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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 power point presentation on the same subject.  The lesson plans are not stand alone documents and are designed to compliment subject knowledge in the Career Development Course and additional training conducted by Operational Weather Squadrons (OWS).  The lesson plans are not all-inclusive and do not cover all the 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. 

2. The lesson plans will help you guide the forecaster apprentices to accomplishment of 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 is built on prior lessons or information they may of learned 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 learning 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 they 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 power point 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 a grasps of the material.

Evaluation:  Learning is a change in behavior.  This observable behavior change helps to determine if the student have 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 Qualification Training Package.  Once you, as the trainer, have ensured that the trainee is qualified to perform the task, a certifier will then evaluate him/her.  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 3.1 – Decode Terminal Aerodrome Forecasts (TAFs)

Reference 

11. QTP: Volume 2 Met Watch and AFMAN15-124

·  FAA Advisory Circular 00-45

·  Aviation Weather Services

· NWS Operations Manual

·  NAVMETOCCOMINST Instruction 3143.1F.

STS: 10.2.4.1. Terminal Aerodrome Forecasts (TAF)

Introduction







TIME:

In this lesson you will learn how to decode a Terminal Aerodrome Forecast (TAF).  We will spend some time referencing the symbolic format.  Although it is important that you understand the symbolic format, the real emphasis is on being able to decode a TAF to satisfy operational requirements—see objectives below.

Overview:  Objective(s):  

Given necessary data and resources decode a prepared Terminal Aerodrome Forecast using the USAF, NWS and US Navy/Marine Corps version of the code to the Go/No Go level without assistance.

Power Point Presentation: PP version 3.1

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

Body Time







TIME: 

________________________________________________________________________Presentation Method
:





LECTURE:

1. AFW TAF general information.


a. Sample of customers who may use forecasts:

1. Air Traffic Control

2. Weather community -- other bases (alternates), National Weather Service, foreign weather service

3. Other personnel who have an operational need to see the TAF.

b. Unless specified otherwise, forecast elements in the TAF apply to the areas within a 5 statute mile (8000meters) radius of the runway complex.

c. Elements forecasted in the TAF represent the most probable conditions expected to occur during the forecast period.  

2. Forecasts are written in a standardized format that is recognized by all meteorological organizations.  This code is based on standards established by the World Meteorological Organization.  In AFW the code is referenced in AFMAN 15-124 and in AFMAN 15-111.

3.  Location Identifiers (CCCC)

a. Each weather station location that issues a TAF 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.

a. K for Conus and contingency operations

b. E for Europe

c. P for Pacific

c. The next 3 letters identify the station location.  Station locations can be located using the station location identification pamphlet (ICAO Document 7910, Location Indicators)

a. KOFF is Offutt AFB

b. EGUL is Lakenheath England

c. PWAT is Fort Wainwright Alaska

4.  Message Identifier.  After the location identifier are the letters TAF.  This is the contraction used for a Terminal Aerodrome Forecast.  The message identifier is recognized by the automated weather network and is useful in data basing and routing information.

5. AMD or COR GGgg.  Occasionally when decoding a TAF you may see three letter contractions following the message identifier.  Only one of these modifiers can appear after the message identifier although they can be used together in the remarks section of the forecast. The three most commonly used modifiers are:

a. AMD.  Modifier for an amended TAF.  Amendments are issued for the entire remaining period of the TAF. This informs you that the forecaster amended the TAF in the interest of safety, efficiency of aircraft operations, flight planning, operational control, or in-flight assistance to aircraft to ensure the forecast is representative of actual or forecast conditions. 

b. COR.  Modifier for a corrected TAF. 

c. RTD.  Modifier for a TAF filed past its schedule time.

d. As the last entry in the TAF, the forecaster enters "AMD” or “COR” and the coordinated universal time (UTC) that the forecast was amended or corrected (e.g. AMD 2015). .  Unlike COR and AMD, the RTD forecast does not have an entry at the end, indicating when it was issued.

6. TAF Code Format.

a. Valid period (YYG1G1G2G2).  Decoding a TAF requires that you understand when the forecast is valid for.  

1 The valid period consists of the current date and 24 hour period of the forecast, except for amended TAFs.  

2 Amended TAFs are valid from the current hour until the end of the original TAF.

3 Examples:

a. Original TAF 021212Z valid for 24 hours.

b. Original TAF amended at 0115Z would appear as 030112Z. TAF valid for 20 hours.

b. Surface wind direction, speed and gusts, if any (dddffGfmfmKT) will follow the valid period of the TAF.

1 ddd.  The wind direction is from the direction the wind is blowing from to the nearest 10 degrees true. When you relay winds from your duty station, brief the winds in degrees MAGNETIC (be sure to remove any magnetic-to-true correction).

2 If the direction is forecasted to be varying by more than 60 degrees, the prevailing wind direction will be shown and the degree of variability will be shown in the remarks section of the TAF.  
3 When the wind direction can’t be forecasted accurately you will see the contraction VRB used for the direction.  
4 Examples:
a. WND 270V350 in remarks
b. VRB05KT can only be used when the wind speed is 6kts or less.
c. 00000KT will be shown for a calm wind.
c. ff.  Mean forecast wind speed in whole knots.  If the wind speed is 100 knots or more, three digits will be used for wind speed.

1 On occasions when the wind isn’t forecasted to be in a steady state you will see additional information appended to the wind speed.

a. Gfmfm.  Wind gusts are encoded in the TAF when they exceed a mean wind speed of 10 knots or more by 5 knots or more.  Gust of 100 knots or more will be in 3 digits.  EX. 12012G20KT 

b. Squall.  When a squall is forecasted as a weather phenomena you will see the contraction SQ after the forecasted wind speed.  EX. 03030SQ45KT.

2 KT.  Units indicator for wind speed.

d. VVVV.  Prevailing visibility will be displayed in meters, rounded down to the nearest reportable value. When decoding a TAF overseas you relay the visibility in meters, however in the CONUS you must convert the visibility to statute miles.  (Refer to table).

1 The visibility will always be displayed using all four digits for example 0000 is used for zero visibility, 0400 would represent a ¼ mile visibility, 9999 would be used for visibility exceeding 7 statue miles and above.  

2 When the visibility is 9000 meters or less additional information will be displayed following the visibility group.

e. w’w’.  Weather and obstructions to vision.  (Refer to table).

1 Only one w’w’ group is normally included in any one forecast period unless one group will not adequately describe the forecast situation. 

2 In questionable cases the forecaster will enter the most significant weather to aircraft operations.

3 FC represents a funnel cloud and this will always take precedence over all codes.

4 Weather groups will be entered in the TAF using a predefined format.

a. Intensity/promimity

b. Descriptor

c. Weather phenomena

d. Example:  +SHRA (heavy showers of rain)

5 NSW.  When a predominant forecast condition is encoded with a w’w’ and a new BECMG or FM line appears in the TAF and no significant weather is forecasted you will see the contraction NSW in place of w’w’.

6 Vicinity (VC) is used to forecast weather occurring from 5 to 10 miles of the station.

f. NsNsNshshshsCC or VVhshshs or SKC.  Cloud layer group.  This group can be repeated as often as necessary by the forecaster to indicate all forecasted cloud layers.

1 Clouds will appear in ascending order (lowest first)

2 Cloud amounts.

a. The contraction SKC is used when the sky is clear.

b. Few (FEW) will be used to represent a trace of clouds to 2 oktas.

c. Scattered (SCT) represents 3 to 4 oktas.

d. Broken (BKN) represents 5 to 7 oktas.

e. Overcast (OVC) represents 8 oktas.

3 Format:

a. Cloud amount (FEW, SCT, BKN, OVC), followed, without a space, by the height of the base of the cloud layer.

b. Summation principle applies.  This principle states that the sky cover at any level is equal to the summation of the sky cover of the lowest layer plus the additional sky cover at all successively higher layers up to and including the layer being considered.  No layer can be assigned a sky cover less than a lower layer.

c. VVhshshs.  When the sky is totally obscured the forecaster will encode the vertical visibility VV followed by hshshs.

4 Ceiling Height.  The ceiling height is defined as the height above the earth’s surface of the lowest layer reported as broken or overcast or the vertical visibility into an indefinite ceiling.

a. All ceiling layers are considered to be opaque.

b. Therefore no ceiling remark is necessary

c. Indefinite ceiling.  The vertical visibility, measured in feet, into a surface based total obscuration which hides the entire celestial dome.

5 Surface Based Partial Obscuration.  The forecaster will encode as FEW000, SCT000, or BKN000, as appropriate to indicate a surface based partial obscuration.

a. A remark will appear in the remarks section indicating the phenomena

b. Example:  FG SCT000 would indicate the weather element causing the obscuration is caused by fog and layer amount is scattered.

c. The partial obscuration is included in the summation computation.

6 Variable Sky Condition.  If two or more significant sky conditions will alternate frequently from one to the other, the forecaster will describe the situation with a TEMPO group.  The forecaster will not use a variable sky condition remark.

7 Hshshs.  The forecaster forecasts the height of the clouds in AGL of cloud base to:

a. the nearest 100 feet from surface to 5,000 feet

b. the nearest 500 feet between 5,001 and 10,000ft 

c. the nearest 1,000ft above 10,000 feet.

8. CC.  Cloud type.  The only cloud type that you will see in the TAF is Cumulonimbus.  The contraction CB will be appended if any Cumulonimbus clouds are expected.

9. CAVOK.  Occasionally you will see this term appear in a forecast.  The term isn’t used by any US forecast stations.  The term is used in place of VVVV, w’w’, and NsNsNshshsh when any of the following are forecast to occur simultaneously.

b. Visibility, 10 Kilometers or more.

c. No clouds below 5,000 feet or below the highest minimum sector altitude, which ever is greater and no Cumulonimbus

d. No precipitation, thunderstorms, duststorms, sandstorms, shallow fog, or low drifting dust, sand, or snow.

Interim Summary: Decoding a TAF will become almost second nature to you the more you practice. In this portion you have learned the significance of location identifiers, visibility, weather and cloud heights.  You also learned some new terms like CAVOK and how to recognize a partial obscuration in a TAF.  Visibility and cloud heights have to follow specific guidelines and can’t be used indiscriminately.  We will continue to expand our knowledge about the TAF code and learn about icing, turbulence, pressure and various remarks that may be appended to the TAF code.

g. 6IchihihitL.  When icing is expected to occur at a forecast location and it isn’t associated with thunderstorms the forecaster will enter an icing group. The forecaster may repeat the icing group when more than one layer is present.  This group will not appear if no icing is forecasted.

1. is the icing indicator

2. Ic. Indicates what type of icing. When more than one type of icing is expected the forecaster will use the highest code figure. (See table)

3. hihihi.  This indicates the icing layer’s base in hundreds of feet AGL.

4. tl.  Thickness of icing layer in thousands of feet.  When a layer is forecasted to be thicker than 9,000 feet, the icing group will be repeated so that the base of the layer expressed by the second group coincides with the top of the layer given by the first.

5. Icing and turbulence forecasts are for phenomena not associated with thunderstorm activity, from the surface to 10,000 feet MSL for category II aircraft.  Forecasters on occasion may forecast areas above 10,000 feet provided they have coordinated with AFWA.

h. 5BhBhBhBtL.  When turbulence is expected to occur at a forecast location and it isn’t associated with thunderstorms the forecaster will include a turbulence group.  This group will not appear when no turbulence is expected to occur.

1. 5 is the turbulence indicator.

2. Is the turbulence type and intensity. (See appropriate table)

3. hBhBhB.  This indicates the height of the turbulence layer in hundreds of feet AGL.

4. tL. This represents the thickness of the turbulence layer in thousands of feet AGL.  When a layer is forecasted to be thicker than 9,000 feet, the turbulence group will be repeated so that the base of the layer expressed by the second group coincides with the top of the layer given by the first.

5. Icing and turbulence forecasts are for phenomena not associated with thunderstorm activity, from the surface to 10,000 feet MSL for category II aircraft.  Forecasters on occasion may forecast areas above 10,000 feet provided they have coordinated with AFWA.

i. QNHP1P1P1INS.  The forecaster will forecast the lowest expected altimeter setting in inches (nearest hundredth) during the initial forecast period and in each Becoming (BECMG) and From (FM) change group.  This group will not appear in Temporary (TEMPO) groups.  

1. QNH is used to indicate the altimeter setting.

2. P1P1P1P1 represents the lowest altimeter setting.

3. INS is the contraction for inches.

j. Remarks.  Forecasters use remarks to further amplify conditions contained in the body of the TAF.  FAAH 34.10 has a list of the most commonly used contractions.

1. Remarks often refer to geographical reference points and may contain a start and end time.  

2. You will not see the terms OCNL, VC or CB in the remarks section.

3. The remarks section cannot be used to substitute for a BECMG or TEMPO group. Forecasters follow a prescribed order of entry when entering remarks.

4. WSHxhxhx/dddfffKT.  LLWS is a remark to indicate low-level wind shear up to 2,000ft AGL.  Omit this group when no low-level wind shear is forecast. Wind shear format:

b. WS is an indicator meaning wind shear.

c. Hxhxhx is the height at which the wind shear threshold is reached.

d. Ddd is the direction, degrees true, of the forecast wind above the indicated height

e. ff is the speed, in knots, of the forecast wind above the indicated height

f. KT is indicator for knots.

g. Example:  WS015/300035KT

h. Enter the contraction WSCONDS to indicate wind shear beyond six hours which can’t be reliably forecast.

5. Surface based partial obscurations.

a. Forecast Surface Temperature Group T(m)TfTf/GfGfZ.

(1). It is a two-digit temperature in the TAF code for specific times.  

(2). One or more groups may be used to give, for example, forecast temperatures at certain times or to indicate expected maximum temperatures and the forecast time of occurrence.

(3). Example:  T17/20Z forecast temperature of 17C at 2000Z; T08/21Z forecast temperature of 8C at 2100Z; TM09/07Z forecast temperature of minus 9C at 0700Z.

6. DENEB.  Contraction used by stations with fog dispersal capability.  After the contraction the post dispersal ceiling and visibility will be forecasted.  For example:  DENEB SCT010 4800 BR.

7. Change groups are use to indicate changes from the predominate forecast condition at some intermediate hour time (GG) or during a specified period between hours (GG to GeGe).  Forecast times are input by using various change groups.  Change groups help forecasters manipulate the TAF code to forecast ever-changing weather events.

a. BECMG. The change group BECMG GGGeGe will be used to indicate a change to forecast meteorological conditions expected to occur at either a regular or irregular rate at an unspecified time within the period identified in GG to GeGe. .  The FIRST TWO digits in the BECMG time indicate when this change will begin. The SECOND TWO digits show the exact time that this group replaces the previous group. 

c. The time period described by a BECMG group will usually be 1 hour and never exceeds 2 hours.

1. This change to the predominant conditions shall be followed by a description of all elements for which the change is forecast. 

2. The forecast conditions encoded after the BECMG GGGeGe group are those elements expected to prevail from the ending time of this change group (GeGe) to the ending time of the forecast period (G2G2) as indicated by the valid time of the TAF. When the BECMG group is used to forecast a change in one or more elements, the entire element(s) must be repeated. 
8. For example, if the BECMG group was utilized to forecast a decrease in the ceiling and all other forecast layers were expected to remain the same, the entire cloud code group will be repeated, not just the ceiling layer.
a. FMGGgg. The time indicator TTGG in the form of "FMGGgg" will be used to indicate the beginning of a self-contained part of the forecast indicated by the four-digit hour and minutes in "GGgg.  The from (FM) group is used by the analyst to represent a rapid change in weather conditions.  FM is a change within a single hour.  It is encoded in four digits, to the nearest whole minute.

9. When the group FMGGgg is used, all forecast conditions preceding this group are superseded by the condition forecast in this group. 

10. This forecast line shall contain all elements of a predominant forecast line. 

a. For example, if the TAF period is 011212 and a change is forecast at 1420 UTC, the entry "FM1420" shall be encoded. The elements entered on this line are in effect from 1420 UTC to the end of the forecast period, 021200 UTC. 
b. While the use of a four-digit time in whole hours, e.g., 1600, remains acceptable, a forecast and amending events may require a higher time resolution. In this case, forecast minutes should be used. Four-digit (to the nearest minute) resolution will only be used in the FMGGgg group.
c. TEMPO. The change group TEMPO GGGeGe group will be used to indicate frequent or infrequent temporary fluctuations to the forecasted meteorological conditions.  The TEMPO group is the only group that does not replace the group above it.

1. Conditions described by the TEMPO group will occur for less than 1 hour at a time (1 hour 15 minutes for thunderstorms, the extra 15 minutes providing for the 15-minute period between the time thunder is last heard and the thunderstorm is officially ended).
2. In the aggregate, cover less than half of the period indicated by the time GGGeGe. 

8. FNXXT/QCYY. 

a. Final remark of any remotely issued TAF.

b. This will ensure remotely issued TAFs are not included in the automated TAF verification statistics for each supported location.

Interim Summary: Up to this point we have covered all the meteorological elements associated with the TAF and some of the rules associated with the TAF code for example the 5 and 6 group which represents turbulence and icing.  Another important aspect of the TAF code are the change groups which indicate when certain meteorological elements will be occurring and for how long.  

Application:  Before we move on we will do some practice exercises.  After completing the practice exercises we will learn to decode the NWS TAF which is nearly the same as the AFW TAF. 

9.  NWS TAF Code:

a.  General Information.  

1. US definition of an airport is the area 5 statute miles of the center of an airport’s runway complex.

2. Vicinity (VC).  Vicinity is defined as an area between circles with radii of 5 and 10 statute miles respectively, from the center of the runway complex of an airport.

b. TAF Code.  

1 Location Identifier - CCCC. Following the line containing the abbreviation TAF or TAF AMD, each TAF shall begin with its four-letter ICAO location identifier. A complete list of these identifiers is given in ICAO Document 7910, Location Indicators. 

2 Date-Time Group of Forecast Origin - YYGGggZ . Valid Periods - Y 1 Y 1 G 1 G 1 G 2 G 2 and Routine Issuance’s . 

a. The forecast valid period immediately follows the date-time group of forecast origin. 

b. The valid period shall be for 24 hours. 

c. Routine issuances shall begin at the main synoptic times (00, 06, 12, and 18 UTC). The first two digits (Y 1 Y 1 ) represent the date of the month of the beginning of the valid period. 

d. The second two digits (G 1 G 1 ) of the valid period indicate the beginning valid time (two-digit hour) in UTC.

e.  The last two digits (G 2 G 2 ) indicate the ending valid time (two-digit hour) in UTC. 

f. The time of a forecast period beginning at midnight UTC shall be indicated as 00. The time of a forecast period ending at midnight UTC shall be indicated as 24.

g. This group follows the aerodrome’s location identifier. It states the date and time (UTC) of actual forecast preparation. 

3 Wind Group - dddffGf m f m KT . Wind will be expressed in the mean true direction in tens of degrees and the mean speed in knots. 

a. Gusts are defined as rapid fluctuations in wind speed with a variation of 10 knots or more between peaks and lulls.

b. Gustiness is indicated immediately after the mean wind speed by the letter "G" followed by the peak gust speed expected.

c. Calm wind will appear as 00000KT.

d. Variable wind direction will appear as VRBffKT when it is impossible to forecast a mean wind direction, e.g., for very light winds (3 knots or less) or during convective activity. 

e. Wind speeds of 100 knots or more shall be expressed as fff (or f m f m f m , for gusts), i.e., in three digits.

4 Visibility Group. The visibility group (VVVV) is coded in statute miles (SM) and (for lower visibility’s) fractions, leaving a space between them, for example, 1 1/2SM. 

a. If the visibility is not expected to be the same in different directions, prevailing visibility shall be used.

b. Visibility reductions caused by volcanic ash, regardless of the degree, shall always be forecast.

(1). For example, an expected reduction of visibility by volcanic ash to 10 statute miles should be forecast as P6SM VA.

5 Significant Weather Group . The significant weather group (w’w’) consists of the appropriate selection of letters (two or more) giving the expected weather phenomenon/phenomena, preceded as necessary by qualifier(s). 
a. When no significant weather is expected, the group w’w’ (including NSW, meaning "no significant weather") shall be omitted.
b. In many cases, only one weather phenomenon should appear in the TAF at any one time. This will not always apply and forecaster judgment as to weather phenomena to be included shall be the rule.
c. When more than one weather phenomenon (except precipitation combinations) are expected to occur during any one TAF time period, the relevant two-letter code for each will be depicted with one space between them.
d. A qualifier(s), if relevant shall precede, without space, the phenomenon to which it applies.
(1). Examples: -DZ FG, -RA BR, -RA FG, +SN FG.
(2). Note: The "qualifiers" referred to are "minus" (-), meaning "light" and "plus" (+), meaning "heavy". If no qualifier is included, that indicates "moderate" intensity. 
e. In the case of precipitation combinations, for example, +TSRAGR, the intensity categories (light, moderate, and heavy) refer to the precipitation -- rain and hail in this case -- and not to the intensity of the thunderstorm, which is a descriptor. 

f. A visibility threshold must be met before a forecast for fog can be included in the TAF. 
(1). When a fog-restricted visibility that is 5/8SM (1,000 meters) to 6SM (9,000 meters) is forecasted, encode the weather as BR (mist).
(2). When a fog-restricted visibility that is less than 5/8SM (1,000 meters) is forecasted, use code FG (fog).
g. Fog (FG) or mist (BR) will never be encoded when the forecast visibility is greater than 6SM (9,000 meters), i.e. indicated as P6SM.
1 Cloud and Obscuration Group—same as AFW

c. Probability Forecasts. 

1 Probability group (PROBC 2 C 2 GGG e G e ) are used by NWS offices only to forecast the probability of occurrence of a thunderstorm (and associated precipitation).  Precipitation event, along with associated weather elements (wind, visibility and/or sky condition) whose occurrences are directly related to, and contemporaneous with, the thunderstorm or precipitation event. 

2 The PROB group states the forecaster’s assessment of the probability of occurrence of the weather event that follows it. 

a. PROB shall be followed by two digits (either 30 or 40 in NWS-prepared TAFs), giving probability in percent.

b. Four digits (GGG e G e ) giving the beginning and ending hours of the time period during which the forecast condition is expected.

3 The PROB, group will not appear in the first six hours of the valid period of each TAF. 

4 Probability of Precipitation.

a. 6- or 12-hour area precipitation probability (PoP) guidance.

b. Forecaster’s hourly expectations of actual occurrence at an airport.  Can vary over relatively short periods of time but should be synoptically consistent and represent a refinement of the larger area’s PoP. 

5 The PROB group shall be used by NWS offices only to express the probability of occurrence of thunderstorms or precipitation events and associated conditions expected to cover the range of roughly 30 percent to 45 percent, but not including 50 percent. 
a. Probability of the thunderstorm or precipitation event which is expected to equal or exceed 50 percent.
(1). Occurrence of the event will be considered to be a predominant feature of the forecast.
(2). It will appear in the main body of the TAF, in a BECMG or TEMPO group, or following a time indicator (FMGGgg) group. 
d. Change groups.  The change groups FM, BECMG, and TEMPO are for all practical purposes the same as AFW TAF.
Interim Summary: One of the new concepts you learned concerning the NWS TAFs was the use of probability forecasts.   This is one of the main differences between the AFW and NWS TAFS 

Application:  Before we proceed to learn about USN/USMC TAFS you will practice decoding a few NWS TAFs.
10.  US Navy and Marine Corps TAF Code. 

a. General Information. The forecast elements in the main body of the forecast text (winds, visibility, present weather, sky cover layers, etc.) apply to the airfield control zone as delineated in the base operations manual or local forecaster’s handbook. 
1 When formulating a forecast, the forecaster will make every effort to properly present a representative outlook of the forecast elements for the valid period. 

2 Whenever possible, the forecaster will avoid redundancy and ambiguity. When conditions warrant, the TAF will reflect the forecast conditions of nationally issued and locally prepared weather warnings and advisories.
3 TAF applies to the airfield control zone as delineated in the base operations manual or local forecaster’s handbook.
4 Issue time 0300, 0900, 1500, and 2100 UTC.

b.  The message header shall begin with the four-letter ICAO location identifier (CCCC).

1 Followed by "TAF"; the (AMD/COR/RTD) indicator, as applicable.

2 Followed by the valid forecast period, day and time, (Y1Y1G1G1G2G2). 

3 Amendments.

a.  The ending time will be the standard time of the forecast period designated by "G2G2"; e.g., if the 041515 TAF were amended at 041700, the Y1Y1G1G1G2G2 for the amendment would be encoded as 041715.

b. The abbreviation "AMD" represents amended TAF.

c. "RTD" for routine delay.

d.  "COR" for a correction.

c. dddffGfmfm. Surface wind direction and speed including gusts, when applicable.

1 ddd. Forecast prevailing true wind direction (from which the wind is blowing) to the nearest 10 degrees.

2 When the wind direction is expected to vary by 60 degrees or more, the prevailing wind direction will be "ddd" and the limits of the variability will be in remarks (e.g., WND 270V350). 

3 The contraction "VRB" is used when the wind speed is 6 knots or less or, in the rare occasions, when it is impossible to forecast a single wind direction at wind speeds exceeding 6 knots.  For example, airmass thunderstorms where the exact location of formation and movement cannot be forecast.

4 ff. Forecast mean wind speed in whole knots. When the speed is forecast to be 100 knots or more, three digits will be used.

5 Calm Wind. dddff is "00000KT".

6 Gfmfm. Forecast maximum wind gusts in whole knots. A gust will be forecast when the peak wind is expected to exceed the wind lull by 10 knots or more.

7 When the wind gust is forecast to be 100 knots or more, three digits will be used.

8 KT. Units of measure indicated in knots.
d. Forecast the prevailing visibility in meters, rounded down to the nearest reportable value. The forecaster will include weather and/or obstructions to vision (w’w’) whenever the prevailing visibility is forecast to be 9000 meters or less.

e. Weather and Obstruction to vision.
1 The forecaster uses the best combination of weather to describe the forecast condition.
a. The order of precedence is tornadic activity (FC/+FC).
(1).  thunderstorms (TS).
(2).  precipitation type(s) with predominant first (intensity applies only to first, most predominant type of precipitation). 
b. Obstructions to vision. 
(1). Shallow ground fog, MIFG, is used when the fog depth is less than 6 feet and not expected to obscure any part of the sky. 
(2). PR is used to describe fog "covering part of the aerodrome" for example PRFG. 
(3). BR (mist) is used when the prevailing visibility is expected to be 5/8’s of a mile or more.
(4). FG (fog) is used when the prevailing visibility is expected to be less than 5/8’s of a mile. 
2 Volcanic Ash (VA), is used always when volcanic ash restricts visibility.

f. NsNsNshshshs. Sky Cover group. This group will be reported as often as necessary to indicate all forecast sky cover layers to the first overcast 8/8 layer. Layers are arranged in ascending order of cloud bases (i.e., lowest layer first).

1  Encode SKC to forecast a clear sky. 

2 All clouds and layers are considered to be opaque.

3 NsNsNs. The sky cover amount NsNsNs is:

a. sky clear, SKC, (no clouds).

b. few, FEW, (1 to 2 oktas).

c. scattered, SCT, (3 to 4 oktas).

d. broken, BKN, (5 to 7 oktas).

e. overcast, OVC, (8 oktas).

f. followed without a space by hshshs. 

g. The summation principle applies. The summation principle shall be used when forecasting sky cover layers up to and including the first overcast layer.

4 hshshs.  The forecaster  forecasts the height of the clouds in AGL of cloud base to the:

a. nearest 100 feet from the surface to 5,000 feet.

b. nearest 500 feet from 5,000 feet to 10,000 feet.

c. nearest 1,000 feet above 10,000feet. 

5 Sky cover from the surface to 50 feet are considered to be surface based and encoded as 000.

6 Cloud Reporting. Types of clouds, other than cumulonimbus will not appear in the forecast.

a.  Cumulonimbus clouds, when expected, shall always be indicated as a separate layer, forecasted for independently if above the OVC layer, and designated by appending the letter abbreviation CB to the cloud group without a space (i.e., SCT005CB).

7 Obscurations

a. Partial. Partial obscuration are no longer considered distinct meteoro-logical phenomenon, but will be considered as the first layer in the sky cover group.

b. Total. VVhshshs. When the sky is expected to be totally obscured, the group VVhshshs shall be used in lieu of NsNsNshshshs. 
c. The indicator "VV" shall be entered followed by the vertical visibility in hundreds of feet AGL. 
8 If two or more significant sky conditions will alternate frequently from one to the other, the conditions will be described in a TEMPO group.

g. WShwshwshws/dddffKT. Non-convective Low Level Wind Shear group. 

1 This group is used only to forecast wind shear not associated with convective activity, surface to 2000ft AGL.
2 WS. Low Level Wind Shear indicator. hwshwshws. Forecast height of the base of the wind shear zone in hundreds of feet AGL.

3 ddd. Forecast wind direction, tens of degrees true, in the shear zone.

4 ff. Forecast wind speed in the shear zone.

5 KT. Units indicator, knots.

6 WSCONDS. Optional, less specific, wind shear indicator group.

h. 5BhbhbhbtL. Turbulence group. This group is used only to forecast turbulence not associated with a thunderstorm (thunderstorms imply severe or extreme turbulence). Omitted when no turbulence is forecast.
1 "5". Turbulence indicator.

2 "B". Turbulence type and intensity. As a matter of emphasis, extreme turbulence shall be encoded with an "X".

3 hbhbhb. Height of the turbulence layer’s base in hundreds of feet AGL turbulence base layers below 100 ft as "000".

4 tL. Thickness of the turbulence layer in thousands of feet AGL. When a layer is forecasted to be thicker than 9,000 feet, the turbulence group is repeated so that the base of the layer expressed by the second group coincides with the top of the layer given by the first. When multiple layers are forecast which are not related to each the layers will be in ascending order.

i. 6IchihihitL. Icing group. This group is used to forecast icing not associated with thunderstorms (thunderstorm forecasts imply moderate or greater icing). This group is repeated as often as necessary to indicate multiple icing layers. Omitted when no icing is forecast.  

1 “6” Icing indicator.
2  I is the type of icing.  When more than one type is expected within the same stratum, encode the highest code figure.  (Use appropriate table).
3 hihihi. Height of the icing layer’s base in hundreds of feet AGL from icing base layers forecasted below 100 ft shall be encoded as "000".

4 tL. Thickness of the icing layer in thousands of feet from table. When a layer is forecast to be thicker than 9,000 feet, the icing group is repeated so that the base of the layer expressed by the second group coincides with the top of the layer given by the first.

5 When multiple layers are forecasted which are not related to each other, they will appear in ascending order.

j. TTFTF/GFGFZ Temperature Group. This is an optional group.
1 T. Temperature indicator.

2 TFTF. Forecast maximum or minimum temperature, as applicable to the time of day. Encoded as a two-digit forecast as applicable to the time of day. Encoded as two digit forecast temperature in whole degrees Celsius, prefixing a minus temperature with an "M".

3 GFGF. The time at which the maximum or minimum temperature is expected to occur (UTC). 

k. QNHPIPIPIPIINS. Lowest altimeter setting expected (in inches) during the initial

forecast period and in each BECMG and FM group. 

1 QNH isn’t in a TEMPO group.

2 QNH. Altimeter setting indicator.

3 PIPIPIPI. Forecasted lowest altimeter setting in inches.

4 INS. Units of measure, inches of mercury.

l. Ceiling Identification. The lowest forecast broken or overcast layer, or total obscuration, is automatically considered to be the ceiling. No ceiling remark is required.

m. Remarks. The remarks section is not intended as a "catch all".

n. Contractions. Use the FAAH 7340.

1 Vicinity. The proximity qualifier "VC" may be used only for airmass weather when the weather is expected to occur within the local forecast area; e.g.,VCSHRA W translates to rainshowers vicinity west. 

2 Last TAF. This contraction is used for stations that temporarily close for any duration of time, the last TAF will include the statement "LAST NO AMDS AFT YYGG NEXT YYGG" (where YY is the day of the month (UTC) and GG is the time, to the nearest whole hour (UTC).

Summary:  We have covered basic facts about decoding TAFs, it is important that you understand how to properly decode a TAF and apply the information to your operations.  It is also just important that you have the opportunity to practice your newly learned skill.  You will have several opportunities to practice before your final evaluation. 

Application:  Give the students several TAFs 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 3.2 – Evaluate Weather Cross Sections

Reference QTP: Volume 2 Meteorological Watch (Metwatch) and FYI #46

STS: 13.15 Analysis

Introduction

Overview:  The meteogram is a forecast graphical depiction or “snapshot” of the atmosphere presented as a time - height or vertical cross section product.  Each meteogram is produced for one specific location. The meteogram is based on the output of a atmospheric computer model and presents an easy to read depiction of many atmospheric parameters for a given time period on one product.

Objective: The trainee will successfully demonstrate the performance aspects of how to analyze vertical cross section products (Meteograms) for use in metwatch to a go/no go stanadard.

Power Point Presentation: PP version 3.1

Handout:  QTP Exercise-Evaluation Package, QTP Trainer Guide, Student Workbook (PP slides).
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LECTURE

1. Background

a. Third Weather Wing developed FOUS data “cross over” charts in 1980s.

1. Presented Limited Fine Mesh (LFM) model output in a graphical form.

2. Parameters forecasted 

a. Onset time of precipitation.

b. Ceiling changes.

c. Visibility changes.

3. Data was hand plotted from FOUS bulletins.

a. Very tedious.

b. Time consuming.

4. Operational forerunner of meteograms used now.

b. Meteogram use grew in the 1990s with growth in supercomputer power.

c. Today meteograms are produced from outputs of several atmospheric models.

d. Meteograms readily available through JAAWIN and the internet four times daily.

Interim Summary:  We just discussed the background of the meteogram, now lets see what types of meteograms are available for our use.

2. Types of Meteograms

a. Military (AFWA produced)

1. Designed for operational aviation use as well as surface forecasting.

2. Produced for pre-selected installations, locations, routes and ranges.

3. Interactive meteograms available for user defined locations.

4. Interactive meteograms available for a specific mission or use.

5. Available every six hours for MM5, four times daily.

a. Army meteogram.

(1). Wind, clouds, temperature and relative humidity data for lower 4,000 feet.

(2). Altimeter setting.

(3). Density Altitude.

(4). Cloud cover expressed as a percentage.

(5). Visibility in kilometers.

(6). Surface wind speed and direction.

(7). 3-hour precipitation.

(8). Surface temperature and dewpoint.

(9). Absolute humidity.

b. Severe weather meteogram.

(1). Wind, temperature, clouds and relative humidity data surface to 53,000 feet.

(2). SWEAT index.

(3). CAPE index.

(4). Lifted Index

(5). EHI index.

(6). K Index.

(7). Storm Relative Helicity.

(8). Convective Inhibition.

(9). Lid Strength Index.

(10). Precipitable Water.

(11). Precipitation.

(12). Hail Size Potential.

(13). Surface temperature, Dewpoint, Heat Index or Wind Chill (season dependent).

c. Electro-optical meteogram.

(1). Wind, temperature, clouds and relative humidity data surface to 11,000 feet.

(2). Sea level pressure.

(3). Absolute Humidity.

(4). Surface Wind Direction and Speed.

(5). 3-hour precipitation.

(6). Surface Visibility.

(7). Cloud Cover expressed as a percentage.

(8). Surface temperature and dewpoint.

b. Civilian

1. Designed primarily for surface weather forecasting.

1. Produced for pre-selected locations.

1. Interactive meteograms available for pre-selected locations.

1. Atmospheric parameters can be user selected.

1. Wind data can be included with other parameters or produced separately.

Interim Summary: We just discussed the different types of meteograms available to you the forecaster. You have a lot of flexibility in which meteogram you use depending on your customer’s mission and how each atmospheric model is performing. Next, let’s talk about the use of meteograms.

3. Use of a Meteogram

a. Provides a visualization of forecast conditions for a specific location.

1. Forecast trends/values for up to 19 atmospheric parameters.

2. Forecast for lengths of 48 hours, 60 hours, 72 hours or 17 days (MRF).

b. Provides guidance to forecasters for otherwise data sparse locations.

c. Visually flags the timing of active weather.

d. Provides a lot of information on one product.

e. Easy to read.

f. Saves time over interpreting multiple traditional atmospheric horizontal- depiction products.

Interim Summary: Now that we covered the uses of meteograms let’s look at how to interpret them.

4. Interpreting Meteograms

a. Parameters are displayed in graphic charts.

1. Arranged on a time-height axis or time-value graduation axis.

2. Parameter, values and units labeled on vertical axis.

3. Time in hours (UTC) or days for the MRF labeled on horizontal axis.

b. NOAA’s Air Resources Laboratory (ARL) meteograms are contained on two pages and AFWA meteograms are contained on one page.

c. Select which model output to use.

1. Know which model is performing well in current meteorological situation.

2. Available meteograms from ARL and AFWA based on the following models.

a. Mesoscale Model Version 5(MM5).

b. Nested Grid Model (NGM).

c. Rapid Update Cycle (RUC) Forecast Model.

d. Aviation Model (AVN).

e. Eta Model (ETA).

f. Medium Range Forecast Model (MRF).

g. Regional Atmospheric Modeling System (RAMS).

d. Examine overall synoptic weather situation using horizontal products

e. Initialize meteogram before use as it is the output of a computer model.

1. Compare values with current observational data and adjust.

2. Disregard meteogram if comparison of current data and forecast parameters show large discrepancy in conditions and/or values.

3. Precipitation forecast without clouds is indicative of convective precipitation.

f. Cross relate data contained in separate sections of the meteogram.

1. Can identify possible flaws in model output.

2. Can identify synoptic weather system movement, i.e. fronts, pressure systems.

5. Arrangement of Meteograms

a. AFWA and ARL produced meteograms similar in design.

b. Arranged on a horizontal and vertical axes graph.

1. Several 2-D graphs or sections compose one meteogram.

a. AFWA meteograms contain upper level parameters and surface parameters on one page.

b. ARL meteograms have upper level and surface parameters on separate pages.

2. Like parameters displayed in same section such as precipitation and type.

3. Horizontal axis of all sections labeled in increments of time; hours or days (UTC).

4. Vertical axis labeled in value increments of respective parameter displayed in that section.

a. ARL meteograms display one parameter per section.

(1). Time graduations every 3 hours.

(2). Solid red lines show forecast values of most parameters.

(a). Wind barbs used for wind direction and speed.

(b). Solid red bars used to display forecast precipitation amounts.

b. AFWA meteograms display two or more parameters per section.

(1). Both left and right vertical axes of individual sections used and labeled with forecasted parameters.

(2). Separate parameters and corresponding value increments displayed on both vertical axes.

(3). Time graduations every 6 hours except for MRF graduations are daily.

(4). Colored solid/dashed lines corresponding to specific parameters show forecast values of most parameters.

(a). Solid colored bars used to display precipitation and severe parameters.

(b). Wind barbs used for wind direction and speed.

(5). Small colored geometric shapes indicate specific forecast value at each six- hour point.

(6). Green colored shading used to display levels of relative humidity.

(7). Cloud layer bases, tops and sides indicated by solid purple line.

c. Span of values for each section is dependent on range of forecast values.

6. Analysing Meteograms

a. Evaluate individual elements for trends.

1. Consider and separate diurnal effects.

2. Consider and separate local terrain effects.

b. Look for relationships among different parameters.

1. Pressure, temperature and wind relationships – frontal movement.

2. Stability, cloud advection and dewpoint relationships – precipitation occurrence.

c. Evaluate the meteogram for vertical consistency.

1. Examine changes occurring in the upper atmosphere.

2. Examine changes occurring at the surface.

3. Try to relate upper level changes to changes at the surface.

7. Things to keep in mind about the meteogram.

a. Only valid for a certain point.

b. Valid for the model grid point closest to the selected location.

c. Data has no statistical enhancements like other forms of guidance.

d. Data comes directly from model output and may or may not have terrain effects built in. Know particular model’s strengths and weaknesses.

Summary: The meteogram is a two dimensional depiction of the forecast state of the atmosphere from one model’s perspective. It contains a lot of information in a compact, useful product for any location that requires a forecast. The meteogram is a product of atmospheric computer models and just like any other model output requires the forecaster’s scrutiny and careful interpretation during use.

Application:

Evaluation:

MODULE 3.3 – Apply Metwatch Techniques

Reference QTP: Volume 2, Meteorological Watch (METWATCH)
STS: 14.11.

Introduction

Overview:  Issue a forecast or brief an aircrew and then “f'gedduhboudit” is not the way we do business in Air Force Weather.  We must follow a process called Meteorological Watch (METWATCH) to constantly monitor weather conditions to see if any changes are occurring or may occur that would affect the mission and cause a forecast to be inaccurate.  METWATCH ensures that a forecast is “on target” and remains that way.  In this lesson, we’ll discuss the purpose of providing METWATCH, and that purpose is to provide better service to supported units--our customers!  After briefly discussing the different types of tools that can be used to perform METWATCH, it will be time to apply those tools and techniques to forecast products.  For this lesson, we’ll cover METWATCH of a Terminal Aerodrome Forecast (TAF), and then, how to METWATCH a flight or mission (MISSIONWATCH). 

Objective: The trainee will successfully demonstrate the performance aspects of how to evaluate current surface, MetSat and radar data, and amend terminal aerodrome forecasts as needed to a go/no standard.
Power Point Presentation: PP version 3.1

Handout:  QTP Exercise-Evaluation Package, QTP Trainer Guide, Student Workbook (PP slides).
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LECTURE

1.  Purpose of METWATCH

a.  Organized way to maintain situational awareness of meteorological conditions for a designated area or within designated areas

1.  Focus on detecting unforecast changes in the weather that impact customers

a.  Incorrect timing or location of significant weather features 

(1)  Precipitation developing

(2)  Reports of moderate or greater turbulence and/or icing occurring

b.  Changes in forecast values 

(1)  Ceiling changes

(2)  Visibility changes

(3)  Wind (direction and/or speed) changes

(4)  Precipitation onset or ending time changes

b.  Combat Weather Teams (CWTs) act as “eyes forward” to assist the Operational Weather Squadron (OWS) in METWATCH

c.  METWATCH requirements (responsibilities and actions) upon detecting the unforecast change(s)
1.  Notify all supported units (customers) 

2.  Amend the forecast product(s) 

2.  Initial Steps in Performing METWATCH

a.  Know what conditions were originally forecast

b.  Determine what environmental changes to look for--may favorably or unfavorably impact the customer mission(s)

c.  Follow in place procedures 

1.  Identify all geographic areas, information, products, and services requiring METWATCH

2.  Know the minimum set of air and ground mission-limiting aerospace weather parameters

3.  Follow frequency and duration checks for air and ground mission-limiting aerospace parameters

4. Outline actions taken when forecast conditions change

5. Follow your customers mision and type of aircraft and weapons

Interim Summary: We just discussed the purpose and how to provide METWATCH, i.e. to provide better service to supported units--the customer.  Next,we’ll discuss the AFWA-, OWS-, Navy-, NWS-, and other meteorological location-generated forecast products tools via products on the AWN, T-VSAT, or Internet used to provide better METWATCH.  This list of tools is not all-inclusive and you should include any valid data that is available as part of the METWATCH process. We will also discuss how to exploit these tools to improve your METWATCH.

3.  METWATCH Tools

a.  Real-time Surface Data 

b.  Real-time Upper-Air Data 

c. Meteorological Satellite (MetSat) Imagery (visible, infrared, water vapor, microwave)

1. Create loops to detect cloud motions

2. Use specialized MetSat products like the NWS multi-channel fog product

3. Use enhanced VIS and IR MetSat Imagery for convection and cloud top heights

4. Use SSMI data over water areas for winds and SSTs

5. Use the water vapor imagery to identify upper air features.

d.  Weather Radar

e.  Lightning Detection Data

f.  Pilot Reports (PIREPs)/Air Reports (AIREPs)

g.  Airmen's Meteorological Information (AIRMETs)/ Significant Meteorological Information (SIGMETs)

h.  Non-standard Data Sources 
1.  Remote Weather Sensors
a.  Remote Weather Information System (RWIS) and Remote Ice Detection Sensor System (RIDSS) pavement sensing data (from State DOTs or Airports)

b.  National Cooperative Observer Program (COOPS), Remote Automated Weather Stations (RAWS) additional observation data

c.  HANDAR data

d.  MESONET data

e.  TMOS (Tactical) and ASOS (Fixed) data

(1)  Just beginning fielding for military

(2)  ASOS at shared runways

2.  Tower Cameras/CityCams
3.  Telephone/Radio Reports from off-duty forecasters/observers, flightline personnel, SOF, Civil Engineering, Security Forces/Military Police, Public, etc.

i.  Indigenous products

j.  Model Data (Note: If model data has been initialized and is performing well it can be used as a METWATCH tool)

4.  Exploiting METWATCH Tools

a.  Real-time Surface Data 

1.  Use observations around local area

a.  Rapid text data and trends from JAAWIN

b.  Rapid graphic plots via JAAWIN links

c.  Plotted data generated on AWDS and AMIS using set METWATCH parameters (criteria)

2.  Use surface charts (LAWCs) looking upstream for what’ll be advecting in (keeping continuity)

3.  Use offshore and open water buoy data to monitor sea surface temperatures and wind fetch

a.  Good for locations with sea stratus and sea fog problems

b.  Good for determining sea breeze formation and strength

b.  Real-time Upper-Air Data 

1.  Use constant pressure charts looking upstream for what’ll be advecting in (keeping continuity)

2.  Use soundings (Skew-Ts)

a.  Use the closest station to your location relative to regime upper-air pattern changes

b.  Then look at upstream stations for what changes in the vertical will occur 

c.  Capability to create forecast soundings through JAAWIN (IMAST)

d.  AWDS and AMIS/N-TFS also have the capability to create forecast Skew-Ts

3.  Use Wind Profilers – Mainly concentrated in Central US

c.  Meteorological Satellite (MetSat) imagery (visible, infrared, microwave, and water vapor)

1.  Create loops to detect cloud motions

2.  Use specialized MetSat products like the NWS multi-channel fog product

3.  Use enhanced VIS and IR MetSat Imagery for convection and cloud top heights

4.  Use SSMI data over water areas for winds and SSTs

d.  Weather Radar

1.  Use reflectivity and velocity product time lapses to detect feature(s) development(s) and movement(s)

2.  Use upstream VWP METWATCH to detect low- and upper-level winds and moisture changes 

e.  Lightning Detection data

1.  Monitor local LDS 

2.  Monitor LDS network from JAAWIN to detect how convection is tracking

f.  Pilot Reports (PIREPs)/Air Reports (AIREPs)

1.  Monitor text data for reports around a location

2.  Monitor graphic plots through JAAWIN links

g.  Airmen's Meteorological Information (AIRMETs)/ Significant Meteorological Information (SIGMETs)
1.  Monitor text data for reports around a location

2.  Monitor graphic plots through JAAWIN links

h.  Non-standard data sources
1.  Remote Weather Sensors
a.  Remote Weather Information System (RWIS) and Remote Ice Detection Sensor System (RIDSS) pavement sensing data (from State DOTs or Airports)

(1)  State DOT graphic displays for some states like Iowa, Kansas, Illinois, Pennsylvania, South Carolina

(2)  Some AF bases and shared runways have sensor readouts in Base Ops

b.  National Cooperative Observer Program (COOPS), Remote Automated Weather Stations (RAWS) additional observation data

c.  HANDAR data

d.  MESONET data

(1)  Available graphics for some states like Oklahoma, Colorado, Utah

(2)  Text obs from some states like Texas

e.  TMOS (Tactical) and ASOS (Fixed) data

(1)  When available, network of TMOS and ASOS sites available for real-time data monitoring

(2)  ASOS data at many airports available through NWS and JAAWIN

2.  Tower Cameras/City Cams 
a.  Some locations have fixed remote cameras monitoring the sky

b.  Some cities and TV stations have cameras, called CityCams, that they display on the Internet

3.  Telephone/Radio Reports from off-duty forecasters/observers, flightline personnel, SOF, Civil Engineering, Security Forces/Military Police, Public, etc.

i.  Indigenous products

1.  Overseas
2.  Radar and obs data from national forecast offices and military weather services may be available
j.  Model Data – If model data is performing well versus actual obs and maintaining trustable continuity, continue to use for timing

Interim Summary: We’ve shown how we can exploit the different tools and techniques used in METWATCH.   Let’s move on to how to apply these METWATCH tools and techniques.  We’ll first cover METWATCH of a Terminal Aerodrome Forecast (TAF), and then how to METWATCH a flight or mission (MISSIONWATCH according to the recently released AFMAN 15-135).

5.  Amending TAFs 

a.  Ceiling - When ceiling changes to decrease below the following values or if below increases to equal or exceed:

1.   3,000 feet

2. 1,000 feet

3. 200 feet

b.  Prevailing Visibility - When visibility changes to decrease below the following values or if below increases to equal or exceed:

1.   4800 meters/3 miles

2.   3200 meters/2 miles

3. 800 meters/1/2 mile 

4. Specified as airfield minimum if any below 1/2 mile

c. Weather Warning/Advisory Criteria 

1. Occur, or are expected to occur, during the forecast period, but were not specified in the forecast.

2. Were specified in the forecast, but are no longer occurring or expected to occur during the forecast period.

d.  Surface Winds 

1.  Difference between predominant wind speed and forecast wind speed is equal to or greater than 10 knots and/or 

2.  Difference between observed gust is equal to or greater than 10 knots from forecast gust.

3.  Direction changes by 30° or more when predominant wind speed or gusts are expected to be over 15 knots
e.  Turbulence (not associated with thunderstorms from the surface to 10,000 feet MSL) - Beginning or ending of turbulence first meets, exceeds, or decreases below moderate or greater thresholds (for CAT II aircraft) and not specified in the forecast.

f.  Icing (not associated with thunderstorms from the surface to 10,000 feet MSL) - Beginning or ending of icing first meets, exceeds, or decreases below moderate or greater thresholds and not specified in the forecast

g.  Thunderstorms

1. Incorrect by forecasted start or end time.

h. Miscellaneous

1. Anytime a forecast condition does not occur by the specified hour and is not expected to occur within the next 30 minutes

2. Anytime an unforecast change occurs or is expected to occur, is expected to last at least 30 minutes, and is not forecast by the next whole hour from the time of occurrence.

3. Anytime a temporary group becomes predominant or is not expected to occur.

4. Anytime in the interest of safety, efficiency of aircraft operations, flight planning, operational control, or in-flight assistance to aircraft to ensure the forecast is representative of actual or forecast conditions.

6.  Performing Flight or Mission METWATCH (MISSIONWATCH)

a.  Purpose of MISSIONWATCH

1.  Ensures most accurate weather information provided to warfighter
2.  Improves the mission execution forecast (MEF) process
b.  Performing MISSIONWATCH

1.  Basic steps for MISSIONWATCH

b.  Continuously monitor mission routes, areas, installations, for significant changes that affect operations

c.  Focus on customer-defined mission-limited weather thresholds for specific missions

d.  Maintain situational awareness monitoring battlefield geometries (battlespace) and order of battle on the CTP
2.  Mainly CWT function, but affects OWS

a.  CWT actions upon detecting significant change(s) that affects operations
(1)  CWT will amend MEF 

(2)  Contact customer(s)
(3)  If OWS product(s) contributed to unforecast conditions, inform OWS
b.  OWS actions upon detecting significant change(s) that affects operations
(1)  Contact aircrew or aircrew unit to pass new information and/or rebrief
(2)  Contact affected CWT(s)
(3)  Amend OWS products to reflect unforecast conditions

3.  MISSIONWATCH tools same as those used in METWATCH
a.  Big difference is MISSIONWATCH may cover a much broader area and may involve several locations spread across different OWS areas of responsibility (AORs
b.  Exploit and apply same way as in METWATCH

Summary:  We’ve gone through why we perform the METWATCH process and how to do it.  We’ve looked at incumbent responsibilities and actions that need to be taken when METWATCHing.  Then, we covered the different types of tools we need for METWATCH and how to exploit and apply them, particularly for amending TAFs.  Remember that METWATCH is a continuous process, and you should never let your guard down.  We also briefly touched on a relatively new term, MISSIONWATCH.  MISSIONWATCH is basically the same as METWATCH, just more pertinent to CWTs rather than OWSs.  The tools are the same as are the ways to exploit and apply them to MISSIONWATCH.  Like METWATCH, MISSIONWATCH is continuous as long as the flight or mission goes one.  Be vigilant at all times.

With such a variety of tools and techniques, METWATCH/MISSIONWATCH should be a breeze (pardon the pun).  

Application:

Evaluation:

MODULE 3.4 – Apply Space Weather Products

Reference QTP: Volume 2 Meteorological Watch (Metwatch) and  AFSPC 15-2

STS: 20.3.3 Space Environment

Introduction

Overview: Space weather or the interaction of solar energy and the earth’s atmosphere and magnetic field plays an increasingly significant role in daily military operations.  Daily military operations rely on Command, Control, Communications and Intelligence (C3I) using high frequency (HF) radio, ultra-high frequency (UHF) satellite communication (SATCOM), radar, high-altitude and satellite reconnaissance.  Space weather can effect the technologies used in these missions.  This makes it imperative that you know what space weather is, how it causes impacts, how to apply space products to these missions and alert your customer to any operational impacts.

Objective(s):  Given necessary the necessary data and resources apply space products to 

the customer’s military mission to a GO/NO GO standard.
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LECTURE

b. The Sun’s Composition and Structure

1. Largest object in our solar system.

a. Could hold 1.3 million earths

b. 695,000km radius

2. Atmospheric composed primarily of 92.1% hydrogen, 7.8% helium, 0.1% other gases including oxygen

3. Sun’s Core 

a. Temperature approximately 15,000,000(C.

b. Air pressure is 340 billion times Earth’s sea level pressure.

c. Nuclear reactions take place, hydrogen nuclei are fused together to form helium nucleus or alpha particle.

d. 5 million tons of pure energy is released every second.

4. Sun’s atmosphere

a. Photosphere - surface layer of the sun where sunspots form.

b. Chromosphere – thin layer above the photosphere.

c. Corona – lies above the chromosphere.

(1). Only visibly seen during eclipses.

(2). Extends outward for millions of kilometers.

(3). Temperatures above 1,000,000( Kelvin.

d. Magnetosphere- magnetic field that is very strong and extends out past Pluto.

c. The Earth’s Outer Atmosphere

2 Ionosphere

a. Located within the thermosphere at an altitude from 80 to 400 km.

b. Concentrated layer of ions (particles that carry an electric charge).

(1). High energy solar radiation enters upper atmosphere and strips electrons from oxygen and nitrogen atoms.

(2). Positively charged ions remain behind.

c. Reflects radio signals back to Earth.

d. Sub-divided into three sub-layers, D, E, and F.

(1). D layer is located 60 to 90km in altitude above surface.

(a). Lowest layer in altitude.

(a). Absorbs radio signals which causes a loss of signal.

(2). E layer is located 90 to 140km in altitude above surface.

(3). F layer is located higher than140km in altitude above surface.

(a). Strongest layer in ionosphere.

(a). Refracts HF radiowaves.

(4). Absorptivity and refractivity of the ionosphere can vary depending on several factors including solar and geomagnetic activity.  This in turn affects the reflection of radio waves.

1. The Magnetosphere

d. Tear drop-shaped magnetic field that surrounds Earth.

e. Deflects solar wind around Earth.

4. Space Environment

b. Electromagnetic Radiation

1. Sun emits radiation over the entire electromagnetic (EM) spectrum.

1. Most intense portion of this radiation falls in the visible portion of the EM spectrum.  Most lies in the Near Ultraviolet and Infrared portions. Less than 1% lies in the Extreme Ultraviolet Violet (EUV)/X-ray and Radiowave wings.

1. Solar activity can cause the amount of emitted EUV and X-ray energy to be enhanced by a factor of tens of thousands, over the normal output at these wavelengths.
1. Particle Radiation

1. Solar Wind - Continuous outflow of particles consisting of protons and electrons from the Sun.

1. Interplanetary Magnetic Field (IMF) – spiral shaped magnetic field which emanates from the Sun and guides the outward motion of the charged particles in the solar wind.

1. Solar Wind particles travel at over 400 km/sec.

1. Density of particles is approximately 5 particles per cm3.

1. Magnetosphere

1. Volume of space where Earth’s own magnetic field prevents IMF from entering Earth’s own atmosphere and deflects the IMF around Earth.

1. Shields near Earth environment except near poles.

1. Interaction with IMF causes distortion in shape of magnetosphere

1. Compressed or pushed in on sunward side of Earth also called the magnetosphere’s head.

1. Elongated or stretched outward on side of Earth not facing sun also called the magnetosphere’s tail.

1. Solar charged particles interacting with magnetosphere cause impacts on radar, communications and space-based systems in near Earth environment.

1. Solar Features

1. Sunspots

1. Regions of intense, localized magnetic fields in the photosphere, which is the sun’s surface layer.

1. Cooler areas than the rest of the photosphere and appear dark.

1. Solar flares and other solar activity tend to occur near sunspots.

1. Categorized according to size, configuration and magnetic complexity.

1. Number and intensity of operationally significant solar events positively correlated to number of sunspots.

1. Plage

1. Areas of strong, localized magnetic fields in the sun’s lower atmospheric layer, the chromosphere.

1. Localized magnetic fields cause areas to be denser, hotter, and brighter than in areas surrounding the plage.

1. Best viewed through a filter that passes only monochromatic red light of the Hydrogen-alpha wavelength.

1. Growth of areas can significantly increase total output of electromagnetic energy spectrum particularly in extreme ultraviolet radiation and radiowaves.

1. Is a precursor to sunspot activity and persists longer than related sunspots.

1. Solar flares occur in/or near plage areas.

1. Filaments and Prominences

1. Filaments occur in the sun’s upper chromosphere and/or in the lower corona.

1. Forms dark, ribbon-like features when observed in Hydrogen-alpha light against the brighter, underlying solar disk.

1. When observed on the limb of the Sun they are called prominences. Appear as bright features in contrast to the darker Corona.

1. Solar disturbance occasionally cause supporting magnetic fields to expel the charged particles in a filament or prominence outward from the sun called an eruptive prominence.

1. Can cause geomagnetic disturbance in the near-Earth environment.

1. Ejected particles usually arrive 72 hours after the eruption on the sun.

d. Solar Cycle

1. Based on times between maximum and minimum occurrence of sunspot activity.

2. Is an average of 11 years, varies between 8 and 15 years.

3. Approximate 4-year rapid rise to a Solar Maximum.

4. Gradual 7-year decline to a Solar Minimum.

5. System designers, operators and users are lulled into a state of complacency during Solar Minimum.

a. Systems are designed and built with no hardening to space impacts.

b. Unhardened systems are cheaper.

6. Greatest potential for large solar flares are actually during 2 to 3 years after a Solar Maximum.

7. Solar activity DOES occur during Solar Minimum.

e. Solar Flares

1. Prime cause of solar activity.

2. Explosive release of both electromagnetic energy and charged particles.

a. Consists of enhanced X-ray, EUV, radiowave and particle emissions

b. Sufficient to cause interference and adverse impacts to radar, communications, and space systems in near-Earth environment.

c. Hard to predict exact occurrence although forecast of likelihood of occurrence is possible together with probable flare characteristics.

3. Represents approximately 1/100,000th of the total solar energy output.

4. Classified according to their optical or X-ray characteristics

a. Optical classification is made after filtering by Hydrogen-alpha light.

(1). Size categories range from 0, the smallest, to 4, the largest.

(2). Brightness categories are faint (F), normal (N), or brilliant (B).

b. X-ray flare classification determined by measuring peak energy flux.

(1). Class categories are A (the weakest), B, C, M and X (the strongest).

(2). Measured by geosynchronous satellite because Earth’s atmosphere absorbs all solar X-rays before they reach the surface.

3. Geophysical Activity

a. Disrupts Earth’s magnetosphere and adversely affect radar, communications and space operations.

b. Caused by the interaction of IMF and Earth’s magnetosphere.

1. Solar wind sends a shockwave that ripples through magnetosphere (like snapping a rubberband).

2. Magnetic lines in magnetosphere’s tail reconnect and shoot trapped charged particles toward the darkside of the Earth.

a. Some of these particles stay over equator and feed into the Van Allen Radiation Belts.

b. Some of these particles follow the geomagnetic field lines and locate over the northern and southern latitudes (or auroral zones).

(1).  Result is geomagnetic and ionospheric storms.

(2). Storms and thus associated impacts occur mostly during night.

c. Geomagnetic Storm

1. Rapid variations in Earth’s magnetic field

2. Measured by either space or ground-based magnetometers.

3. Occurs 24 to 72 hours after its causative solar flare, eruptive prominence or passing of a discontinuity in the solar wind.

4. Six levels of global geomagnetic activity; Quiet, unsettled, active, minor storm, major storm and severe storm.

a. Potential for Impacts based on levels of activity.

(1).  Low for quiet and unsettled.

(2). Moderate for active and minor storm.

(3). High for major storm.

(4). Very high for severe storm.

d. Ionospheric Storms

1. Occur in the ionosphere in response to a geomagnetic storm.

2. Occur 24 to 72 hours after causative solar effect or in repsonse to passing of a discontinuity in solar wind.

3. Composed of alternating periods of disturbed and undisturbed conditions.

4. Impacts may last up to 3 days.

5. Impacts include strong auroral activity (northern and southern lights), degraded High Frequency (HF), and satellite radio communications and errors in tracking space objects and missile detection radar observations.

e. Sudden Ionospheric Disturbances (SIDs)

1. Fluctuation in ionosphere’s degree of ionization caused by variation in the influx of solar X-ray and extreme ultraviolet radiation (EUV).

2. Usually occurs after the onset of the causative source; i.e. solar flare.

3. Only affects sunlit portion of the Earth.

4. Persists for tens of minutes to several hours.

a. Causes HF radio propagation and absorption problems.

b. Causes deviations in signal frequency, phase and/or amplitude.

f. Aurora

1. Caused by rapid change in the degree of ionization in the ionosphere.

a. Charged particles move into ionosphere.

b. Particles collide with atoms and molecules.

c. Atoms and molecules become excited or ionized and then become de-excited and release energy.

2. Released energy observed as visible random variations in electromagnetic energy near higher latitudes in northern and southern hemispheres.

3. Auroral Oval – an elipitical, hollow band circling both geomagnetic poles and represents where aurora may occur.

4. Auroral Zone – band of latitudes where the occurrence of the auroral oval is statistically most likely.

5. Auroral Activity

a. Weakest, has it’s narrowest latitudinal width, and is farthest poleward during quiet geomagnetic conditions and near local noon.

b. Most intense, has its greatest latitudinal width, and extends furthest equatorward during high geomagnetic activity and near local midnight.

c. Can extend as far south as southern United States during most intense geomagnetic storms.

g. High Energy Proton Events

1. Polar cusps in the Earth’s magnetosphere allow direct access to the atmosphere by solar protons.

2. Highly charged protons can reach Earth relatively quickly, 15 minutes to a few hours.

3. Events are very difficult to forecast.

4. Impacts

a. Radiation danger to high altitude aircraft crews (i.e. U-2).

b. Collisions and electrical charging with satellites.

c. HF radio signal absorption over polar regions.

d. Errors with low frequency navigational systems (i.e. LORAN C).

4. Impacts on Military Operations

a. Space Weather That Causes Direct Impacts

1. Electromagnetic Radiation

a. Arrives at the earth’s atmosphere immediately after release.

b. Duration of effects is usually one to two hours.

c. Includes X-rays, Extreme Ultra-Violet, and Radio Bursts.

d. Impacts include SATCOM and RADAR interference and short-wave radio fades.

2. High Energy Particles

a. Arrives at the earth’s atmosphere anywhere from 15 minutes to a few hours after release.

b. Duration of effects is days.

c. Composed of Proton Events.

d. Impacts include satellite disorientation, false sensor readings, spacecraft damage, launch payload failure, high altitude aircraft radiation and short-wave radio fades.

3. Low-Medium Energy Particles

a. Arrives at the earth’s atmosphere in two to three days.

b. Duration of effects is days.

c. Composed of Geomagnetic Storms.

d. Impacts include spacecraft charging and drag, spacetrack errors, launch trajectory errors, radar interference, radio propagation anomalies and power blackouts.

b. Space Weather That Causes Indirect Impacts

1. Geomagnetic Storms

a. Can cause commercial power fluctuations and/or blackouts.

b. Increased corrosion/rupture of above ground pipelines.

c. Magnetic field variations that can impact surveying operations.

2. Scintillation

a. Satellite television interference/degradation (snow).

c. Specific Impacts on Military Systems

1. High Frequency (HF) Radio Communications

a. The HF radio band, which is also known as the short wave band ranges from a frequency of 3 to 30 megahertz(MHz).

b. HF radiowaves are generated by the transmitter, emitted from the antenna and reflected or bounced off the ionosphere.

(1). This is called ionospheric refraction.

(2). .The F-layer is the strongest layer and the one that refracts HF radiowaves.

(3). The D-layer absorbs radio signals which causes a loss of signal.

c. Normally, surface to surface radio operators use medium or high frequencies from 300 kilohertz (kHz) to 30 MHz.

d. The lower the frequency the more reflection or bending back to earth of the radio waves.

e. Having knowledge of space weather conditions within the ionosphere helps your military customers determine the reliability and utility of HF applications for military purposes.

(1). When ionospheric conditions are good, both friendly and enemy forces can rely on and successfully use HF applications.

(2). When ionospheric conditions are poor, both friendly and enemy HF applications can be adversely affected.

f. There are two important terms you will need to know when discussing space impacts on HF communications.  They are Maximum Usable Frequency (MUF) and Lowest Usable Frequency (LUF).

(1). MUF is that frequency above which radio signals encounter too little ionospheric refraction to be bent back toward the Earth’s surface.  Signals tend to propagate through the ionosphere.

(2). LUF is that frequency below which radio signals encounter too much ionospheric absorption to permit them to pass through the D-layer. The lower the frequency, the greater the degree of signal absorption.

g. HF Propagation Window

(1). The range of frequencies between the LUF (complete D-layer signal absorption) and the MUF (insufficient F-layer refraction to bend back the signal).

(2). Varies by location, time of day, season, and level of solar/geomagnetic activity.

(3). What the communicator is interested in to perform the military mission.

h. Short Wave Fade (SWF)

(1). Occurs whenever there is an abnormally high absorption of radio waves.

(2). LUF exceeds the MUF.

(3). Degrades HF communication by causing fadeing in signal reception.
2. Satellite Operations Impacts

a. The Global Positioning Satellite (GPS) system is the mainstay of worldwide navigation on land, sea, and in the air.  Also vital to:

(1). Location and rescue and recovery of aircraft, ships and personnel.

(2). Is used to guide precision weapons to their targets.

b. GPS system works by radio signals being broadcast from the GPS receiver on the surface of the Earth and a return signal being received from GPS satellites in Earth orbit.

(1). These signals must pass through the ionosphere.

(2). The amount and density of electrons in the ionosphere is important in the transmission of these radio signals between any satellite and Earth.

(3). When small scale irregularities exist in the density of the electron field in the ionosphere, scintillation occurs along a signal’s path.

(a). Scintillation of radiowave signals is the rapid, random variation in signal amplitude, phase, and/or polarization.  An example of scintillation is if you look at a star from Earth with the naked eye and you observe the “twinkling” effect.  The variation in the amplitude of the light waves reaching your eye is scintillation.

(b). Direct correlation between increased solar activity and increased scintillation.

(4). Signal strength enhancements and fades as well as phase changes due to scintillation can cause a GPS receiver to lose signal lock with a particular satellite and result in bad data.

(5). A reduction in satellites providing correct data may result in a less accurate position for navigation, inaccurate positioning or targeting errors.

3. Satellite Communications (SATCOM) and Space Surveillance Radar Impacts

a. SATCOM and Space surveillance radar uses Very High Frequency (VHF) to Super High Frequency (SHF) range from 30 MHz to 30 GHz.

b. Types of space environmental interference to SATCOM or Radar Interference.

(1). Solar flares (Solar radio bursts)

(a). Cause the amount of radiowave energy emitted by the sun to increase by a factor of tens of thousands over these frequency bands.

(b). These bursts of energy reach the Earth almost immediately.

(c). Radio bursts are limited to sunlit portions of the Earth and persist up to tens of minutes.

(d). These bursts of radio energy can produce interference to SATCOM and tactical SATCOM (TACSAT) voice and data links and missile detection and space object tracking radar.

(e). Not all solar flares will cause interference. A solar burst will only cause interference if certain conditions exist.

1. Sun is in the field of view of the radar receiver.

2. Burst has a similar frequency as the radar and is intense enough.

(2). Solar Conjunction.

(a). A geometry-induced affect during increased solar activity on either side of the spring and autumnal equinoxes.

(b). Affects primarily geosynchronous communication satellites.

(c). Causes static or snow on television receivers.

(3). Solar Radio Noise Storms.

(a). Caused by a large sunspot group which will produce elevated radio noise levels primarily on frequencies below 400 MHz.

(b). This noise may persist for days.

(4). Electron Density Anomalies.

(a). caused by the bending (refracting) and slowing (retarded) of radiowave propagation by free electrons in the ionosphere.

(b).  Missile detection and spacetrack radars use high frequencies to compensate for this effect but are still susceptible.

(c). .Abnormal refraction and retardation of these radio waves causes errors in target bearing and range.

(d). Space based detection systems also face this impact.

4. Atmospheric Drag

a. Caused when EUV, X-ray and charged particle bombardment of Earth’s outer atmosphere heats up the atmosphere, which causes it to expand outward.

b. Low Earth orbiting satellites and other space objects then experience denser air and increased frictional drag.

(1). Causes low Earth orbiting objects to decrease in altitude and increase in orbital speed.

(2). Cause a space-based object to be ahead of their expected position and lower in altitude.

c. When there is a below normal influx of solar energy the outer atmosphere contracts slightly, which causes orbiting objects to be higher and faster.

d. The consequences of atmospheric drag include inaccurate satellite locations that can hinder rapid acquisition of SATCOM links for commanding or data transmission.

(1). Expensive orbit maintenance maneuvers may be needed.

(2). De-orbit predictions may become unreliable.

e. There are two parameters used by current models to predict the orbits of space objects.

(1). One is the solar F10 index, which you may see, mentioned on some space weather bulletins.

(a). The “F10” index is a measure of solar radio output at 10.7 cm.

(b). This corresponds to a frequency of 2800 MHz.

(c). It is a very good indicator of the amount of EUV and X-ray energy emitted by the sun and deposited in the Earth’s upper atmosphere.

(2). The other index to predict the orbits of space objects is the “Ap index”.  The Ap index measures the energy deposited in the Earth’s upper atmosphere by charged particle bombardment.

5. High Altitude Radiation

a. High altitude flight such as U-2 reconnaissance missions experience exposure to increased higher levels of radiation.

b. Radiation is measured in millirems of radiation and increases and decreases depending on the amount of solar energy received by the Earth’s atmosphere.

c. During levels of increased solar activity the amount of radiation increases.

d. Even though aircrews wear protective suits radiation exposure still is an impact on the amount and frequency of flight time any one pilot can be subjected too.

Interim Summary: You now have a basic understanding of how solar energy and geophysical activity cause impacts to military command, control, communications and intelligence systems.  To be an outstanding weather journeyman strive to learn and understand all you can about your customer’s mission and how space and terrestrial environmental phenomena adversely impact it.  Now let’s learn about some space weather products that will help your customer avoid space weather impacts.

1. Space Weather Products

a. Space weather products are produced by HQ AFWA/XOGS.

1. A combination of alphanumeric bulletins and graphics products.

2. Products are available through the Joint Air Force and Army Weather Information Network (JAAWIN).

3. Some of the alphanumeric products are produced for the end users (communicators, system operators) and you as a weather person may simply retrieve the products and hand to the customer or end user without providing an interpretation.

4. Most of all the products you will brief are graphical and easy to interpret.

b. Space Weather Events and Impacts

1. Stoplight box type chart.

2. Displays observed space environmental impacts and events over the last 14-day period.

3. Displays forecast for space environmental impacts and events for the current date and the next 7 days.

4. Impacts and Events are identified on the left side of the chart.

5. Space environmental impacts forecast.

a. Red denotes impacts likely.

b. Yellow denotes impacts possible.

c. Green denotes impacts are unlikely.

6. For space environmental events nowcast.

a. Red used to identify events are very active.

b. Yellow used to identify events are active.

c. Green used to identify events are quiet.

7. Space Weather Events and Impacts Discussion

a. Alphanumeric product that complements and should be used together with the previous product.

b. Provides the background reasoning, details and summarizes events/impacts that have occurred.

c. Provides potential impacts annotated in the space weather events and impacts stoplight product.

8. Point to Point High Frequency Radio Wave Useable Frequency Forecast

a. Product is tailored to a customer’s specific mission.

b. Product lists the latitude, longitude and azimuths of the area the forecast is valid for.

c. Provides a 24 hour forecast, in a graphical tabular format, of the range of useable frequencies and shows the maximum useable frequency (MUF) and the lowest useable frequency (LUF) throughout a 24-hour period.

d. Used for AWACS missions.

9. High Altitude Radiation Dosage(HIFLIER)

a. Presents a worldwide graphical representation of the dosage of radiation in millirems per hour.

b. Chart is useful for briefing any aircrew participating in high altitude missions.

c. Lines denote radiation dosage to the nearest tenth of a millirem overlayed on a world map with latitude and longitude reference points.

(1). Know the mission route or orbit area.

(2). Interpolate the radiation dosage value that the aircrew will be exposed to.

10. Worldwide Analysis of Ionospheric Conditions Affecting HF Propagation

a. Graphical representation that uses shaded areas overlayed on a world map to show an observed 6-hour analysis of impacts on HF radiowave propagation.

(1). Yellow shading indicates marginal impacts.

(2). Red shading indicates impacts that have severely degraded HF radiowave propagation.

11. Regional Analysis of Ionospheric Conditions Affecting HF Propagation

a. Graphical representation that uses shaded areas overlayed on one of nine regional maps to show an observed 6-hour analysis of impacts on HF radiowave propagation.

b. Regions available are Africa, Alaska, North Asia, Atlantic, CONUS, Europe, Pacific, South America, and Southwest Asia.

(1). Yellow shading indicates marginal impacts.

(2). Red shading indicates impacts that have severely degraded HF radiowave propagation.

c. Details about the impacts may be overlayed and displayed in alphanumeric form in the shaded area.

12. Worldwide 6-hour Forecast of Ionospheric Conditions Affecting HF Propagation

a. A graphical representation that uses shaded areas overlayed on a world map to show a 6-hour forecast of impacts on HF radiowave propagation.

(1). Yellow shading indicates marginal HF operations.

(2). Red shading indicates severely degraded HF operations.

b. In addition details about the impacts are displayed in alphanumeric form in the shaded area.

13. Worldwide 6-hour Forecast of Ionospheric Conditions Affecting UHF SATCOM Applications

a. Graphical representation that uses shaded areas overlayed on a world map to show a 6-hour forecast of impacts on UHF SATCOM.

(1). Yellow shading indicates marginal UHF SATCOM operations.

(2). Red shading indicates severely degraded UHF SATCOM operations.

b. .In addition details about the impacts are displayed in alphanumeric form overlayed in the shaded area.

14. Regional 6-hour Forecast of Ionospheric Conditions Affecting UHF SATCOM Applications

a. Graphical representation that uses shaded areas overlayed on one of nine regional maps to show a 6-hour forecast of impacts on UHF SATCOM.

b. Regions available are Africa, Alaska, North Asia, Atlantic, CONUS, Europe, Pacific, South America, and Southwest Asia.

(1). Yellow shading indicates marginal UHF SATCOM operations.

(2). Red shading indicates severely degraded UHF SATCOM operations.

c. .In addition details about the impacts are displayed in alphanumeric form overlayed in the shaded area.

Application:

Evaluation:
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