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to

“Exploit the Weather for Battle”
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AIR FORCE WEATHER AGENCY

TRAINING DIVISION

106 Peacekeeper Dr., Ste 2N3

Offutt Air Force Base NE 68113-4039
INTRODUCTION 

And

INSTRUCTOR GUIDANCE

1.  The lesson plans included in this training package are to be used in conjunction with the complimentary Qualification Training Package, and PowerPoint presentation on the same subject.  The lesson plans are not stand-alone but are designed to compliment subject knowledge in the Career Development Course (CDC) and additional training conducted by Operational Weather Squadrons (OWS).  The lesson plans are not all-inclusive and do not cover all subject and task knowledge on the subject.  The OWS may add additional material as necessary to the lesson plans to teach local weather effects, equipment, policy and procedures, etc.  However, in accordance with Air Force Weather policy, information may not be deleted from this lesson plan.  Course material contained in this training package will be taught to all forecaster apprentices (students) to ensure training standardization across Air Force Weather.  The lesson plan does not have to be quoted word for word, but all the information must be taught. 

2. The lesson plans will help you guide the forecaster apprentices to accomplish the required subject and task knowledge as outlined in the Speciality Training Standard.  The trainer lesson plans all follow a standard format commonly used within Air Education and Training Command.  

Introduction:  Provided by each OWS.  Tell them why they should listen to you.  Students respond to instruction better when they understand the “WIIFM”, What’s In It For Me.  Set the hook by telling them a war story or a little humor---do something to capture their attention.  Provide any special instructions.  Stimulate recall of prior learning.  Show how this lesson builds on prior lessons or information they received in technical school, then transition into the overview.

Overview: State the topics that will be covered in each lesson and what objectives the lesson plans support.  Tie this information into the overall big picture and how this module of instruction supports the big picture.  Let them know what they need to do in order to be successful in completing this module of instruction.  Explain to them what the instruction will help them to achieve, what will they be able to do in the future.  

Body:  Present the material.  These are your teaching steps that support the objectives.  Students who attend classes where the material is taught purely by lecture have the lowest retention rate of the material.  Not everyone learns the same way, so mix it up and try to appeal to as many learning styles as possible.  For example, some learners are visual learners others are auditory, some learn by patterns etc.  While presenting the body of the lesson plan use the PowerPoint presentation to supplement your instruction.  

Interim summaries: Periodically pause and give the students a brief summary (every 30 min. to an hour).  This can take several forms: questions, exercises, verbal or visual review of material etc.  Students need time to absorb and process the information.  

Summary review: Review all the material covered in the module.  This can be done by the instructor, students, individually, or groups.  It can be done using a wide variety of methods for example, quizzes, competitions, games etc.

Application:  Give the students an opportunity to apply what they have learned through practical exercises.  Do it as often as necessary to ensure the students have grasped the material.

Evaluation:  Learning is a change in behavior.  This observable behavior change helps to determine if the student has achieved the objectives.  Use the complimentary QTP Exercise Evaluation Package (EEP) for preparing the trainee for evaluation.  When the trainee receives enough training and is ready to be evaluated on an objective, follow the evaluation instructions in the EEP.  Use the performance checklist as you evaluate each objective.  If the trainee successfully accomplishes the objective, document appropriately in the OJT record.  If the trainee does not accomplish the objective, go over the areas needing more training until the objective is met.

3.  It is very important that you personalize your lesson plans.  The lesson plans provided only provide the required framework.  A lot of what the students learn will be through personal interaction with you, the instructor.  You have a lot to offer the forecaster apprentice in terms of experience that can’t be captured in a lesson plan.  Your personalization of the lesson will have a great impact on how the well the students learn the material and how well they retain it. 

4. You also have the flexibility to teach the lesson plans in any order you feel is necessary to satisfy your local training requirements.  Lesson plans are provided to cover each module contained in the QTP.  Once you, as the trainer, have ensured that the trainee is qualified to perform the task, a certifier will then evaluate them.  Conduct a feedback with the trainee on each module.

5.  If you find discrepancies in a lesson plan, or if you have suggestions for improvement or additional lesson plan development, please let us know about them.  We pledge to respond to all inquiries and will devote our resources to provide the best possible training material.

6. Direct all inquiries to:

Headquarters Air Force Weather Agency

Training Division (DNT)

106 Peacekeeper Dr, Ste 2N3

Offutt AFB, NE 68113-4039

Phone: 402-294-2117 (DSN 271)

Fax: 402-292-8207 (DSN 272)

E-mail: afwa.dnt@afwa.af.mil
MODULE 1 – Decode METAR Observations

Reference:

· Analysis QTP

· AFMAN15-111, Surface Weather Observations
CFETP: 10.2.4.1. Decode METAR Observations

Introduction

METAR observations are used the world over to make the rapid transfer of detailed weather information quick and concise.  Imagine if everyone could send out there own code.  What would be the chance that anyone else could read the information?  We do have a standardized code and you will be learning how to read it.  In time, you will look at the observation and you will read it like you read a book.

Overview:  In this lesson you will learn how to decode a METAR observation.  We will cover location as well as all the meteorological information found in the observation.

OBJECTIVE:  Decode 5 METAR observations with no errors as determined on a Go/No Go checklist.
PowerPoint Presentation:  Module 1, Decode METAR

Handout:  Student Workbook (PP slides).
Body Time







TIME: 
Presentation Method
:






LECTURE

1. General information  


a. Customers who use observations include the some of the following:

1. Aircrew members

2. Wing operation functions such as the Command Post, ATC, Safety

3. Base support personnel such as CE, maintenance complex, hospital, command post etc.

4. Weather community such as other bases (alternates), National Weather Service, foreign weather service

b. Without accurate current conditions, forecast would be nearly impossible to get close.

c. Elements observed cover clouds, visibility, winds, temperature, dew point, weather, pressure, and clarifying remarks.

d. To eliminate the possibility of everyone developing their own format and causing confusion in the rest of the world, the METAR code was developed for observers.  The AF modified the code to meet our unique needs.  

2. Observations code.  

a. Written in a standardized format that is recognized by all meteorological organizations.

b. This code is based on standards established by the World Meteorological Organization.

c. The AFW code is referenced in AFMAN 15-124 and in AFMAN 15-111.

3. File times.  Observations must be filed every hour or anytime the weather changes significantly during the hour.

a. Every station will transmit a METAR observation between :55 and :59 minutes after the hour.

b. Specials will be transmitted each time the weather changes and meets the listed special criteria in AFMAN 15-111.

c. Local information will be transmitted each time locally established criteria is met and the time falls outside of the hourly observation times.

4. Location Identifiers (CCCC)  

a. Each weather station location that issues an observation will have a four-letter identifier assigned to it.  

b. The four-letter group is formulated in accordance with the rules prescribed by the International Civil Aviation Organization (ICAO) and assigned to the location of an aeronautical fixed station. The first letter represents a geographical region.

1. K for Conus

2. E for Europe

3. P for Pacific

c. The next 3 letters identify the station location.  Station locations can be located using the station location identification pamphlet (DOC 7910/98).

1. KOFF is Offutt AFB

2. EGUL is Lakenheath England

3. PWAT is Fort Wainwright Alaska

4. KQ__ is a unique identifier assigned to units involved in operations and are designed to keep the sites location unknown.

5. Message Identifier.  

a. After the location identifier are the letters METAR, the contraction used for surface observations.

b. The message identifier is recognized in the automated weather network and is useful in data basing and routing information.

6. Modifier.  Identifies if the observation had to be corrected and is identified with the abbreviation COR.

7. Date/time.  
a. Date.

1. Two-digit number identifying the date of the observation.

2. Ensures you are looking at an observation for the current date.

b. Time.

1. Four-digit number identifying the time of the observation to the nearest minute.

2. Used to ensure the observation is the most recent available.

8. Automated Sensor (ASOS)

a. AUTO indicates the observation is from an ASOS.

b. In remarks you will find:

1. AO1 indicates the ASOS does not have precipitation sensor.

2. AO2 indicates the ASOS does have precipitation sensor.

9. Wind.  This section tells you the wind direction, speed, and character of the wind during the period of the observation.  

a. The wind direction is the first 3 digits of the report.  This is a report of the direction the winds are from to the nearest 10 degrees.

b. The next 2 digits is the wind speed to the nearest whole knot.

c. If the wind speed is 100 or better, the hundreds digit will be placed in the last digit of the wind direction.

d. Calm winds are indicated by 00000KT.

e. VRB indicates a light, variable wind, with a wind speed of 6 knots or less a variability of at least 60(.  Ex.  VRB03KT, VRB05KT, etc.

f. Wind gusts are identified with a G after the average speed.  To be a gust, the speed must be at least 10 knots from peak to lull and occurred in the past 10 minutes.  It will be to the nearest whole knot.

g. Variable winds are reported next.  Must have varied by at least 60( and the minimum speed was 6 knots.  They are reported in a clockwise fashion and will show the extremes on either side of the average wind direction.

10. Visibility  

a. Reported with up to 5 digits in statute miles.

b. Distance an observer can determine horizontally.

c. If visibility is less than 7 SM then must include a weather element which is restricting the visibility.

d. Suffixed by the letters statute mile (SM).  A SM is a mile on land, or 1760 yards.  Ex.  7SM.

11. Runway Visual Range (RVR)  

a. Follows the visibility and is prefixed with an R.

b. This is the report of the distance a pilot should be able to see from the cockpit of an aircraft while on the runway complex in feet.

c. Will be based on a 10 minute average reading.

d. Runways with more than 1 runway will report the runway direction followed by R for right or L for left, if applicable.

e. Varying distance will include the shortest distance V longest distance that may be seen and has occurred during the 10 minute period  Ex.  4000V6000.

12. Present Weather  

a. Weather occurring at time of observation.

b. Code and specific encoding information is located in AFI 15-111.

13. Sky Condition  

a. Amount of sky cover is established by using the summation principle

1. Found by deciding the lowest cloud amount and adding each higher level to it.

2. Example:  Low cloud covers 3/8 of the sky.  Mid level covers an additional 2/8, equaling 5/8 sky cover or broken.  High cloud covers another 3/8.  Total is 8/8, or overcast.

b. First three digits is the sky cover.  Will be one of the following contractions.

1. SKC – clear skies

2. FEW – 2/8 sky cover or less

3. SCT – 3/8 and 4/8 sky cover

4. BKN – 5/8 to 7/8 sky cover

5. OVC – 8/8 sky cover

6. VV – Indefinite ceiling, indicates the amount of sky partially or totally obscured by a surface based obstruction.

7. A partial obscuration will be reported as FEW, SCT, or BKN.

8. A clarifying remark identifying the phenomenon will be placed in Column 13.  Example:  FG SCT000, FU FEW000  

c. The last 3 digits are the height of the cloud layer.

1. Height of a cloud layer will be reported to the nearest 100 feet when the layer is < 5000 feet.  Example 600 feet is reported as 006.

2. Height of a cloud layer will be reported to the nearest 500 feet when the layer is >5000 and <10000 feet.  Example: 6500 feet is reported as 065

3. Height of a cloud layer will be reported to the nearest 1000 feet when the layer is >10000 feet.  Example:  26000 feet is reported as 260.

4. Report height of a total or partial obscuration.

a. Partial obscuration is reported as 000 for any coverage from 1/8 to 7/8.  Example: SCT000, FEW000.

b. A total obscuration will be reported to the nearest hundred feet and is the distance measured by the observer, ceilometer, ceiling light, balloon, or the distance a pilot reports they can see from the top of the obscuration to the ground. Example:  VV001, VV005.

d. Variable ceiling or sky condition

1. Variable ceiling is reported when ceiling is below 3000 feet and is varying during the period of observation.

2. The average of the variable ceiling will be given in the sky condition area as the height of the area.

3. The extremes of the variability are found in the remarks.  The remark will contain CIG 005V010.

4. Example:  Ceiling is varying from 500 to 1500 feet.  Sky condition would be OVC010 and the remark would be CIG 005V015.

e. Examples of a sky condition report.

1. 1/8 cloud at 500 feet, 2/8 cloud cover at 6500 feet, 3/8 cover at 10000 feet, and 1/8 cloud at 25000 feet, could be reported as FEW005 SCT065 BKN100 OVC250.

2. 3/8 cloud at 3000, 8/8 at 12000, would be reported as SCT030 OVC120.

14. Temperature  

a. Reported in Celsius to the nearest whole degree.

b. Will be in 2 digits, e.g. 03, 12, 21.

c. Temperatures below 0 will be prefixed with an M, e.g. M03.

d. If the temperature is missing, that portion will be blank, e.g. /15.

15.   Dew point  

a. Reported in Celsius to the nearest whole degree.

b. Will be in 2 digits, e.g. 03, 12, 21.

c. Dew points below 0 will be prefixed with an M, e.g. M02.

d. If the dew point is missing, that portion will be blank, e.g. 24/.

16. Altimeter setting (ALSTG)  (Slide 13)
a. Prefixed with an A.

b. Reported to the nearest hundredth of an inch Hg in 4 digits.

c. If the ALSTG is missing, that section of the observation will be left blank.

d. If the ALSTG is estimated, the remark ESTMD ALSTG will be included.

17. Remarks

a. Sea Level Pressure (SLP)  

1. Found in remarks section and is prefixed by the letters SLP.

2. The coded SLP is the last 3 digits of the value with no decimal included.

3. If the SLP begins with an 8 or 9, add a 9 to the front and place a decimal point between the last 2 digits.  Example:  A report of SLP992 would actually be 999.2.

4. If the SLP begins with a 0, 1, or 2, add a 10 to the front of the number and a decimal point between the last 2 digits.  Example:  A report of SLP200 would actually be 1020.0.

b. Pressure trend 

1. Pressure trend is coded as 5appp.  The 5 indicates the trend group and the appp is the actual change.  The a is the trend and the ppp is the coded amount of change.

2. Pressure trend will be sent out at 00, 03, 06, 09, 12, 15, 18, 21, 24 UTC.

c. 6 hour precipitation  

1. Amount of precipitation that has fallen in past 6 hours.

2. Amount is coded as 6RRRR.  The 6 indicates the precipitation group.  The amount is reported as tens, ones, decimal point, and to nearest hundreds.  Example:  61011 would be decoded as 10.11 inches of precipitation in the past 6 hours.

d. Cloud type  

1. Cloud type is coded as 8/CLCMCH.

2. This group is reported each hour and the group is identified with an 8/.

3. Next comes the cloud type number at each level.  8/171 would be decoded as cumulus, altocumulus, and cirrus.

e. Cloud height  

1. Cloud amounts are coded as 9/CLCMCH.

2. This group is reported each hour and the group is identified with a 9/.

3. Next comes the cloud amounts in eighths.  Each level is given a total amount of sky coverage.  9/224 would be decoded as 2/8, 2/8, 4/8.

4. Summation is not used in this group but only the actual amount of clouds per level.

f. Other Remarks are identified and are found in AFMAN 15-111, Chapter 11.



Summary:  We have just covered basic decoding of surface observations.  When you are reading those lines of observations you must be able to decipher them so you can use the information in your forecasting and briefing task.  It is important that you have the opportunity to practice your newly learned skill so we are going to do some practice exercises before your final evaluation. 

Application:  Give the students several observations to practice on and monitor performance.  You can have the students do a couple of practice exercises in the companion QTP as a pre-evaluation

Evaluation:  Assign an evaluation exercise in the QTP and evaluate to the GO/NO-GO level.

MODULE 2 – Decode PIREPS

Reference

· Analysis QTP

· AFMAN 15-124, Meteorological Codes
CFETP: 10.2.2. Decode PIREPs

Introduction

PIREPs are used the world over to make the rapid transfer of detailed weather information quick and concise.  This code allows for processing, transmission, storage, and retrieval of in-flight weather information.  

Overview:  In the following lesson you will learn the many parts of the PIREP and how to decode the information so you may use it in forecast and briefings. 

PowerPoint Presentation:   Module 2, Decode PIREP.

Handout:  Student Workbook (PP slides), practice exercises
OBJECTIVE:  Decode 5 PIREPs with no errors as determined on a Go/No Go checklist.  
Body Time







TIME: 
Presentation Method
:






LECTURE

1. General information  


a. Customers who use observations include the some of the following:

1. Air Traffic Control functions.

2. Aircrews

3. Weather community such as other bases (alternates), National Weather Service, foreign weather service

b. PIREPS are important for the forecaster because it is a bird’s eye view of the weather at flight level.  It also adds another bit of information into the pot when deciding what to forecast. 

c. Pilots may report the sky cover, weather at flight level, temperature, wind direction, wind speed, turbulence, icing, and any clarifying remarks.  (Slide 2)
2. Observations code.

a. Written in a standardized format that is recognized by all meteorological ATC organizations.

b. The PIREP code is referenced in AFMAN 15-124.

3. ICAO.  The first location on the PIREP is the ICAO of the weather station that is sending out the PIREP.  

4. Message type (UA or UUA)  

a. UA indicates a routine PIREP.  

b. UUA indicates a PIREP containing one or more elements of the following severe criteria.

1. Hail

2. Low-level Wind Shear (LLWS) – air speed fluctuations of 10 knots or more within 2000 feet of the surface.

3. Severe icing.

4. Severe or extreme turbulence, including clear air turbulence (CAT).

5. Tornado, funnel cloud, or waterspout (FC).

6. Volcanic eruption and/or ash (VA) when reported by any source, in the air or ground.

7. Any condition, in the opinion of the person that is disseminating the PIREP feels would be an extreme flight hazard.

5. Location (/OV)  

a. Use the ICAO of a VHF NAVAID or airport followed by the direction and distance from that locator.

b.  The direction and distance is reported in the following format:  RRRDDD.

1. RRR is the direction from the NAVAID or airport.

2. DDD is the distance away from the NAVAID or airport.

3. ICAO-ICAO is used when reporting conditions along a route between locations.

c. Examples:

1. /OV KOFF360050 is 50 miles north of Offutt AFB, NE.

2. /OV KLIT is directly over Little Rock AFB, AR.

3. /OV KSSC270120 is 120 miles west of Shaw AFB, SC.

4. /OV PGUA-PGUM is along the route from Andersen AFB, GU to Won Pat International Airport, GU.

6. Time (/TM).  

1. Hours and minutes to the nearest minute.

2. If a span of time or a route is given, use the midpoint time.

7. Flight level (/FL)  

a. Aircraft altitude to the nearest hundreds of feet Mean Sea Level (MSL).

b. UNKN is decoded as unknown flight level.

c. DURC is placed in the remarks if the phenomenon was reported during a climb.

d. DURD is placed in the remarks if the phenomenon was reported during a descent.

8. Type aircraft (/TP)  

a. Four alphanumeric characters are the maximum and the identifier is found in the FAAH 7340.1.

b. If type aircraft is not known, UNKN will be reported.

9. Sky Cover (/SK)  

a. Cloud cover is what the pilot reported and contains the cloud cover contraction and heights of the bases and tops.

b. Each layer will be identified with SKC, FEW, SCT, BKN, OVC with height in MSL in 3 digits, to the nearest hundred feet.

c. Unknown heights are encoded as UNKN.

d. If a pilot reports they are in cloud the sky cover is encoded as OVC.

e. When more than 1 layer is reported, separate the layers with a solidus (/).

f. Examples:

1. /SK BKN030-060

2. /SK BKN050-090/OVC120-UNKN

3. /SK SKC

10. Weather (/WX).  May include one or both, weather or flight visibility (FV).  

a. FV will be found in this section if reported by a pilot.

1. Two-digit visibility rounded down to the nearest whole statute mile (SM).  Overseas units using the metric system will report in kilometers.

2. Visibility will have the letters FV preceding the numerical portion and SM will follow.

3. FV99 is decoded as unlimited visibility.

4. FV is omitted when none is reported.

5. When a visibility is reported that meets minimums, a remark should be included which clarifies the report.

6. Examples:

a. FV04SM

b. FV00SM, IN FLT VIS ¼ MILE

b. WX will be included when reported by a pilot.

1. The PIREP weather code found in AFMAN 15-124 will be used to encode and decode.

2. When +FC is reported, look for the spelled out tornadic phenomenon in remarks.  Example /WX +FC, /RM TORNADO.

3. If hail size is known, it will be reported in the remarks.

4. When layers of weather are present, they will be reported with the weather abbreviation followed by the base and top to the nearest hundred of feet.

5. Examples:

a. /WX FV00SM FU000-020

b. /WX FV02SM +TSRA

11. Temperature (/TA)  

a. Reported to nearest whole degree Celsius.

b. Sub-zero temperatures will be prefixed with an M for minus.

c. Examples:

1. /TA 23 is 23(C

2. /TA 00 is 0(C

3. /TA M05 is -5(C

12. Wind direction and speed (/WV)  

a. Direction winds are blowing from (true not magnetic).

b. Directions less than 100( will be preceded by a 0.

c. Wind speed follows the direction.

1. Coded in whole knots.

2. If speed is 99 or lower, will be encoded to 2 digits, 3 digits if 100 or faster.

3. Wind speed is followed by KT for knots.

d. Example:

1. /WV 23050KT is decoded as 230( at 50 knots.

2. /WV 060110KT is decoded as 060( at 110 knots.

13. Turbulence (/TB)  

a. Encoded if pilot reports turbulence.

b. Intensity

1. Will be encoded as LGT, MOD, SEV, EXTRM only.  HVY is not a reported intensity.

2. If the intensity is fluctuating between two levels, include both, separated by a hyphen.

3. Negative (NEG) report of turbulence is encoded if the pilot reports no turbulence but it was forecasted for that area.

c. Type

1. If included, will either be clear air turbulence (CAT) or CHOP.

2. CAT is encountered where no clouds are present and is commonly high-level.  May be up to EXTRM.

3. CHOP causes rapid jolts or bumps and is reported only as LGT or MOD.  Never reported as SEV or EXTRM.

d. Altitude

1. Included only if the altitude is different from the flight level.

2. If the level is a range, separate the base and top with a hyphen.

3. If the base or top is not known, ABV or BLO will be included.

e. Example.

1. /TB LGT-MOD CHOP 250-300, decoded means light to moderate chop from 25,000 to 30,000 feet.

2. /TB SVR CAT BLO 320, decoded is severe clear air turbulence below 32,000 feet.

3. /TB LGT-MOD 330, decoded is light to moderate turbulence at 33,000 feet.

4. /TB NEG, is an indicator that turbulence was forecasted for the location but the pilot reported none.

14. Icing (/IC)  

a. Encoded if pilot reports icing.

b. Intensity

1. Will be encoded as TRACE, LGT, MOD, SEV only.  HVY is not a reported intensity.

2. Negative (NEG) report of icing is encoded if the pilot reports no icing but it was forecasted for that area.

c. Type

1. If included, will either be Rime (RIME), clear (CLR), mixed (MX).

2. RIME is milky, opaque ice that is rough and usually associated with stratiform clouds.

3. CLR is glossy, clear or translucent, usually associated with cumuliform clouds or freezing rain.

4. MX is a combination of both and is usually found in cumuliform clouds.

d. Altitude

1. Included only if the altitude is different from the flight level.

2. If the level is a range, separate the base and top with a hyphen.

3. If the base or top is not known, ABV or BLO will be included.

e. Example.

1. /IC LGT RIME, decoded means light rime icing at flight level.

2. /IC LGT-MOD RIME 120, decoded is light to moderate rime icing at 12,000 feet.

3. /IC SEV CLR 012-030, decoded as severe clear icing between 1,200 and 3,000 feet.

4. /IC NEG, is an indicator that icing was forecasted for the location but the pilot reported none.

15. Remarks (/RM)  

a. These are remarks that do not fit in the sections above or are needed to clarify information found above.

b. LLWS

1. Is classified as a UUA.

2. Enter LLWS in the /RM section followed by all the specifics given by the pilot.  These may include base to top, speed changes, during climb or descent, etc.

3. Example:  /RM LLWS –15KT DURD 010-005

c. Funnel cloud, tornado, waterspout will be reported with direction of movement.

d. Thunderstorms

1. Arial coverage of ISOL, FEW, SCT, NMRS or LN, SCT LN, BKN LN, SLD LN.

2. Follow this with TS, location and movement, and type lightning if known.

e. Lightning

1. Frequency is reported as OCNL, FRQ, CONS.

2. Type of lightning is reported as, LTGIC, LTGCC, LTGCG, LTGCA.

f. Electric Discharge.

1. It will be reported as DISCHARGE followed by the height.

2. Thunderstorms not present

3. Occurs when aircraft electrical field interacts with clouds, precipitation, solid particles.

g. Contrails.  Reported as CONTRAILS, followed by height if different from FL.

h. Clouds.  Used if not reported in /SK but is seen in distance.  Examples:  OVC BLO, CB W MOV E, SCT-BKN ABV.

i. Terminology.  If formal contractions are not available such as, bumpy, etc., use the plain language wording.  Otherwise, use recognized remarks such as, DURGC, CONTRAILS, etc.

j. Volcanic eruption.

1. Will be a UUA.

2. May be from a pilot or any source reporting the information.

3. Look for information such as, name of mountain, time, location, and any ash cloud observed and direction it is moving.

k. Two or more reports of same phenomenon.  May see MULTIPLE RPTS, NUMEROUS ACFT.



Summary:  We have just covered basic decoding of pilot reports.  When you are reading those lines of reports you must be able to decipher them so you may be able to use the information in your forecasting and briefing task.  It is important that you have the opportunity to practice your newly learned skills so we are going to do some practice exercises before your final evaluation. 

Application:  Give the students several PIREPS to practice on and monitor performance.  You can have the students do a couple of practice exercises in the companion QTP as a pre-evaluation

Evaluation:  Assign an evaluation exercise in the QTP and evaluate to the GO/NO-GO level.

MODULE 3 – Vertical Consistency

Reference

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AFWA/TN-98/002, Meteorological Techniques
· AWS/FM-82/007, Trough Analysis and Depiction on Upper Air Charts
CFETP: 13.3.2. Vertical Consistency

Introduction

If your car stops running, you cannot just fix it without analyzing the situation first.  The same applies to weather.  In order to understand what you are forecasting and why, you must have a basic knowledge of the different systems you will be forecasting.

Overview:   In this module you will learn about baroclinic systems, barotropic systems, and frontal characteristics.  Just like different type trees have different looks and structures, so do weather systems.  Baroclinic lows have temperature advection around them, while barotropic lows do not.  These are the type things you will discuss in this section.  

PowerPoint Presentation:  Module 3, Vertical Consistency

Handout:  Student Workbook (PP slides), practice exercises

OBJECTIVES:  

· OBJECTIVE 1:  Identify the pressure system either as barotropic or baroclinic and the name of the system (cold core high, etc.,) to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

· OBJECTIVE 2: Stack fronts, lows, and highs on a reanalyzed product to the satisfaction of the evaluator as indicated by a Go/No Go checklist.
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LECTURE

2. Baroclinic systems  


b. Baroclinic systems

1. Systems are associated with temperature advection.

2. Isobars or contours are “out-of-phase” with isotherms. 

b. Baroclinic highs  

1. Migratory

2. Strong thermal advection around the high

3. Stacked back toward warm air.  Tilt back causes the winds to change direction with height and assures thermal advection.

4. High will transition from poleward side (+N) of PFJ to the equatorward (-N) side and be absorbed into the sub-tropical ridge.

5. Results from disturbance in mid-latitude westerly flow.

6. Forms downstream from the long wave ridge and generally moves equatorward and to the east and is steered by CAA.

c. Baroclinic low  

1. Unstable waves with upper level shortwave support.

2. Shows strong thermal advection around the low.

3. Tilts back with height toward cold air.  Tilt back causes the winds to change direction with height and assures thermal advection.

4. Has a PFJ located above the surface low.

5. Forms downstream of the long wave trough and usually moves poleward and to the east, steered by WAA.

6. Reaches peak intensity prior to reaching the long wave ridge.

7. Forms along a frontal system.

8. Has WAA occurring ahead of the low and CAA behind it.

9. Low will transition from the (-N) equatorward side of the PFJ to the (+N) poleward side and become a cold barotropic decaying wave.

2. Barotropic Systems  

a. Barotropic systems

1. Systems are not associated with temperature advection.

2. Isobars and contours are “in-phase” with isotherms.

b. Cold Core High  

1. Most often associated with a cP pressure system.

2. May have a cold pocket associated with it.

3. Anti-cyclonic circulation that decreases with height and may have low aloft

4. Located on +N side of the PFJ.  Exception:  Plateau highs may form on the –N side of the PFJ.

5. Caused by intense surface cooling

6. Usually associated with clear skies and cold temperatures

c. Warm Core High  

1. Either a semi-permanent, subtropical high or a cut-off high

2. Usually associated with a Low-level warm pocket.

3. Anti-cyclonic circulation that increases with height.

4. Stacks vertically

5. Normally associated with warm temperatures and fair weather

6. Two main types

a. Cut-off high on +N side of PFJ.  Common in North Atlantic in winter.

b. Sub-tropical high on –N (equatorward) side of PFJ.  Formed from convergence aloft between Hadley and Ferrell cells.

d. Warm Core Low  

1. May be associated with a warm pocket in the Low-levels.

2. Cyclonic circulation that decreases with height and may have a high aloft.

3. Located on –N side of the PFJ.

4. Caused by intense surface heating.

5. Vertically stacked but rarely >10,000 stacked.  Exception: Tropical cyclones.

6. Two main types:

a. Tropical cyclones energy source is maintained by latent heat of condensation and sensible heat from warm waters.

b. Thermal lows caused by intense surface heating.

e. Cold Core Low  

1. Usually originates as a mature, fully occluded low often found in mid-latitudes during winter.  Examples are semi-permanent lows such as the Aleutian and Icelandic Lows.

2. Typically associated with Mid and Low-level cold pockets.

3. Vertically stacked.

4. Extends to great vertical heights and cyclonic circulation increases with height.

5. No fronts associated with low.

6. Strong vorticity maxima is usually located near the low center.

7. Two main types

a. Cut off low located on the –N side of the PFJ, commonly found in SW CONUS.

b. Decaying wave located on +N side of the PFJ, commonly found in Aleutian Islands, Iceland, and sometimes over the Hudson Bay area.

3. Cold fronts  

a. General information  

1. Normally temperatures drop after passage.

2. Dew point drops after passage.

3. Pressure falls ahead of the front due to divergence aloft.

4. Pressure rises behind the front due to CAA.

5. Winds veer in the horizontal and back in the vertical.

b. Inactive Cold Fronts  

1. Winds aloft up to at least 700mb are perpendicular to the surface front.

2. PFJ is angled toward the front.

3. Have a shallow slope above 900mb and a steep slope close to the surface.

4. Coldest air well back from front. (Gradual cooling)

5. Associated with rapidly clearing skies after frontal passage.

6. Gradual SW to NW wind shift.

7. If moisture is available, precipitation is usually ahead of the front.  May be a squall line up to 150nm ahead of the front.

8. Best indication of passage is the drop in dew points.

c. Active Cold Fronts  

1. Winds aloft are less perpendicular than inactive fronts.

2. Showers and precipitation at and behind the cold front.  May have imbedded thunderstorms.

3. Has a steep slope.

4. PFJ is parallel to the front and above the cold air behind the front.

5. Greatest temperature gradient occurs directly behind the front.

6. Display a sharp temperature drop with frontal passage.

7. Rapid SW to NW wind shift with frontal passage.

3. Warm Fronts  

a. On surface, is leading edge of WAA.

b. Aloft, WAA occurs prior to surface passage due to WAA up the warm frontal slope.

c. As FROPA occurs, the temperature and dew point increases.

d. Warm air rises, so pressure falls occur where the air is rising.

e. After passage, the pressure may rise slightly, remain steady, or even fall more.

f. Winds veer in horizontal, and veer in vertical due to WAA.

g. Fog is often observed ahead of the front.

h. If strong warm air overrunning is occurring, expect wide-scale stratiform precipitation.

i. Temperature of the warm and cold air determines type precipitation.

1. Cold air ahead of warm front is below freezing, snow will fall in advance of front.  Ice pellets or freezing rain will occur where the air aloft is above freezing and the air at the surface is below freezing.

2. If air in the low-levels is above freezing, expect rain or drizzle.  

3. Keep in mind that every warm front does not have precipitation associated with it.

j. Classic warm front scenario  

1. Snow falls well away from the front.

2. Expect change over to ice pellets or freezing rain as warm air gets closer to surface.

3. Just prior to FROPA, expect precipitation to change to rain or drizzle with dense fog.

5. Occlusions  

a. Cold occlusion  

1. Coldest air is behind the occlusion.

2. Located in the thermal ridge on a thickness chart.

3. An extension of the cold front.

4. Usually associated with a continental polar air mass.  Predominant type east of the Rocky Mountains.

b. Warm occlusion  

1. Coldest air is ahead of the occlusion.

2. Located behind the thermal ridge on a thickness chart.

3. Extension of the warm front.

4. Usually associated with a maritime polar air mass.

c. Type A System  

1. Jet stream cuts across the occlusion at the triple point.

2. Upper level low is either not closed off or is barely closed.

3. Thickness packing remains uniform throughout the occlusion.

4. On satellite imagery:

a. Baroclinic zone cirrus is well defined and on –N side of PFJ.

b. Vorticity comma cloud is visible beneath the jet.

c. Deformation zone cirrus is sparse and is lower than the baroclinic cirrus.

d. Type B System  

1. Jet stream breaks up and does not cross the occlusion.  Jet reforms north of the baroclinic zone cirrus.

2. Upper level low is strong and is closed off.

3. Thickness packing begins to spread out near the occlusion.

4. On satellite imagery:

a. Baroclinic zone cirrus is well defined and is on –N side of PFJ.  Where jet fans out, cirrus has a less defined border.

b. Vorticity comma cloud is only occasionally visible beneath the jet.

c. Deformation zone cirrus is widespread, well developed and merges with the baroclinic zone cirrus.

6. Quasi-stationary Fronts  

a. Frontal surface slopes over cold air.

b. Normally have light winds aloft and little temperature advection.

c. Frequently accompanied by stratiform clouds and precipitation on cold side.

d. Frequently accompanied by cumuliform clouds and precipitation on warm side.

7. Frontal Stacking  

a. Cold fronts  

1. May stack from 3( to 6( (1( - 3( between levels) latitude at 700 mb behind the surface front.  

2. Surface front may have a 850mb front stacked into the cold air.

3. May even be a 700mb front, though not always.

b. Warm fronts  

1. Usually stacks 3(-6( over the cold air.

2. Rarely seen above 850mb.

8. Frontal Inversion  

a. In the vertical, is the area where the temperature changes from cold to warm.

b. Where the air begins to change from cold to warm is the transition zone and is known as the frontal inversion.

9. Frontal Slopes  

a. Considered to be 1 mile of rise over “X” miles of run along the earth’s surface.  Example:  1 mile of rise over 50 nm of run would be 1/50 nm.

b. Average slope for a cold front is 1/50nm, up to 1/150nm.

c. Average slope for a warm front is 1/100nm up to 1/300nm.

d. Generally, the steeper the slope, the stronger and faster moving the front will be and more likely weather will be out ahead of it.

e. It is rare to encounter a strong weather system that does not extend at least up to 850mb.  With that in mind, pay close attention to the vertical consistency between the surface and 850mb.

10. Surface Troughs

a. Leeside Trough/Low  

1. Result from downward motion of air as it descends the slope of mountain ranges.

2. As air descends, air is adiabatically warmed.

3. Air warms and rises, removing mass from the surface, pressure falls.

4. Develops on leeside of mountains.

5. Upper-level winds have a strong perpendicular component to the mountains.

6. Warm air at center and a thermal ridge over the trough axis.

7. Trough is not baroclinic.

8. Strongest in Low-levels and decreases in intensity with height.

9. Does not have to develop under the jet.

10. Associated with mountain ranges.  These troughs do not advect..  May be quasi-stationary, moving back and forth.

11. Intensifies as wind speeds increase and weakens when they decrease.

12. May develop into a leeside low, if adiabatic warming becomes strong enough.

13. May become baroclinic if upper-level divergence  moves over and it undergoes cyclogenesis.

b. Cold Over Warm (C-O-W) Trough  

1. Forms in advance of cold air mass, usually associated with a secondary push of cold air.  Sometimes mistaken for a secondary cold front.

2. Must have a temperature difference of at least 10(C.

3. If enough moisture is available, convective clouds and precipitation will develop near the trough.

4. Most common behind deep baroclinic lows where strong CAA is occurring.

5. Frequently found near Great Lakes in winter.

c. Forced Trough  

1. Similar to C-O-W trough.

2. Must stack back to an upper-level shortwave trough supporting it.

d. Inverted Trough  

1. Found north of baroclinic low in polar air mass.

2. Strongest at the surface and weakens with height.

3. Does not have to lie under the jet.

4. Formed by change in slope of warm frontal surface, where slope becomes steeper.

5. Frequently associated with widespread moderate to heavy precipitation if moisture is available.

6. Common over central US in winter.

7. Also found extending poleward from heat lows in the southwest.

8. Caused by intense surface heating. 



Summary:  We have just covered basic stacking and identification of systems.  Knowing how the system looks and acts greatly enhances your ability to analyze for them.  Being able to distinguish between a barotropic and baroclinic system helps you determine if the system is vertically stacked or not and if the system will move or has fronts associated with it.  Use this information as you progress on to analysis of charts, etc. 

Application:  After the students receive the information on analysis and reanalysis, briefly review vertical consistency.  Encourage the students to name systems and to describe the vertical appearance of them.

Evaluation:  Evaluate the students using the QTP and the GO/NO-GO checklist on vertical consistency using the reanalysis exercises.
MODULE 4 – Analyze Upper Air Charts

Reference

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AFWA/TN-98/002, Meteorological Techniques
· AWS/FM-82/007, Trough Analysis and Depiction on Upper Air Charts
CFETP: 13.8. Analyze Upper Air

Introduction

To produce a quality forecast, you must first understand the current state of the atmosphere.  To understand this state, you must do a thorough analysis.  Understanding what is occurring throughout the upper layers is as important to forecasting as clouds are to producing rain.  

Overview:  We are now going to spend a little while analyzing the upper levels of the atmosphere.  You are going to learn how to analyze the many features of upper air, including contours, troughs, ridges, height centers, isotherms, vorticity, and thickness.  

OBJECTIVES:  

· OBJECTIVE 1:  Analyze contours, troughs, ridges, height centers, isotherms, and moisture on a 500mb and a 700mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist. 

· OBJECTIVE 2:  Analyze contours, troughs, ridges, height centers, isotherms, moisture, and fronts on an 850 mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

· OBJECTIVE 3:  Analyze contours, height centers, isotachs, Polar Front Jet, Subtropical Jet, and jet maximums on a 300mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

· OBJECTIVE 4:  Analyze positive vorticity advection (PVA), negative vorticity advection (NVA), vorticity minimums, maximums, and vorticity lobes to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

PowerPoint Presentation:   Module 4, Analyze Upper Air

Handout:  Student Workbook (PP slides), practice exercises
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LECTURE

1. General information


a. Analyzing the upper levels gives us a good look at the elements aloft that are effecting and will affect our weather.

b. Uses of upper air analysis  

1. Locating pressure systems

2. Determining steering flow.

3. Locating moist and dry areas.

4. Locating cyclonic and anticyclonic flow.

5. Determine whether surface features extend to the level in question.

6. Locating areas of horizontal convergence and divergence.

c. The standard upper air charts we analyze are:

1.  200mb, 300mb, 500mb, 700mb, 850mb, 925mb levels, and vorticity. 

2. We routinely analyze for specific criteria, but there may be locally added criteria also.

3. Upper air levels are specified in millibars, but also have a corresponding height.  

d. At 200mb level we analyze for the PFJ, STJ, warm sinks and cold domes.

e. At 300mb level we analyze for the PFJ, STJ, jet maximums, jet core, long wave ridges and troughs.

f. At 500mb and 700mb levels we analyze for contours, height centers, isotherms, moisture, troughs and ridges.

g. At 850mb level we analyze for contours, isotherms, moisture, troughs, ridges, fronts, and height centers.

h. Vorticity charts will include positive vorticity advection (PVA), negative vorticity advection (NVA), and the PFJ.

2. Depiction  

a. Contours (also known as isoheights which are lines of equal height)  

1. Thin, smooth flowing, black lines which curve gently.

2. Contours tend to follow winds.

3. Should never have sharp points, split, touch, or cross one another.

4. Depicted at intervals of 30, 60, and 120 meters, may be different based on local procedures.

5. A contour of 5,280 meters would actually be labeled in decameters, 528.

6. Contour spacing is dependent on winds.

a. Stronger winds – the gradient would be tight.

b. Weak winds – gradient would be loose.

7. Open and closed contours.

a. Open contours are ones that begin and end at the edge of the chart.

b. Closed start and end at the same point on the chart.  Such as a contour surrounding a low.

b.  Height Centers

1. If there is a closed contour a center must be placed inside. 

2. Use height values and Buy’s Ballot Law to determine center location.

a. Buys Ballot’s Law states that in the northern hemisphere and the wind at your back, low-pressure or heights will always be to the left.

b. An area of calm wind is the most likely place to place a center.

3. Identify the center as a high or low and label.

a. If the center is a low, the value must be lower than the lowest contour or height.  The low is indicated with a red L.

b. If the center is a high, the value must be higher than the highest  contour or height.  The high is indicated with a blue H.

4. Place an x with a circle around it “(” at the place of the center.

5. Label the center with a 3-digit value.  Label it in decameters.

6. Ex. 528 instead of 5,280 meters.

c. Unknown centers

1. Found off the side of the chart.

2. Place an H or L near the edge of the chart and label with a small U instead of a value.

d. Circulations

1. Contours tend to follow the wind, so each closed contour will be cyclonic or anti-cyclonic.

2. Cyclonic circulation indicates low height or pressure, and anti-cyclonic indicates high height or pressure.

3. Thermal analysis  

a. Important to understand what is happening thermally in the atmosphere.

b. Heights are directly related to the temperature of the air and will respond to CAA or WAA.

1. CAA causes air to sink and heights to fall.

2. WAA causes air to rise and heights to rise.

c. To understand what is occurring in the atmosphere, a good thermal analysis must be completed.

d. Isotherms

1. Used to analyze the thermal setup.

2. Normally analyzed every 5(C with a base of 0(C.

3. Dashed red lines, at 850mb and 925mb the 0(C is blue.

4. A closed off isotherm where temperatures inside are warmer than outside.

a. Called a warm pocket.

b. Shaded red with a W placed in the pocket.

5. A closed off isotherm where temperatures inside are colder than outside.

a. Called a cold pocket.

b. Shaded blue with a K placed in the pocket.

6. Thermal troughs and ridges

a. Short wave trough will have a thermal trough associated with it.

b. A short wave ridge will have a thermal ridge associated with it.

c. As long as the trough/ridge do not change the thermal pattern will not change.

d. If a ridge builds, the warm pocket will warm further.

e. If a trough deepens, the cold pocket will cool further.

e. Cold domes and warm sinks  

1. High-pressure and cold dome.

a. Mass added and pushes up a “bump” seen at 200mb

b. At 200mb you are seeing the “bump”.

c. As a high builds, the cold dome will become colder.  If the cold dome becomes colder, it is indicating a building high.

d. Cold dome is actually the cooler tropospheric air pushing up on the tropopause and being seen at 200mb.

e. Associated with areas of strong upper-level convergence.

2. Low-pressure and warm sink.

a. Mass removed and allows the air above the tropopause to push down on the tropopause and appear as a warm pocket.

b. At 200mb you are seeing the “dip”.

c. As a low deepens, the warm sink will become warmer.  If the warm sink becomes warmer, it is indicating a deepening low.

d. Warm sink is actually the warmer air above the tropopause to push down on the tropopause and been seen as a warm pocket.

e. Associated with areas of strong upper-level divergence.

4. Moisture  

a. Locate areas of dew points depressions of < 5(C.

b. Outline these areas with green scallops or a line.

c. Shade the area in light green.  If using a computer, the shading should be transparent so you can still see the plots beneath the shading.

d. Make sure the moist and dry areas correlate with the airmass.  A cP airmass should be dryer than an mT airmass.

5. Vorticity

a. Positive vorticity advection (PVA):  

1. PVA shows advection of higher values of vorticity into areas of lower vorticity. 

2. Will indicate increasing upward vertical motion (UVM), instability, height and surface falls, and increasing chance of precipitation.

3. Vorticity maximum is depicted by an X.

4. Ahead of the X is increasing values and behind the X is steadily decreasing values. 

b. Negative vorticity advection (NVA):  

1. NVA is advection of lower vorticity values into areas of higher vorticity.

2. Indicates increasing downward vertical motion (DVM), increasing stability, height and surface pressure rises, and decreasing likelihood of precipitation.

3. Vorticity minimum is depicted by an N.

4. Ahead of the N is decreasing values and behind the N is steadily increasing values. 

c. Vorticity to jet maxima relationship:  

1. Left front and right rear jet maxima quadrants = PVA or divergence aloft.

2. Right front and left rear jet maxima quadrants = NVA or convergence aloft. 

3. Vorticity maxima lie just north of a jet maxima (area of PVA = jet maxima's left front divergent quadrant) 

4. Vorticity minima lie just south of a jet maxima (area of NVA = jet maxima’s right front convergent quadrant)

6. Upper Air Fronts  

a. Upper air fronts are the boundary between air masses aloft.

b. Upper cold fronts are depicted as solid blue lines with open blue triangles pointing toward the direction of movement.

c. Upper warm fronts are depicted as solid red lines with open red half moons pointing toward the direction of movement.

d. Upper occlusions are depicted as solid purple lines with alternating open purple triangles and half circles pointing toward the direction of movement.

e. Upper stationary fronts are depicted as solid blue and red lines with alternating open blue triangles and open red half moons on opposite sides of the line.  Rarely seen aloft.

f. Rules

1. Do not routinely do an analysis for fronts above 700mb.

2. Isotherms are usually parallel to the front with the tightest packing in the cold air. 

3. Stronger the isotherm packing, the stronger the front and vice versa.

4. Thermal packing behind an inactive cold front usually spreads apart as you go equatorward from the low and cooling is gradual.

5. Thermal packing behind an active cold front is usually uniform along the front and cooling is faster.

6. Frontal slope must be consistent with the type of front.

7. At 700mb, a perpendicular wind to the surface front indicates an inactive cold front.

8. At 700mb, a parallel wind to the surface front indicates an active cold front.

9. Vertical wind shift through a frontal zone indicates type of front.

a. Winds veering with height indicates a warm front.

b. Winds backing with height indicates a cold front.

7. Jet Streams and Analysis  

a. Isotachs  

1. Usually analyzed on the 200mb and 300mb charts.

2. The base speed to begin the analysis is 50 knots.

3. May be analyzed at 10 and 30 knot increments.  Usually done at 20 knots intervals.

4. Along the axis of strongest winds, draw a solid red arrow to signify the jet stream.

b. Jet Maximum

1. Usually football or banana (elliptically) shaped.

2. Labeled with a J and the highest wind speed in the maximum. (J120, J150)

3. Do not label the maximum more than 10 knots higher than the strongest wind in the max.

c. Low-level Jet (LLJ)  

1. Generally considered to be a band of winds > 30 knots of a southerly component.

2. In CONUS, typically from the south and found in the Central Plains region.

3. Found in the warm sector between the warm and cold fronts.

4. Typically analyzed for on the 850mb or 925mb chart.

d. Polar Front Jet (PFJ)  

1. Found between the Mid-Latitude and Polar leaves.

2. Tends to migrate with the season.

a. Moves poleward in summer.

b. Moves equatorward in winter.

3. Tends to be found at different heights during different seasons.

a. In winter, 300mb should be the only level needed to find the PFJ.

b. In summer, look at the 200mb chart to get a good look at the PFJ.

4. Identifying the PFJ

a. Location is approximately in the middle of the tightest 1000-500mb thickness packing.

b. Found near the strongest 500mb contour gradient and often found between the 5,500 and the 5,670 meter isopleths.

c. Found approximately 300nm (or 5() poleward of the cold front and about 600 nm (or 10() poleward of the warm front.

d. On the 500mb product the PFJ is located above the maximum thermal gradient (between the -15(C and the -25(C), usually at the -17(C isotherm.

e. Found 1( poleward of the baroclinic zone cirrus on the satellite image.

e. Sub-Tropical Jet (STJ)  

1. Caused by the interaction of the Hadley and Ferrell Cells.

2. STJ is normally located using the strongest wind band on the 200mb chart.

3. Usually found between the 25( and 35( N and S latitudes and more precisely, the 28( N and S latitude line.

8. Basic analysis steps

a. 200mb, 250mb, 300mb  

1. Analyze for isotachs on the chart. 

2. Highlight the location of the polar and subtropical jets.

3. Maintain continuity on the location of the jet streams.

4. Use the location of the jet stream to determine:

a. Primary storm tracks.

b. Proper location of the triple point along occluded frontal systems.

c. Areas of upper-level difluence.

b. 500mb  

1. Maintain continuity of troughs, lows, ridges, highs, and significant height fall centers IAW local policies.

2. Sketch major trough and ridge features.

3. Trace a representative seasonal contour and maintain 24-hour continuity on this contour.

4. Check the isotherm analysis and highlight as required.  

5. Use the isotherm pattern to help you refine your trough/ridge placement.

6. Analyze areas of mid-level moisture using the 5C° (or 3C°) dew point depressions.

7. Finalize analysis of trough and ridge features.

c. 700mb  

1. Maintain 24-hour continuity of troughs, ridges, highs, and lows.

2. Analyze trough and ridge features.  

3. Check isotherm analysis and highlight as required.

4. Analyze areas of mid-level moisture using the 5ºC dew point depressions to locate moisture areas and drylines (dry intrusion areas).

5. Empirical Rules to Use With the 700 mb Chart 

a. Surface low will deepen or a front will undergo frontogenesis if a 700 mb short wave moves within 6° of the feature.

b. A surface low will fill and a front will undergo frontolysis after the 700 mb short wave passes.

c. If there are several stable waves along a front, the one with the most intense cyclonic vorticity aloft will develop at the expense of the others.

d. Surface waves will deepen if there is difluence at 700 mb and will fill if there is confluence at 700 mb.

e. Cloudiness and precipitation are present under cyclonically curved contours at 700 mb, despite the presence or absence of surface features.

f. In a cold air mass, instability showers and cumuliform clouds occur only where the air is moving in a cyclonically curved path.

g. Inactive cold front (katafront) - 700 mb winds are perpendicular to the surface cold front.

h. Active cold front (anafront) - 700 mb winds are parallel to the surface cold front and the weather is at and behind the front.

i. The stronger the 700 mb wind flow, the greater the possibility of a cyclone deepening.  Weak upper flow allows the surface cyclone to fill.

j. Warm front cloudiness and precipitation will occur where the 700 mb wind flow is across the warm front. 

k. Remember proper stacking of features.  For example, 700 mb troughs will stack 1 – 3º down from the 500 mb trough. 

d. 850mb  

1. Mark 24-hour temperature changes in the vicinity of suspected frontal zones.

a. May help determine exact placement.

b. Shows if an increase or decrease in temperature contrast has occurred and if the front is in frontogenesis, or frontolysis..

2. Maintain 24-hour continuity of highs, lows, fronts, and when appropriate, troughs and ridges.

3. Highlight key isotherms, being careful to check the accuracy of the machine analyses.  During the severe weather season, draw isotherms every 2°C to accurately locate the thermal ridge.

4. Sketch your "first guess" of the polar frontal locations.

5. Highlight low-level wind maxima (low level jet).  A band of winds > 30 knots.

6. Analyze the 5C° dew point depression lines  (or other values, if appropriate for your location.  The 5C° line gives a good indication of low clouds in the eastern U.S.).

7. Find areas of moisture advection and determine if the advection will change.

8. Finalize analyses of fronts.  Ensure consistency with upper level features (upper fronts, troughs, ridges, jet streams). 

9. Remember proper stacking of features.  For example, 850 mb troughs will stack 1 – 3º down from the 700 mb trough.

10. Cold fronts are located by finding tightest isotherm gradient.  Front is placed on the edge of the warm side isotherms.

11. Place the warm front on the warm side of the tightest isotherm packing

e. 925mb  

1. Maintain 24-hour continuity of highs, lows, fronts, and when appropriate, troughs and ridges.

2. Analyze isotherms every 5(C, with a base 0(C .

3. The 0(C  isotherm should be marked with a dashed blue line.

4. Highlight low-level jet with a solid red arrow.  Winds must be 30 knots or greater with a southerly component.

5. Analyze contours every 30 decameters starting with a base of 750 meters.

6. High and low height centers marked in the appropriate colors.

7. Troughs and ridges in black..

8. Analyze for fronts.  Ensure consistency with upper level features (upper fronts, troughs, ridges, jet streams). 

9. Remember proper stacking of features.  For example, 850 mb troughs will stack 1 – 3º down from the 700 mb trough.

10. Moisture areas with dew points depressions of < 5(C.

9. Manual Upper-Air Analysis  

a. Step 1 – Preliminary Analysis

1. Scan chart for height values and general flow patterns.

2. Use available METSAT imagery to identify major macroscale or synoptic scale systems.

b. Step 2 – Basic Analysis (lightly sketch the following features in pencil)

1. Contours

2. Fronts (If they extend to the level being analyzed.

3. Trough axis (axes)

4. Ridges axis (axes) with zigzagged line.

c. Step 3 – Final Analysis (smooth/harden) and label in all features.

1. Contours (label at both ends or at top of closed contours)

2. Isotherms (label in 2 digits prefixed by appropriate sign)

3. Scallop the moisture area.

4. Height centers (label H or L)



Summary:  We have just covered upper air analysis.  When you do a thorough analysis you have cut down 50% of the thought process of the forecasting process.  Knowing what has happened will give you the basic understanding of the current atmosphere so that you can forecast.  

Application:  The students may now work on the upper air charts in the EEP.

Evaluation:  Evaluate the students using the QTP and the GO/NO-GO checklist on Upper Air Analysis.
MODULE 5 – Analyze Surface Charts

Reference

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AFWA/TN-98/002, Meteorological Techniques
· AWS/FM-600/009, The Local Area Work Chart
· 5WW/FM-89/001, Mesoscale Analysis and Forecasting
CFETP: 13.7. Analyze Surface Charts

Introduction

Knowing what is occurring on the surface is important for a correct forecast.  Mesoscale features may affect your forecast both positively and negatively.  The arrival of a cold front or warm front will effect your precipitation, temperature, pressure, winds, etc., portions of your forecast.  Having a good handle on the surface is the first step to hitting your forecasted conditions. 

Overview:  In this lesson we will learn the basic aspects of analyzing surface elements.  Each unit may have their own techniques or methods and you will learn those at each unit you go to.  We are now going to take a short walk through analyzing the surface.  

OBJECTIVE:   Analyze isobars, troughs, fronts, pressure centers, isotherms, on a surface chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.   
PowerPoint Presentation:  Module 5, Analyze Surface Charts
Handout:  Student Workbook (PP slides), practice exercises
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LECTURE

1. General information


a. Analyzing the surface gives us a good look at the features that are effecting and will affect our weather.  

b. Uses of surface analysis  

1. Locating pressure systems

2. Locating fronts

3. Locating temperature trends and advection.

4. Determine surface winds.

c. Surface analysis includes many items but we will concentrate on these elements:

1. Isobars, pressure centers, troughs, isotherms, and fronts.

2. Dew point, wind direction, present weather, clouds, visibility.  

d. Frictional Effects  

1. The surface of the earth will determine the amount of drag on the wind.

2. Oceans provide minimum drag.

a. May cause winds to slow about 5 knots.

b. Winds may back 10( – 20(.

3. Smooth terrain, like plains and deserts.

a. May cause winds to slow about 10 knots.

b. Winds may back 15( – 30(.

4. Mountainous areas provide the maximum drag on the winds.

a. May cause winds to slow 10-15 knots.

b. Winds may back 20( - 40(.

2. Analyzing surface elements

a. Isobars  

1. Smooth, curved lines of equal pressure.

2. Isobars never touch or cross.

3. Open isobars start and end on the edge of the charts, label the isobars with 2 digits at the ends.  Example:  1020 mb = 20, 1004 mb = 04.

4. Closed isobars begin and end in the chart.  Label the isobars with 2 digits at the top of the closed isobar.

5. Isobars help the analyst find small scale features.  

6. Isobaric spacing is directly related to wind speed.

a. Tightly packed isobars indicate higher wind speeds.

b. Loosely packed isobars indicate weaker wind speeds.

7. When drawing isobars use care.  

a. Make sure the wind flows in one direction along the entire isobar.

b. Watch for spacing between isobars and plots.

c. Example:  If the 1004 mb isobar passes between 2 plots, it should be closer to a plot with a pressure of 1003 mb than a plot with a 1006 mb.

b. Isotherms

1. Isotherms are lines of equal temperature.

2. Usually analyzed every 5(C or 5(F starting with a base of 0(C or 32(F.

c. Fronts  

1. Fronts should show logical continuity from previous positions.

2. Use thickness to place front.  

a. Cold front – Lies on leading edge of tightest thickness packing

b. Warm front – Lies on trailing edge of tightest thickness packing

3. Frontal movement.

a. Cold fronts typically move at 85% of the second standard winds in the cold air.

b. Active warm fronts move at 70% of the second standard winds in the cold air.

c. Perpendicular component to the wind in the cold air will approximate the speed of the movement of the front.

4. Fronts lie in troughs of low-pressure.  Troughs of low-pressure do not have to have a front in each one.  

5. Fast moving front will have a pressure tendency difference across it.  Stationary or slow moving fronts exhibit little or no pressure tendency difference across them.

6. Winds will shift cyclonically across the front.

a. An example is southwest winds ahead of a cold front and northwest behind.

b. Best indicator of location of front.

7. Dew point differences should exist across the front.

8. Line representing a front should be placed on the warm side of the transition zone along a line of cyclonic wind shear.

d. Pressure Centers

1. Once an isobaric analysis has been completed pressure center location can be isolated.

2. Find the highest or lowest pressure and begin looking closely at other factors, such as winds and isotherms.

3. High-pressure

a. After locating the highest pressure look for very light or calm winds.

b. The center will go in the area of calm winds or close to the lightest winds.

c. When finding the center, remember Buy’s Ballot Law in relation to the wind.  

d. Look for a warm or cold pocket.  Many times a warm or cold pocket will form over the high center.

4. Low-pressure

a. After finding the lowest pressure, look at the center of the cyclonic wind flow.

b. The center will go to the area of lightest winds in the center of the low.

c. Remember Buys Ballot’s Law in relation to the winds.

d. Look for warm or cold pockets.  Many times a warm or cold pocket will form over the low center.

e. Pay close attention to the area where warm and cold fronts come together.  Prior to an occlusion forming, this is the location of the low.

f. If an occlusion has formed, look for circulation and use satellite images to locate the low center.

e. Troughs

1. Pay attention to all the parameters for a front prior to placing a trough.

2. If temperature advection, dew point, pressure, and wind discontinuity exist, consider a front, if not, you may consider placing a trough there.

f. Common errors

1. Use of unrepresentative data (particularly temperature) in locating fronts.  

2. Cold fronts improperly designated as warm fronts and vice versa.

3. Isobars too sharply kinked at fronts or kinked improperly toward low-pressure.  

4. Post-frontal troughs analyzed as fronts.  Remember, that fronts divide air masses, so a trough inside an air mass should not be analyzed as a front.  

5. Frontal patterns in the vertical having an impossible stack.  

6. Dropping of fronts in areas of sparse or no reports without designating frontolysis on preceding products.  

7. Inconsistent continuity from the previous position.  

8. Failing to use continuity to help place fronts.

g. Continuity  

1. As a rule, fronts do not routinely move so fast that continuity cannot keep up with them.

2. Look at position of front on last chart and look from there downstream, which gives you an idea of where the current front is.

3. Speed analysis on the front should be consistent with the average movement and past movements.

3. Analysis Procedures  

a. Preparing to analyze  

1. Decide what features you are going to analyze for.

2. Local policy may dictate other parameters that you may need to analyze for.

3. Decide which visible, IR, and water vapor satellite images you will use in the analysis.

4. Consult local policy on continuity requirements.

b. Analyze the chart

1. Highlight weather symbols.

2. Analyze isobars, isotherms, and any other items required.

3. Using upper air charts, locate features that are reflected down to the surface.  

4. Use proper stacking:  

a. Cold fronts normally stack back over cold air 1( to 3(.

b. Warm fronts normally stack over the cold air 3( to 6(.

c. Baroclinic lows normally stack over the cold air 1( to 3(.

d. Baroclinic highs normally stack over the warm air 1( to 3(.

e. Barotropic highs and lows are nearly vertical.  No more than 1( between levels.

5. Place highs, lows, fronts, and troughs which reflect from aloft to the surface.

6. Conduct a closer analysis and put in features that only appear on the surface.  Use satellite, Skew-Ts, regional observations, and radar to find these features.

c. Finalize the analysis

1. Make final decisions on locations and features.

2. Harden in the chart.



Summary:  We have just covered surface analysis.  When you do a thorough analysis you have cut down 50% of the thought process of the forecasting process.  Knowing what has happened will give you the basic understanding of the current atmosphere so that you can forecast.  

Application:  The students may now work on the surface charts in the EEP.

Evaluation:  Evaluate the students using the QTP and the GO/NO-GO checklist on Surface Analysis.
MODULE 6 – Reanalyze Computer Products, Surface

Reference

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AFWA/TN-98/002, Meteorological Techniques
· AWS/FM-600/009, The Local Area Work Chart
· 5WW/FM-89/001, Mesoscale Analysis and Forecasting
CFETP: 13.12.1.   Reanalyze Computer Products, Surface

Introduction

During this lesson you will learn not to believe everything you see, especially when it comes to centrally prepared computer generated products.  For a variety of different reasons, some of which you will learn about later, a computer analysis isn’t always that accurate.  It is your responsibility as a forecaster to accomplish a hand reanalysis of the product and make the necessary adjustments. Unfortunately, the first time forecasters do a reanalysis of a computer generated chart is when they are performing a forecast review.  A reanalysis performed at the beginning of your forecast process can pay big dividends down stream in the forecast process.

Overview:  We will now take a look at the subtle and not so subtle differences in a computer generated chart and how a “hand” analyzed chart is different.  
OBJECTIVE:  Given a computer analyzed surface chart, reanalyze the chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.  
PowerPoint Presentation:  Module 6, Surface Reanalysis
Handout:  Student Workbook (PP slides), practice exercises
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LECTURE

1. General information


a. Reanalysis is done to correct mistakes or find features that were originally missed.

b. Computerized analysis “smooth out” features thereby making it difficult to detect fine scale phenomena.

c. A hand reanalysis catches these subtle features missed by the computer.

d. A hand reanalysis allows you to ensure the proper stacking of features the computer does not consider.

2. Steps 

a. Scan the chart to find obvious problems.

b. Isobars 

1. Use Buy’s Ballot Law.

2. Isobars should flow smoothly and naturally without any kinks or crossed isobars.

3. Interpolation between data points should be consistent—directly related to wind speed.

4. Isobars should be labeled correctly using standard intervals—every 4 mb using a base value of 1000 mb.

c. Pressure Centers 

1. Often pressure centers are placed outside the cyclonic or anticyclonic wind flow.

2. Pressure centers may not be placed at the highest or lowest pressure area.

3. Pressure centers may not be properly labeled.

d. Frontal systems—common errors to look for.  

1. Cold fronts improperly designated as warm fronts and vice versa.

2. Post-frontal troughs represented as fronts.

3. Fronts omitted in areas sparse data without designating frontolysis on preceding products.

e. Sketch corrected features in on the computer-generated chart.

f. Smooth all features; make your final adjustments, and harden-in.



Summary:  During this lesson you learned the importance of doing a reanalysis on a surface chart.  Minor features on a surface chart that are often omitted during a computer analysis can be the reason for a lot of unforecasted weather.  Don’t use the charts blindly, take the time to do a proper reanalysis, it will pay a lot of dividends in your forecast accuracy.  

Application:  Have the students practice reanalyzing a few computer generated surface charts.  Start with some very obvious examples and gradually increase the difficulty.  Continually reinforce the importance of minor features and how they can really impact the weather.

Evaluation:  Assign the students an evaluation exercise and evaluate IAW with the stated objectives

MODULE 7 – Reanalyze Computer Products, Upper Air

Reference

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AFWA/TN-98/002, Meteorological Techniques
· AWS/FM-600/009, The Local Area Work Chart
· AFWA/TN-01/001, Summer Regimes
CFETP: 13.12.2.   Reanalyze Computer Products, Upper Air

Introduction

During this lesson you will learn not to believe everything you see, especially when it comes to centrally prepared computer generated products.  For a variety of different reasons, some of which you will learn about later, a computer analysis isn’t always that accurate.  It is your responsibility as a forecaster to accomplish a hand reanalysis of the product and make the necessary adjustments. Unfortunately, the first time forecasters do a reanalysis of a computer generated chart is when they are performing a forecast review.  A reanalysis performed at the beginning of your forecast process can pay big dividends down stream in the forecast process.
OBJECTIVE:  Given a computer analyzed upper air charts, reanalyze the chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.  
PowerPoint Presentation:  Module 7, UA Reanalysis

Handout:  Student Workbook (PP slides), practice exercises
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LECTURE

1. General information


a. Surface weather is most often directly a result of upper air features.

b. Reanalysis is done to correct mistakes or find features that were originally missed.

c. Smoothing

1. Computers “smooth” out features making it difficult to detect fine scale phenomena.

2. Hand reanalysis catches these subtle features missed by the computer.

3. Hand reanalysis allows you to ensure the proper stacking of features that computer does not consider.

2. Pre-analysis 

a. Scan chart for circulations, pressure patterns, general flow, and bad data.

b. Compare the upper air chart with satellite imagery, radar imagery, surface chart, and other meteorological tools.

c. Assess the quality of the upper air chart and note suspect areas as you begin your reanalysis.

3. Reanalysis 

a. Sketch in features that were missed, omitted, or incorrectly analyzed for during computer analysis.

b. Reanalyze the 200/250/300 MB for:  

1. Isotachs.  Reanalyze isotachs dashed green starting at 50 knots and reanalyzed every 20 knots.

2. Locate

a. Jet maximum

b. Jet core

3. Reanalyze contours

a. Base is 9000 meters and then every 120 meters.

b. Closely watch for missed plots.

4. Reanalyze for height centers

a. Often positioned incorrectly.

b. Labeled with incorrect central height.

c. Misplaced high and low height centers.

c. Reanalyze the 500, 700, 850 mb charts for:  

1. Contours

a. 500 mb base is 5400 meters and then every 60 meters.

b. 700 mb base is 3000 meters and then every 30 meters.

c. 850 mb base is 1500 meters and then every 30 meters.

2. Troughs and ridges.  Look for minor perturbations masked in the flow.

3. Reanalyze for height centers.

a. Often positioned incorrectly.

b. Labeled with incorrect central pressure.

c. High and low height centers, computer generated—not supported.

4. Isotherms

a. Base 0(C, then every 5(C.

b. Reanalyze for:

(1). Cold and warm pockets

(2). Warm ridges

(3). Cold troughs

4. Post analysis 

a. Check for errors.

b. Harden in reanalysis features in appropriate color scheme.

5. Common errors.  

a. Weak height and thermal patterns.

1. Computer analysis within a ridge may miss weak wind, thermal, and height troughs embedded with the synoptic flow.

2. If weak thermal and height gradients exist, a weak trough may appear between standard analyzed contours.

b. Height centers

1. Computer will often stamp height centers outside cyclonic or anticyclonic flow.

2. Computer may not always place the height center at the highest or lowest height as required.

3. Remember, computer does not “stack” features, your job is to ensure the vertical consistency of the atmosphere.

4. Computer may fail to properly label a height center.

c. Contours

1. Incorrect interpolation.

2. Kinked or crossed contours.



Summary:  During this lesson, you learned what to look at when conducting a reanalysis of upper air charts.  Many times a computer chart will hide minor features and that is where that unforecasted thunderstorm is hiding.  Do not use charts blindly, take the time to do a proper reanalysis; it will pay a lot of dividends in your forecast accuracy.  
Application:  The students will now do the EEP.

Evaluation:  Have the students complete the EEP and evaluate them using the Go/No Go checklist.

MODULE 8 -- Thickness

References:

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AWS/TR-79/006 Revised, The Use of the Skew-T, Log P Diagram in Analysis and Forecasting.
CFETP: 13.9, Analyze thickness features.
Introduction







TIME:

Overview:  Analysis of thickness is important to find warm and cold air advection, place fronts, and the Polar Front Jet.  Using thickness charts and upper air information we can get a general look at the atmosphere in the vertical, instead of relying only on horizontal analysis.  In the following module you will be given a brief look at the methods and products to use when analyzing for thickness.  

OBJECTIVES:  

OBJECTIVE 1: On a thickness chart, analyze for warm air advection, cold air advection, frontal locations, and the Polar Front Jet to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 2: Using a Skew-T, determine the thickness of the 1000-500mb layer and the 850-500mb layer, to the satisfaction of the evaluator as indicated by a Go/No Go checklist. 

OBJECTIVE 3: Using RAOB data, determine the thickness of the 1000-500mb layer and the 850-500mb layer, to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

PowerPoint Presentation: Module 8, Thickness

Handout:  Student Workbook (PP slides), practice exercises provided by instructor.
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LECTURE:

1. General.   Thickness can be a very useful tool in the forecasting process.  It can assist you in forecasting precipitation types, place fronts, locate the jet stream etc.  In forecasting we are interested in thickness values and thickness packing/contours to help us locate specific weather features.

2. Thickness.  

a. A measure of how warm or cold a layer of the atmosphere is.

b. Generally higher thickness values mean warmer air, lower values mean cold air.

c. Common layers that thickness is evaluated for are 1000-500, 850-500.  Historically, a lot of empirical forecasting rules of thumb have been derived from these thickness layers.   

d.  For example the 5400-thickness value is commonly used in the CONUS as the dividing line between liquid and frozen precipitation. 

e. Thickness line depicted as dashed lines. 

3. Advection  
a. When warm air replaces cold air or vice-versa

b. Easily depicted on thickness charts. 

1 When wind flow is perpendicular to higher thickness lines and those higher thickness lines are being advected into your area—warm air advection is occurring or vice-versa

2 The more perpendicular the flow is to the thickness value the stronger the advection.

c. Advection is important in the stabilization or de-stabilization of the atmosphere.

4. Fronts  

a. Place cold fronts ahead of cold air advection.  Place the front just ahead of the thickness packing and in pressure troughing.  The colder the airmass behind the front the more tightly packed the thickness lines.

b. Place warm fronts behind the warm air advection and in pressure troughing.

c. Occluded front is placed in the area of the thickness ridge and in pressure troughing.

d. Use isobars to determine the flow and which type advection is occurring.

5. Jet Stream.  The Polar Front Jet is placed in the tightest thickness packing.  Follow the thickness contours and not the isobars for placement.  

6. Steps.  

a. Scan

1 Advection areas

2 Thickness gradient

b. Analyze 

1 Warm or cold thickness advection

2 Highlight in appropriate color

3 Place jet in tightest thickness packing

4 Place warm, cold, or occluded front

5 QC and harden in features

7. Skew-T and RAOBs.  Thickness can be calculated from the heights reported on a radiosonde ascent (data), or a thermodynamic diagram can be used to add up the partial thickness values over successive layers to achieve the net (total) thickness.  

a. Skew-T (1000-500MB).  Subtract the 1000MB-height value from the 500MB-height value.  The difference is the 1000-500MB-thickness value.  (The height value is located the left side of the skew-t chart above the mandatory levels.)  

b. Skew-T (850-500MB).  Subtract the 850MB-height value from the 500MB-height value.  The difference is the 850-500MB-thickness value.  

c. RAOB.  In the RAOB data locate the TTAA group.  The process is the same as it was for the skew-t except you will get your height values directly from the RAOB bulletin.  

1 Subtract the 500mb height from the 1000mb height.  This is your thickness.

2 For 850mb – 500mb thickness, subtract the 500mb height from the 850mb height.  This is your thickness.

3 This process may be used for any levels you need thickness for.



Summary:  In this lesson you learned how you can calculate thickness between layers of the atmosphere.  Thickness can be a useful tool in locating fronts, finding the PFJ, and to determine warm and cold air advection.  

Application:  Have the students practice analyzing several thickness charts so they can apply the principles learned in the lesson.  In addition, have them practice computing thickness from a skew-t and RAOB

Evaluation:  Assign the students an evaluation exercise and evaluate IAW with the stated objectives

MODULE 9 – Analyze Streamlines

Reference

· AFMAN 15-129, Aerospace Weather Operations – Processes and Procedures
· AFWA/TN-98/002, Meteorological Techniques
· AWS/TR-95/001, AWS TR-240, (Updated), Forecasters Guide to Tropical Meteorology

· 1WW/FM-89/003, Streamline-Isotach Analysis

· 7WW/FM-90/007, Operational Uses of Streamline Analysis

 CFETP: 13.3.2. Vertical Consistency

Introduction

Overview:  Another method of analysis is streamlining.  Even though streamlining has been used mainly for the tropics, it is now widely used at all levels and at all latitudes.  Streamlining a chart shows, divergence, convergence, indicates cyclonic circulation and anti-cyclonic circulations.  Knowing this information is invaluable to determine upward vertical motion, downward vertical motions and centers of circulation.

OBJECTIVE: Analyze for asymptotes, confluent asymptotes, diffluent asymptotes, cusp, vortices, and neutral points, to the satisfaction of the evaluator as indicated by a Go/No Go checklist.  

PowerPoint Presentation:  Module 9, Analyze Streamlines
Handout:  Student Workbook (PP slides), practice exercises
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LECTURE

1. Definitions
 

a. Asymptote – Special streamline in which other streamlines gradually merge with or diverge from.

b. Confluence – Flowing together of streamlines.

c. Confluent asymptote – Streamline with which other streamlines converge.

d. Convergence – Air flowing toward a point in the atmosphere, causing an increase in mass.

e. Cusp – An intermediate pattern in the transition between a wave and a vortex.

f. Difluence – The spreading of streamlines.

g. Difluent asymptote – A streamline from which other streamlines diverge.

h. Divergence – Air flowing outward from a point in the atmosphere, causing a decrease in mass.

i. Neutral Point – Point where a confluent and a diffluent asymptote appear to intersect.

j. Shear line – Surface wind discontinuity representing a frontolysized cold front.

k. Singular point – Also called a singularity.  A point where the direction of flow is not determined or where more than one streamline can be drawn.  Three types:  vortex, neutral point, and cusp.

l. Streamlines – Wind flow lines tangential to the instantaneous wind direction.  Depicts pattern of air moving horizontally.

m. Vortex – Cyclonic or anticyclonic circulation centers and cyclonic or anticyclonic outdrafts and indrafts.

1. Indrafts are streamlines converging into a cyclonic low-pressure center.  Seen in Low-levels of tropical storms and hurricanes.

2. Outdrafts are streamlines diverging out of an anticyclonic high-pressure center.  Seen at the highest levels of hurricanes.

n. Wave – Perturbation in a field of streamlines.  Similar to troughs and ridges on an isobaric chart.

2. Uses of the streamline analysis 
a. Determining boundaries

b. Determining steering or advection flows

c. Locating cyclonic and anticyclonic flow.

d. Determines whether surface features stacks to level in question.

e. Locating areas of horizontal confluence and difluence.

f. Evaluating wind and jet stream patterns.

g. Indicating strength of a system, stronger storms tend to have stronger divergence aloft than convergence in Low-levels.

h. Show areas where you may expect intensification or weakening.

i. Briefing aid where you may show wind flow along flight paths and areas of possible turbulence caused by wind shear.

3. Steps in Streamline Analysis

a. Step 1 

1. Scan the chart and try to locate features.  Look for cyclones, anti-cyclones, waves, troughs, ridges, neutral points, confluence, and difluence.

2. Check continuity.  Major features usually do not appear or disappear in less than 12 hours.

3. Before drawing first streamline, try to visualize what the chart is going to look like.

b. Step 2 

1. In pencil or on the computer, sketch streamlines around the dominant features. 

2. On large charts draw streamlines approximately 1” apart and follow wind flow only.  Do not adjust the spacing based on wind speed.  Streamlines are direction only.

a. On smaller charts draw streamlines a good, clean distance apart.

b. Oceanic charts tend to be data sparse, so use satellite to help with the analysis.

c. Work outward from anti-cyclones and inward toward cyclonic centers.

d. Make sure there is divergent flow out of anti-cyclones and convergent flow into cyclones.

e. Do not draw streamlines to every data point.

c. Step 3. 
1. After you have completed the rough analysis, check over the chart.  Check for correct flow, etc.

2. After the check is complete, harden the chart in.

4. Rules for Streamlining 

a. Non-asymptotes  
1. Must parallel wind flow.

2. Flow direction shown by arrowheads and tails.

3. Merge smoothly with confluent asymptotes.  No “T” intersections.

4. Never cross each other.

5. Evenly spaced ¾ - 1” apart and do not converge or diverge.

6. Do not try to analyze for each data point.

b. Asymptotes 
1. Placed along axis of confluence or difluence.

2. Same rules apply as in non-asymptotes above.

3. Confluent asymptotes

a. Only section showing confluence should be colored red.

b. Colored red about 1” before and after confluent area.

4. Difluent asymptotes

a. Only section showing difluence should be colored blue.

b. Colored blue about 1” before and after diffluent area.

5. Cannot have a confluent asymptote converge into a diffluent asymptote or vice versa.

c. Vortices

1. Cyclonic vortices 

a. Cyclonic indraft, common in Low-levels

b. Cyclonic outdraft, common above intense tropical cyclones.

c. Labeled with a red “C”.

d. Linked by confluent asymptotes.

e. Should have at least 2 confluent asymptotes spiraling inward toward the center.

f. Asymptotes do not meet in the center but actually oppose each other on opposite sides of vortex.

2. Anti-cyclonic vortices 

a. Anti-cyclonic indrafts, seen in anticyclonic rotating tornadoes.

b. Anti-cyclonic outdrafts

(1). Typical situation with most anti-cyclones in the low levels.

(2). Upper level outdraft common above tropical cyclones.

c. Labeled with a blue “A”.

d. Linked by diffluent asymptotes.

e. Should have at least 2 difluent asymptotes spiraling outward from the center.

f. Asymptotes do not actually start at the center, but oppose each other on opposite sides of the vortex.

d. Neutral points 

1. Must be between 2 like systems (between 2 anti-cyclones or 2 cyclones)

2. Must not be directly connected (cannot have a neutral point flowing into a neutral point.)

3. Separates a shear line from a front.

e. Isotachs 

1. Depicted with green dashed lines in 5 knot intervals to 20 knots, then 10 knot increments thereafter.

2. Isotachs of different values do not intersect.

3. Axes of elongated speed maxima parallel streamlines.

4. In areas of very broad currents, 2 or more elongated maxima may lie side by side.

5. Label speed minima with a purple “MIN” and shade the region with speeds 10 knots and less in yellow.

6. All singular points have zero wind speeds.

7. Winds are light where streamlines curve sharply or where singular points are located just above or below the level being analyzed.

8. Short distances from neutral points, isotach ellipses resemble 4-pointed stars.



Summary:   In this lesson you learned about streamlining.  Streamlines help the analyst to better see confluence and difluence, as well as without a multitude of weather stations in the tropics, still analyze the tropical situation.  

Application:  Have the students practice analyzing several charts to practice simple streamlining or have them work the EEP. 

Evaluation:  Use the Go/No Go Checklist to evaluate the EEP exercises.

MODULE 10 – Analyze METSAT

Reference

· AWS/TN-88/001, Satellite Imagery Interpretation for Forecasters, (also known as Weather Service Forecasting Handbook No. 6)

· AWSTR 212, Application of Meteorological Satellite Data in Analysis and Forecasting
· 3 WW/TN-81/001, Satellite Interpretation

· 1 WW/TN-83/001, METSAT User’s Guide
· 1 WW/TN-84/001, METSAT Imagery Interpretation Guide
· The GOES User’s Guide
· NOAA/TN-NWS/SR 103, Weather Satellite Interpretation 

· An Introduction to Satellite Meteorology Interpretation
· Weather Satellites:  Systems, Data, and Environmental Applications
CFETP: 13.4.2.2. Analyze Meteorological and Non-Meteorological Features
Introduction

In this module we will look at non-cloud features, synoptic scale, and mesoscale cloud features.  We will further learn how to identify hemispheric, synoptic, and mesoscale features based on cloud signatures and patterns.  Also covered are how some METSAT signatures related to thunderstorms can provide early detection of strong wind events, and how some METSAT signatures can help identify areas of suspected turbulence.

OBJECTIVES:       

OBJECTIVE 1:  On satellite images, analyze features to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 2:  On satellite images, analyze wind flow to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

PowerPoint Presentation:  Module 10, METSAT
Handout:  Student Workbook (PP slides), practice exercises

Body Time







TIME: 
Presentation Method
:






LECTURE

1. General Information  

a. Size of features

1. Size is relative

2. Comparison between cloud elements and geographical features.

3. Size of cloud system also gives information on the stage a weather system is in.  Example is between a low in the initial development and a mature system.

b. Shape

1. The shape of the cloud elements tells what type cloud features you are looking at.

2. The shape of the cloud system gives valuable information on the system type and maturity.

c. Brightness

1. Indicates the height of the cloud elements.

2. Indicates the thickness of the cloud elements.

d. Texture

1. Only seen on visible (VIS) imagery.

2. Clouds having a bumpy shape may be in turbulent air or is convective.

3. Bumpy clouds may cast shadows helping identify cloud types and systems.

4. Smooth clouds cast shadows on lower clouds and is usually stretched out because of winds.

e. Shadow

1. Indicate mid, high, or cumulonimbus clouds.

2. Low sun angle and cumuliform clouds is a great combination for looking at vertical structure of clouds.  Seen only on visible images.

2. Cloud types 

a. High-level clouds 

1. Cirrus (CI) 

a. Typically hundreds of miles long and 25-50 miles wide.

b. Banded fibrous structure.

c. Usually thin and cloud and geographical features may be seen through them.

d. Shadows are usually seen as a dark line along one edge, usually on lower clouds.

e. On VIS-seen as dark to medium gray, depending on underlying surface.  CI is translucent.

f. On IR-seen as light gray and fibers not apparent.

g. Texture is fibrous, wispy strands and filaments.

2. Cirrostratus (CS) 

a. Can cover extensive areas

b. Generally has smooth, uniform tops

c. May cast shadows on lower clouds

d. VIS imagery:  thin CS will appear light gray and becomes whiter as thickness increases

e. IR imagery:  white to gray, can be hard to distinguish from mid clouds

f. CS normally has a uniform texture except thin and wispy along edges

3. Anvil cirrus 

a. May be quite extensive, covering areas of around 500 miles

b. Cloud streaks parallel to upper winds, with diffuse edges

c. If anvil is very thick may cast shadows

d. VIS:  Very bright over most active part of thunderstorm, brightness decreases with distance

e. IR:  Very bright over most active part of thunderstorm, brightness decreases with distance

f. Has fibrous appearance

b. Mid-level clouds 

1. Altostratus (AS)/Nimbostratus (NS) 

a. Covers large area

b. When associated with cyclones and fronts will be organized into large comma shaped areas.

c. May be organized into vortices, bands or lines

d. Shadows often present along one edge and may be enhanced on lower clouds

e. VIS:  Bright white

f. IR:  Lighter gray shade than low clouds and darker gray than high clouds

g. Usually has uniform top and texture.

2. Altocumulus (AC) 
a. Generally large coverage area

b. When associated with cyclones and fronts will be organized into large comma shaped areas.

c. May be organized into vortices, bands or lines

d. Shadows often present along one edge and may be enhanced on lower clouds

e. VIS:  Bright white with a lumpy appearance

f. IR:  Lighter gray shade than low clouds and darker gray than high clouds

g. Texture:  very small elements in form of grains or ripples.

c. Low-level clouds 
1. Fog 

a. Difficult to distinguish on satellite because of poor land-cloud contrast

b. Size of area depends on physical process creating fog

c. Shape usually conforms to surrounding terrain.  Often form in valleys, over water, rivers, along coastlines, etc.

d. VIS:

(1). White or gray, depending on thickness of fog and sun angle.

(2).  Normally if depth is >1000 feet, will appear white

e. IR:


(1). Gray to black depending on cloud-ground temperature contrast

(2). Advection fog often appears warmer than land on nighttime IR when fog forms under inversion, also known as black fog

f. Texture:  smooth and very uniform

2. Stratus (ST) 

a. Many of same rules with fog apply here also

b. Size of area depends on physical process creating cloud

c. Shape

(1). Variable unless cloud is lower than surrounding terrain, then will follow terrain shape

(2). Boundary well defined but may have ragged edge

d. VIS:  white to gray, depending on cloud thickness and sun angle

e. IR:


(1). Gray to black depending on cloud-ground temperature contrast

(2). ST often appears warmer than land on nighttime IR when fog forms under radiation inversion, also known as black stratus

f. Texture:  smooth and very uniform

3. Stratocumulus (SC) 

a. Size of cells is 2-10 miles.

b. Often forms in streets or bands aligned with boundary layer winds

c. May be extensive in coverage with well-defined boundaries

d. May have shadows that show striations along the wind

e. VIS:

(1). Mostly gray over land

(2). Thick overcast layers may appear white over oceans

f. IR:

(1). Uniform dark gray

(2). Difficult to detect when cloud-land, cloud-water contrast is poor

g. Texture:  Overcast SC layers often show hollows with diffuse centers

4. Closed cell SC 

a. Found in area of subsiding air when an unstable layer is capped by a stable layer

b. Associated with anti-cyclonic Low-level flow, primarily found over water

c. Typically associated with small air-sea temperature contrast and low-level winds of <20 knots

d. Indicates stable conditions

e. Usually found in large sheets

f. VIS:  appears white

g. IR:  Will appear a dark gray, which indicates a relatively warm and low.

5. Open cell CU 

a. Associated with deep instability

b. Associated with cyclonic wind flow

c. Large air-sea temperature difference

d. Rarely observed over land, indicating uniform heating from below as occurs over water

6. Cumulonimbus (CB) 

a. Individual CBs averages tens of miles across

b. Clusters may been a hundred miles across due to merging anvil clouds

c. Isolated cells will have sharply defined edges on one side and an anvil,  spreading out

d. Shadows are usually present and well defined

e. VIS:  Very white, with a low sun angle, distinct shadows

f. IR:  Very bright

g. Texture: Sharply defined edges, and cotton ball appearance

3. Synoptic cloud organizations 

a. Baroclinic leaf 

1. Initial stage of a potential comma cloud usually associated with frontogenesis

2. Vary in shape and size

3. Normally has an “S” shape on the upstream edge

4. A unique characteristic is the “V” notch at the tail of the leaf.  Usually seen in straight line or cyclonic flow.

5. Smaller than more developed comma clouds

b. Conveyor Belts 

1. Air parcels moving through the atmosphere are not confined to isobaric surfaces.

a. Inside a baroclinic low, air moves along sloping surfaces, either upward or downward.

b. Because the air parcels are moving in three dimensions the actual streamlines have to be visualized in three dimensions.

c. Conveyor belt conceptual model was developed to help visualize this airflow movement and to demonstrate why comma clouds look like they do.

2. Airflow through developing baroclinic lows can be divided into three separate flow patterns known as the warm, cold and dry air conveyor belts.

3. Commonly 1-3 km deep, 200-300 km wide and often thousands of kilometers long.

4. In temperate latitudes these conveyor belts are generally associated with frontal zones.

5. Warm conveyor belt (WCB) 

a. Originates at Low-levels in the warm, moist tropical air mass equatorward of the surface low.

b. This belt flows poleward, ahead of the surface cold front if the front is inactive.

c. If the cold front is active, the warm-conveyor belt ascends the cold front as well as the warm front and is responsible for much of the cloudiness behind the cold front.

d. Baroclinic zone cirrus forms within the northern portion of this conveyor belt where moist air is being lifted to higher levels in the atmosphere.

e. Precipitation is heaviest where the trajectories rise rapidly from the lower levels after achieving saturation.

f. METSAT imagery can help identify the area of heaviest precipitation.

(1). Enhanced IR images will show the coldest cloud tops on the downstream end of the cloud band.

(2). Heaviest precipitation tends to be located further upstream under warmer cloud tops.

6. Cold conveyor belt (CCB) 
a. Easterly airflow poleward of the surface low causes the air ahead of the warm front to move beneath WCB.

b. As the CCB moves out from beneath the WCB it produces a separate cloud band west of the WCB

c. Forms the "head" of the comma shape in the overall cloud pattern.

d. This cloudiness seen on imagery is called the deformation zone cirrus.

e. Precipitation will form in the CCB and is likely to be heavier where the CCB emerges from beneath the WCB.

f. Separation between the WCB and CCB clouds can be detected on both VIS and IR imagery.

(1). Use VIS imagery to locate discontinuities in the clouds such as shadows.

(2). CCB will have warmer cloud tops than the WCB and can be differentiated by using IR imagery.

7. Dry air conveyor belt (DACB) 

a. Originates in the upper levels upstream from the major shortwave trough supporting the low.

b. Eastward flowing belt descends rapidly at first causing it to undergo strong subsidence and drying.

c. Dry air descends to the middle levels and it splits into two branches.

(1). One branch descends to the Low-levels, underneath the cold frontal surface, turning anticyclonically well behind the surface low.

(2). This portion of the DACB is responsible for drying out the western extent of the cold air stratocumulus behind the low.

(3). This branch will also become entrained into the pressure circulation pattern causing a "dry tongue" or "dry slot", which constitutes the region of clear air on the cold side of the WCB.

(4). The other branch turns first cyclonically and then anticyclonically in response to the upper level flow, flowing north and west of the WCB.

(5). This portion is responsible for the smooth poleward edge of the deformation zone cirrus seen on imagery.

d. Tracking the DACB is possible with WV imagery.

(1). The dry slot will appear as a dark zone.

(2). If the dark zone appears to be getting darker over time, indicates the surface low is deepening and pulling the dry air into the lower levels.


c. Comma cloud system 

1. Baroclinic zone cloud system

a. Multi-layered clouds associated with the baroclinic zone (frontal zone)

b. Large CS shield associated with warm and cold fronts

c. Forms in an area where the temperature field and wind flow is out of phase, baroclinic zone

2. Vorticity comma cloud system

a. Composed of low and mid-level convective clouds organized into a comma

b. If unstable conditions support strong convection the comma can be composed of anvil tops

3. Deformation zone cloud system

a. Elongated area of multi-layered clouds being stretched and sheared usually located on northwest portion of the comma cloud system

b. CS shield usually tops the multi-layered clouds

c. Becomes more narrow due to upper level winds converging (axis of contraction) and elongated due to winds diverging (axis of dilatation)

4. Identification of non-cloud features 
a. Terrain features 

1. Many features such as rivers, valleys, woods, lakes, and desert areas may be seen on VIS imagery

2. Even on IR the temperature differences may be seen many times

3. On VIS imagery, larger lakes and rivers are easily seen.

4. Coastlines and small coastal islands are easily seen on VIS imagery and because of large temperature differences they are seen easily on IR imagery.

b. Snow and ice 

1. Snow on VIS imagery

a. Knowledge of terrain is very helpful

b. Ends very abruptly at unfrozen coastlines, lakes, and rivers

c. Dendritic (vein-like) patterns make snow interpretation easy in mountainous areas

d. In forested areas, look for a blotchy appearance

e. New snow is much easier to see than snow over 48 hours old

2. Snow on IR imagery is much harder to discern

3. Ice on VIS and IR imagery

a. Very hard to see

b. New, thin transparent ice will appear as a dark band along the shore on IR imagery

c. Fractures and cracks in the ice are called leads and will help with seeing it

c. Dust 
1. Blowing dust has a filmy, diffuse appearance with a medium to gray shade on VIS imagery

2. Most apparent in early morning and late afternoon during periods of low sun angle

3. On IR will look dark to medium gray.

d. Volcanoes 

1. Seeing ash and smoke depends a great deal on the strength of the eruption

2. If plume reaches high altitudes, appears cold on IR.

3. On VIS imagery, appears like cloud but originates from a single point and spreads out.

4. Upstream edge can be thick, while downstream will be diffuse and wispy.

5. On VIS, IR and enhanced IR, appears as CI.

e. Smoke 

1. Often discernable in both VIS and IR as a light gray plume.

2. At the point of the fire, will appear dense, narrow and spreads downstream.

3. Often has a wedge shape and points upwind.

4. As prevailing winds catches the smoke, it thins and spreads out.

5. Smoke can be seen hundreds of miles downwind of the source as milky gray on VIS imagery.

f. Haze  
1. On VIS, appears as dull, filmy, and diffuse with a light to medium gray shade, depending on density.

2. Easier to see over dark terrain and becomes more diffuse with time.

3. On IR, appears only if it is at high altitudes or in very large concentrations.

g. Contrails 

1. Appear as thin, mostly straight lines.

2. May be in a crisscross pattern.

3. More likely seen on IR than VIS.

4. On both will appear as thin CI cloud lines

h. Ship trails 

1. Exhaust trails from ships when there is very moist air accompanied by a large surface inversion.

2. Strong inversion exists above a very shallow unstable surface layer.

3. Normally associated with oceanic anticyclones

4. May be hundreds of miles long

i. Sun glint 
1. Reflection of sun off of a water surface

2. Occurs when high-pressure and lack of strong winds allows water to be mostly smooth.

3. Only seen on VIS since it is a reflection

4. Appears as an extremely bright blotch on the water.

j. Terminator 

1. Only seen on VIS imagery.

2. Is the transition from day to night or night to day.

3. Can hide features not easily seen on IR (fog and stratus).

4. As the dayside of the terminator passes over, suddenly will see fog and stratus on the imagery.

k. Ocean currents 

1. Over cloud free areas may see currents on the ocean surface.

2. May see contrasting ocean temperatures as gray shade differences.

3. Locating warm ocean currents may show where convective activity may develop.

4. Locating cold ocean currents that may assist in stable conditions so helps with sea fog and stratus.

l. Upwelling 
1. Cold water wells up from the depths to the surface.

2. Helps with stabilizing the lower atmosphere.

3. Occurs on west coast of continents

4. Colder than normal surface temperatures so will show as contrasting temperatures on IR imagery and will be a lighter gray.

5. Upper-Level Flow 

a. Locating the jet stream 
1. Using large scale patterns of cirriform clouds

a. Cirriform clouds tend to form on the equatorward side of the jet axis.

b. Jet causes a sharp well-defined edge on the poleward side of the large cirrus shield.

c. Jet axis should be placed about 1( latitude poleward of the sharp edge.

d. If jet crosses over a lower cloud feature, look for a change in texture between cirriform and lower cloud shields.

e. Shadows aids in identifying the jet.

f. Shadows may be cast from the cirriform clouds onto the lower clouds.

g. Cirrus streaks may be used to place the jet.

(1). Will be visible parallel to the jet.

(2). Will be to the right of the jet axis.

(3). Usually needs wind speeds greater than 60 knots.

2. Using low clouds 
a. With no high clouds present:

(1). Axis may be 1( to 3( poleward of the boundary separating open-cell CU and closed-cell SC, over water.

(2). Over land, SC may be on the equatorward side; clear skies are usually found on the poleward side.

3. Using WV imagery. 

a. Look for areas with narrow well defined bands of dark directly adjacent to light gray shading.

b. Jet axis is placed in the middle of the dark band, the darker the band, the better defined the jet is.

c. If the dark band becomes darker, the jet is strengthening, and vice versa.

d. Not all dark areas is the jet, could be:

(1). Flow around circulation centers

(2). Deformation zone locations

(3). Result of dry air advection

(4). Areas of subsidence or downward vertical motion.

b. Upper level deformation zones 

1. Helps locate upper level lows.

2. Occurs west to north of upper level lows.

a. Will be north of low when associated with a “young comma”.

b. Will be west of the low when associated with a “mature comma”.

3. Fountain deformation zone:

a. Occurs when an area of confluence merges the moist and dry air, forming the boundary.

b. A smooth cloud border normally develops along the moist and dry and spreads out along the border.

4. WV is ideal for identifying the edge of the upper level deformation zone by looking for the sharp gray shade contrast between dark (dry) and light (moist) air.

c. Using anvil cirrus to determine upper level flow 

1. If there is a light wind, CI may surround the top of the CB.

2. The stronger the winds the further downstream and more elongated the CI will be.

6. Locating Upper Lows 

a. Baroclinic upper-lows 

1. Remember the tilt, the low will be behind the surface low.

2. Will have an extensive shield of CS clouds associated with the system.

3. Upper low is located at the cusp of the deformation zone cloud system.

4. WV imagery will show a dark slot spiraling around the low and will have a dark region on the west or northwest sides.

b. Decaying waves 

1. Will have cold cloud tops, which are fragmented and disorganized.

2. Upper low is located in the dry region.

3. WV imagery will indicate a dark band wrapping around the low.

c. Cut-off lows 
1. Baroclinic zone CI

a. Initially will have the jet stream oriented with a strong south-north component east of the low.

b. Forms on the equatorward side of the jet stream

c. Cloud band is similar to upper level cloud zone you see with baroclinic lows.

2. Deformation zone CI

a. Band of CI develops due to confluence from the north and the southerly flow from remnants of upper trough.

b. CI is normally stretched in a northeast to southwest direction.

3. Core convection

a. Normally observed over water

b. Air is most unstable where upper-air temperatures are coldest at the center of the low so convection is likely here.

c. WV imagery typically shows dark slot spiraling around the low.

7. Locating vorticity maximas 

a. If clouds form, will be downstream in area of divergence aloft.

b. The cyclonic turning of the winds causes the clouds to form a comma shape.

c. Maximum located between the upper low and the strongest winds.

d. If jet is flowing northeastward, the maximum is east of the upper low.

e. If jet is flowing southeastward, the maximum is west of the upper low.

f. If a vorticity comma cloud is present, maximum is located approximately 1( of latitude upstream from inflection point of the “S” shape on the upstream portion of the cloud shield.

g. If vorticity comma cloud is hidden, maximum is located approximately 1( of latitude in the clear air to the right of the cusp in the deformation zone clouds.

h. Rapidly moving comma will have an elongated appearance.

i. Location of maximum is found the same as above, but because of the stretching, locate max 2( to 3( of latitude in the clear air.

8. Locating Troughs 

a. Long-wave troughs 

1. Located at the point where the jet is further equatorward.

2. VIS and IR will help locate the jet that will help locate the long wave trough.

3. WV imagery will show broad cyclonic turning of the jet stream axis as it flows through the base of the trough.

b. Short-wave troughs 

1. Located in the area of maximum curvature of high clouds

2. Clouds are more prevalent downstream from trough axis due to divergence aloft.

3. Downstream from the trough axis will be the baroclinic zone

4. On WV imagery, region downstream will have moisture (light gray area) and the area behind the axis will be dry (dark area).

5. Where trough intersects cloud band, there will be an abrupt change in cloud type and coverage

6. Upstream from point of intersection

a. High and mid clouds are not normally present.

b. Low frontal clouds lessen in coverage, become fragmented, and may even dissipate.

7. Enhanced CU

a. Minor shortwave trough will be located slightly upstream from the enhanced cumulus.

b. More common over water due to availability of Low-level moisture.

c. Enhanced CU may take on a comma shape with the upstream edge possessing an “S” shape.

9. Locating Upper-Highs 

a. Clouds have an anti-cyclonic curvature.

b. More difficult to locate due to absence of clouds downwind of ridge axis.

c. WV is useful for identifying upper level highs, located on the dark inside edge of the “C” shape pattern.

d. Dark band denotes dry air in the area of subsidence.

10. Locating Upper-Ridges

a. Broad amplitude ridge  

1. Very wide cloud band with an almost west to east orientation.

2. CI shield will extend well downstream from the ridgeline and mid-clouds also extending past the ridgeline.

3. Anticyclonic curved striations seen in broad cloud patterns.

4. Use the curvature to position the ridge axis through the point where jet is farthest poleward and where imagery shows the greatest anticyclonic turning.

b. Medium amplitude ridge  

1. Has a wide cloud band with less distinct forward edge and some high clouds cross the ridge axis.

2. Observed most often over CONUS and generally associated with transitory short wave systems.

3. Position the ridge axis through point where greatest anticyclonic turning is occurring.

c. Sharp amplitude ridge 

1. Narrow cloud band, with north to south orientation and cloud system has a sharp leading edge.

2. Little or no spill over of clouds over ridge axis.

3. Usually associated with slow moving meridional trough/ridge system.

4. Position the ridge axis through point where greatest anticyclonic turning at the edge of the clouds.

11. Determining Low-Level Flow Patterns 
a. Cloud lines 
1. Form when cold air is advected over warmer water and is accompanied by strong Low-level winds > 15 knots and an inversion caps vertical cloud development.

2. Elements form a line of connected SC is aligned with wind direction.

3. Normally has a well-defined clear area upstream near coastline.

4. On VIS imagery, SC lines appear light gray to white.

5. Smaller the elements and closely packed SC lines, the stronger the low-level winds.

6. As winds decrease downstream, elements become larger.

b. Cloud streets 
1. Similar to cloud lines, but elements are not connected.

2. CU is generally parallel the low-level wind flow.

3. Often provide excellent representation of the anticyclonic flow around high-pressure systems.

c. Open cell CU 
1. The speed of the wind dictates the appearance of the cloud elements.

a. < 10 knots:  appears round

b. 11 – 20 knots:  appears as a doughnut

c. 21 – 30 knots:  appears as a backward C, with no hole.

d. > 31 knots:  elongated and stretched out in direction of wind.

2. The size of
 the cloud depends on the depth of instability, instead of wind.

d. Sea and lake breezes 

1. During the day, land surfaces heat up much faster than adjacent water surfaces.

2. As the air in contact with the land is heated, it rises and is replaced by the cooler air over the water.

3. As a result, wind flows from the water to the land.

4. Clear skies over a coastline and adjacent offshore waters and an inland area of cumulus clouds are good indicators that onshore flow has set up.

e. Island Barrier Effects 

1. Lee Side Clearing
a. Forced subsidence on the lee side of mountains creates clearing.

b. Clear wakes extending a considerable distance downstream are also a frequent pattern to the lee of islands.
2. Cloud Plumes
a. Islands tend to form cloud plumes, which are long, narrow, low stratocumulus cloud lines and are good indicators of the surface wind direction.

b. Plumes, which can extend for hundreds of miles downstream, are produced by turbulent vertical motion forced by an island in a fairly strong low-level flow capped by an inversion.

c. Plumes often form when the wind speed is too slow or too fast for Karman vortices to form or when an island is not high enough to disturb the flow sufficiently to produce vortices.

3. Karman Vortices 
a. Vortices are cloud eddies that form to the lee of islands under condition of a low-level inversion and winds of about 10-30 knots.

b. The downwind trail of clouds consists of counter-rotating clouds topped by the inversion.

12. Fronts

a. Cold Fronts 

1. Located under the multi-layered, baroclinic zone cirrus of the comma cloud structure.

2. Ahead of the front there is usually a mix of scattered stratocumulus and cumuliform cloudiness.

3. Behind the cold front over water, open-cell and closed-cell cloudiness will be present.

4. Near the low center, placement will depend upon which type of cold front is present.

5. Along the trailing end, over water, a rope cloud may exist which is exact location of front. 

6. Active cold fronts  

a. Extensive cloud area up to 600 miles wide and several thousand miles long.

b. Front is at the leading edge of the cloud area and the jet is parallel to the front.

c. Frontal clouds merge with the jet cirrus to make one broad cloud band.

d. In IR imagery, the frontal band appears off-white with lines of bright white convective activity within the band.

7. Inactive cold fronts 

a. Upper-level winds are perpendicular to the surface front.

b. Conditions at the surface front may vary from clear skies to severe thunderstorms.

c. Behind the front there may be clear skies, or possibly stratus or stratocumulus.

d. Squall line may appear ahead of this type of cold front.

e. Surface front is positioned toward the backside of the cloud mass.

b. Warm fronts 

1. Warm fronts are more difficult to position because the cloudiness ranges from scattered clouds to multi-layered clouds.

2. Baroclinic zone cirrus cloud shield often obscures warm fronts.

3. Amount and type of cloudiness depends on the amount of available moisture and the stability of the warm air.

4. Surface front is typically located within the notch or wedge on the warm side of the baroclinic zone cloud shield.

5. Most convection, if any, will be on the warm side of the front.

c. Occluded fronts 

1. Position the occluded front along the back edge of the comma cloud head.

2. Draw the front to the northern half of the low, but not into the low.

3. You can locate the triple point two different ways.

a. Type A system. 

(1). PFJ cuts eastward across the comma cloud.

(2). Sharp cloud boundary between the baroclinic zone cirrus on the equatorward side of the PFJ and the AS/AC (vorticity-induced cloud) below and on the poleward side of the PFJ.

(3). Triple point located on the equatorward side of boundary, near back of the upstream cloud edge of the baroclinic zone cirrus.

(4). On WV imagery, there is a slight gray shade difference between the two cloud layers.

b. Type B system. 

(1). PFJ does not cut across the comma cloud

(2). Baroclinic and deformation zone cirrus have merged together.

(3). Extrapolate the warm and cold fronts until they meet.

d. Stationary front 

1. Cloudiness with stationary fronts ranges from thick, multi-layered clouds to fragmented scattered clouds.

2. Place the front along the leading edge of the cloud band.

3. Over water, you may have a rope cloud, which is a good indicator of the frontal location.

4. Clouds are normally cumuliform on the warm side of the front.

5. Clouds are normally stratiform type cloudiness is on the cold-air side.

13. Surface Lows 

a. Placement of low depends on stage of development.

1. Initial stage 

a. On a slow moving cold front or stationary front, the frontal clouds will begin to widen and have a slight "S" shape on the north side of the cloud band.

b. Low is located halfway into the cloud pattern from the inflection point in the frontal band.

c. Quite common with stable waves or young, unstable waves.

2. Intensification stage 

a. As the low intensifies, the synoptic-scale comma cloud will become larger and better defined with a developing dry slot or surge region.

b. Dry slot will begin to wrap around the upper low.

c. Surface low will translate along the back edge of the comma head.

d. Comma head is composed mainly of the vorticity comma cloud because the upper-level low has not developed yet.

3. Mature stage 

a. Surface low is starting to become more vertically stacked with the upper low.

b. Surface low occludes; the surface low migrates onto the cold side of the jet.

c. Position of the surface low will be on the upstream edge of the vorticity comma cloud, beneath the upper-level dry slot, just east of the deformation zone cloud system.

d. Often the deformation zone cirrus and the dry slot have wrapped around the surface low.

4. Dissipation stage 

a. Surface low fills and is usually not identifiable on weather satellite imagery.

b. Surface low is identified as a swirl in the low clouds within the upper-level dry slot with fragmented upper-level cloudiness vertically stacked over the surface low.

c. Some systems have lows that are difficult to locate due to the appearance and coverage of the baroclinic zone cirrus.

d. Surface low can generally be found by interpolating the intersection of the warm and cold fronts, with the low under the baroclinic zone cirrus.

14. Surface Highs and Ridge Lines

a. Highs 

1. Often evidenced by stratocumulus and cumulus clouds.

2. Clouds give the appearance of individual cells and are generally patterned in a circular manner

3. Surface centers of highs over the ocean appear as circular or oblong nearly cloud-free areas with increasingly larger closed cell stratocumulus clouds curving around the periphery.

b. Ridge lines 
1. Cloud fingers are often tied in a nearly continuous fashion to frontal clouds.

2. Fingers generally extend in more southerly direction than the frontal bands.

3. Placement of the ridgeline should be on the extreme end of the cloud fingers.

4. Another technique is to look for a change in character of the clouds from cumuliform to stratiform.

5. Ridgeline is positioned where the greatest change occurs in the cloud character.

6. Change in character from cumulus globs to stratiform is caused by the difference in heating and stability.

7. When two frontal systems come in close proximity, a sharp polar ridge at the surface is found between them.

8. Ridgeline is located where the cumulus clouds first develop.

9. This line is usually coincident with the forward edge of the overcast from the western storm.

10. Sun glints 

a. Useful for determining surface ridgeline location and orientation.

b. Sharp well-defined sun glint is often located along a surface ridgeline.

c. There may be very dark bands or patches on either side of this type of sun glint.

d. Surface ridgeline will be oriented in the direction of the elongated axis of the sun glint through the two dark regions.

e. This type of sun glint occurs most often in the center of an elongated high-pressure cell.

f. When ridgeline is located in an area of sun glint, the very light winds associated with the ridgeline and the high-pressure center will cause a smooth ocean surface resulting in a bright sun glint.

15. Convective Weather 

a. Outflow boundaries (gust front or arc-cloud) 

1. Leading edge of an outflow boundary appears as an arc-shaped line of convective clouds moving away from center of a dissipating thunderstorm.

2. May retain its identity long after its parent storm has dissipated and can continue to influence weather.

3. Often new thunderstorms will develop where two or more outflow boundaries intersect.

4. New storms are likely to be more severe than their parents due to the added energy of low-level convergence.

b. Mesoscale Convective System (MCS) 

1. A complex of thunderstorms that is much larger than individual thunderstorms.

2. Normally persists for 6-12 hours or more.

3. MCS's may be circular or linear in shape, and include systems such as squall lines.

c. Mesoscale Convective Complex (MCC) 

1. Generally round or oval-shaped that reaches peak intensity at night.

2. Size:

a. Area of cloud top temperatures of -32 degrees C or less: 100,000 square kilometers or more (slightly smaller than the state of Ohio).

b. Area of cloud top temperatures of -52 degrees C or less: 50,000 square kilometers or more.

3. Duration: Size criteria must be met for at least 6 hours.

4. Type weather:

a. Typically form during the afternoon and evening in the form of several isolated or multicell thunderstorms, during which time the potential for severe weather is greatest.

b. During peak intensity, the primary threat shifts toward heavy rain and flooding.

5. Eccentricity: Minor/major axis at least 0.7.

d. Enhanced V 

1. An "enhanced-V" signature is noted in the coldest temperatures around the outer portions of the thunderstorm cirrus canopy.

2. A pocket of warmer cloud top temperatures just downstream.

3. Enhanced-V and warm wake signature is a result of upper-level flow being diverted around the intense updraft region of the overshooting tops.

4. Frequently seen with thunderstorms that produce tornadoes, hail, and strong winds.

e. Straight line winds 

1. Fast moving thunderstorms are known to produce straight-line winds

2. Often storms can be identified by the cloud top temperature pattern in enhanced IR imagery.

3. Anvil appearance

a. Conventional thunderstorm

(1). Anvil head of the storm spreads out in a wedge shape, with the apex pointing upwind and the anvil advancing ahead of the storm.

(2). Coldest cloud tops are usually located near the apex of the storm.

b. Fast moving thunderstorms

(1). Outflow of the storm races ahead of the storm so fast that it outruns the upper-level cirrus shield.

(2). Fast storms forces the air ahead of the storm to rise very rapidly, producing intense convection in the leading edge of the storm.

(3). In enhanced imagery, the colder cloud top temperatures appear along the leading edge of the storm and are often a signature of a storm with very strong winds.

f. Downburst 

1. Precursors to downbursts are sometimes detected by looking for a pronounced warming in the cloud tops.

2. Shows up as a dark spot surrounded by cold cloud top temperatures on IR imagery.

16. Turbulence

a. Mountain Wave 

1. Terrain-induced clouds associated with a wind component that is perpendicular to the mountains.

2. Wave bands are also perpendicular to the wind flow.

3. Indicative of moderate or stronger turbulence.

4. Most severe turbulence is close to the mountains with lesser degrees of turbulence occurring further downstream.

5. Usually see low or middle level clouds appearing as regularly spaced cloud bands in a herringbone or washboard pattern.

6. Clouds form and dissipate due to the vertical up and down motions caused by the winds moving through the wave pattern.

7. Cloud bands are not advected by the winds, but instead remain quasi-stationary along and downwind of the mountain.

8. Generally the wavelengths are proportional to the wind speed.

9. Using the following formula wind speeds can be derived over a particular area:

a. V=6WL+12
b. WL = the cloud wavelength as measured from the back edge of the first wave band to the back edge of the next wave band.  This is measured in nautical miles.

c. V = the speed in knots

17. Transverse Banding 

a. Often observed in jet stream cirrus, especially during the cold season.

b. Cloud patterns appear as small-scale lines at an angle almost perpendicular to the main jet or maximum wind flow.

c. Lines look somewhat like mountain waves, but are much more irregular than mountain waves and are observed over oceans as well as over land.

d. Jet stream is generally to the left of the bands and generally one-degree to the north of the northern edge of the cirrus shield.

e. Wind speeds in the transverse bands are usually 80 to 100 knots

f. Transverse bands an excellent indicator of the jet speed maximum.

18. Billow Clouds  

a. Short lived, non-orographic bands of clouds found in both mid-level clouds and cirrus.

b. Cloud bands are also perpendicular to the core of maximum winds.

c. Moderate to severe turbulence has been associated with the presence of this feature.

d. Using the following formula wind speeds can be derived over a particular area:

1. V=18.4WL + 16.4
2. WL = the cloud wavelength as measured from the back edge of the first wave band to the back edge of the next wave band.  This is measured in nautical miles.

3. V = the speed in knots.

Summary:   In this lesson you have learned some about the METSAT and the many things that may be learned from analyzing images.  Now you have a little knowledge and if you strive to be a “top notch” forecaster, you will have learned a lot more about the many aspects of METSAT.  

Application:  Have the students practice analyzing several satellite images. 

Evaluation:  Use the Go/No Go Checklist to evaluate the EEP exercises.

MODULE 11 – Analyze Severe Convective Parameters

Reference:

· QTP: Analysis and Prognosis

· QTP Convective Weather

· AFGWC TN-79/002, Training Guide for Severe Weather Forecasters

· AWSTR 200 (Revised 25 Feb 75) Notes on Analysis and Severe-Storm Forecasting Procedures of the Air Force Global Weather Center

· AFI 10-229, Responding to Severe Weather Events
CFETP: 1313.1 Analyze for severe weather parameters, Convective

Introduction: Severe convective weather can cause significant mission impacts and has the potential to cause life threatening injuries and even death to military personnel.  Severe convective severe weather spawned by thunderstorms includes, winds equal to or greater than 50 knots, hail ¾ inch or larger, lightning and tornadoes. Severe convective weather (severe thunderstorms) can develop very quickly and a good comprehensive metwatch is needed to keep from being caught off guard by the onset of severe convective weather. We will touch on what severe convective weather is and the atmospheric conditions needed for development. 

OBJECTIVES:  

OBJECTIVE 1:  Analyze thermal ridge on a 850mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 2:  Analyze dry air intrusion on a 700mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 3:  Analyze height falls on a 500mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

PowerPoint Presentation: Module 11, Convective Severe Wx PPT
Handout:  Student Workbook (PP slides), practice exercise
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LECTURE

1. Severe Convective Weather

a. Required criteria listed in AFI 10-229, Attachment 1. 

1. Winds equal to or in excess of 50 knots due to convective sources.

2. Tornadoes.

3. Hail ( ¾ inch diameter.

4. Lightning within 5nm

b. Above requirements may be changed at the discretion of the wing and post commander’s.

c. Local requirements can add to required list.

2. Atmospheric parameters associated with development of severe thunderstorms.

a. Winds 

1. Play a significant role in the development and maintaining of severe thunderstorms.

2. Strong Mid-Level Winds

a. Needed for thunderstorm to become severe.

b. Establish a separate updraft and downdraft.

c. Pushes precipitation away from updraft allowing it to intensify.

3. Vertical Wind Shear

a. Helps a storm to tilt.

b. Assists in the intensification and development of severe storms.

4. Intersection of maximum Low-level winds and boundaries.

a. A frequent location for the development of severe thunderstorms.

b. Can be any boundary, fronts, troughs, sea breeze fronts, old squall lines, dry lines and outflow boundaries.

5. Intersecting mid and Low-level jets

a. Break the intersection or crossing of the LLJ and MLJ into quadrants.

b. The northwest quadrant is a favorable location for severe thunderstorm development.

6. Horizontal Shear

a. Presence of horizontal shear with upper level jet helps decrease stability.

b. Shear enhances upward vertical motion by increasing lift.

b. Lift 

1. Lift is essential for convective weather to form.

2. Cold Fronts

a. Primary lifting mechanism is the cold front.

b. Many features required for severe thunderstorm development exists with cold fronts.

3. Pre-Frontal Squall Lines

a. Ideal area for severe storm development.

b. Provides a lifting mechanism.

4. Warm Fronts

a. Severe thunderstorms less common than with cold fronts.

b. Warm air is more unstable than cold air.

c. Severe thunderstorms associated with warm fronts have the potential to collapse suddenly and generate high winds.

5. Other boundaries that provide lift to air parcels.

a. Upper cold fronts (occlusion).

b. Sea Breeze fronts.

c. Outflow boundaries.

d. Dry lines

6. Intersecting Boundaries

a. Together with other needed parameters any two boundaries make for a prime development area for severe thunderstorms.

b. Boundaries may be small in scale like two outflow boundaries.

c. Vorticity 

1. Vorticity is the spin of a parcel of air and is important to the lift of a column of air.

a. Positive vorticity is counterclockwise spin.

b. Negative vorticity is clockwise spin.

2. Strong positive vorticity advection (PVA).

a. Indicates strong upward vertical motion.

b. The stronger the PVA the more lift.

c. Greater lift is a needed parameter for severe thunderstorms.

3. PVA and thunderstorms

a. Research has shown that moderate to strong PVA is present when severe storms develop.

b. Don’t focus on the value of the vorticity advecting in but rather the strength. The more perpendicular the vorticity is to the wind flow the stronger the vorticity advection.

c. A catalyst, not a trigger.

d. Jets 

1. Upper level jet

a. Important for the transport of moisture and temperature through the atmosphere.

b. Strongest storms occur in vicinity of polar front jet.

c. Difluence in jet flow enhances lift.

d. PVA exists in right rear quadrant of jet streams and is a prime area for development of severe weather.

2. Mid level jet 

a. A strong mid level jet must exist to have widespread severe weather such as mesoscale convective complexes.

3. Low-level jet

a. Develops in the mid-western part of the CONUS around Great Lakes states.

b. More prevalent at night.

c. Associated with severe weather.

e. Moisture and temperature 

1. Must be present for severe weather to develop.

2. 850 mb isodrosotherms

a. Should be analyzed for dew points of 6(C or more in 2(C intervals.

b. Enables you to find moisture areas and tongues.

3. Low-level moisture

a. Have to check lower 3,000 feet of a sounding.

b. Use dewpoint depressions of ( 5( as criteria.

c. Look for lifting mechanisms and moisture changes.

4. Changes in low-level moisture.

a. May affect stability of airmass.

b. Watch for 

(1). Increases or decreases in surface dewpoint temperature.

(2). Increases or decreases in temperature.

(3). Pressure changes indicating the occurrence of upward or downward vertical motion.

(4). The development or advection of low clouds.

5. When analyzing surface charts, you may need to analyze isotherms every 2( to find some severe weather parameters.  

f. 850mb Temperature 

1. A strong correlation exists between the 850mb temperature ridge, the location of the low-level moisture ridge, and the development of severe thunderstorms.

2. Relationships exist between the thermal and moisture ridge at 850mb

a. If the temperature ridge is east (or downstream) of the moisture ridge, there is a weak chance of severe weather activity.

b. If the temperature and moisture ridges are coincident, there is a moderate chance of severe weather.

c. If the temperature ridge is west (or upstream) of the moisture ridge, there is a strong chance of severe weather.

3. Type A and B system 

a. Maximum temperature ridge is west or southwest of the moisture ridge, the chance of severe weather is high.

b. Dry, warm air, adjacent to the moist air creates a strong moisture gradient.

c. This gradient is usually called a “dry line” and is instrumental in the development of severe thunderstorms.

4. Type C, D and E systems 
a. In these systems the 850mb temperature ridge is coincident to the Low-level moisture ridge.

b. An exception to this is the type D system where the 850mb temperature ridge may actually lie east of the moisture ridge.

c. These type systems have fewer tornadic occurrences than type A or B.

g. 700mb No Change Line 

1. This line connects points of negligible temperature advection.

2. Separates cold air advection from warm air advection.

3. No change line usually lines up with the location of the 850mb warm ridge.

4. If the no change line is ahead of a mid-level trough then a deepening of the surface low may take place.

5. The chance of severe weather increases with a deepening low-pressure system.

h. 700mb Dry Air Intrusion 

1. Guide to determining dry air.

a. 50% relative humidity.

b. Dew points of less than 0(C.

c. Dew point depression of greater than 6(C.

2. Associated with severe weather when winds veer with height and increase with height.

i. Surface Pressure

1. Surface Pressure.

a. Surface pressure greater than 1013mb decreases chance of tornadoes significantly.

b. Most destructive tornadoes occur with surface pressure of 1005mb or less.

2. Pressure Falls 

a. A sustained decrease in surface pressure may indicate low-pressure forming, an increase in lift and upward vertical motion.

b. If a low-pressure system forms surface winds may change direction and draw in moisture from moisture sources.

(1). An increase in warm, moist air increases instability

(2). Potential for severe weather increases.

j. 500mb Height Falls 

1. Height falls and the vorticity pattern.

a. Directly correlated.

b. PVA at 500mb occurring will decrease surface pressure.

2. Height Fall Areas are found.

a. Areas of difluence associated with a supergradient jet.

b. Where horizontal shear exists south of the main jet.

c. In the vicinity of jet maxima.

k. Wet Bulb Zero (WBZ) is important in determining high wind and hail size potential. 
1. The potential for hail is greatest when the WBZ height is between 5,000 and 12,000 feet.

2. Large hail has been observed to fall when the WBZ height is between 7,000 and 11,000 feet with the optimal height around 9,000 feet.

3. Small hail ( ¼ inch may occur when the WBZ height is above 12,000 feet and below 5,000 feet.

l. Surface Dew Points 

1. Dew points below 13(C (55(F) limit the development of severe thunderstorms.

2. Weak tornados may occur with Type II and III airmasses when dew points are below 13(C (55(F).

m. Stability 

1. Applications

a. Can be a useful tool when applied correctly.

b. Can’t be applied to every weather situation.

c. Must be used in conjunction with other parameters.

d. Only indicate a potential for severe weather.

e. There must be sufficient upward forcing.

f. Must be something to break any atmospheric caps if any.

g. Some indices work better in specific geographical areas. Know which works best where.

h. Track stability index changes over time.

i. Keep into consideration past and if available future stability trends.

2. Indices (These developed for CONUS and may or may not apply to other locations.  

a. Showalter Stability Index (SSI)

(1). Compares low-level moisture and upper level temperatures.

(2). Uses the LCL and considers that a parcel will rise moist adiabatically to 500mb.

(3). Difference between 500mb parcel temperature and actual 500mb temperature is SSI.

(a). (+3

Strong Stability

(b). (+1 to (+3
Moderate Stability

(c). (-3 to (+1
Weak Stability

(d). (-6 to (-3
Moderate Instability

(e). (-6

Strong Instability (tornadic potential)

b. Lifted Index (LI) 

(1). LI is a modification of the SSI.

(2). It uses the average moisture in the lower 3,000 feet.

(3). If the LI is greater than zero then the airmass is considered stable.

(4). If the LI is equal to or less than zero or negative then instability exists.

(a). (0
Stable atmosphere and no thunderstorms likely.

(b). 0 to –2
Thunderstorms possible, weak severe thunderstorm potential.

(c). -3 to –5  Unstable. Thunderstorms probable and a moderate probability of severe thunderstorms.

(d). –6
Very unstable. Heavy to strong severe thunderstorm probability.

(e). (-6
Strong probability of severe thunderstorm and possible tornado activity.

c. Total Totals (TT) 

(1). Sum of the vertical totals (850mb temp minus 500mb temp) and cross totals (850mb dew point minus 500mb temp)

(2). Used to measure the potential for thunderstorm development and severity.

(3). (50 Weak potential

(4). (50 to (55   Moderate potential

(5). (55  Strong potential.

d. K Index (KI) 

(1). Measure of thunderstorm potential based on

(a). Vertical temperature lapse rate.

(b). Moisture content of the lower atmosphere.

(c). Vertical extent of the moist layer.

(2). Does not provide a potential for severity.

(3). Temperatures at 850 and 500mb used.

(4). Dew points for 850 and 700mb used.

(5). 500mb temperature is subtracted from 850mb temperature

(6). 700mb dew point is subtracted from 850mb dew point

(7). Results are then added

(8). Index is related to potential for thunderstorms in percent

(a). (15

0%

(b). 15 to 20
20%

(c). 21 to 25
20% to 40%

(d). 26 to 30
40% to 60%

(e). 31 to 35
60% to 80%

(f). 36 to 40
80% to 90%

(g). >40

Near 100%

e. Severe Weather Threat Index (SWEAT) 

(1). Estimates the potential for severe convective weather in an airmass.

(2). Takes into account 

(a). Low-level moisture.

(b). Instability.

(c). Low-level jet.

(d). Upper level jet.

(e). Warm air advection.

(3). Best computed automatically.

(4). Values are used to discriminate between ordinary and severe thunderstorms.

(a). 300 to 400
Chance of severe thunderstorms.

(b). 400 to 500
Severe thunderstorms likely, chance of tornadoes.

(c). 500 to 600
Severe thunderstorms and tornadoes likely.

(d). 600 to 800
Tornadoes nearly always occur.

(e). >800

No severe weather – winds too strong.

f. Convective Available Potential Energy (CAPE) 

(1). Amount of energy available to a surface parcel that has reached its Level of Free Convection (LFC).

(2). A positive CAPE value indicates upward vertical motion.

(3). A negative CAPE value indicates downward vertical motion.

(4). CAPE values should be monitored daily when there is a potential for severe weather.

(5). Values >1000 but less than 2500 are associated with severe thunderstorms.

(6). Values >2500 are associated with tornadic activity.

g. Bulk-Richardson Number (BRN) 

(1). The BRN is the ratio of the buoyancy (CAPE) of a lifted air parcel to the vertical wind shear environment in which the parcel is lifted.

(2). Complex equation best derived using automated methods.

(3). High values indicate excessive shear and severe thunderstorms are unlikely.

(4). Low values indicate weak instability and/or strong vertical shear.

(5). Values <10 indicate excessive shear and severe thunderstorms are unlikely.

(6). Values of 10 to 50 indicate supercell development.

(7). Values ( 50 indicate weaker, multi-cellular storms.

h. Theta-E/Equivalent Potential Temperature (EPT) 

(1). A measure of the temperature a parcel of air would have if lifted to saturation.

(2). Related to density of the air.

(3). Takes into account temperature and moisture.

(4). Directly proportional to the temperature and dew point of an air parcel.

(a). High temperatures and/or high dew points will result in high EPT values.

(b). Low temperatures and/or low dew points will result in low EPT values.

i. Hodographs 

(1). A graphical display of the vertical wind profile of the lowest 7,000 meters of the atmosphere at a particular location.

(2). Used to determine advection patterns aloft and whether a thunderstorm will rotate and the type of thunderstorm.

(3). Reading the hodograph.

(a). Winds are plotted as vectors.

(b). Vectors look like an arrow with a tail.

(c). The length of the vector represents magnitude or speed.

(d). Vectors have a head and a tail

(e). They are plotted with the tail at the origin pointed towards the direction the wind is blowing to.

(4). On most hodographs points are plotted instead of vectors.

(a). The points are then connected together to show changes in speed and direction with height.

(b). Each end is labeled with the height at which the wind was observed.

(3). Shear is a severe weather parameter and can be monitored with height.

(4). Thunderstorm type depends on vertical shear.

(a). A zigzag hodograph pattern indicates weak shear and a short-lived single cell thunderstorm.

(b). A straight-line hodograph indicates stronger directional and speed shear and is common in multi-cell storms.

(c). A curved hodograph indicates strong vertical and speed shear common with a supercell.

1. Clockwise curve associated with right moving supercells.

2. Counterclockwise curve associated with left moving supercells.



Summary:
As you can see there are many atmospheric parameters to examine and analyze to see if the potential for the development of convective severe weather exists. Analyzing the atmosphere correctly is the first step in developing a good forecast that can be a combat force multiplier to your customer; protect millions of dollars in resources and possibly save lives.
Application:  Practice may be accomplished either with real world information or the EEP.

Evaluation:  Use the Go/No Go Checklist in the EEP to evaluate the student’s ability to meet the objective.

MODULE 12 – Analyze Severe Non-Convective Parameters

Reference:

· Analysis and Prognosis QTP

· AFGWC TN-79/002, Training Guide for Severe Weather Forecasters

CFETP: 1313.2, Analyze for severe weather parameters, Convective

Introduction: Non-convective severe weather can cause significant mission impacts and has the potential to cause life threatening injuries and even death to military personnel. Some non-convective severe weather (blizzard conditions) tends to last for longer periods of time than most convective severe weather (severe thunderstorm) and has a larger areal extent. It’s important to know ways to analyze for the potential for the occurrence of severe weather.

OBJECTIVES:    

OBJECTIVE 1:
Analyze isallobars on a surface chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 2:
Analyze maximum wind band on a 700mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 3:
Analyze thermal pockets on a 200mb chart to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

PowerPoint Presentation: Module 12, Analyze Non-Convective Severe Wx PPT

Handout:  Student Workbook (PP slides), practice exercise
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LECTURE

1. Severe Non-Convective Weather 

a. Winds in equal to or in excess of 35 knots due to non-convective sources.

b. Heavy Rain, 2 inches or more within 12 hours.

c. Heavy Snow, 2 inches or more within 12 hours.

d. Freezing Precipitation

e. Blizzard Conditions

1. Winds equal to or greater than 30 knots.

2. Falling or blowing snow restricting visibility to ½ mile or less.

2. Non-convective Winds (35 knots 

a. High wind warning decision flowcharts

1. Developed for northeastern U.S. and North Texas areas by NWS. 

2. Can be adapted and modified for other areas.

3. Based on current and forecast state of several parameters.

a. Upper level winds.

b. Vorticity.

c. Lapse rates.

d. Geostrophic winds.

e. Surface pressure gradient.

b. Notorious Wind Boxes 

1. Well-known areas of strong wind gusts in the continental United States.

2. Each area has empirical rules that identify favorable synoptic conditions, favorable atmospheric patterns and rules for forecasting for severe winds.

c. Isallobars 

1. Used in determining cold frontal positions, pressure gradient tendencies, speed of surface features.

2. Analyze isallobars at intervals of 1MB starting at (1MB

a. Analyze at intervals of 2MB starting at (2MB for areas of strong pressure rises/falls ((6MB)

b. Mark pressure rise center with a blue + and the pressure fall center with an orange.

d. Doppler Radar 

1. VAD Wind Profile

a. Monitor development of Low-level jet.

b. Determine intensity and trend of Low-level winds.

2. Velocity product

a. Determine horizontal wind field associated with fronts and pressure systems.

b. Monitor local intensity pattern and influences.

e. Skew-T 

1. Determine atmospheric stability and lapse rates.

2. Determine vertical wind profile and trend.

3. Detect any inversions present and break temperature.

f. Rules of thumb 

1. Used for many areas outside of CONUS.

2. Based on synoptic patterns, upper air parameters, topography and climatology.

g. 700MB Maximum Wind Band 

1. Used in conjunction with 850MB low-level jet.

2. Used to determine strength and location of potential for strong winds.

a. Identify all maximum wind bands of (30 kts.

b. Draw maximum wind band using an arrow on the downwind end.

3. Heavy Rain 

a. Radar signatures associated with non-convective precipitation.

1. Persistent, slow moving echoes.

a. Associated with low-pressure troughs or deep centers.

b. Slow moving lines of precipitation associated with fronts.

2. Monitor hourly Storm Total Accumulation products.

b. Model Output

1. Graphical products.

a. Meteograms.

b. Precipitable water prognosis.

2. Numerical bulletins.

c. Quantitative Method (valid for Central U.S.)

1. Based on location of 850 mb trough in relation to 100( Meridian.

1. Can be used out to 24 hour forecast.

4. Heavy Snow 

a. Using climatology/known areas of terrain induced heavy snows.

1. Lake Effect.

2. On shore effect (Kunsan AB, ROK)

3. Upslope conditions in mountainous areas.

b. Using rules of thumb.

1. Based on location of various surface, upper air parameters and topography.

2. Used worldwide.

3. Distance from various synoptic features such as surface low or 500mb vorticity maximum.

c. Model Output

1. Meteograms.

2. Precipitable water prognosis (multiply by 10 for snow).

d. Synoptic patterns favorable to heavy snow production.

1. Deep Occluding Low

2. Non-Occluding Low

3. Post Cold Frontal Type

4. Warm Advection Type

5. Inverted Trough

e. Jet Stream Snow Bursts

1. Occur south of PFJ on anticyclonic shear side.

2. Weak PVA present.

3. Strong WAA required.

f. Empirical rules/checklists.

1. Based on local studies/climatology.

2. Works well for heavy snow induced by local effects.

g. Cook Index

1. Uses warm air advection at 200 mb to forecast snowfall amounts up to 24 hours.

2. Temperature difference between warm and cold pockets is divided by half or by 1/4th if cold air advection is present at 700mb to find approximate snowfall.

5. Freezing Precipitation 

a. Occurrence is relatively rare compared to other types of precipitation.

b. Highly dependent on vertical temperature structure of airmass in which it occurs.

c. Occurrence requires a shallow subfreezing surface layer, above freezing, moist layer aloft and a subfreezing layer above the warmer air.

1. Any changes in temperature or depth (thickness) of the lowest two layers can increase or decrease potential for freezing precipitation.

2. Temperature advection very important

3. Occurs frequently north of slow moving warm fronts or along stationary fronts.

d. Forecasting methodology

1. Use of location specific thickness values.

2. Nomograms that use thickness and Low-level temperature and/or dewpoint.

3. Tracking existing areas of freezing precipitation on radar.

4. Skew-t, current and forecast, determine vertical temperature profile and trend.

5. Model output, graphical and numerical.

6. Cross-section products (moisture, temperature and thickness) on NTFS.

7. Plotting/Overlaying pertinent current atmospheric parameters on a single chart.

6. Blizzard Conditions 

a. A combination of high surface winds and accumulated snow cover or concurrent snowfall.

b. Use forecast techniques/methodology for heavy snowfall and/or strong surface winds.

c. Forecast blizzard conditions where potential for high winds with significant blowing snow that will reduce surface visibility below ½ mile will occur.



Summary: As you can see non-convective severe weather can pose a significant threat to the mission and military personnel. Non-convective weather can affect a large geographical area and last for many hours. Forecasting it correctly can save a mission and lives. 
Application:  Students will work on EEP to get practice and for the evaluation.

Evaluation:  Will be completed by a go/no go checklist.

MODULE 13 – Analyze Radar Features

Reference:

· Legacy QTP, Weather Radar

· FMH-11 Part C

· FMH-11 Part D

CFETP: 13.19 Identify radar features

Introduction

Overview:  Before the WSR-88D, weather stations used manual radars to gather information on precipitation, thunderstorms, and melting levels.  When the “Doppler” radar came on the scene, a whole new world entered the picture.  Now you have a powerful tool to help you forecast and warn on weather phenomenon.  You must know what you are looking at though, to get anything out of the radar.  After going through this lesson, you will have a better idea of the things you will see and the best products to see it with.

OBJECTIVES:  
OBJECTIVE 1:
Analyze radar products and identify meteorological features to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

OBJECTIVE 2:
Analyze wind direction and speed using a velocity product to the satisfaction of the evaluator as indicated by a Go/No Go checklist.

PowerPoint Presentation: Module 13, Radar PPT
Handout:  Student Workbook (PP slides), practice exercise

Body Time







TIME:  

Presentation Method
:






LECTURE

1. General information

a. History of Radar – Radio Detection and Ranging 

1. Invented during World War II by the British military.

a. Initially was used for detecting aircraft.

b. Later found that radar could be used to detect water droplets/clouds.

2. First radar sets for interrogating clouds introduced in late 1940s.

a. Used propagating radio waves to reflect off rain-producing clouds.

b. Measured size of water droplets called reflectivity.

(1). The larger the droplets the greater the reflectivity.

(2). Thunderstorms had large droplets, greater reflectivity values.

(3). Measured in decibels of reflectivity dbZ.

c. Provided overhead viewpoint of clouds for a certain radius around transmitter.

3. Improved weather radar introduced in 1960s and 1970s.

a. Still measured reflectivity only.

b. Added capabilities.

(1). Animation of movement of meteorological targets.

(2). Isolating strength and location of particular targets.

(3). Differentiating between meteorological and non-meteorological targets.

(4). Measuring heights of tops of clouds and thunderstorms.

(5). Shading of precise intensity values within storms.

(6). Better penetration and interrogation of thunderstorms and severe weather signatures.

4. Doppler Weather Radar 

a. Introduced in the late 1980s.

b. Measured velocity components as well as reflectivity.

(1). Allows forecaster to see internal storm motion.

(2). Measures and displays real-time wind speed and direction.

c. Added capabilities.

(1). Computerized operating, processing and product generation system.

(2). Colorized products for easier interrogation.

(3). Magnification of any product.

(4). Multiple elevation slices of meteorological targets.

(5). Identifies likely tornado and hail producing storms.

(6). Projects future motion of storms.

(7). Display of multiple products at same time.

(8). Generates automated alerts for preset thresholds.

(9). Captures customized horizontal cross-sections through storms.

(10). Identifies rotation within thunderstorms.

(11). Improved Reflectivity resolution.

(12). Longer range than older radars.

(13). Ease of operation, point and click to select product.

2. Basic Principles of Doppler Radar Operation

a. Transmission/Reception of Signal  

1. Radar signal transmitted as sinusoidal wave.

a. Antenna sends out electromagnetic pulses over several different elevations and at different wavelengths – Volume Coverage Pattern(VCP).

(1). Data from multiple elevations provide vertical structure of storms.

(2). Different wavelengths maximize radar’s range and velocity detection.

b. Transmitter remembers frequency of transmitted signal through antenna.

c. Breaks in signal transmission called listening time.

2. Signal reflects off of meteorological targets back to antenna.

3. Antenna receives reflected signals during listening time.

4. Receiver detects frequency shift in waves and determines velocity.  

5. Reflectivity determined by strength of returned signal.

6. Transmitter remembers time from transmission to reception and calculates range to target.

b. Cone of Silence 

1. Area directly above the antenna location.

2. Antenna only elevates to 19.5( in any current VCP.

3. As meteorological target moves near and over antenna it appears to disappear thus the name “Cone of Silence” since no radar signal is transmitted straight up.

3. Base Products 

a. Base Reflectivity and Velocity data is processed into products.

1. Base Products

a. Reflectivity

b. Velocity

c. Spectrum Width

2. Reflectivity 
a. Displays energy scattered back to the antenna from meteorological targets and atmospheric discontinuities.

b. Products displayed as polar coordinate (360( azimuth) color image relative to antenna location.

c. Products available in 3 resolutions

(1). .54nm

(2). 1.1nm

(3). 2.2nm

(4). Best resolution is .54nm.

d. Products available in two ranges.

(1). 124nm.

(2). 248nm.

e. How Reflectivity is Displayed 

(1). Reflectivity is collected for four successive .13nm bins and averaged into a .54nm bin.

(2). Larger resolutions use highest reflectivity value of consecutive .54nm values.

(3). Reflectivity is displayed as colors.

(a). A range of reflectivity values expressed as decibels of reflectivity (dBZ)

(b). Every five decibels is grouped and displayed as the same color.

(c). The color scale ranges from Black that represents 0 dBZ and progresses to three shades of blue, three shades of green, yellow, orange, three shades of red, three shades of purple then white for the most intense reflectivity value.

1. Each shade of color represents a range of 5 dBZ.

2. Two modes for reflectivity.

a. Clear air.

b. Precipitation.

3. Depending on what mode the radar is in the reflectivity value range and color assignments can change.

4. The maximum reflectivity of the strongest target is also displayed in the product legend.

f. Uses of Reflectivity.   

1. Observe precipitation intensity, coverage, movement of echoes and intensity trends.

(2). Identification of severe weather signatures such as

(a). Hook echoes.

(b). Strong reflectivity gradients.

(c). Line Echo Wave Patterns.

(d). Outflow boundaries.

(e). Embedded convection.

(f). Melting Level detection.

(g). Non-precipitation phenomena such as clouds, birds, airmass discontinuities, outflow boundaries and smoke plumes.

g. Limitations of Reflectivity 

(1). Ground Clutter and anomalous propagation can contaminate data.

(2). The radar beam’s height above the ground increases with range causing it to overshoot the tops of distant clouds.

(3). Beam broadening may cause small features to be undetectable at longer ranges.

(4). Side lobe contamination can cause false echo tops and false intensities.

(5). Storms will change appearance when product resolution changes.

(a). Products generated based on .54nm reflectivity display.

(b). Areal coverage of strong reflectivity values will increase as resolution is decreased to 2.2nm.

h. Key Signatures Reflectivity Can Identify 

(1). Frontal Precipitation

(a). Stratiform precipitation is generally located along and north of warm front.

(b). Stronger reflectivities and embedded convection generally located along and ahead of cold front.

(2). Bright Band

(a). High reflectivity values due to water coated ice below freezing level.

(b). Good indication of current freezing level height.

(3). Outflow Boundary

(a). Created by thunderstorm downdraft.

(b). Appear as lines of weaker reflectivity.

(c). Can generate other convection if they intersect other lines of atmospheric discontinuity.

(4). Squall Line

(a). Organized line of thunderstorms usually associated with surface cold front or upper cold front.

(b). Move ahead of surface front.

(5). Gust Front

(a). Leading edge of cold air spreading out generated by downdrafts of thunderstorms.

(b). Appear as line of weak reflectivities moving rapidly ahead of thunderstorms.

(6). Line Echo Wave Pattern (LEWP)

(a). Potential severe weather producer.

(b). Expect hail, high winds, and tornadic activity.

(c). Often appears as zigzag pattern of strong reflectivity.

(7). Bow Echo

(a). Bow shaped line of strong thunderstorms that displays as high reflectivities.

(b). Crest of line moves faster than ends.

(c). Severe weather most likely at or near crest.

(8). V-notch

(a). Area of V- shaped weaker reflectivity located downstream of storm core.

(b). Caused by environmental winds being diverted around storm core.

(9). Hook Echo

(a). Area of reflectivity that appears as hook or a “6”.

(b). Caused by precipitation circulating around tornado.

(c). Not the actual tornado itself.

(10). Weak Echo Region (WER)/ Bounded Weak Echo Region (BWER)

(a). Found using a reflectivity cross-section.

(b). Area of weaker reflectivity under core of strong reflectivity.

(c). Sometimes strong reflectivity forms an overhang (BWER).

(d). Indicator of hail producing storm.

(11). Hail Spike

(a). Appears as spike or shaft of strong reflectivity values (red, purple, white) on vertical cross-section.

(b). Caused by strong reflectivity of water-coated ice in updraft.

3 Velocity Product 

a. Displays estimates of mean radial velocity with color-coded value ranges in knots.

b. Products displayed as polar coordinate (360() azimuth color image relative to antenna location.

c. Products available in 3 resolutions.

(1). .13nm.

(2). .27nm.

(3). .54nm.

d. Products available in three ranges.

(1). .32nm.

(2). .62nm.

(3). .124nm.

(4). Best resolution is .13nm

(5). Base Velocity data is collected in .13nm bins.

(6). .27nm resolution product uses the data value of the first of two consecutive .13nm bins.

(7). .54nm resolution product uses the data value of the first of four consecutive .13nm bins.

e. How Velocity is Displayed 

(1). Warm colors (oranges, yellows and reds) display airflow moving away from the radar antenna.

(2). Cool colors (blacks, greens, and blues) display airflow moving toward the radar antenna.

(3). Velocity estimates are in knots and grouped by color.

(4). Gray is used to denote the “zero line” where velocity estimate is zero.

(5). Zero line is oriented perpendicular to windflow.

(a). A zero line oriented east to west would mean windflow is from north or south.

(b). A zero line oriented north to south would mean windflow is from east or west.

(c). After you have narrowed down two possible directions windflow is coming from use colorized values to determine direction of wind. Example.

1. Velocity Zero line is oriented northwest to southeast.

2. Warm colors are to left of zero line and cool colors to right of zero line.

3. With the zero line oriented northwest to southeast we now know the wind is from southwest or northeast.

4. Since warm colors are to the left (outbound flow) and cool colors are to the right of the zero line (inbound flow) we can interpret the winds are from the northeast.

(d). An S-shaped zero line indicates veering winds with height.

1. A backward S shaped zero line indicates backing winds with height.

2. The velocity estimates further to the edges of the display are representative of winds higher in the atmosphere since the beam height increases as range increases from the antenna.

f. Uses of Velocity 

(1). Magnitude of surface winds.

(a). Can be used as basis for forecasts and warnings.

(b). Keep in mind that actual estimates are sampled by the radar beam above ground level.

(2). Atmospheric Structure

(a). Can display veering winds or backing winds with height.

(b). Low or mid level jets can be identified or development of them monitored.

(3). Storm Structure

(a). Can display signatures that infer cyclonic or anticyclonic air flow within storms.

(b). Can display signatures that infer convergence and divergence at top of storms.

(4). Hodographs and Wind Profiles 

(a). Can be generated for a sounding location or a nearby atmospheric boundary.

(b). Constant monitoring of wind field can be achieved.

(c). Provides valuable wind data between soundings.

(5). Boundary Identification

(a). Velocity estimates and direction of wind flow can be used to identify frontal boundaries, troughs, dry lines, gust fronts, sea breeze fronts, and outflow boundaries.

(b). Very weak returns can be displayed as long as sufficient scatterers are present.

g. Limitations of Velocity 

(1). Ground clutter and anomalous propagation can contaminate data.

(2). Product data level display may obscure features.

(3). Range folded data (data that can’t be interpreted at the correct range by radar – is displayed as purple) 

(4). Velocity aliased data (velocity estimates that can’t be correctly interpreted at the correct speed may mask or cause error in operator interpretation.

(5). Data coverage is limited by the amount of atmospheric scatterers. 

(6). Velocity estimates are relative to location of antenna not location of display or PUP.

(7). Multiple atmospheric slices (levels) must be used to properly interrogate a severe storm.

4. Spectrum Width 

a. Displays estimates of variance of motions within mean radial velocity field with color-coded value ranges in knots. 

(1). The greater the range of variance in motions the more potential for turbulence at that point.

(2). Should not be used alone but in conjunction with velocity and reflectivity products.

b. Products displayed as polar coordinate (360() azimuth color image relative to antenna location.

c. Product available in 3 resolutions.

(1). .13nm.

(2). .27nm.

(3). .54nm.

d. Product available in three ranges.

(1). .32nm.

(2). .62nm.

(3). .124nm.

(4). Best resolution is .13nm

(5). Base Spectrum Width data is collected in .13nm bins.

(6). .27nm resolution product uses the data value of the first of two consecutive .13nm bins.

(7). .54nm resolution product uses the data value of the first of four consecutive .13nm bins.

e. How to Use Spectrum Width 

(1). Higher values indicate more turbulent air in a certain location.

(2). Can be used to indicate Low-level wind shear, in cloud and clear air turbulence.

(3). Use velocity product in addition to Spectrum Width to verify suspected areas of turbulence.

f. Uses of Spectrum Width 

(1). Spectrum width measures the combination of motions within a sample volume. The assumption is made that turbulence or shear exists within areas of high spectrum width.

(2). Melting level

(a). Particles within the melting level exhibit an increased variance of velocities.

(b). Appears as a partial of full ring of higher values.

(c). Can be used to measure the height of the melting level.

(3). Convective development

(a). Shows variance of motions within developing convective currents.

(b). Will appear before convection shows up in reflectivity field.

(c). First sign of possible storm development in an unstable atmosphere.

(4). Data reliability check

(a). Spectrum width values can be used to validate mean velocity estimates.

(b). Lower values indicate more valid velocity estimates.

(c). Higher values indicate less valid velocity estimates.

(5). Boundary identification

(a). Base product can display data with power returns below 5 dBZ.

(b). These lower power returns can indicate fronts, troughs and other lines of discontinuity

(c). Cross check with base reflectivity and velocity products.

g. Limitations of Spectrum Width 
(1). Range folding may obscure needed spectrum width data.

(2). Movement of ground clutter.

(a). Cars on highway near antenna.

(b). Blowing leaves on trees.

(c). Turbulent flow around large structures.

(3). System noise induced errors

(a). Base spectrum width is truncated at 19 knots to eliminate system noise.

(b). Spectrum widths from returns near noise threshold may lead to erratic values.

(c). These will be noticeable as high spectrum widths (( 12 Kts) scattered throughout returns in clear air mode.

4. Derived products   

a. Base data processed by computer algorithms to produce other products.

b. Operator needs to keep in mind that these products are based on computer programs that may not be perfect in all meteorological situations all the time and for all locations.

c. Based on either Base Reflectivity or Base Velocity.

d. Reflectivity Derived Products

1. Composite Reflectivity (CR) 

a. Product

(1). Display similar to Base Reflectivity for a certain elevation slice except that CR displays maximum reflectivity value for each location in the entire volume scan (for all the elevation slices).

(2). Quickly helps operator locate maximum reflectivity within storm.

(3). Available resolutions either .54nm or 2.2nm.

(4). Maximum range 124nm at .54nm resolution, 248nm at 2.2nm resolution.

b. Use

(1). First look/snapshot look at reflectivity during occurrence of storms.

(2). Identifies locations where more in-depth interrogation should be made.

(3). Can be used to check overall reflectivity pattern and check for new developing storms.

(4). Can identify melting level that appears as distinctive rings of higher reflectivity values.

c. Limitations

(1). Some distinct low-level signatures such as hook echo may be obscured by other reflectivity values from higher elevations.

(2). Height of specific reflectivity maxima not known.

(3). An echo aloft can’t be distinguished from a low-level echo.

(4). Ground clutter and anomalous propagation may contaminate the product.

2. Echo Tops (ET)   

a. Product

(1). Displays the height of tops of clouds.

(2). Height ranges are grouped (every 5,000 ft) and color-coded.

(3). Resolution is 2.2nm with a range of 124nm.

b. How Product is Produced

(1). The radar coverage pattern is divided into 2.2nm grid boxes.

(2). All power returns (18.5 dBZ are plotted in each grid box at each elevation slice and labeled as the echo top.

(3). This process continues until the highest elevation slice is completed.

(4). The highest 18.5 dBZ reflectivity value in each grid box is plotted as the echo top.

c. Use   

(1). Monitor increasing and decreasing cloud tops that are a direct indicator of updraft strength.

(2). Can be an early indicator of developing updrafts and embedded storms in stratiform precipitation.

d. Limitations

(1). Measures 18.5 dBZ at centerline of beam, echo tops may be in actuality higher.

(2). Does not correct for data contamination from side lobes.

(3). Tops close to radar antenna or in cone of silence will be underestimated.

(4). Echo tops are probably not the actual cloud tops due to 18.5 dBZ cutoff in algorithm and lower reflectivities being ignored.

(5). No upward extrapolation from highest elevation slice where precipitation is detected; tops higher than can be detected.

3. Vertically Integrated Liquid (VIL)   

a. Product

(1). VIL values represent reflectivity data converted into equivalent liquid values. 

(2). VIL values are integrated reflectivity, not precipitable water, are displayed for each 2.2nm grid box throughout the radar range.

(3). Available resolution is 2.2nm for a range of 124nm.

(4). VIL values are color coded and expressed in units of Kg/m2.
b. How Product is Produced

(1). The radar coverage pattern is divided into 2.2nm grid boxes.

(2). The VIL algorithm converts reflectivity values to VIL for each grid box.

c. Use  

(1). High VIL values can indicate potential for severe weather but should be used with other severe weather products and indicators.

(2). Rapidly decreasing VIL values are an indication of a collapsing storm top and a microburst at the surface.

(3). In time lapse mode VIL can be an excellent tool to monitor storm trends.

d. Limitations

(1). VIL values are seasonally and location dependent and can vary from storm to storm. 

(2). Values for fast moving and strongly tilted storms are underestimated.

(3). Values may be underestimated due to cone of silence, storms within 20nm of antenna and data gaps in VCP.

(4). Ground clutter and anomalous propagation may contaminate product.

(5). Values at ranges beyond 110nm are occasionally unreliable and may be overestimated or underestimated due to beam height cutting through mid levels of distant storms or missing storms with low tops.

b. Velocity Based Derived Products 

1. Storm Relative Mean Radial Velocity Map (SRM)

a. Product

(1). Derived from base velocity product.

(2). Provides an estimate of mean radial velocity for area of radar coverage. Mean radial velocity is velocity estimate with storm motion subtracted out.

(3). Displays maximum value of every four .13nm bins.

(4). Resolution available is .54nm and range is 124nm.

(5). Depends on storm tracking algorithm for speed of storm to be subtracted out. Operator can manually enter a speed to subtract.

b. Use 

(1). To detect shear regions such as mesocyclones, tornadic signatures and upper level divergence.

(2). To interrogate storm structure.

c. Limitations  

(1). Storm relative flow will be inaccurate if the storm motion that is subtracted from the radial velocity isn’t representative of the storm being investigated.

(2). Change in storm motion may affect rotation estimates.

(3). Difficult to determine actual ground-relative winds.

2. Storm Relative Mean Radial Velocity Region (SRR)  

a. Product

(1). Similar to SRM except it is generated for a user defined 27nm by 27nm window location.

(2). Storm motion subtracted is from storm that is closest to center of defined window. If no storm in window than overall storm motion is used as with SRM.

(3). SRR has better resolution than SRM displaying maximum value of every two .13nm bins.

b. Used same as SRM.

c. Limitations are same as SRM.

3. VAD Wind Profile (VWP) 

a. Product

(1). Displays wind velocities at various altitudes MSL. 

(2). Displays up to 30 height levels every 5, 6, or 10 minutes depending on VCP.

(a). Data displayed from 1,000 ft to 70,000 ft MSL.

(b). Data displayed in 1,000-foot increments.

(c). Most current data is displayed on left side of screen.

(d). Times of each profile displayed under respective profile on horizontal axis of product.

(3). The current product and ten past profiles can be displayed on one product.

(4). Profile appears similar to wind plotting scale on Skew-T.

(5). Wind shafts are used to show direction

(6). Barbs are used to show speed.

(7). Shafts and barbs are color coded as to relative reliability of data.

(8). If reliability is poor an “ND” is displayed instead of wind data.

b. Use  

(1). To detect and monitor backing or veering winds.

(2). Aids in identifying inversions through wind speed changes in the low-levels.

(3). Monitoring wind direction shift at various altitudes.

(4). Development of jet streams can be monitored using wind speed trends at upper levels.

(5). Effective real time briefing tool for aviation missions.

(6). Can be used to adjust data on hodographs.

c. Limitations  

(1). Wind data is not plotted if reliability of data is poor.

(2). Wind data is representative of area within 20 nm of radar antenna location.

(3). The computer algorithm assumes horizontal uniformity of the wind field. Data may be unreliable when boundaries are near the antenna.

4. Hail Product  

a. Product

(1). Provides the radar operator with an indication of identified storms that can be hail producers.

(2). Presented as a table, alphanumeric product, or graphic plot.

(3). Graphic plot is displayed as open or solid green isosceles triangle at the location of the cell that is identified as a potential hail producer.

b. Use  

(1). Alerts operator to the potential that an identified cell may be a hail producer.

(2). Used in conjunction with other products such as Mesocyclone and TVS to identify storms with potential to produce severe weather.

c. Limitations  

(1). Output of product will be degraded by data gaps at close range in VCPs.

(2). Relies on operator input of current up-to-date MSL altitudes for 0( and –20( C levels in the atmosphere.

5. Mesocyclone Product 

a. Product

(1). The mesocyclone detection algorithm generates the product.

(2). Uses base velocity to search for symmetric regions of large horizontal shear.

(3). Attempts to correlate these regions of horizontal shear vertically.

(4). Available in both alphanumeric and graphic form.

(5). Detects and displays 3-D shear, 3-D correlated shear, and Mesocyclone.

(a). Uncorrelated shear is identified on alphanumeric product only.

(b). 3-D correlated shear identified by a yellow open circle.

(c). Mesocyclone is displayed as a yellow open circle with an assigned storm ID in the circle.

b. Use  

(1). To locate in storm circulation.

(2). To identify areas of strong circulation if associated with strong reflectivity signatures could indicate good potential for severe storms.

c. Limitations  

(1). Optimum effective range of algorithm is 65nm.

(2). Range folding and aliased data can contaminate product.

(3). Data gaps caused by elevations not sampled in VCPs may cause algorithm to discard a significant feature.

(4). Algorithm does not establish time continuity.

d. Tornadic Vortex Signature (TVS) Product   

1. Product

a. Provides alphanumeric and a graphic overlay product.

b. Identifies a tornadic vortex signature (TVS) or elevated tornadic vortex signature (ETVS).

c. Displayed as a solid red inverted isosceles triangle (TVS) or open red inverted isosceles triangle (ETVS).

d. Located at the center of the lowest angle where the shear was detected.

e. Generated by Tornado Detection Algorithm (TDA)

2. Use 

a. To alert the operator to areas of suspect gate-to-gate rotation where a tornado may exist or be developing.

b. As a tool to alert the operator to intensify metwatch of an area.

c. Range folding and aliased data can contaminate product.

3. Limitations  

a. Optimum range is 65nm for TVS but algorithm searches out 100nm for ETVS.

b. Range folding and aliased data can contaminate product.

e. Tilt Sequence Method for Storm Interrogation 

1. This method was developed before the advent of Doppler radar but is a useful method to interrogate storms for severe weather features.

2. Method was developed primarily for reflectivity but can be used for velocity also.

3. Use separate elevation slices of reflectivity and velocity to accomplish method.

4. Method is easy and straightforward.

5. Interrogate each elevation in the volume scan and correlate significant reflectivity and velocity features found at each level with other levels to get a three dimensional picture of the storm.

6. Great method to utilize when algorithm generated products such as Meso, TVS, and Hail alert operator to potential severe weather producing storms.

7. Utilization of quadrants on PUPs can speed process of using method.

5. Interpret Velocity Products   
a. Determining wind direction on a velocity product 
1. Draw a line along a radial from the RDA to some point on the zero line.

2. At this point, draw an arrow perpendicular to the line along the radial.  Point this arrow from inbound to outbound.

3. Assuming homogeneous flow, the arrow represents the wind direction at that range (or height).

4. Wind direction can be determined at any range (or height).

5. Very important to draw the arrows perpendicular to the line from the RDA, NOT the zero line itself.

b. Determining wind speed on a velocity product. 

1. Velocities

a. Negative values represent inbound velocities

b. Positive values represent outbound velocities

2. Scale

a. Data levels for velocity products are labeled using lower bound thresholds, that is, the numbers next to the color bar area of the product are the lowest values (of the range of values) in knots for the color

b. The color next to 36 knots (outbound) actually represents velocity values which could be anywhere from 36 to 49 knots (50 knots or more would have the next color).

c. The color next to -36 knots (inbound) represents the range from - 36 to - 49 knots.

3. Determine speed

a. Determine the wind direction for any point along the zero line

b. Compare the color of interest color scale to determine wind speed

c. Pattern Recognition

1. Uniform wind field 
a. Velocity patterns associated with the same wind direction at all heights have a straight zero line.

b. When wind speed is constant (non-zero) with height the extreme doppler velocity values extend from the edge of the display inward to the RDA.  
c. Colors representing all other doppler velocity values converge to a point at the center of the display.

d. A wind maximum is identified by closed isodops (lines of constant radial velocity).  

e. Closed isodops indicating velocity maxima will be seen inside the velocity pattern.

2. Non-uniform wind field

a. Confluence 

(1). Winds coming together in the horizontal

(2). On a velocity product will appear as a “C”.

b. Difluence 

(1). Winds diverging away in the horizontal.

(2). On a velocity product will appear as a backward “C”.

c. Warm air advection 

(1). Winds veer with height

(2). Appears as an “S” on a velocity product.

d. Cold air advection 
(1). Winds back with height

(2). Appears as a backward “S” on a velocity product.

e. Multiple Advection Patterns 

(1). WAA (“S”) close RDA.

(2). CAA (“Backward S”) moving away from RDA.

f. Multiple Wind Maximum

(1). Low level wind maximum.  

(2). Upper level wind maximum.

3. Small scale velocity pattern recognition

a. When interpreting small-scale features, the operator can no longer assume that the RDA is at the center of the display and it is essential to know where the phenomenon is in relation to the RDA.

b. Convergence and divergence 

(1). In pure divergent or convergent patterns, the velocity maxima lie along the same radial.

(2). Whether the pattern is divergent or convergent is dependent on which maxima are closest to the RDA.

c. Rotation 

(1). Whether the pattern is cyclonic or anticyclonic is dependent on whether the inbound maximum is on the left or the right side.

(2). Cyclonic rotation – With the velocity maxima equidistant, the inbound maximum is on the left as seen from the RDA.  

(3). Anticyclonic rotation – With the velocity maxima equidistant, the inbound maximum is on the right as seen from the RDA.  
(4). Cyclonic convergence – The outbound maximum is closest to the RDA (convergence) and the inbound maximum is to the left as seen from the RDA (cyclonic).  

(5). Anticyclonic convergence – The outbound maximum is closest to the RDA (convergence) and the inbound maximum is to the right as seen from the RDA (anticyclonic).  

(6). Cyclonic divergence – The inbound max is closest to the RDA (divergence) and the inbound max is to the left as seen from the RDA (cyclonic).  

(7). Anticyclonic divergence – The inbound max is closest to the RDA (divergence) and the inbound max is to the right as seen from the RDA (anticyclonic).  

6. Operational Applications  

a. Precipitation mode

1. Returns of 18 dBZ or greater are considered precipitable targets.   

2. Reflectivities higher than about 55 dBZ are frequently associated with hail; the higher the reflectivity, the more likely it is that hail is present and the larger the hail is likely to be.

3. Liquid precipitation

a. Z-R Relationship means that rainfall amounts can be mathematically calculated from radar data.

b. Based on those rainfall rates, thresholds were devised to assign a category of echo intensity against certain dBZ values and is applicable for liquid precipitation only.
c. With regards to echo intensity, it is important to note that every change of 3 dBZ equates to doubling or halving the equivalent power returned to the radar.

4. Frozen Precipitation

a. Frozen precipitation (snow and ice) is detectable by radar, although not as well as liquid precipitation.

b. Snow and ice reflects less power back to the radar due to their size and shape.

c. Precipitation rate for snow is usually much less than it is for rain.

d. Snowstorms are typically widespread in area, but shallow in height.  This makes detection difficult at greater distances because it fails to fill half the beam width of the radar.

b. Clear air mode

1. WSR-88D’s extreme sensitivity detects even faint returns from optically clear air down to –28dBZ.

2. Minute scatterers such as insects, pollen, dust, soot and salt, are visible.

3. Even atmospheric density discontinuities can be detected.  This information can allow you to see things like dry frontal boundaries, outflow boundaries, sea breezes, and more.

7. Meteorological echoes and patterns not associated with precipitation

a. Fronts on velocity products

1. Velocity products can clearly indicate a frontal zone by indicating rapid changes in velocity values over narrow transition regions.

2. As a typical cold front approaches the RDA: 

a. Winds behind would be inbound from the northwest

b. Winds ahead would be inbound from the southwest

c. Ahead of the front, winds pass the RDA and appear as outbounds

3. This pattern will gradually change as the front passes over the RDA

b. Fronts on reflectivity products   

1. Widespread areas of echoes (as opposed to lines of echoes) commonly occur with warm fronts.

2. A typical approaching warm front usually appears as a diffuse mass at a distant range, and gradually spreads over a larger and larger area.

3. Widespread precipitation with relatively uniform intensity is displayed as the surface warm front approaches the RDA.

4. As the surface warm front approaches closer, the precipitation field will generally change somewhat in character, breaking up into showers.

5. The showers usually form into bands and move in the same direction as the front.

6. VWP should indicate a thick cloud layer aloft.

7. When first observed, there may be no precipitation reaching the ground, but precipitation will generally start within a few hours after the layer appears.

8. The layer appears to lower and thicken before the precipitation reaches the ground, especially if the air mass is very stable.

9. The precipitation associated with the cold front is also found to occur in a variety of echo patterns, but usually organized into some sort of a line or narrow band.

10. Some cold fronts are dry and hence will have no associated echoes.

11. In others, the echoes will be found well in advance of the front itself along a line that coincides with a mesoscale trough.

12. Cross-sections may assist you in determining frontal slope if they are cut perpendicular across frontal boundaries.

13. Look for a change in the refractive index (or gradient).  It should appear as an area of enhanced reflectivity.

c. Boundaries.   

1. Narrow zones of shifting convergent winds or density differences, or both characterize boundaries.

2. They will show up on reflectivity products as narrow lines of enhanced values.

3. Boundaries stand out in a clear air mode Base Reflectivity product.

4. Enhanced reflectivity is produced by a combination of converging particles (e.g., insects, and, when present, precipitation) and refractive gradients from temperature or moisture difference, or both.

5. Boundaries can be identified using both clear air mode VCPs (31 and 32), and precipitation mode VCPs (11 and 21), although while in precipitation mode it is more difficult to detect boundaries because lower reflectivities are truncated at 5 dBZ.
d. Turbulence and wind shear

1. Although not directly measured by the WSR-88D, turbulence and wind shear can be inferred within areas of abrupt changes on the velocity product.

2. Any abrupt changes in ambient wind flow (be it wind speed and/or direction) results in turbulence.

3. Spectrum width product, when used in conjunction with Base Velocity, is a good product to use in verifying the existence or non-existence of turbulence or wind shear.

a. Low spectrum width values are an indicator that atmospheric flow is uniform or stable.

b. Conversely, high spectrum width values indicate greater mixing and turbulent conditions.

c. Generally, areas of high spectrum width will correspond with abrupt changes in wind direction seen on velocity products.

4. VWP

a. If close enough to the radar (about 16nm), the VWP product is probably the best approach to recognizing and monitoring wind shear in the vertical.

b. However, use caution when using this method when frontal boundaries are nearby.  Due to the way the VAD algorithm averages data, the quality of the product could be poor or misleading.

5. Cross-sections can also be useful in verifying the existence of turbulent layers and determining their depth and height.

a. Turbulent layers contain strong velocity gradients in the vertical.

b. Using velocity cross-section, you can compute the shear by calculating the difference in velocities per thousand feet.

c. Correlation of high spectrum width values in the vertical with velocity features should reinforce the case for turbulence, and help establish the depth and height the turbulent layer(s).

e. Clouds

1. With the high sensitivity of the WSR-88D, it is possible to obtain reflectivity estimates of elevated clouds.

2. The following technique, using a base reflectivity product allows for determination of the top, base, and depth of a cloud layer.   

a. Using the reflectivity product for the elevation that intersects the cloud layer, place the cursor at the point where the base appears to be (point A) and get a readout on the screen of azimuth, range, elevation, and height.

b. Then place the cursor at the apparent top of the cloud layer (Point B) and get the same information.

c. The depth can be determined from the difference in heights.

d. If the cloud base or top is not uniform, this technique will have to be repeated several times to get average heights and thickness.

3. VWP may be used in estimating cloud tops and bases, and the change of those bases and tops as the cloud layer approaches or recedes.   

4. Reflectivity cross-sections may also be used to infer cloud information.   

5. Remember, resolution is better with the reflectivity product than the cross-section product since the cross-section integrates returns from the surface to 70,000 feet.

8. Meteorological echoes and patterns

a. Stratiform precipitation   

1. Typically diffuse and formless, with ill-defined edges and its intensity is often fairly uniform over large areas.

2. Stratiform precipitation is generally weak and does not extend to great heights; therefore it's not usually detected at long ranges.

a. This can create the false sense precipitation is ending because the "back edge" of the precipitation is apparent on radar.

b. In reality, the "back edge" is the location where a sufficient portion of the clouds/precipitation fills enough of the radar beam to be detectable.

c. Precipitation may actually extend quite further; stressing the point radar should be used in conjunction with other tools such as satellite imagery.

3. There are instances when pockets of higher reflectivities are identified within the mass of stratiform precipitation.

a. These "embedded echoes" are an indicator of heavier precipitation resulting from localized convection.   

b. Often hidden to aircraft, embedded cells can be particularly dangerous.

c. Turbulence associated with such cells is usually not severe; however, aircraft icing can become very heavy due to upward vertical motion of the air suspending large quantities of liquid and frozen moisture.

d. Embedded convective echoes can generally be readily identified on a Composite Reflectivity or Echo Tops product.

e. Embedded higher reflectivities can also be the result of the melting level, heavier snow, or sleet, so it is advisable to interrogate these cells further with a cross-section.

4. Snow echoes associated with stratiform clouds are usually weaker than rain echoes.   

5. They have a slower fall speed than rain echoes and can be carried long distances horizontally before reaching the surface.

6. Radar may detect the leading edge of snow miles ahead of where it is actually hitting the ground.  This is best seen in clear air mode.

7. Most of the return on the radar (up to 80 percent) is clouds and not actually snow reaching the ground.

8. In general, returns between -4 and -28 dBZ are most likely not reaching the ground.

9. General guidelines to help determine snow intensity:

a. -4 dBZ to +4 dBZ
Flurries

b. +4 dBZ to +16 dBZ
Light Snow

c. +16 dBZ and higher
More Significant Snowfall

10. Any forecast based exclusively on the leading edge of the precipitation field (as seen by the radar) should be supplemented by surface observations whenever possible.

11. Conversely, during snowfall situations, it is not unusual to see bands of higher reflectivity values that often indicate areas of heavier snowfall.

12. This banding may also be identified in the velocity field, and spectrum widths should be enhanced as well.

b. Melting level

1. The bright band   
a. Region of enhanced reflectivity that occurs just below the freezing level (0° C) during widespread stratiform precipitation.
b. Displayed as a ring or partial ring of enhanced reflectivity around the RDA.
2. As snowflakes fall through the melting level it acquires a coating of water that causes an increase in reflectivity (normally displayed in the 30-45 dBZ range).
a. Falling further, the snowflakes become more compact, break up, and become raindrops. 
b. Raindrops fall faster than snowflakes so their concentration is diminished within the volume scan.
c. The decrease in size and number of reflectors cause lower reflectivity just below the bright band.

d. The difference in rate of fall between raindrops and snowflakes, high spectrum widths will result within the melting level.  This area of high spectrum width also appears as a ring or partial ring centered on the radar.

3. Knowing that the freezing level (0° C) is defined as outer portion of the ring of reflectivity, you can now use the PUP cursor to determine the approximate height of the freezing level.
4. You can monitor the height of the melting level (bright band) to aid in forecasting icing, precipitation type, and even cold air advection.
c. Icing
1. After determining the height of the freezing level by using the PUP cursor, the next step is to determine the approximate height of the -22° C isotherm.
2. This height will have to be derived from Skew-T data or PIREPs within the local area.
3. Use the PUP cursor to locate this elevation on your reflectivity product.
4. Any echo return located between the freezing level and the height of the -22° C isotherm could have the potential to produce icing.
d. Rain/Snow Line
1. Knowing the height of the freezing level will obviously be a big aid in forecasting precipitation type (liquid, freezing, frozen).

2. By monitoring the diameter of the bright band, indications of whether the freezing level is raising or lowering can be determined.

3. In the case of both sleet and rain occurring within the sampling area of the radar, embedded areas of higher reflectivities will often appear (40 to 50 dBZ may be common).

4. A linear discontinuity in reflectivity returns will often be seen along the rain/snow line.

5. Spectrum widths will also be enhanced along this line.

e. Verifying the Presence of Cold Air Advection
1. If the height of the freezing level is at a uniform height, the bright band appears as a circular ring of reflectivity.

2. If the height of the freezing level is varying within the range of the radar, the ring of reflectivity will generally appear more elliptical.

f. Convective precipitation   

1. Spectrum width.

a. Evidence of convective development will often appear in the spectrum width field before any significant return is detected in the reflectivity field.

b. Since spectrum width measures the variance of motions within a sample volume, these high spectrum width values may be indicating the motions associated with convective activity.

c. At the initial onset of convection you may begin to detect velocity coherency and reflectivity returns that are circular in nature.

d. These signatures coupled with the high spectrum widths may be your first indication of storm development.

2. Distinguishing Rainshowers from Thunderstorms  

a. Convective precipitation may be classified as rainshowers or thunderstorms, depending on whether lightning is occurring.

b. Since lightning is hard to detect on radar, most operators prefer to use echo top as the delineator between a rainshower and thunderstorm.

c. Thunderstorm echoes are usually found where echo top temperatures are below -22( C.  This value is considered an empirical tool only and could be higher or lower depending on your location.

3. Severe Weather Indicators

a. Severe thunderstorms are defined as those that produce wind gusts greater than or equal to 50 knots and/or hail greater than or equal to three-quarter inch, or tornadic activity.

b. A strong updraft and a strong downdraft that are able to coexist for an extended period of time characterize severe storms.

c. Radar signatures may often furnish indications of the possible formation or presence of severe storms.

4. Echo Intensity

a. Maximum reflectivity cores of 50 dBZ or greater extending to 27,000 feet AGL or higher should be categorized as severe.

b. It is indicative of strong updrafts suspending large drops and/or hail aloft.  This reflectivity signature is often associated with Weak Echo Regions (WERs)/Bounded Weak Echo Regions (BWERs) which are covered later.

5. Echo Tops

a. Echo tops exceeding 50,000 feet, or echo tops that penetrate the tropopause by 5000 feet or more are severe.

b. It should also be noted a penetration above the tropopause by 10,000 feet is considered a good indicator of a tornado-producing thunderstorm.  These thresholds are established for storms at ( 35°N latitude.

6. Echo Speed

a. Echo speeds exceeding 40 knots should be considered as an indicator of severe storm development.

b. At a minimum, the echo speed by itself is probably sufficient to merit a warning for winds in excess of 35 knots.

c. Consider other factors to determine if 50 knots is warranted.

(1). Those factors include the presence of severe signatures within the storm, or if the local environment is conducive for severe storm development.

(2). To reiterate, echo speed should alert the radar operator to the potential for severe weather but is not sufficient alone to indicate the actual existence of severe weather.

7. Erratic Echo Movement

a. Erratic echo movement, or echo motion substantially different from that of surrounding cells, should also be an indicator of the potential for severe weather.

b. Most cells and conglomerations of cells will move with the 700mb wind or with a mean wind between 5,000 and 20,000 feet.

c. Severe echoes are likely to move in a direction (0° to 45°) to the right of this steering wind.

d. As with echo speed, echo movement should alert the radar operator to the potential for severe weather but is not the sole indicator of the actual existence of severe weather. 

e. Severe weather determination needs to be made in conjunction with other severe signatures, the synoptic situation, etc.

8. Converging Echoes

a. When separate thunderstorm echoes, moving at different speed and direction, merge into a single larger echo, the potential for severe weather is enhanced.

b. At a minimum, large hail and wind is probable in the region of cell convergence.

c. If unusually high echo speeds are involved (exceeding 40 knots), then the probability of tornado development is greatly increased at the junction of the cell merger.

9. Splitting Echoes - during the transformation from a non-severe to severe storm, some echoes will split in a well-defined manner.   

9. Manual Identification and Verification of Severe Weather Signatures

a. Microburst

1. Velocity is probably the best product for the identification of an occurring downburst/ microburst.   

a. A microburst will produce a unique signature detectable at low-levels in the velocity field.

b. A divergence couplet (i.e., a pattern of strong flow toward the radar, matched by an opposite pattern of strong flow away from the radar) will be seen on the display.

c. Due to the shallow vertical extent of the outflow from a microburst, this phenomenon will usually not be detected beyond the range of about 20 nautical miles.

d. In addition, because of the short-lived nature of this phenomenon (typically 3 to 5 minutes) and the scanning strategies used in the WSR-88D

e. Microbursts may not be detected until they are reaching their maximum divergent signature.

2. In the reflectivity field

a. Like any other boundary, it will show up as a narrow line of enhanced values.

b. Enhanced values may be as high as 10 dBZ.

3. Spectrum width

a. Field may also display a line of higher spectrum width along the outflow boundary.

b. Spectrum width values of 8 to 12 knots are common.

4. The best technique for identifying the likelihood of this phenomenon occurring is by tracking the life cycle of a thunderstorm.   

a. Several products that aid in the determination of a thunderstorm collapse, which is the mechanism needed for a downburst/microburst event. 

b. Monitoring the Layer Composite Reflectivity Max (LRM) product or generating Reflectivity Cross-sections (RCS) for descending cores of high reflectivity in the mid-levels (16,000 to 40,000 feet) may provide the initial indications that a cell is collapsing before any other product.  
c. VIL   

(1). Sustained high VIL values over the storm in question followed by a rapid decrease in those values indicates the cell is collapsing.

(2). Additionally, studies have shown an empirical relationship between VIL values and echo top height in determining potential gust speed.

(3). Warning lead times of 20-25 minutes prior to the occurrence of severe wind events were common when using this potential gust technique.

b. Outflow boundaries   

1. Outflow Boundaries are larger in scale than microbursts.

2. They are defined as being the leading edge of horizontal airflow resulting from cooler, denser air sinking and spreading out at the ground.

3. If conditions are right, these boundaries can cause damaging winds or enhance thunderstorm development.

4. Much like a frontal boundary, an abrupt change in the zero line denotes the position of the outflow boundary.

5. Additionally, it is not only possible to locate and track outflow boundaries, but an estimate of the wind speed and direction can be determined well before the boundary reaches your area of responsibility.

6. Do not handicap yourself by filtering out valuable information for short range forecasting.

c. Squall lines   

1. Defined as a line of convective cells.

2. Normally form in the warm sector of a surface low-pressure area, along and ahead of a fast moving cold front.

3. Squall lines may be a combination of severe and non-severe thunderstorms.

4. They are strong indicators of potential severe weather.

5. Tornadoes and other severe weather are more likely to be found in squall lines than in areas of widespread convection.

6. Once formed, the squall line provides its own propagating mechanism resulting from low-level convergence that is created between the gust front (outflow boundary) and the environmental low-level inflow.

7. Process initiates convection ahead of existing storms and may propagate a mature squall line rapidly.

8. Existing lines sometimes increase in length by convective cell formation on the southern end of the line.

9. There are several favored locations or scenarios for severe weather development associated with squall lines requiring thorough interrogation when identified:

a. The cell at the southern end of a squall line

b. In this location the localized atmosphere is has not been disturbed by the life cycles of other thunderstorms within the line.

c. Key ingredients needed for severe thunderstorm development (e.g. instability, stronger localized vertical vorticity, and unimpeded warm moist inflow) are still available at the southern end of a squall line.

10. Breaks in a squall line   

a. A gap in a squall line is another favored location for development of severe weather.

b. The break in the line provides a clue that stronger dynamics may be occurring at that location.

c. The cell north of the gap may be intensifying in energy at the expense of the others around it.

d. As those other cells weaken, they create the break in the line.

e. The cell just north of the gap begins to benefit from the break in the same fashion as a cell at the southern end of a squall line.

11. Pivoting squall line

a. Faster moving part of the line will produce greater than normal surface wind gusts if nothing else.

b. If echo intensity is strong (41-46 dBZ) or greater, or if the echo tops are quite high, tornadoes and hail are to be suspected.

12. Intersection of squall line with a warm front

a. A micro-cyclone forms at the point of intersection.

b. Severe thunderstorms, tornadoes, and hail are indicated at the point of intersection.

13. Isolated cell overtaken by squall line

a. If the cell being overtaken is of moderate intensity (30-41 dBZ) or greater, the potential for severe weather is enhanced.

b. At a minimum, large hail and strong winds are probable, with tornadoes possible.

d. Line Echo Wave Pattern   

1. A line echo wave patterns (LEWP) is a squall line that has taken on a wave-like pattern and many severe storms and tornadoes have developed near line echo wave patterns.

2. LEWPs are defined as “a configuration of radar echoes in which a line of echoes has been subjected to an acceleration along one portion and/or a deceleration along the portion immediately adjacent.”

3. The LEWP should be interpreted to indicate tornadoes, large hail, and high winds.

4. The faster the movement of the LEWP, the higher the potential for severe weather.

5. Tornadoes are most likely to occur at and slightly south of the crest.

6. Severe thunderstorms, particularly hail and strong surface winds will most likely occur at the bulge.

7. Hail and strong surface winds can occur at (1), but is less likely than at (3).

8. However, if point (1) is moving faster than point (3) the likelihood is reversed.

e. Bow echo   

1. Bow Echo is a low-level echo that has taken on a bow shaped configuration.
2. They are typically associated with the accelerating portion of a squall line.

3. Damaging straight-line winds, (commonly called a downburst) and/or gustnadoes (shallow, short-lived and weak tornadoes) often occur near the "crest" or center of a bow echo.
4. This is especially true if the intense reflectivity gradient is at the leading edge.
5. The size of the bow is directly proportional to the size of the downburst.

6. A mesocyclone may develop on the north end of the bow, and a hook-like echo may develop. 
7. This area of circulation can sometimes lead to tornado formation.

8. The bow echo will commonly evolve into a comma shaped echo before it begins to break up.

9. When the echo weakens and/or becomes fragmented, the downburst weakens and ends; and tornado production ceases.
f. V-Notch echo   

1. Common radar signature of a supercell.

2. It is observed as a splitting of the reflectivity field on the downwind flank of a supercell echo.

3. Caused by the deflection of the environmental wind on either side of an intense blocking updraft.

4. Should be considered as an indicator of severe weather; it is not conducive to severe weather in and of itself.

5. If observed, it should prompt you to closely interrogate the storm for other severe signatures.  

g. Hook echoes   

1. At low-levels, classic supercells are often characterized by a hook echo.

2. Classic radar signature often associated with tornadic activity.

3. Signature generally located on the right rear storm flank (with respect to the direction of movement of the storm).

4. The hook is not the actual tornado, but rather rain wrapping around the in-flow slot at the rear of the rotating thunderstorm.

5. Called the rear flank downdraft (RFD).

6. In-flow slot is an area or vault of weak reflectivity (sometimes referred to as the echo free vault) immediately adjacent to an area of strong reflectivity, creating a reflectivity gradient.

7. Since severe storms have a tendency to tilt, the core of high reflectivity within the storm will eventually overhang the echo free vault and cap it.

8. This occurs generally in the mid-level portion of the storm and signifies the storm has entered its severe stage.

9. Illustrates the need to use the base reflectivity product instead of composite reflectivity.

10. CR product gathers it’s values by picking the strongest reflectivity from any height and will therefore mask the echo free vault (and subsequently the hook).

11. The hook is a small-scale feature having a dimension of about 10nm or less from the main body of the storm to the farthest extremity.

12. Due to broadening of the radar beam, and the relative small size of the hook, it is often difficult to detect beyond 60 nm from the RDA.

13. Additionally, the longevity of this feature is generally of short duration, further complicating the detection and interrogation process.

14. When detected, it should immediately prompt you to interrogate the storm structure further using cross-sections and velocity products, both of which are better tools for verifying the existence of tornadic activity.

h. WERs/BWERs   
1. In-flow slot is an area or vault of weak reflectivity immediately adjacent to an area of strong reflectivity.

2. Severe storms have a tendency to tilt

a. Core of high reflectivity within the storm will eventually overhang the echo free vault and cap it

b. Generally in the midlevel.

3. Area of weak reflectivity is called a Weak Echo Region (WER).

a. Is caused by a scarcity of precipitation particles in the updraft.

b. Lack of precipitation is due to the strong updraft in which precipitation particles do not have time to grow and precipitation formed elsewhere is unable to fall through the updraft.

4. As the updraft strength continues to increase, the echo free region extends further upward into the cell until it is now completely surrounded, or bounded, by higher reflectivity values.

5. This is called a Bounded Weak Echo Region (BWER).

a. Its presence enhances the probability of tornadic activity.

b. BWER is an indicator that the updraft may have developed rotation, referred to as a mesocyclone.

6. One of the most useful techniques in analyzing the structure of a storm is the generation of reflectivity and velocity cross-section products.

a. Critical to identifying the WER/BWER in the vertical is selecting the proper user-defined endpoints.

b. A velocity cross-section also provides evidence of updraft rotation, but correctly defined endpoints and knowing where the phenomenon is in relation to the RDA is absolutely critical.

i. Storm Structure

1. Analysis of the three-dimensional structure of a thunderstorm cell can provide insight to the severity of a storm.

2. Presence of a WER, BWER, significant echo overhang, and storm top divergence are important clues to the strength of a storm.

3. When detected the likelihood of storm severity is high.

j. Lemon’s Tilt Sequence Method   

a. The collapse of a WER/BWER, or a storm top, may signify the onset of severe weather.

(1). Use the quarter screen mode capability of the WSR-88D by displaying progressively higher elevation angles of reflectivity products.

(2). This method can be implemented with a user function and has the ability to time lapse.

a. To compare reflectivity echo distributions at various heights, place one of the screens in quarter screen mode.
b. In quadrant 1, the 0.5° elevation slice of Base Reflectivity is examined to determine the storm’s inflow, often characterized by low-level concavity bounded by a strong reflectivity gradient (the echo will have a kidney bean shape), or a hook echo.

c. In quadrants 2 and 3, load mid-level reflectivity slices that identify the maximum mid-level overhang of the storm (it may be necessary to examine 2 or 3 intermediate elevation angles to identify).

d. In quadrant 4 identify the storm’s maximum top with either the Echo Tops product, or an upper-level reflectivity product.

e. Determine if the maximum storm top (if using Echo Tops), or maximum reflectivity (if using upper-level slice) is over the weak echo region.

f. This is another indicator a thunderstorm has entered the severe stage.

g. The following four criteria must be present within a storm to classify it as severe using the Tilt Sequence Method:

(1). Strong concave low-level reflectivity gradient in the 0.5° elevation slice.

(2). Peak mid-level (16,000-39,000feet AGL) reflectivities must be greater than or equal to 46 dBZ.

(3). Mid-level overhang must extend at least 6km (3.2nm) beyond the strongest reflectivity gradient of the low-level echo.

(4). Max echo top must be located on the storm flank possessing the overhang and above the low-level reflectivity gradient (in association with a WER/BWER).

h. In addition to the criteria listed above, the following criteria must be present within a storm for tornado identification using the Tilt Sequence Method:

(1). A low-level hook or pendent exists or bounds the mid-level overhang on the west.

(2). A BWER is detected.

10. Mesocyclones   

a. Studies indicate an average of 50% of all mesocyclones tended to produce tornadoes and that 90% produced some type of severe weather (tornadoes, high winds, or hail). 

b. This has clear implications for the operational forecaster with warning responsibilities; if you detect the parent mesocyclone soon enough, you have a good chance of getting lead-time on the associated severe weather.

c. A mesocyclone

1. Typically will develop at the mid-level of a tornadic storm and build down to lower levels as the storm matures.

2. They generally have a core diameter of 1.5 to 5 nm, maximum tangential velocities of 40 knots or greater, and time/height continuity.

d. Monitoring the velocity field is probably the best approach for identifying the development of storm rotation.

e. In the velocity field, the feature will appear as two velocity peaks of opposite signs, separated azimuthally.

f. Interrogation of different elevation scans of the Base Velocity product (e.g., at 2,000 foot intervals between 15,000 and 19,000 feet) can aid in determining the height continuity of a mesocyclone.

g. The quarter screen mode can be useful for this purpose.

h. This four-panel velocity display should be used in conjunction with the Tilt Sequence described earlier.

i. Time-lapse capability with continuous update will also prove useful for this purpose.

j. The WSR-88D has a mesocyclone detection algorithm to assist in identifying this feature.

1. Mesocyclones may not always be identified by the algorithm in:

a. High reflectivity core storms

b. Storms that produce downbursts

c. Weak tornadoes produced as a result of convergent boundaries.

2. Due to these limitations, the radar operator needs to be proactive in mesocyclone identification.

k. Whenever severe weather reflectivity signatures are detected, or if rotational development is suspected, the radar operator should begin the manual verification process.

l. If vigilant enough, the radar operator may be able to detect the mesocyclone prior to the algorithm, resulting in increased warning lead-time.

m. Manual Identification of Mesocyclones:  A mesocyclone exists if all the following features are identified on velocity products in association with the updraft portion of the storm:

1. Rotational couplet.   

a. Compute the rotational velocity (maximum inbound plus maximum outbound divided by two).

b. Significant shear is identified as 30 knots of rotational velocity of within 80 nm (from the RDA), or 22 knots between 80 nm and 124 nm.

c. A tool to assist you in identifying rotational velocity is the Rotational Velocity/Shear Display Function (VR/SHEAR).   

d. This display function calculates the rotational shear of a rotational couplet between two operator-selected points.

e. The accompanying readout displayed with this product provides mid-level rotational velocity, range (nm), total shear (knots), and diameter (nm) of a storm.

2. Core diameter:
a. Determine the azimuthal diameter of the feature.

b. Azimuthal diameter between the maximum inbound and maximum outbound radial velocity must be within 5nm.

3. Vertical depth:   
a. Determine if the depth of circulation extends 10,000 feet or more.

b. A velocity cross-section may need to be generated to assist in the verification.

c. The cross-section should be generated perpendicular to the mean flow.

4. Time continuity:
a. The shear pattern should persist for a least two volume scans.

b. The mesocyclone algorithm DOES NOT establish time continuity, a shortcoming of the algorithm.

11. Tornadic Vortex Signature (TVS)   

a. Small-scale, abnormal region of high shear associated with a tornado.

b. First detected by radar at the mid-level of a storm and in time extends both upward and downward.

c. Reaches the cloud base of the storm coincident with the appearance of the funnel cloud. 

d. Most TVSs are associated with tornadoes; however, not all tornadoes produce a detectable TVS

e. Manual identification of TVS

1. Azimuthal shear   
a. Compute the azimuthal shear (maximum inbound plus maximum outbound) from adjacent (gate to gate) velocities.

b. Significant azimuthal shear is 90 knots or greater within 30 nm range (from the radar), or 70knots from 30 to 55 nm.

2. Vertical extent: determine if the depth of rotation extends several thousand feet or through at least two elevation angles.

3. Time continuity:  rotation should persist for at least two volume scans.

4. Due to beam broadening, detection of a TVS is limited to a range of about 55 nm.

5. However, the strength of the mesocyclone in conjunction with reflectivity signatures may provide a clue to tornado existence.

6. Spectrum width

a. May be a better tool to use for suspected areas of rotation beyond 55 nm.

b. Enhanced spectrum widths are produced by changes in wind speed and direction within individual sample volumes.

c. Look for areas of high spectrum width (16 knots or greater) that correlate with severe reflectivity signatures.

d. Establishing time continuity is a must in this instance; high spectrum width should be present for at least two volume scans.

12. Hail 

a. The Hail Detection Algorithm (HDA) is designed to look for high reflectivities above the freezing level.

b. Probability of Hail (POH)

1. Identified as hail of any size, displayed in increments of 10%.

2. For the calculation of the POH, the location of the highest reflectivity of at least 45 dBZ above the freezing level is found.

3. The greater the height above the freezing level, the greater the POH.

c. Probability of Severe Hail (POSH) and Maximum Expected Hail Size (MEHS)

1. Identified as hail > 3/4 inch, displayed in increments of 10%.

2. Estimate of the largest hail size in the cell, computed in increments of 1/4 inch.

3. Reflectivities greater than 40 dBZ above the freezing level are used.

d. If the cell is beyond the hail processing range of 124 nm, then the hail estimates are labeled as UNKNOWN.

e. A weighting factor is used, such that the greater the reflectivity above 40 dBZ, and the higher the altitude at which this reflectivity exists, the greater the weighting factor used.

f. Reflectivities greater than 50 dBZ, and higher than the altitude of the -20(C isotherm, carry the most weight.

g. Users need to update the altitude of the 0( C and -20( C levels regularly at the UCP.

h. The algorithm is designed to work independent of the storm type, tilt, and overhang.  It is presented as a stand-alone graphic plot, a formatted table of alphanumeric hail information, or as an overlay.

i. The primary product produced by the HDA is the Hail Index (HI - Product ID #59), which can be useful in identifying cells that have the potential to produce hail.

j. Product  

1. Probability of Hail (POH)

a. Represented with a small open or solid green triangle.

b. Whether the triangle is open or solid green depends on a "fill-in" threshold set by the PUP operator for a specific percentage of occurrences.

2. Probability of Severe Hail (POSH) -Represented by a larger green triangle, again with the solid green triangle representing a "fill-in" threshold.

3. Maximum Expected Hail Size (MEHS)

a. Displayed in the center of the POSH symbol rounded to the nearest inch from 1 to 4.

b. If a cell has hail identified that is less than 3/4 inch, then an asterisk (*) will be placed in the center of the POSH symbol.

4. The attribute table  

a. Lists the Cell ID, Azimuth and Range, POSH or POH, the MEHS (to the nearest 1/4 inch)

b. Last line in the table identifies the altitudes of the temperatures and the date/time at which the information was last updated.

c. Each page of the table can contain up to 6 cells and cells are ordered first by POSH, then by POH.

d. Parameters of POH, POSH, and MEHS will be displayed in the Composite Reflectivity Combined Attribute Table and the Hail Index alphanumeric product available at the Applications Terminal.  

k. Limitations  

1. HDA needs as input, accurate and timely measurements of the MSL altitudes for the 0(C and -20(C levels.

2. Failure to update this information (at the UCP) will degrade the algorithm’s performance.

3. The maximum hail processing range is 124 nm.

a. The values for POH, POSH, and MEHS may fluctuate at longer ranges from the radar, due to the limited number of slices through the cell.

b. Values will also fluctuate at close ranges, especially in VCP 21, due to gaps in coverage.

c. For cells beyond 124nm, hail is identified as UNKNOWN.  This range is adaptable (OSF level of change authority).

4. Overestimation of POSH and MEHS

a. Tends to overestimate the chances and size of hail in weak wind and tropical environments.

b. Accuracy of the hail estimates partially depends upon the accuracy of cell (component) information.

5. The Hail Index product provides an indication of a storm's potential to produce hail and the HDA has shown a very high probability of detection of cells that contain severe hail, especially greater than one-inch diameter hail.

a. However, the HI product should only be used as a guide, and not as a stand-alone product.

b. Use to cross correlate with indicators from other products.

l. VIL 

1. Properly calibrated daily for local use, VIL can be used as a threshold for severe weather, particularly hail.

2. VIL of the Day

a. Can represent the threshold that was first identified to cause severe weather in the general area of your station.

b. Value can be used to predict other severe weather events occurring the same day within the same air mass.

3. "Significant" or high VIL values vary from location to location, season to season, as well as from one weather system to another.

m. Cell trend 

a. There is an increase in the height of maximum reflectivity by 8,000 feet or greater to 18,000 feet or greater.

b. There is an increase in cell-based VIL of 10 kg/m2.

c. Watch for changing storm cell structure and the trends related to the storm.

d. Any quick change in a cell’s structure is usually a precursor indicating a cell characteristic has changed or is changing.

e. These changes can be associated with the development or decay of a severe storm.

f. Like any other tool, should not be used as the sole determination of hail probability in storms.

n. LRM 

1. The mid- and high-level LRM products often give an earlier indication of thunderstorm intensity trends than the VIL product.

2. The LRM would display the maximum reflectivity detected, while the VIL algorithm would compute the liquid water value found in each grid box for every elevation slice for that volume scan, and sum these values over all elevation angles.

3. LRM products would often show a lowering of the reflectivity returns from one level to the next.

4. As the mid- or high-level LRM product reflectivity trend for a particular storm continues to increase, the VILs for a storm will often increase as well.

5. Once the mid- or high-level reflectivity max descends, indicating a lowering of the reflectivity core (hence a weakening updraft), VIL values often display a marked increase in the same volume scan.

6. Since storms strong enough to support such high reflectivities aloft (strong updraft) are probably hail-producers, the LRM can give you additional minutes of lead-time when finalizing the warning decision process.

o. Three Body Scatter Spikes 

1. The TBSS is an anomalous echo resulting from scattering of radar energy in regions of very intense reflectivity.

2. The TBSS has the following characteristics:

a. Extends from a highly reflective, > 60dBZ, echo core.

b. Appears as weak reflectivity, generally < 20 dBZ.

c. Appears as a "spike" from a region of intense reflectivity.

d. Frequently has high spectrum width and low velocity.

e. Typically precedes the largest surface hail-fall and often damaging winds by 10 to 30 minutes because the TBSS is produced by hailstones growing in an updraft and storm mid-levels before descent.

f. The radar operator should interpret the TBSS signature as indicating hail greater than 1 inch is falling or will fall from the storm.

p. Hail Spike 
1. Another feature you may see is a narrow elongated reflectivity "hail spike" extending above the storm's top due to side lobe contamination.

2. This feature may be an indicator of a hail-producing storm.

q. Velocity products 

1. Storm-top divergence is a small-scale signature associated with a strong updraft in a thunderstorm.   

2. It provides a measure of updraft intensity, can be related to maximum hail size, is an early indicator of a change in storm intensity, and works best with isolated storms.

3. Determine maximum velocity difference:   

a. (|Vout| +|Vin|), where Vout = Maximum Outbound Velocity and Vin = Maximum Inbound Velocity.

b. To make sure you are examining divergence and not rotation, the line connecting Vout and Vin cannot be skewed > 45( from the radial.

c. If maximum velocity difference  > 75 knots, maximum hailstone diameter often exceeds 3/4 inch.

d. Using the Velocity Difference (( V) Guideline - Values to Hail Size below, determine maximum hailstone size (This guide is also located in the WSR-88D Handbook PUP - page R-6).   

4. Storm Relative Region (SRR) or Severe Weather Analysis Velocity (SWV) product can be used to attain higher velocity values.

5. Limitations. 

a. Examining storm-top divergence can be time consuming since the correct elevation angle must be used to sample the storm top.

b. Another difficulty lies in the fact that at close ranges when using high antenna tilt angles, the radar will not be sampling the same altitude across the storm top.

c. Finally, you often will likely be warned by some other method first (detection of large WER/BWER, high-reflectivity core aloft, etc.).



Summary:  We have covered the use of Doppler radar, base products and some derived products. They can be very useful tools and provide valuable information in good or bad weather and provide real time atmospheric data.

Application:  Recognition of radar features takes practice and time.  In the short term though, the student should be able to recognize basic features and phenomenon.  

Evaluation:  Use the EEP for the student to practice and evaluation.



CONCLUSION


Summary:  You have just completed Block I, Analysis.  You have been taught many different areas of analysis, from basic weather analysis to radar and METSAT feature recognition.  You will now are able to place lows, highs, fronts, and other features you learned using a combination of charts, vertical products, radar, and satellite imagery.

Re-motivation:  The skills you have learned will be used the rest of your weather career, whether it is a few years or 20 years.  Do not forget this information and strive to perfect it to the point you can analyze any weather situation.  The analysis skills you have learned here will be applied in the next 3 blocks as you continue your training.

Assignment:  None

Closure:  This concludes your training in Block 1, Analysis.  You will be given direction on what your next step will be.
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