHS is too course.) Don’t forget clues to thermal advection


that you obtained while looking at the Water Vapor


METSAT loop. 


Look at turning in the winds (Display Geopotential heights and winds at each level). 


Identify regions of  Wind Shear (both vertical and horizontal), and zones of deformation.


Synoptic Patterns / Features (troughs, ridges, shortwaves, vorticity maxima, etc.). Is the ridge building? Is the jet digging into the base of the trough? What are the locations of Jet Maxima / Streaks, etc. ? Also look for things like:


 


Strong Cold Air Advection Aloft 


Sharp Troughs


Divergent / Convergent areas / jets (Speed)


Difluent / Confluent jets (directional)


Cut-off lows


Sharpening Blocking Ridges





Consider areas where strong Positive Vorticity Advection  (PVA) is occurring. These can potentially be good areas for turbulence to occur.


Look for fast building ridges, i.e. strong height rises. Moderate to Severe turbulence has been observed over Alaska, and the only clues to the onset of this turbulence was the presence of strong WAA aloft and distinct height rises.


Look at Tropopause Height. Look for the tight packing in the isopleths - this indicates the strong jet and strong thermal gradient. 


Look at TIX / and VWS on SDHS. Do the TIX / VWS  seem to match up well with the PIREPS? Do the TIX / VWS seem to match up well with the synoptic situation?


Look at the Water Vapor imagery again for any new developments.


For 700 mb ONLY, look at the mountain boxes:


* Consider areas where you see winds of 35 kts  or greater.  Identify these as mechanical box areas for turbulence.


* Consider areas of possible Mountain Wave turbulence. Mountain Wave Turbulence can occur with winds as low as 20 kts - turbulence can be light to moderate in intensity. 


* Inspect each box.











�



FORECASTING TURBULENCE:





Continually Check PIREPS.





Continually Check METSAT (Water Vapor and Infra-Red).





Consider Continuity. For the most part, a turbulent area on your


analysis will also be on your 12 hour forecast, just moved along with the


flow pattern. Of course, turbulent regions may ease up, requiring you to


drop an area. But for the most part, areas of turbulence will be trackable. 


Please keep in mind that this is only a rough guide, and there certainly will


be situations where this is not true. For example, with the Subtropical Jet, 


experience has indicated that turbulence associated with STJ maxima only 


last from 10 to 20 hours,  unlike the PFJ, which tends to last longer and be 


more consistent.





D. Repeat Parts C and D of Section I (on Initialization and Analysis). 


For the 12 hour forecast, use 12 hour forecast tools (model fields),  


For the 24 hour forecast, use 24 hour forecast tools (model fields), and so forth. 


	- Remember to use the model(s) that seem to be working the best.


- Remember to keep in mind the model location and movement


problems (model initialization). If the model is 180 nautical miles behind the actual feature you are tracking, then move it back 180 nm on your forecast (as compared to the models location using TIX or VWS).








FINAL COMMENTS:





The primary intent should be to do as detailed a job on the analysis as possible. Typically, if you do a good analysis (as the thinking goes) your forecast will usually
