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TRAINEE WORKBOOK INSTRUCTIONS

· This QTP (Qualification Training Package) Trainee Workbook standardizes on-the-job training (OJT) for Air Force Weather (AFW) personnel.  It breaks down subject matter by modules into teachable elements called task objectives.  A Table of Contents is provided for quick reference to find needed modules.

· Workbook material includes a module overview and a list of task objectives required for minimum certification in this subject area.  Each workbook module lists equipment and training references, prerequisites and safety considerations, estimated module training time, core training material and review questions, and a module review confirmation key.

· To facilitate learning and understanding, each QTP has three components: Trainee Workbook (TW), Trainer’s Guide (TG), and Evaluation Package (EP).  The TW (this workbook) contains all subject matter material and references.  The TG explains how each module and task objective is taught.  Finally, the EP contains all task certifier written exams, performance applications, and confirmation keys to evaluate comprehension.

· Ensure your trainer thoroughly explains all three QTP documents and how to complete this training package.

· As you progress through each module, answer the review questions pertaining to that section.  You will find the answers to these section review questions at the end of each module.  Compare your response to the correct answer.

· After completing a module, your trainer will have a task certifier administer the appropriate portion of the EP.  This task certifier will grade all responses.  Should you score unsatisfactorily, restudy the module material.  Your trainer will provide additional OJT in weak areas, after which you will retake the evaluation.

· After you successfully complete the Evaluation Package for each module, inform your trainer.  He will get a task certifier who will perform a final certification checkride on the module.

· You are ultimately responsible for completing this QTP in the allotted time.  If you cannot do so, let your trainer know ahead of time.  If you think your trainer isn’t competent enough to teach the task objectives or is being unprofessional, then discuss this situation with your supervisor and/or unit training manager.  A different trainer may be assigned.

· Routine corrections and minor updates to this document will be done via page changes.  Urgent changes will be disseminated via message.  Submit recommended TW improvements and/or corrections to HQ AFWA/DNT, 106 Peacekeeper Dr., Ste 2N3, Offutt AFB, NE 68113-4039.

Module 1 – Middle Latitude limited Data Analysis and Forecasting

TRAINEE’S NAME_______________________________

CFETP REFERENCE:  14 
MODULE OVERVIEW:

This module discusses the concepts and techniques of limited data analysis and forecasting mainly in the middle latitudes with emphasis on the Northern Hemisphere.  Although the likelihood of encountering data sparse areas has significantly decreased with the advent of satellites (derived data from different sensors) and more complex modeling, you, the forecaster, may be called upon to analyze and then forecast using limited data. 

Note:  This QTP is designed more for a CWT/WETM and can be used by Weather Flights/Detachments now.  OWS trainees may be able to use some of the information in this QTP that may be pertinent to job certification for a particular Hub area of responsibility (AOR).

TRAINING OBJECTIVES: 

· OBJECTIVE 1:  Demonstrate that you understand the concepts of limited data analysis and forecasting by answering questions with at least 80% accuracy.

· OBJECTIVE 2:  Demonstrate your comprehension of the materials covered concerning the indications of synoptic features (rules of thumb) and techniques used in limited data analysis and forecasting by answering questions with at least 80% accuracy.

· OBJECTIVE 3:  Perform a rudimentary analysis in a data sparse area using data provided to the satisfaction of the trainer/certifier as compared to the master analysis.

· OBJECTIVE 4:  Create an air mass sounding with limited data to the satisfaction of the trainer/certifier as compared to the master solution (actual air mass sounding).

EQUIPMENT AND TRAINING REFERENCES:

· AFMAN 15-125, Weather Station Operations
· AFWA/TN-98/002, Meteorological Techniques
· AWS/TR-95/001 (AWS TR240 Updated), Forecasters Guide to Tropical Meteorology
· AWS/TN-85/002, Intelligence Preparation of the Battlefield--A Staff Weather Officers Guide 

· AWS/FM-82/007, Trough Analysis and Depiction on Upper Air Charts
· AWS/FM-300/001, Single Station Analysis of Surface Observations 

· AWS/FM-300/002, Single Station Analysis of Upper Air Observations
· AWS/FM-600/009, The Local Area Work Chart
· 2 WW/FM-88/001, Summary of 2 WW Forecaster Hints, 1977-1987
· 5 WW/FM-89/001, Mesoscale Analysis and Forecasting
· 7 WW/FM-90/007, Operational Uses of Streamline Analyses
· SC 01W01A, Volume 3, Weather Element Forecasting, Flight Hazards, and Limited Data 

· CDC 1W051B, Volume 1, Using Climatology and Limited Data
PREREQUISITES AND SAFETY CONSIDERATIONS: 

· Be familiar with interpreting weather features off MetSat imagery

· Have a firm grasp on the analysis and prognosis rules and techniques discussed in the Analysis and Prognosis QTP

ESTIMATED MODULE TRAINING TIME:  4.5 hours

CORE TRAINING MATERIAL AND REVIEW QUESTIONS

1.1.  Concepts and Considerations of Limited Data Analysis and Forecasting

These days, a typical forecaster has plenty of data to make a forecast.  But what happens when, or if, this data becomes unavailable?  You, the forecaster, must be able to use what you have on hand to make that forecast.  This is where limited data analysis and forecasting is used.  Limited data analysis and forecasting consists mainly of manual techniques.  Computers can be useful, but it eventually boils down to your ability to analyze the situation, then make a prognosis/forecast.  Limited data analysis and forecasting forces careful consideration of every bit of data in assessing the total structure and changes taking place in the atmosphere.

1.2.  Silent Area Forecasting

In limited data analysis and forecasting, data surrounding your location normally used in routine forecast preparation is not available.  This is called “silent area forecasting.”  The likelihood of silent area forecasting, in which data is denied either in whole or in part, usually by hostile intent, still exists.  However, data denial does not exist to the point when the Cold War was going strong.  A similar data denial condition may exist for a non-hostile situation, e.g. if a major strike disrupts either communications or weather work forces or due to communications and power loss due to natural disaster.  Complete data denial will rarely be seen.  Usually the amount of denial will fluctuate with time.  Versatility and ingenuity on the part of the forecaster in adapting and making maximum use of what is available becomes especially important.

Silent area forecasting will generally be for a relatively small area, such as a single country or a group of small countries, and typically, be only mesoscale.  In these situations, the global database and normal communications will still be available at the station.  The problem then becomes one of extrapolating and interpolating data for the silent area.  The local availability of MetSat imagery makes this task much easier.  The centralized facility or Hub is better equipped to handle synoptic scale features as long as there is a global database.  The forecaster's task is to interpret the mesoscale features.  

The primary forecast problem is usually the low ceiling and visibility categories where a detailed knowledge of climatology and terrain is invaluable.  If satellite data over the silent area is not available, a detailed nephanalysis upstream of the silent area is of great value.  Careful extrapolation, while considering diurnal variations and dynamic changes, is necessary to determine changes in low level stability and moisture.  Experience has shown that forecaster ability decreases with increasing distance to the forecast point.  However, this shortcoming can be reduced by familiarization with the topography and physical geography.  If available, a physical relief model of the area will help to highlight the topography and identify potential moisture sources and orographic effects.  Finally, there is no substitute for routine practice under realistic conditions.

1.3.  Basic Considerations in Limited Data Analysis and Forecasting

There are three basic considerations when you are in a limited data situation:

· Make maximum use of communications.  Try to get an uplink to access the many Internet resources.  Don't overlook the potential of such sources as amateur and commercial radio.  

· Make maximum use of the systematic approach to forecasting.  Document data, use all available expertise, especially climatology, and hold frequent forecast discussions.

· Communicate with your customer.  Ensure that your customer is fully aware of the limitations of the forecast and understands the importance of providing weather information available from his operational sources.  PIREPs or mission debriefs become extremely important.

1.4.  Climatology and Limited Data Analysis and Forecasting

The most important aspect of limited data analysis and forecasting is reviewing the area climatology before deploying.  Normally, you have an idea of the area where you’re likely to go, but this is not always the case.  If you have time before deploying, you must be familiar with the seasonal weather patterns (regimes), climatological normals and extremes, and the area diurnal variations.  The Climatology QTP covered how to use climatology.

1.5.  Topography and Limited Data Analysis and Forecasting

Knowledge of an area’s topography is essential in limited data analysis and forecasting.  Topography affects weather conditions.  Tables 1-1 through 1-7 show the possible effects of terrain (topography) on weather conditions.  Remember that these tables were prepared for the Northern Hemisphere middle latitudes.  To prepare to perform limited data analysis and forecasting, you should study:

· The location, size and shape of any nearby bodies of water (rivers, lakes, seas).  Water temperature of the larger water bodies is an important factor in weather condition modification.

· The location, size, shape, and orientation of nearby mountains, hills, valleys, plateaus.

· The type of “ground” that surrounds the area you’re at such as sand, marsh, forest, grassland, etc.

Terrain Feature
Possible Effect on Local Climate

Urban Areas (Vs. Rural)
5-10% more precipitation.

10% more days with 5 mm (0.2 in) precipitation or more.

Micro Relief (50m or less)
Can affect precipitation distribution patterns.

Elevation
Greater accumulations of snow with altitude.

Precipitation increases with altitude (mid-latitudes).

Maximum precipitation near sea level in equatorial regions and near 1 to 1.5 km (3,300-5,000 ft) in the tropics.

Land/Sea Interface
Coasts usually have more precipitation than interior regions.

More precipitation on windward coasts.

Water temperature (seas, oceans, and lakes) can enhance or suppress convection.

Mountains/Hills
Precipitation maximum on windward side. 

Probability of showers in lee reduced by 50% (summer/rain shadowing).

Table 1-1.  Effects of Terrain on Precipitation

Terrain Feature
Possible Effect on Local Climate

Urban Areas (Vs. Rural)
Fog may be dispersed by heat island.

Fog may be enhanced by smoke and pollution.

Haze/pollution reduces visibility by 25% in the morning and by 10% in the afternoon.

Fewer very dense fogs. 

More frequent fog formation (near 100% in winter, 30% in summer).

Hills
Knolls usually free from fog. 

Fog pools in valleys and low areas.

Marshy Areas, Rivers
Moisture source for fog formation.

Mountains, Elevation
Stratus decks become fog at elevations below cloud bases.

Valleys in Mountains
Persistent morning ground fog from nocturnal drainage (no moisture source needed).

Slope of More Than a Few Degrees
Downslope drainage of cooler air may cause fog pockets.

Land/Sea Interface
Warm bodies of water--moisture source.  Sea fogs can affect coastal areas.

Table 1-2.  Effects of Terrain on Visibility

Terrain Feature
Possible Effect on Local Climate

Urban Areas (Vs. Rural)
Relative humidity 2% less in winter, 8% less in summer.

Vegetation
Relative humidity 2-10% higher.

Sea/Land Interface
Higher humidity near coasts.

Mountain Ranges
Drier air on lee of mountains due to downslope winds.

In tropics, absolute humidity decreases with altitude.

Table 1-3.  Effects of Terrain on Humidity

Terrain Feature
Possible Effect on Local Climate

Urban Areas (Vs. Rural)
Extreme gusts 10-20% less. 

Calms 5-20% more.

Land/Sea Interface
Sea or lake breezes may form regularly.

Wind speeds along coast generally 20% more with sea breeze.

Vegetation (forests)
Wind speeds decreased by 50-75%.

Elevation (increasing)
Mean wind speeds increase on windward slopes in mid-latitudes.

Trade winds decrease in tropics.

Slope of More Than a Few Degrees
Slow, cool gravity winds may drain after radiation cooling.

Rugged Terrain
More gustiness, funneling, turbulence.

Ridges or Gullies (with relief of 5-12 m)
Perpendicular flow may modify speeds by as much as 60%.

Lee of Mountains
Hot, dry, downslope winds (chinook).

High Plateaus, Extensive Mountain Areas
Dry, cool winds drain (gravity or katabatic).

Table 1-4.  Effects of Terrain on Wind Speeds

Terrain Feature
Possible Effect on Local Climate

Urban Areas (Vs. Rural)
5-10% greater cloud cover.

Land/Sea Interface
Moisture source for stratus.

Elevation
Affects relative ceiling height.

Massifs, Crests, Knolls
Cumulus rows frequently form over these features.

Mountain Ranges (large relief)
Can have damming effect on stratus. 

Can disperse sheet clouds in lee.

Orographically induced clouds/convection.

Table 1-5.  Effects of Terrain on Clouds and Ceilings

Terrain Feature
Possible Effect on Local Climate

Urban Areas (Vs. Rural)
Annual mean 0.5 to 0.8° C more. 

Winter minima 1.5 to 1° C more.

Elevation (increasing)
Lapse rate cooling--lower temperatures.

Decreased temperature range.

Hazardous wind chill frequency increases (cooler, drier air).

Valleys
Greatest temperature extremes.

Cold air drainage may cause significant temperature fluctuations.

Sea/Land Interface
Moderates temperature extremes. 

Onshore flow (cool, moist air).

Mountains/Relief
Wind turbulence affects local distribution of temperatures. 

Flow patterns may create chinook.

Table 1-6.  Effects of Terrain on Temperature

Terrain Feature
Possible Effect on Local Climate

Soil Type
Determines some of thermal characteristics of ground.  

Moist soil freezes later, thaws later than dry soil.  

Snow cover moderate soil temperatures

Terrain Orientation
Smooth, south facing slopes lose snow cover more quickly. Deep drifts linger on shaded north facing slopes. 

Differences in snow loss may be 10% between melting times.

Mountain Tops
Zone of permanent snow averages above 9,000 ft in the mid-latitudes (14,000 ft or higher in the tropics).

Table 1-7.  Effects of Terrain on Snow Cover

?

1. List some reasons why you could encounter a “silent area forecasting” situation.

2. __________ (TRUE/FALSE)  Climatology is considered the most important tool in limited data analysis and forecasting.

3.  __________ (YES/NO)  You’re located at an elevation of 373 feet, and you have an overcast stratus deck at 800 feet AGL.  You know the deck is about 1,000 feet thick.  You have an LZ (landing zone) 10 miles west at an elevation of 1330 feet on a hillside.  The prevailing winds are easterly.  Would the LZ be obscured in the clouds?  Why?

4.  Which of the following statements is FALSE?
a.  Urban areas are typically warmer than rural areas.

b.  Forested areas are typically windier than prairies/steppes/flatlands.

c.  South-facing mountain slopes lose snow cover more rapidly than north-facing slopes.

d. None of the above

1.6.  MetSat  Imagery in Limited Data Analysis and Forecasting 

In this section, we’re going to quickly review rules of frontal placement and other surface weather features on MetSat imagery already covered in the more comprehensive MetSat QTP.  If you can receive satellite imagery, your chances for a more accurate initial analysis and better subsequent prognoses will be greatly improved over areas of little or no data.  

Fronts and other surface features are usually easier to identify over water than land because more moisture is available for cloud formation along the frontal boundary, and terrain effects do not mask the boundaries or features.  In most cases, you can readily see lows and pressure ridges.  Fronts are normally located within the comma cloud structure or an organized multi-layered cloud band.  In most cases with MetSat imagery, you can only place the general position of the front.  To get an accurate frontal position, you need to supplement satellite analysis with conventional synoptic data.  However, this data is not always available, and MetSat placement becomes even more important.  

1.6.1.  Cold Fronts

Typically, a cold front is located under the multi-layered, baroclinic zone cirrus of the comma cloud structure.  The cloud type normally changes across the front.  Ahead of the front, there is usually a mix of scattered stratocumulus and cumuliform cloudiness.  Behind the cold front over water, open-cell and closed-cell CU/SC will be present.  Near the low center, placement will depend upon which type of cold front is present.  Along the trailing end, over water, a rope cloud may exist.  If it does, it indicates the exact frontal position or shear line into the tropics.  Cold fronts are typically categorized as either active or inactive.  Most are somewhere in between, or may change from one type to another along the length of the front.

1.6.1.1. Active Cold Fronts

Active fronts have an extensive cloud area up to 600 miles wide and several thousand miles long.  The front is at the leading edge of the cloud area and the jet is parallel to the front (Figure 1-1).  The frontal clouds merge with the jet cirrus to make one broad cloud band.  In IR imagery, the frontal band appears off-white with lines of bright white (convective activity) within the band.
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Figure 1-1.  Frontal Placement for an Active Cold Front
1.6.1.2.  Inactive Cold Fronts

With inactive cold fronts, lift is concentrated at the surface front.  Upper-level winds blow across the front from the cold air side.  Conditions at the surface front may vary from clear skies to severe thunderstorms.  Behind the front there may be clear skies, or possibly stratus or stratocumulus.  Clouds are more likely ahead of the front in the warm sector (Figure 1-2).  A squall line may appear ahead of this type of cold front.  The surface front is positioned toward the backside of the cloud mass.
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Figure 1-2.  Frontal Placement for an Inactive Cold Front
1.6.2.  Warm Fronts

Warm fronts are more difficult to position because the cloudiness ranges from scattered clouds to multi-layered clouds.  The baroclinic zone cirrus cloud shield often obscures warm fronts.  The amount and type of cloudiness depends on the amount of available moisture and the stability of the warm air.  The surface front is typically located within the notch or wedge on the warm side of the baroclinic zone cloud shield (Figure 1-3).  Sometimes, convection may occur ahead of the warm front but more commonly convection, if any, will be on the warm side of the front.
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Figure 1-3.  Frontal Placement for a Warm Front

1.6.3.  Occluded Fronts

Position the occluded front along the back edge of the comma cloud head.  Draw the front to the northern half of the low, but not into the low (Figure 1-4).
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Figure 1-4.  Frontal Placement for an Occluded Front

1.6.4.  Stationary Fronts

The cloudiness with stationary fronts ranges from thick, multi-layered clouds to fragmented scattered clouds.  Place the front along the leading edge of the cloud band (Figure 1-5).  Over water, you may have a rope cloud, which is a good indicator of the frontal location.  Clouds are normally cumuliform on the warm side of the front, while more stratiform type cloudiness is on the cold-air side.  The type of cloudiness depends on the stability of the warm air.
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Figure 1-5.  Frontal Placement for a Stationary Front

1.6.5.  Triple Point Location

You can locate the triple point two different ways.

· If the PFJ cuts eastward across the comma cloud, there is a 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.  The triple point is located on the equatorward side of this boundary, near the back of the upstream cloud edge of the baroclinic zone cirrus.  On WV imagery, there is a slight gray shade difference between the two cloud layers.

· If the PFJ does not cut across the comma cloud, you can extrapolate the warm and cold fronts until they meet.  Do this only if you do not have any, or very little, conventional data with which to place the triple point.  Figure 1-6 shows an example of where to place the triple point.
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Figure 1-6.  Triple Point Placement

Now, let’s take a look at an actual MetSat shot with pressure systems and fronts drawn in (Figure 1-7).
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Figure 1-7.  Analyzed MetSat Visible Imagery

1.6.6.  “Flip Image” Southern Hemisphere Analysis Technique

Most forecasters look at Southern Hemisphere plotted data or MetSat imagery and literally “freak out” at the process of trying to analyze what they see.  After all, everything they’ve learned is Northern Hemisphere.  There is a rather simple method to analyze Southern Hemisphere fronts and systems--simply flip the image and make it look like the Northern Hemisphere (see Figures 1-8 and 1-9).  Now, analyze as if you’re looking at a Northern Hemisphere MetSat image.
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Figure 1-8.  Southern Hemisphere Visible Image
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Figure 1-9.  Analyzed “Flipped” Southern Hemisphere Visible Image

Once you’ve done a Northern Hemisphere analysis, simply flip that image (Figure 1-10).  It seems rather simple, doesn’t it?
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Figure 1-10.  Analyzed Southern Hemisphere Visible Image

1.7.  Keys To Limited Data Analysis and Forecasting

The key to limited data analysis and forecasting lies in the local observation.  Even when radar is available, there is still no substitute for an actual look out the window by the forecaster to fully integrate and understand the elements observed.  An elevated observation point, preferably the control tower, should be used to help identify approaching weather.  Convective precipitation can often be seen in the distance before it affects the station.  A simple battery-operated AM radio normally will, through the emission of static, give indications of lightning long before visual or audible observations are made.

In addition to information from manual instrumentation, visual clues should be noted and recorded.  Changes in the amount and characteristics of moisture indicators such as fog and haze, and the presence, absence, or timing of dew formation are important.  Wind socks, willow trees, and wet fingers become valid wind indicators.  Use of the Beaufort scale wind equivalents can quantify wind speed values (see Figure 1-11).  Local rules of thumb can be helpful.  Careful noting of cloud amounts, types, direction and speed of movement can piece together a picture of the atmosphere in the vertical, especially if all data are documented on a time-height cross section.  Each species of cloud genera in the cloud atlas should be studied with a view toward distinctions in terms of vertical motion and stability.  Even the color of the sky gives a clue as to the source of air mass.  

The instrumented observation is essentially a microscale observation.  A good visual observation of the entire horizon over a period of a few hours becomes a mesoscale observation with good indications of the synoptic scale pattern.  The vertical stack of the system must also be considered carefully to determine the timing of changes.  From a single vantage point, the vertical stack of a system cannot be fully deduced.  However, good indications of divergence and convergence, stability, and evidence of thermal advection can be obtained from observing the backing and veering of winds with height.  Combining this information with knowledge of the general circulation, association with synoptic types or regimes, and climatology, can yield an approximation of the synoptic pattern.  Hindsight is essential when adjusting to changing conditions.  As new information is gained, old assumptions are updated and corrected as necessary.
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Figure 1-11.  Beaufort Wind Scale

1.8.  Indications of Synoptic Features on Limited Data

Observable weather features give indications of the overall synoptic weather patterns and became so called “rules of thumb.”  These indicators are all a portion of your overall meteorological knowledge.  Remember, these rules listed below are general rules and exceptions will always exist, but when little data exists follow the rules unless the data indicate otherwise.  These indicators can also be used when you’re doing single-station analysis and forecasting.

1.8.1.  Cloud Genera Indications

By observing the types of clouds, you can get a feel for the state of the atmosphere.  Knowing the sequence of events of clouds, especially when combined with other indicators, will give you a good guess for forecasting when you have limited data.  The cloud classification scheme is broken down by high clouds (16,500 to 45,000 feet above ground level (AGL), depending on the latitude and up to 60,000 feet in the tropics), middle clouds (6,500 to 23,000 feet AGL) and low clouds (the surface to 6,500 feet AGL).

1.8.1.1.  Cirrus (CI)

Cirrus clouds are detached wisps of fibrous (hairlike or mare’s tails) clouds, formed of delicate filaments, patches, or narrow bands.  Like the other high clouds, they are composed primarily of ice crystals.  They are often arranged in bands that cross the sky like meridian lines and, because of the effect of perspective, converge to a point on the horizon.

· Meaning - Cirrus clouds, that are scattered and are not increasing, have little weather meaning except to signify that any bad weather is at a great distance.  Cirrus clouds in thick patches mean that showery weather is close by.  These clouds are associated with, and formed from, the tops of thunderstorms.  Cirrus clouds shaped like hooks or commas indicate that a warm front is approaching, and that a continuous-type rain will follow--especially if the cirrus is followed by cirrostratus.  They also frequently indicate the presence and location of a jet stream.

1.8.1.2.  Cirrostratus (CS)

Cirrostratus clouds are transparent, whitish clouds that look like fine veils or torn, windblown patches of gauze.  They never obscure the sun to the extent that objects on the ground do not cast shadows.  Because they are composed of ice crystals, cirrostratus clouds form large halos or luminous circles around the sun and moon.
· Meaning - Cirrostratus clouds, when in a continuous sheet and increasing, signify the approach of a warm weather front or an occluded weather front with attendant rain or snow and stormy conditions.  If these clouds are not increasing, and are not continuous, this means that the storm is passing to the south of you, and no bad weather will occur at your location.

1.8.1.3.  Cirrocumulus (CC)

Cirrocumulus clouds are thin, white, grainy, and rippled patches, sheets, or layers showing very slight vertical development in the form of turrets and shallow towers.  When these clouds are arranged uniformly in ripples, they form what is called a mackerel sky.  These clouds are usually too thin to show shadows.

· Meaning - Cirrocumulus clouds are quite rare and are of mixed significance.  In some areas, these clouds foretell good weather, and in others, bad weather.  These clouds usually signify good weather along the West Coast of the United States and in the British Isles.  They signify bad weather in the US Midwest and New England as well as in most of southern Europe, particularly in Italy into the Balkans.

1.8.1.4.  Altostratus (AS)

Altostratus clouds are grayish layers of clouds.  They are usually uniform in appearance and cover part, or all, of the sky.  They are composed of water droplets or ice crystals, depending on the temperature.  

· Meaning - Altostratus clouds are one of the most reliable weather indicators of all the clouds.  They are indicative of warm air flowing up over colder air and impending rain or snow of the continuous type, especially if the overcast cloud layer progresses and thickens.  These clouds are a good indication of a new storm development at sea.  They frequently signal the formation of a stormy low pressure area long before it is apparent from sea-level isobars or wind.  What is important to seafaring men is that these clouds are quite a reliable indication of approaching rain or snow, with associated poor visibility, large waves, and heavy swell.

1.8.1.5.  Altocumulus (AC)

Altocumulus clouds are most often seen as extensive "cloudlets" arranged in a regular pattern.  Sometimes, when the sun is shining through these clouds, a corona can be observed.  These clouds are usually composed of water droplets.  Ice crystals are present only at very low temperatures.

· Meaning - Altocumulus clouds are significant, primarily when thicker high clouds or cumuliform clouds follow them.  When they are in parallel bands, these clouds are in advance of a warm front with its associated steady rain or snow.  When altocumulus clouds occur in the form of turrets or towers (ACCAS) rising from a common, flat base, they are usually the forerunners of convective activity.

1.8.1.6.  Nimbostratus (NS)

Nimbostratus clouds are the true rain and/or snow clouds, depending upon the temperature.  These clouds are low, amorphous, dark, and usually quite uniform.  They are thick enough to block out the sun, and they have a "wet look." When these clouds precipitate, the rain or snow is usually continuous.  These clouds are often accompanied by low scud (stratofractus--SF) clouds when the wind is strong.

· Meaning - Nimbostratus clouds are of little help as a forecasting tool, since the bad weather is already at hand when these dark clouds with their associated heavy rain or snow overhead.  But if they are at some distance from you, and you have a report that they are coming your way, you know what to expect and can take the necessary precaution.  Once these clouds have formed in your area or are heading your way, bad weather, high winds, and hazardous sea conditions (for small boats) will persist for many hours.  Stormy conditions are usually the case.

1.8.1.7.  Stratus (ST)

Stratus clouds are low, gray cloud layers with rather uniform bass and tops.  These dull clouds give the sky a heavy, leaden appearance.  Only a fine drizzle or snow grains fall from true stratus clouds because there is little or no vertical motion in them.  Stratus clouds are sometimes formed by the gradual lifting of a fog layer.

· Meaning - Stratus clouds do not signify much potential danger.  If the wind speed should decrease markedly when stratus clouds are present in large quantity, the base of the cloud could lower to the earth's surface, resulting in a thick fog.  Other than light drizzle or snow grains, no precipitation should be expected except from higher clouds when stratus forms in advance of the warm front.  In this case, the rain supersaturates the colder air below the surface of the warm front, and stratus clouds, or perhaps fog, will form.

1.8.1.8.  Stratocumulus (SC)

Stratocumulus clouds are gray or whitish irregular layers of clouds with dark patches formed like rolls.  These clouds frequently look like altocumulus clouds, but they are at a much lower level.  They consist of water droplets, except In extremely cold weather.  These clouds typically do not produce anything but light rain or snow.

· Meaning - Stratocumulus clouds that form from degenerating cumulus clouds are usually followed by clearing at night and fair weather.  The roll-type stratocumulus is characteristic of the cold seasons over both land and water, where the air is cooled from below and mixed by winds of 15 knots or higher.  These clouds will persist for long periods of time under proper air-to-land or air-to-sea temperature relations.  Visibility can be seriously reduced in stratocumulus drizzle or snow.

1.8.1.9.  Cumulus (CU)

Cumulus clouds with only a little vertical development are puffy, cauliflower-like clouds whose shapes constantly change.  These clouds are a brilliant white in the sunlight, often extending from a relatively dark and horizontal base.

· Meaning - Cumulus clouds, when detached and with little vertical development, are termed fair weather cumulus.  The weather is fine, and nothing hazardous is in the offing.  However, when cumulus clouds swell to considerable vertical extents heavy showers are likely, associated with gusty surface winds in the vicinity of showers.  Since these clouds normally cover about 25% or less of the sky, they can often be circumnavigated.

1.8.1.10.  Cumulonimbus (CB)

Cumulonimbus clouds are heavy, dense clouds of considerable vertical extent (often to 45,000 or higher) in the form of a mountain or huge tower.  These clouds are the familiar thunderheads.  The upper part of these clouds is usually smooth, sometimes fibrous, with the top flattened to an anvil shape or a vast cirrus plume.  These clouds consist of ice crystals in the upper portion and water droplets in the lower portion.

· Meaning - Cumulonimbus clouds that sometimes reach above 65,000 feet are to be avoided if at all possible.  Gusty winds, lightning, frequently heavy rain, frequently hail, and low-level turbulence and/or LLWS can be expected at the surface in the immediate vicinity of these clouds.  Mammatus development on the underside of the cumulonimbus cloud may indicate possible tornadic or waterspout development.

?

5.  __________ (TRUE/FALSE)  The key to limited data analysis and forecasting lies in the local observation.

6.  By observing the following cloud some distance upstream from you coming your way, you know to expect bad weather, high winds, and stormy conditions will persist for many hours?

a.  Cumulonimbus (CB)

b.  Stratocumulus (SC)

c.  Nimbostratus (NS)

d.  Cirrocumulus (CC)

1.8.2.  Cloud Indications

Observing clouds can give you a good indication of conditions aloft, which in turn, can help with forecasting conditions at the surface.  Table 1-8 gives some cloud indications.

Indicators
Result

Cirrus
1.  Orientation of cloud streaks generally parallel the winds at that level (~300 mb in the mid-latitudes and ~250 mb in the tropics).

2.  Occurrence of jet stream core parallel to and to the left of cloud edge, relative to downwind direction (your back is to the flow).

3.  Positive Vorticity Advection (PVA) at level where clouds occur (about 85% accurate).

AC/AS
1.  Cloud pattern occurs between mid-level (700-500 mb) trough and downstream ridge line.

2.  PVA at mid-levels. 

3.  Dew point depressions of 2 C° or less in vicinity of cloud layer. 

4.  Associated with ascending motion in mid levels.

Anvil Cirrus
1.  Orientation of cloud streaks generally parallel to winds at that level. 

2.  Showalter Stability Index (SSI) < +2 within or upstream from cloud area.

Wave Clouds CI/AC/SC
1.  CI wave clouds are transverse (perpendicular) to wind direction at that level (~300 mb). 

2.  AC wave clouds are transverse to wind direction at that level (~500 mb). 

3.  SC wave clouds are transverse to wind direction at that level (~850 mb).

CB
1.  Cyclonic curvature of mean sea level isobars in cloud area.

2.  Occurrence of clouds in forward part of upper wave trough.

SC
1. Alignment of cloud streets in general direction of boundary layer winds.

2.  Temperature inversion in cloud area.

3.  Clouds occur in cold air mass behind the surface cold front and sometimes ahead of warm fronts.

ST
Precipitation in the form of drizzle or light rain, usually continuous.

Fog
Surface winds less than 5 kts (except with advection fog, i.e., sea fog)

Table 1-8.  Cloud Indications

1.8.3.  Multiple Element Indicators

Oftentimes, several elements will combine to give indications of impending weather.  The data in Table 1-9 is a compilation of some of the more common indicators and results.

Indicators
Result

Thickening clouds (CI to CS to AS to NS) with rain or snow
An approaching warm front and low pressure system.

AS sheets break into AS with AC.  Sky has little CS
Storm is weakening or passing to the north.

Strong winds aloft, large surface pressure falls, high moisture content aloft, steep lapse rate.
Close proximity to an active front.

Dry air or a shallow, moist layer near the ground with one or more subsidence inversions aloft
Front is at quite a distance.

Light winds aloft with SW surface winds
Front is at quite a distance.

Falling pressure (steadily) with winds becoming east to northeasterly or south to southeasterly
Storm is approaching from south to southwest or west to northwest respectively.

Winds veering with time to southerly accompanied by an increase in velocity.
Approaching cold front.

East or northeast winds do not veer to the southeast or south when a storm passes to the north
Secondary low is developing to the southwest or south.

Cloudy condition with an east wind.
Storm to the south.

Cloudy condition with a west wind
Storm to the north.

Surface winds progressively SE to S to SW.  Upper winds veer with altitude; upper wind direction SW to W
Low pressure system passes north.

Surface winds are E and shallow, above them is a layer about 1 km deep with little or no wind, above which are SW winds
Low approaching from the SW.

Typical weather sequence is: 

a.  CI, CS, AS in that order.

b.  12 to 24 hrs of steady rain (snow is unlikely).

c.  Brief fog as rain tapers off.

d.  Clearing, turning warmer, hazy and humid.

e.  Possible thundershowers.

f.  Turning sharply colder, clear and crisp.
Low pressure system passes north.

Typical weather sequence is:

a.  CI, CS, AS in that order.

b.  12 to 24 hrs of rain or snow possibly mixed with sleet or freezing rain.

c.  Clearing, turning crisp, remaining cold to colder (when a storm passes south it does not gets warmer).
Low center passes to the south.

Surface winds are NNE to ENE, little turning up to 13,000 ft; upper level winds then back with height to NW
High pressure system north and a low approaching from SW, passing S of station.

Winds are SW and strong both at surface and aloft.
High east and a low approaching from W-NNW.

Both surface and winds aloft are NW; as high passes, winds are WNW, W, and WSW, veering with altitude to NW.
High SW and a low NE, high passes S of station.

Surface winds as successively N, NNW, then NW, backing with altitude to NW and WNW
High NW and a low passing northward east of the station.

Surface winds are N to NE, veering with altitude to NE and backing at high altitude to NNW
High NW and a low S.

Forward edge of cirrus cloud.
500 mb ridge.

Forward limit of pre-warm front cloudiness and precipitation; the sharper the ridge, the more accurate the rule
700 mb ridge.

Winds aloft back with height (Northern Hemisphere)
Low passing south of station.

Winds aloft veer with height (Northern Hemisphere).
Low passing north of station.

Surface winds back to a southerly direction and increase in velocity.
Approaching cold front.

Low clouds moving NE and high clouds moving SE
Warm air advection.

Low clouds moving SE and high clouds moving NE.
Cold air advection.

Clear skies
Anticyclonic or straight line flow from north.  Also, if the air is moving from the south but turning sharply anticyclonically.

Cloudiness and precipitation
Station is under cyclonically curved contours aloft (approximately 10,000 ft).  (Works best in mountainous regions, over ocean areas, and in the warm sector of cyclones.)

Table 1-9.  Multiple Element Indicators

1.8.4.  Humidity, Lapse Rate (Temperature), Shear, and Turbulence Indicators

The vertical characteristics of a cloud (thickness, form, and rate of growth) are controlled largely by the lapse rate--steep (unstable) lapse rates favoring CU and CB and gentler (stable) lapse rates favoring stratiform clouds.  By observing the types of clouds and certain characteristics, you can determine the lapse rate and adjust your forecast/prognosis accordingly.

· In general, the taller the cloud (in proportion to its width), the greater (more unstable) the lapse rate.

· A smooth, flat cloud has a lapse rate of less than moist adiabatic.

· The flatter the top, the smaller the lapse rate about the cloud (in fact, flattened tops are usually appreciably colder than the surrounding air).

· A detached lumpy cloud with a flat base and rounded top has an adiabatic lapse rate below it, a moist adiabatic inside, and a rate in excess of moist adiabatic above to the maximum height the cloud will reach.

· When CU builds directly upward, winds are of the same direction and speed at all heights in which the CU is forming.  Conversely, if the CU leans to one side, the wind at one particular height in the cloud is not the same as at another height (it is the result of the interaction of the vertical speed of the cloud particles and the rate of change of wind velocity with height).

· A cloud growing through one wind layer and into a significantly different wind layer will lean 45° when the relative velocities of the two winds are the same as the vertical velocity of the cloud particles.

· Though CU predominantly leans downstream, it can at times lean upstream (if lower winds are faster than higher level winds).

· With continuous horizontal shear, the lean or tilt will be curved (assuming a constant rate of ascent of the cloud particles).

· Assuming a uniform rate of growth in immature or developing clouds; the clouds will grow in a straight line if there is uniformity of wind velocity at all levels.  Such growth indicates decreasing horizontal pressure gradient with increasing height.  The clouds will straighten up or bend backward in the higher portions if there is a strongly decreasing pressure gradient with increasing height.

· The height at which rising smoke flattens out may indicate the base of a low-level inversion.

· In mountainous terrain, and early morning dew point of 20° F or lower in the summer or early fall may signal the presence of subsiding air and indicate low humidities at lower elevations in the afternoon.

· Stability in the lower layers is indicated by the steadiness of the surface wind.  Except where mechanical turbulence is the obvious case, gusty winds are typical of unstable air.  Dust devils are always indicators of instability near the surface.

· The instability of pre-storm pressure and humidity prevents smoke from rising quickly and causes it to curl downward in the face of the storm wind.

· Lenticular AC usually indicates a relatively high wind speed, high humidity, and turbulence in the mid-levels.

1.8.5.  Weather Indicators

Weather signs have prediction value if you know and understand the atmospheric conditions that the signs indicate.  Consider the following weather signs as unofficial rules of thumb.

· Fair weather will generally continue when:

· Clouds tend to decrease in number.

· The wind blows gently from west to northwest.

· The temperature is “normal” for the time of the year.

· The barometer is steady or rising slowly.

· The setting sun looks like a “ball of fire,” and the sky is clear.

· The moon shines brightly, and the wind is light.

· There is a heavy dew or frost overnight.

· Cumulus clouds dot the summer sky in the afternoon.

· Morning fog breaks or "burns off" by noon (evidence of clear sky above).

· Weather will generally change for the worse when:

· Cirrus clouds change to cirrostratus and lower and thicken.

· Rapidly moving clouds increase in number and lower in height.

· Clouds move in different directions at different heights.

· Clouds are moving from between north-northeast through east and south, and the wind speed increases with time.

· Altocumulus or altostratus clouds darken on the western horizon, and the barometer begins to fall.

· The wind shifts to the south or east.  The greatest change occurs when the wind shifts from north through east to south.

· The wind blows strongly in the early morning.

· The temperature is far above or below "normal" for that time of year.  The barometer falls steadily.

· There is a downpour at night.

· A cold front, warm front, or occluded front approaches.

· Weather will generally clear when:

· Bases of clouds show steady rise to higher types.

· A cloudy sky shows signs of clearing.

· The wind shifts to a westerly direction.  The greatest change occurs when the wind shifts from east through south to west.

· The barometer rises rapidly.

· A cold front has passed three to six hours ago.

· Rain or snow will generally occur:

· When a cold, warm, or occluded front approaches.

· In about 20 to 40 hours after the first cirrus-type clouds are noted to thicken and lower, particularly true if barometer is dropping. 

· In about 14 to 26 hours after CS clouds are noted, and there is a halo around the sun or moon, particularly true if barometer is dropping.

· Within about 6 to 8 hours when the morning temperature is unusually high, the air is humid, and CU clouds are observed to be building.

· Within about an hour in the afternoon when there is static on the radio and swelling CU clouds are observed.

· When the sky is dark and threatening to the west.

· When a southerly wind increases in speed and the clouds above are moving from the west.

· When the wind, especially a north wind-backs (shifts in a counterclockwise manner from north to west to south).

· When the barometer falls steadily.

· Temperature will generally fall when:

· The wind blows from or shifts into the north or northwest.

· The wind continues to blow from the north or northwest.

· The night is clear, and the wind is light.

· The barometer rises steadily in winter.

· A cold front has passed.

· Temperature will usually rise when:

· Wind is from south, particularly with cloud cover at night or clear sky during the day.

· Continued fair with little temperature change when:

· The sky is overcast, and there is a moderate southerly wind at night.

· The sky is clear during the day, and there is a moderate southerly wind.

· The wind shifts from the west or northwest to south.

· A warm front has passed.

· Fog will generally form when:

· The sky is clear at sunset, the wind is light, and the air is humid.

· Warm rain is falling through cold air ahead of a warm front.

· There is a large temperature difference between relatively warm water and much colder air above it.

· There is a sustained flow of warm, moist air northward (from the south) over a colder surface (either land or water).

1.8.6.  Winds and Barometer Indicators

If you have ever seen old style farm or household barometers, you may have seen the following general rules of thumb based on the wind direction and barometer readings and barometric changes (tendencies).  Developed long before numerical models, MetSat, radar, and the modern tools of forecasting, there is some validity to these rules.  If there is nothing else to use, consider them.  Remember that these rules in Table 1-10 are for the Northern Hemisphere only.

Wind Direction
Sea-Level Pressure Millibars (Inches)
General Forecast

SW to NW
1019.3 (30.10) to1022.7 (30.20) and steady
Fair, with little temperature change, for 1 to 2 days.

SW to NW
1019.3 (30.10) to1022.7 (30.20) rising rapidly
Fair, followed within 2 days by rain.

SW to NW
1022.7 (30.20) or higher and steady
Continued fair with little temperature change.

SW to NW
1022.7 (30.20) or higher and falling slowly
Fair for 2 days with slowly rising temperature.

S to SE
1019.3 (30.10) to 1022.7 (30.20) and falling steady
Rain within 24 hours.

S to SE
1019.3 (30.10) to 1022.7 (30.20) and falling rapidly
Increasing winds and rain within 12 to 24 hours.

SE to NE
1019.3 (30.10) to 1022.7 (30.20) and falling slowly
Increasing winds and rain within 12 to 18 hours.

S to SW
1015.9 (30.00) or below and rising steadily
Clearing within a few hours.  Then fair for several days.

S to E
1009.1 (29.80) or below and falling rapidly
Severe storm within a few hours.  Then clearing within 24 hours, followed by colder temperatures in winter.

SE to NE
1019.3 (30.10) to 1022.7 (30.20) and falling rapidly
Increasing winds and rain within12 hours.

SE to NE
1015.9 (30.00) or below and falling slowly
Rain will continue 1 to 3 days, perhaps even longer.

SE to NE
1015.9 (30.00) or below and falling rapidly
Rain with high winds in a few hours.  Clearing within 36 hours, becoming colder in winter.

E to NE
1019.3 (30.10) or higher and falling slowly
In summer, with light winds, rain may not fall for 2 to 3 days.  In winter, rain within 24 hours.

E to NE
1019.3 (30.10) or higher and falling rapidly
In summer, rain probably within 12 to24 hours.  In winter, rain or snow within 12 hours and increasing winds.

E to N
1009.1 (29.80) or below and falling rapidly
Severe storm (typical Nor'easter) in a few hours.  Heavy rains or snowstorm.  Followed by a cold wave in winter.

Shifting to W
1009.1 (29.80) or below and rising rapidly
End of the storm.  Followed by clearing and colder.

Table 1-10. Wind and Barometer Rules

1.8.7.  Sequencing Indicators

You can use sequencing of events to provide a forecast when you expect a frontal system to pass.  These sequences are in general terms, but they have been time-tested.  Table 1-11 shows the sequence of weather events with a typical cold front, and Table 1-12 shows a typical warm front sequence of weather events.

Element
In Advance
During Passage
Behind The Front

Weather
Usually some rain; perhaps thunder
Heavy rain; perhaps thunder and/or hail
Heavy rain for a short period, then fair.  Perhaps scattered showers

Clouds
AC or AS and NS, then heavy CB
CB with fractus/scud
Lifting rapidly, followed by AS or AC; perhaps CU later

Winds
Increasing and becoming squally
Sudden clockwise shift, becoming very squally
Gusty

Pressure
Moderate to rapid falls
Sudden rise
Rise continues more slowly

Temperature
Fairly steady may drop a bit pre-frontal rain
Sudden drop
Continued slow drop

Visibility
Usually poor
Temporarily poor, followed by rapid improvement
Usually very good, except in scattered showers

Table 1-11.  Summary of Weather Sequence with a Cold Front

Element
In Advance
During Passage
Behind The Front

Weather
Continuous rain or snow
Precipitation usually stops
Sometimes a light drizzle or fine rain

Clouds
In succession: CI, CS, AS, NS; sometimes embedded CB
Low NS and scud
ST or SC, sometimes CB

Winds
Increasing.
Clockwise shift, sometimes decreasing
Steady direction

Pressure
Steady fall
Levels off 
Little change, perhaps slight rise followed by slight fall

Temperature
Steady or slow rise
Steady rise, usually not sudden
Little change or very slow rise

Visibility
Fairly good except. in precipitation
Poor; often mist or fog
Fair or poor mist or fog may persist

Table 1-12.  Summary of Weather Sequence with a Warm Front

?

7.  This typical weather sequence (CI, CS, AS in that order, 12 to 24 hours of rain or snow possibly mixed with sleet or freezing rain, and clearing, turning crisp, remaining cold to colder) is indicative of a:

a.  High southwest and a low northeast of your location with the high passing south

b.  High northwest and a low passing northward east of your location.

c.  Low center passing to the south of your location

d.  Low pressure system passing north of your location

8.  Which of the following is not an indication temperature will generally fall?
a.  The wind blows from or shifts into the north or northwest.

b. The sky is clear during the day, and there is a moderate southerly wind.

c.  The barometer rises steadily in winter.

d.  The night is clear, and the wind is light.

9.  __________ (COLD/WARM)  The following cloud sequence is typical with this type of front: in advance: CI, CS, AS, NS, sometimes embedded CB; during passage: low NS and scud; behind the front; ST or SC, sometimes CB.

1.9.  Forecasting Temperatures with Limited Data

Preparation is the key if going to an area where you may only get limited data.  Research area climatology, study the terrain, identify known indigenous or deployed data sources, and how you can access the data well in advance of arrival if possible.  Obtain MARWIN upper-air sounding data, if possible.  Some tips to consider if your surface observations are your primary or only tool.

· Plot your temperatures and dew points graphically (temp range vertical, 24 hours horizontal) to begin establishing diurnal curves.  This will take several days or weeks, but you have to start somewhere.

· Subtract the average diurnal variation for the month from the maximum temperature to estimate a minimum temperature when little change is expected in the cloud cover or air mass.  Add it to the minimum temperature for estimating the maximum temperature.

· Use the dew point at the time of the maximum temperature as the forecast minimum temperature for the following night if skies were primarily clear and no change in air mass is expected.

· The moistness or the dryness of the ground will impact the ability of the earth's surface to heat up.  Solar radiation will act to evaporate moisture in or on the ground first, before heating the surface.  This will inhibit the daytime maximum heating.  A moist surface will heat up and cool down much slower than a dry surface.

· Snow cover will significantly impact daytime heating of the ground, and therefore, the air.  Expect lower temperatures if you have snow cover.  Air masses advected over an area with snow cover will cool if the air mass is warmer than the ground.  Snow will reflect a lot of the solar radiation during the day also limiting surface heating.

· Light winds will allow for greater heating during the day.  Wind speeds of over 10 knots will decrease the high temperature by 2° F or more, the high temperature may be up to 5° F less with winds of 35 knots or more.

· High winds also retard cooling.  You should add about 2° F to your low temperature forecast if the winds are expected to be around 15 knots, and up to 5° F for winds of 35 knots.

· If forecasting for a different location at a different elevation, consider the adiabatic effects; add or subtract 5.5° F for each 1,000 ft difference in elevation.

· The more moisture in a region the smaller the temperature range, and the drier the region, the greater the temperature range.

· Early morning, thermal convection CU or SC on a winter morning indicate a generally cloudy day with little rise in temperature.

· An increase in cloud will decrease the diurnal variation of the temperature.

· Note the trends in cloud types and levels to anticipate approaching fronts, typical frontal cloud type patterns.  Note pressure trends to help anticipate approaching fronts.  Plotting hourly pressures similar to the way mentioned for temperatures will help establish pressure diurnal curves.  Large variations from the norm could indicate approaching frontal systems.

?

10.  __________ (TRUE/FALSE)  One fairly reliable method for minimum temperature forecasting is to use the dew point at the time of the maximum temperature as the forecast minimum temperature for the following night if skies were primarily clear and no change in air mass is expected.

11.  You know that light winds will allow for greater heating during the day, but high winds decrease the high temperature.  How much will wind speeds of over 10 knots decrease your high temperature?

a. By 2° F or more 

b.  By up to 5° F

c.  By 5.5° F

d. None of the above

1.10.  Forecasting Other Weather Elements with Limited Data

1.10.1.  Thunderstorm Distances 

As a rule, thunder takes 3 seconds to travel 1 km (5 seconds for 1 mile) from the time you see a lightning flash.  Thus, if you count 9 seconds between the lightning flash and the thunder, the thunderstorm is about 3 km (1.8 miles) away.

1.10.2.  Tree Fog or Forest Smoke

Tree fog, also called forest smoke, can easily affect small helipads, landing zones, etc. surrounded by forests.  This type of fog develops over the forest during periods of light rain or after rain.  It not only occurs in the middle latitudes but also in tropical areas.  A general relationship between the main parameters producing tree fog (rainfall, stability of the lowest atmospheric layers, density and area of the forest, moisture content) does not exist, but here are some rules of thumb you may consider.

· Tree fog occurs in generally forested areas--not over isolated small forests.

· The ground of the forest must be wet to produce tree fog.

· Tree fog occurs only during light rain or drizzle, or just after precipitation ends.

· Tree fog does not occur during heavy precipitation.

· Strong winds prevent tree fog formation.

1.10.3.  Atmospheric Stability

Stability in the boundary layer can vary greatly diurnally.  It is important that the single station forecaster keep track of the boundary layer stability.  Knowledge of the boundary layer is useful for several reasons.  Temperature predictions depend greatly on a forecaster's knowledge of the temperature structure of the boundary layer.  For example, if a forecaster doesn't know there is a low-level inversion present, the temperature forecast will more then likely be off by a significant amount.  Surface wind predictions can also depend greatly on the strength and presence of an inversion in the boundary layer.  If a low-level inversion is present, generally any wind at the surface will be light and not representative of the synoptic flow pattern.  Lastly, knowledge of the boundary layer structure can help determine the time convective clouds form.  Here are some generalities you can use to determine stability from the surface:

· Unstable conditions commonly occur during the day, and more stable conditions during the night.

· Convective type clouds, gusty surface winds, and dust devils are all indicative of unstable conditions.

· Flattening of convective clouds, stratus clouds, and definite tops of haze layers are indicative of stable conditions.

· Strong winds generally cause sufficient mechanical mixing to produce a lapse rate near adiabatic, even at night.

· Sound travels farther than normal distances with very stable conditions, such as a nocturnal radiation inversion.

You can use visible indicators such as smoke or steam plumes to determine boundary layer stability by observing the behavior fires, smokestacks or steam vents.  Figure 1-12 shows the lapse rates and how smoke or steam diffusion patterns appear. 
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Figure 1-12.  Low-Level Lapse Rates and Vertical Diffusion

1.11.  Weather Lore
Lastly, we’re going to take a look at weather bromides (sayings), so called “weather lore.”  Most weather lore comes from farmers, hunters, and sailors--people most concerned with the weather.  Many weather sayings have some truth in them, for wisdom accumulated as people gained experience even before the reasons behind the facts were discovered.  Strange as it may seem, you can still use these as a general guide to predicting the weather if you do not have anything else.  Add some observation and forecasting tools, and you can increase your accuracy.  The saying "A ring around the moon means rain." is true 40-80% of the time, depending on location, how the pressure is changing, the direction the clouds are moving, etc.  If you use this rule modify it to: "If pressure is falling rapidly, a ring around the moon means rain in 18 to 48 hours about 75% of the time."  It is interesting to collect local weather signs and lore.  If you can talk with "old-timers" (long resident in your region), see what they have to say.  Then, examine these beliefs in the light of present-day meteorology.

· Red sky in morning, sailor take warning.  Red sky at night, sailor’s delight. 

· Explanation - This saying often holds true because the weather patterns in the Northern Hemisphere mid-latitudes generally move from west to east.  Typically, when the sun is low on the horizon, as it is during sunrise and sunset, red light is more readily scattered to an observer's eye than other colors.  Cirriform clouds are the forerunners of large-scale storm systems.  When a deck of cirriform clouds arrive overhead at sunrise in the sky, they will appear red, signaling a storm "moving in."  So, a red sky in the morning would warn a sailor that a storm was on the way and a departure from safe harbor should be delayed.  When the storm eventually passes, the sky will clear in the western sky.  If sunset occurs simultaneously, the light will cast a red glow on the clouds above, now moving towards the east. 

· Rainbow in the morning, shepherds take warning.  Rainbow towards night, shepherd’s delight.

· Explanation - Similar reasoning as the “red sky” saying.

· If you hear an owl hoot in the daytime, a storm is approaching. 

· Explanation - Owls are typically nocturnal birds.  Darkening skies from an approaching storm resemble the onset of night, so an owl may come out and give a hoot.

· When clouds look like rocks and towers, the earth will be refreshed by showers.

· Explanation - A true saying since building cumulus (rocks and towers) signifies instability and the likelihood of rainshowers or thunderstorms.

· High clouds indicate fine weather will prevail; lower clouds mean rain. 

· Explanation - The higher the clouds, the better the weather.  Higher clouds indicate both dryness of air and higher atmospheric pressure.  Both these qualities are present with fair weather.

· Ants busily building up their hills, heavy rains by the next day.

· Explanation - There seems to be no reason for this to be true, although many people still use it as a weather sign, especially in areas with fire ant infestations.

· Sea gull, sea gull, sit on the sand, sure a sign of a rain when you are at hand.

· Explanation - Generally, birds will roost more during low pressure than during high pressure.  The lowering of pressure or thinning of air density makes flying so much harder, thus, the lessening of natural updrafts would also account for the birds "resting it out."

· When the wind is in from the north, the skillful fisher goes not forth.  When the wind is in the south, it blows the fly into the fish’s mouth.  Or, near the surface and quick to bite, catch you fish when rain’s in sight.

· Explanation - There is truth in these sayings.  North winds are cold winds--since fish are cold-blooded, they go deeper and are harder to catch.  North winds are usually associated with high pressure.  Southerly winds are warm winds--the fish rise closer to the surface and are easier to catch.  Southerly winds often signify an approaching low pressure system and rain.

· Geese (and other migrating birds) fly higher in fair weather than in foul. 

· Explanation - Because pressure lowers as you ascend, the higher you go, the less pressure you will find.  Birds seek height in migration to make use of their ceiling (or altitude limit) that is lifted in good-weather, high-pressure air, and lowered in low-pressure, stormy air.

· Sun or moon halos indicate a coming rain (or snow): the larger the halo, the nearer the precipitation. 

· Explanation - This is more likely to be true during warm weather than during midwinter.  You are seeing the sun (or moon) through the high crystals of cirriform clouds.  When these cover the whole sky, it is a sign of an approaching warm front when a long, slow rain will occur. 

· When leaves show their backs, it will rain.

· Explanation - When trees grow, their leaves fall into a pattern according to the prevailing wind.  Therefore, when a storm wind (which is naturally a non-prevailing one) occurs, the leaves will be ruffled backwards and show their light undersides.

· When smoke descends, good weather ends.

· Explanation - Smoke that curls downward and lingers means a nearing storm.  The instability of pre-storm pressures and humidity keeps smoke from chimneys or bonfires from rising quickly, finally to curl downward in the face of a storm wind.

· A ring around the sun or moon, rain or snow will follow soon.

· Explanation - There is merit in this saying.  Sun or moon halos indicate a coming rain (or snow), and the larger the halo, the nearer the precipitation.  Halos (or rings) around the sun or the moon are caused by the bending of light as it passes through the hexagonal shaped ice crystals that comprise cirriform clouds.  Cirriform cloud decks normally precede large-scale storm systems that bring either rain or snow.

· If cows in a field are lying down, rain can be expected within 12 hours.

· Explanation - It is generally thought that cows lie down before a storm because they feel rheumatic due to the changing air pressure associated with an inbound low pressure system.  Low pressure systems usually bring rain.

· Frost or dew in the morning light shows no rain before the night.  Or conversely, When grass is dry at morning light, look for rain before the night. 

· Explanation - This saying is correct almost every time.  For frost or dew to form, air must be cooled to its dew point.  To achieve the necessary cooling, a clear calm night must occur.  If a storm were to bring rain to an area, clouds would increase and a backing wind would import moisture into a region.  Clouds and increasing wind are not favorable parameters for dew or frost formation.

· Mackerel clouds in the sky, expect more wet than dry.

· Explanation - In some areas, this saying is a good forecast tool.  The mackerel clouds are generally known as cirrocumulus, which often form well in advance of a warm front.  Warm fronts generally bring a period of steady rain within 24 to 36 hours after the first cirrocumulus clouds appear.

· When the wind is in the west, the weather is at its best. 

· Explanation - This saying holds true across most Northern Hemisphere mid-latitude areas very well.  Westerly winds naturally occur behind a departing storm system and bring fair, dry weather.

· Cold is the night when stars shine bright.

· Explanation - Clear skies and calm winds produce ideal radiative cooling conditions at night.  So, on a night when the stars are clearly visible, the temperature drops much more than it would if the sky was cloudy.

· Clear moon, frost soon. 

· Explanation - A clear sky during the fall or winter will allow the temperature to drop to its dew point, or frost point in this case.  So, if the moon is clear and sharp during the spring or fall, expect a large temperature drop and a potential frost.

· The east wind brings aches and pains.  

· Explanation - It is no secret that old injuries are affected by changes in temperature and humidity.  Easterly winds normally bring cool moist air into a region, an air mass commonly responsible for increased aches and pains in people.

· A cow with its tail to the west, makes weather the best.  A cow with its tail to the east, makes weather the least. 

· Explanation - This saying has truth in it, for an animal grazes with its tail to the wind.  This is a natural instinct so an invader from the opposite side would carry out its scent to the cow in the wind.  Since in the mid-latitudes an east wind is a rain wind, and a west wind is a fair wind, the grazing animal's tail becomes a weather sign.

?

12.  Looking at this illustration below, what is your best guess at your atmospheric stability?  Attempt to sketch how your vertical T-Td curves will likely appear.
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a.  Stable

b.  Unstable

c.  Neutral

d.  Neutral below; stable above

13. Explain the reasoning why the saying, “A ring around the sun or moon, rain or snow will follow soon.” has some veracity.

1.12.  Performing a Rudimentary Analysis in a Data Sparse Area
This section is where you are supposed to take what you’ve previously learned and the extra information from this module to perform limited data analysis, and from that product, prepare a prog.  This should be a fairly easy process if you can remember the basic rules of analysis, both surface and upper-air, the stack of systems, and the basic tenets you’ve learned by watching the weather signs presented.

1.12.1.  Crossed Wind Rules

Remember that Buys-Ballot's Law states: Put your back to the wind and the low will be to your left and any highs will be to your right.  You can use the crossed wind rules in analysis.  Put the wind to your back (but to the gradient wind this time, which is about 30° clockwise from the surface wind (assuming no great local effects).  Look up and notice the direction of the high level flow.  You will need to see some cirrus to get that direction.  Then according to the upper level flow, you can conclude where you are in a typical storm track synoptic situation.  Figure 1-3 illustrates the crossed wind rules.

· If cirrus flows from your left side to your right side, then, you are ahead of an approaching warm front.

· If cirrus flows right to left, then you are behind a receding cold front.

· If cirrus flows from behind you to your front, then you are in the warm air sector south of the low.

· If cirrus flows from in front of you to behind, then you are north of the low passing to your south.

When you start putting the major features on the map, consider a few more hints:

· Gradient winds.  Winds veer with height and frontal orientation is nominally 45° left of gradient wind direction.

· Warm front slope is about 1 mile up for every 200 miles along the ground.

· Fronts move in response to the cold-air side winds.

[image: image16.jpg]Contours of Upper Wind

Isohars of Lower Wind






Figure 1-13.  Illustration of Crossed Wind Rules

1.12.2.  Steps in Data Sparse Area Analysis

Obtain as much real-time data as possible before starting.  Sources for such real-time data include PIREPs, RAREPs and visual observations of the surrounding environment.

· Plot all known data first.  This includes surface temp, dew point and pressure level (one way to obtain pressure data is to get the altimeter setting or pressure altitude from an aircraft).  What do you do if not available?  Assume standard atmosphere (see Table 1-13).   
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Table 1-13.  US Standard Atmosphere

1.12.3.  Data Sparse Area Analysis Construction Exercise

Given the data, construct a local area work chart (LAWC).  The real-time analysis is found in Question 14 in the Confirmation Key. 

Scenario

During TEAM SPIRIT 2000, you’ve landed with the forward ALCC group at a remote location near Posong, ROK (Location QP - RKQP) that is about 20 miles south of Kwanju (RKJJ).  You have limited equipment and few outside communications links in this “bare-base” environment.  You must begin making immediate forecasts using the few bits of data you’ve received so far.  One of the tasks needed is make an LAWC (use Figure 1-16).

09Z Tactical Observation (Field Elevation 210 feet) 

RKQP 310856Z 23005KT 9999 SCT040 SCT080 BKN250 19/10 A2991 RMK SLP124 ESTMD WND ESTMD ALSTG/SLP

09Z ROK Observations (Relayed from ALCC controllers)

Osan AB (RKSN) 310855Z 21005KT 9999 FEW040 SCT080 BKN150 OVC250 19/06 A2982 RMK SLP097

Kunsan AB (RKJK) 310855Z 22015KT 9999 BKN100 OVC250 16/08 A2986 RMK SLP115

Kwangju AB (RKJJ) 310857Z 19012KT 9999 SCT060 BKN100 BKN250 18/09 A2988 RMK QFF1011PT9 (same as SLP119)

PIREPs (relayed from ALCC controllers and aircrew debriefs)
C-130 on descent to (RKQP) at 0305Z reported in cloud, no icing, FL090.

UH-60 Blackhawk at FL025 10NM east of RKQP at 0535Z, SK 020SCT050, WV 26030, TA 22, 

C-130 on climb from (RKQP) at 0609Z in cloud FL110, TA M04, IC NONE, WV 295030, FV1SM

Regime Recognition

From the satellite imagery (Figure 1-14) and your TIPs CD (PacTIPs), you recognize the system moving in from the northwest as a Mongolian Low (see Figure 1-15).  This will help you with your initial analysis, and if your lack of data problems continue, you could subsequently prepare progs for your operations people.

[image: image18.jpg]




Figure 1-14.  09Z GMS-5 IR Imagery

Mongolian Low

1.  The Mongolian Low (also called the South Mongolian Low) may occur almost any time of the year.  Mongolian Lows are the most common cyclones, occurring in all seasons.  Their track is more southerly than the Manchurian and Baikal Lows.  Weak lows may generate a Yellow Sea Low as they pass through that region.

2.  Their tracks are northwest to southeast over northern China, recurves over the Yellow Sea and passes over Korea (north of the DMZ), then moves northeast over the Sea of Japan across northern Honshu or southern Hokkaido.

3.  Mongolian Lows track at a mean speed of about 20 kts.  They are most likely to occur from March to July (averaging 2-3 per month), but may occur any month of the year.  

4.  More often than not, the only effects from Mongolian Lows in the Far East region are in association with trailing cold fronts.  Timing these fronts is fairly consistent.  When the trough which precedes cyclogenesis moves past Lake Baikal, look for the trailing cold front 24-30 hrs later into and through Korea, 48-56 hrs later into and through Japan, and 56-60 hrs later past Okinawa (provided the air behind the front is cold enough to push it through).

5.  The low-level winds in the rear sections of Mongolian Lows advect the "yellow winds", which are particularly bothersome as dust storms over the Korean Peninsula, but are known to affect Japan and Okinawa. 

Regional Effects – Southern ROK

1.  Weather from a Mongolian Low is usually limited to frontal bands.  A wider band of precipitation occurs with northeast-southwest oriented fronts than with west-east or north-south oriented fronts.

2.  Main lows track north of the region, but the trailing cold front produces the following weather:

a.  Cirrus/cirrostratus appears first with a band of altocumulus or altostratus clouds (7,000-11,000 ft) appearing locally 8-10 hrs prior to fropa.

b.  A broken to overcast layer of stratocumulus (2,000-3,000 ft) moves in 2-4 hrs prior to fropa.  A low broken to overcast deck around 800 ft develops 1-3 hrs prior to fropa.  If these clouds become scattered shortly after fropa, clear skies should be forecast for the next 24 hrs.

c.  Showery precipitation precedes the front by 3-5 hrs.  Rain reduces visibilities to 3-5 miles, occasionally down to 1-2 miles in heavier showers.  Snow reduces visibilities to 1-2 miles, intermittently down to ½ mile.  The precipitation usually ends with fropa.

d.  Expect shifting gusty surface winds.  Prior to passage, winds are generally southwest shifting to northwest after passage with speeds of 15 to 30 kts.

e.  Several hours after fropa skies scatter, except near the Yellow Sea coast, where CAA stratocumulus and lake-effect showers may occur.

3.  One problem with cold fronts passing through the area is possible secondary Yellow Sea Low wave development.  A key to suspecting this development, besides obvious pressure falls west of the peninsula, is the low overcast which develops prior to fropa.  If this low overcast continues 3-9 hrs after fropa, expect secondary low development.  Weather conditions depend on the severity of this low, but expect MVMC flying weather near the coasts and IMC weather in the mountains.

4.  In spring, the region is affected by yellow winds which lower visibilities to 1-3 miles along the west coast and 2-4 miles inland.  Occasionally visibility is reduced to <1 mile at the surface and 3-5 miles above 500 ft AGL to 20,000 ft.  Yellow winds occur 2-3 times each spring.
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Figure 1-15.  Mongolian Low Regime Climatology
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Figure 1-16.  Far East Blank Chart

?

14.  Given the available MetSat imagery, regime knowledge, area climatology, and the data listed above, construct an LAWC (use the Figure 1-6 blank chart, and then, prepare 24- and 48-hour prog positions.  The real-time analysis with prog positions are found in Question 14 in the Confirmation Key.

1.13.  Constructing an Air Mass Sounding (Skew-T) with Limited Data

It’s possible to construct a Skew-T without having raob data.  Many of the rules presented this module can aid in the process.  There are many steps in this tedious process, but the end product will be well worth it.

1.13.1.  Steps in Constructing an Air Mass Sounding (Skew-T) with Limited Data
Obtain as much real-time data as possible before starting.  Sources for such real-time data include PIREPs, RAREPs and visual observations of the surrounding environment.

Step 1

· Plot all known data first.  This includes surface temp, dew point and pressure level (one way to obtain pressure data is to get the altimeter setting or pressure altitude from an aircraft).  What do you do if not available?  Assume standard atmosphere (see Table 1-13) or use the climatological standard atmosphere for a location at 30° N adjusted to season (Table 1-14).


30° N (January)
30° N (July)


Height X 10Kft

Height X

10Kft


P (mb)
Ft
KM
T (°C)
Td  (°C)
RH (%)
Ft
KM
T (°C)
Td  (°C)
RH (%)

1000
0.57
0.17
13.5
12
80
0.39
0.12
27
23
78

850
5.1
1.5
9.5
2
60
5.1
1.5
18
10
60

700
10.3
3.1
1
-10
45
10.4
3.2
9
1
60

500
18.9
5.7
-17
-29
30
19.3
5.9
-6
-17
40

400
24.1
7.3
-27
-39
30
24.9
7.6
-18
-28
40

300
31.5
9.6
-40


31.8
9.7
-33
-44
30

250
34.4
10.5
-48


36.1
11
-42



200
39.4
12
-57


40.7
12.4
-52



150
45.9
14
-65


46.6
14.2
-62



100
53.5
16.3
-69


54.5
16.6
-69



70
61.3
18.7
-69


62
18.9
-64



50
67.3
20.5
-64


68.9
21
-59



30
76.4
23.3
-57


79.7
24.3
-52



20
86
26.2
-51


88.6
27
-47



10
100.1
30.5
-43


101
30.8
-39



Table 1-14.  Mid-Latitude Climatological Normal Standard Atmosphere

· Find the heights on the Skew-T that correspond to the reported cloud heights on the observation.  Draw a line on the sounding at those points, as this will help you identify the moist layers.

· Identify and plot the freezing level, if available (e.g., via PIREPs).

Step 2

· Develop significant unknown data:

Tropopause
· Use tops of nearby thunderstorms as a guide--assume thunderstorms tops coincide with the trop.

· The height of the trop will tend to coincide with the level of max winds.

Upper Winds

· Estimate winds at the cloud levels by using relative cloud motion--works best with 7/8 coverage or less.   There’s one old method of determining the wind speeds aloft that still works well.  Any source of wind information in limited data analysis and forecasting is better than none.  This method requires a watch that indicates seconds and a ruler, some math skills, some patience, and no fear of getting a little dirty.

· To determine wind direction at the level of any cloud layer, either note the direction of movement of the cloud's shadow on the earth's surface or observe the cloud motion overhead.  On overcast days or at night (although difficult), direction can be estimated by noting the direction of movement of the clouds when looking directly overhead.

· Determine the wind speed by using a foot-long ruler.  Lying flat on the ground, extend your arm towards the sky, and position the ruler so that it is parallel with the surface of the earth--aligned with the movement of the clouds.  The center of the ruler should be directly above you.  See Figure 1-17.

· Measure the time in seconds that it takes for a cloud element or a portion of a cloud layer to move from one end of the ruler to the other.

· Computing the speed of the clouds is accomplished by using the following equation below.  (Note:  Your wind speed will be in feet per second, so multiply feet per second by .68 to get miles per hour.  Convert miles per hour into knots by dividing the miles per hour by 1.16.)

HR

S =
 At

Where:

S = Cloud speed (feet per second)

H = Height of the cloud base (feet)

R = Length of the ruler (in inches; should be 12)

A = Length of the observer's arm (inches)

t = Time (in seconds)
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Figure 1-17.  Determining Upper-Level Winds
· Examine cirrus outflow from thunderstorms.  The outflow reveals the wind direction at the trop.

· Track the movement of CBs.  CB movement reflects wind direction at/near 700 mb in the subtropics and 500 mb (in Europe).

· Solicit PIREPs aggressively.

Low-Level Inversions

· Examine aerosol discharges.  If the smoke or steam rises up, then abruptly flattens out, the top of the inversion is at the point where the aerosol flattens.  Figure 1-2 illustrated this.

· Radiation inversions rarely extend above 1,000 ft AGL.

· Use adjacent hills/mountains as a guide to height.

· Surface visibility is a guide to inversion strength.  The lower the visibility, the stronger the inversion.

· Whether you also have a dew point inversion can be inferred somewhat from what is restricting your visibility.

· Fog - Since fog is moist, you will generally have an inversion in your dew point.

· Obscuration Stratus - The type that causes an indefinite ceiling.  Dew point inversion will overlap the temp inversion, and will be of the same depth as the temp inversion.  

· Haze - Because haze is drier than fog, there will tend to be an inversion in the temp only.  Haze also disperses more quickly unless it's continuously reinforced through advection.

Step 3

· After establishing your primary plots, then connect dots.  

· Another rule: when in doubt, use persistence. 

· Do not deviate significantly from the standard adiabatic lapse rate unless you have real-time evidence justifying it.  

· If available, use upper-air climo.  

· Estimate the Showalter Stability Index (SSI) at zero and work known values to balance the Skew-T with this information.  

· If the wind direction remains fairly constant with height, once above the second standard level, this will indicate neutral advection, justifying adherence to a standard lapse rate.

Step 4
· The dew point curve is a bit tougher, but can be drawn.  Use sky cover observations and the correlations in Table 1-15 to estimate T-Td spread.  The greatest fluctuation through cloud layers on a sounding will be in the dew point trace, not the temp trace.  Remember, your differences between fog, haze, and stratus for getting off the surface.

T – Td (DEPRESSION)
RH %
CLOUD AMOUNT

0-2
90-100
OVC

2-3
80-90
BKN VRB SCT

3-4
70-80
SCT

4-5
66-70
SCT VRBL CLR

5
<65
CLR

Table 1-15.  Cloud-Moisture Relationship Rule of Thumb

1.13.3.  Error Sources

· Failure to account for the difference between MSL and AGL.  Cloud bases are reported in AGL.  PIREPs are reported in MSL.

· Unsupported deviation from standard lapse rates.  The most common is drawing a superadiabatic stratum aloft where the temperature cools off faster than the dry adiabatic lapse rate.

· Not starting at the surface pressure level.

· Assuming too much moisture (T-Td too tight).

· Unsupported indications of warm/cold air advection aloft.

?

15.  You’ve been observing SC clouds moving towards the southeast.  You estimate the clouds are 3,700 feet AGL.  Your ruler is 12 inches, your arm length is 28 inches, and you’ve determined the clouds moved across the ruler in 30 seconds.  Using the formula   S = HR/At and the given cloud relative motion, what would be your winds aloft?  

a.  320° at 31 kts

b.  320° at 36 kts

c.  150° at 31 kts

d.  150° at 36 kts

16. __________ (TRUE/FALSE)  If the smoke or steam rises up, then abruptly flattens out, the base of the inversion is at the point where the smoke or steam flattens.

1.13.4.  Air Mass Sounding (Skew-T) Construction Exercise
In this section, you are to construct an air mass sounding.  You’ll be given limited data, MetSat imagery (Figure 1-18), and an unanalyzed LAWC (Figure 1-19).  Use the blank Skew-T in Figure 1-20 for plotting.  Use Tables 1-13 and 1-15 to help fill in data gaps.

Scenario

You’re with the forward ADVON group and have deployed to a remote airfield (KOSV) between Volk Field and Green Bay, Wisconsin with limited equipment.  Outside communications links have not been fully set up.  You must begin making immediate forecasts using the few bits of data you’ve received so far.  One of the tasks you need to do is construct a Skew-T for 00Z.

23Z Tactical Observation (Field elevation 437 feet) 

KOSV 072256Z 23015KT 4SM -RA BKN016 BKN080 OVC250 13/10 A2941 RM SLP942 ESTMD WND ESTMD ALSTG/SLP

Observed Cloud Motions

Broken low clouds (SC), bases at 1,600 feet AGL moving from the southwest at 20 knots.  Broken middle clouds (AC), bases 8,000 feet AGL moving from the west-southwest at 25 knots.  Unable to observe the overcast high clouds (CS) cloud motions.  (Note:  Some cirrus ROTs you can use to estimate the heights follow.  Most cirrus tops were found to be less than 2,000 feet below the tropopause.  For opaque cirrus, when the tropopause is low, the average thickness is about 4,000 feet.)

PIREPs (relayed from ATC and aircrew debriefs)
C-130 on descent to KOSV at 2005Z reported in cloud, light rime icing, FL090.

Blackhawk UH-60 at FL045 at 2210Z, SK020OVC037 050OVC, TA 07

C-130 on climb from KOSV at 2235Z in cloud FL110, TA M04, IC LGT RIME, WV 225030, FV1SM

KC-135 at 2226Z at FL350, SK BKN250, TA M38, WV 210042, TB NEG

EC4B at 2355Z at FL310, TA M34, WV 205027
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Figure 1-18.  18Z Visible and IR Imagery
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Figure 1-19.  18Z Unanalyzed Surface Chart

?

17.  Given the available MetSat imagery, the unanalyzed 18Z surface chart, and the data listed above, construct an air mass sounding.  Use the blank Skew-T in Figure 1-20 for plotting.  The real-time Skew-T is found in Question 16 in the Confirmation Key. 
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Figure 1-20.  Blank Air Mass Sounding (Partial)
Module 2 – Tropical limited Data Analysis and Forecasting

TRAINEE’S NAME_______________________________

CFETP REFERENCE:  14 
MODULE OVERVIEW:

This module discusses some concepts and techniques of limited data analysis and forecasting in tropical areas with emphasis in the Northern Hemisphere. 

Note:  This QTP is designed more for a CWT/WETM and can be used by Weather Flights/Detachments now.  OWS trainees may be able to use some of the information in this QTP that may be pertinent to job certification for a particular area of responsibility (AOR) for a Hub.

TRAINING OBJECTIVES: 

· OBJECTIVE 1:  Demonstrate that you understand the concepts and techniques used in tropical limited data analysis and forecasting by answering questions with at least 80% accuracy.

· OBJECTIVE 2:  Perform a rudimentary streamline analysis in a data sparse area using data provided to the satisfaction of the trainer/certifier as compared to the master analysis.

· OBJECTIVE 3:  Create an air mass sounding with limited data to the satisfaction of the trainer/certifier as compared to the master solution (actual air mass sounding).

EQUIPMENT AND TRAINING REFERENCES:

· AFMAN 15-125, Weather Station Operations
· AFWA/TN-98/002, Meteorological Techniques
· AWS/TR-95/001 (AWS TR240 Updated), Forecasters Guide to Tropical Meteorology
· AWS/TN-85/002, Intellligence Preparation of the Battlefield--A Staff Weather Officers Guide 

· AWS/FM-82/007, Trough Analysis and Depiction on Upper Air Charts
· AWS/FM-300/001, Single Station Analysis of Surface Observations 

· AWS/FM-300/002, Single Station Analysis of Upper Air Observations
· AWS/FM-600/009, The Local Area Work Chart
· SC 01W01A, Volume 3, Weather Element Forecasting, Flight Hazards, and Limited Data 

· CDC 1W051B, Volume 1, Using Climatology and Limited Data
PREREQUISITES AND SAFETY CONSIDERATIONS: 

· Completion of Module 1
· Be familiar with interpreting weather features off MetSat imagery

· Have a firm grasp on the analysis and prognosis rules and techniques discussed in the Analysis and Prognosis QTP, especially streamlining

ESTIMATED MODULE TRAINING TIME:  2.5 Hours

CORE TRAINING MATERIAL AND REVIEW QUESTIONS

2.1.  Concepts and Considerations in Tropical Limited Data Analysis and Forecasting

The most common problem faced by a typical forecaster in a tropical area has always been the lack of data in most tropical areas.  Although the tropics cover approximately 1/2 of the earth's surface area, weather data is rather sparse over much of it.  This data sparseness is due to the fact that waters cover a large part of the tropics.  Also, the tropics contain most of the world's developing countries; their weather services/bureaus are not as well established, and reporting stations are not as numerous as in the more developed countries.  Just as in the mid-latitudes, it’s up to you, the forecaster, to use what’s on hand to make that forecast.  Tropical limited data analysis and forecasting forces careful consideration of every bit of data in assessing the total structure and changes taking place in the atmosphere.

2.2.  Importance of Climatology (Persistence) in the Tropics

In no other regions of the world is climatology (persistence) of more importance than in tropical regions.  There is little diurnal, seasonal, or annual variation in tropical weather at most tropical locations.  The best guide to forecasting is detailed knowledge of climatology of the tropical region you need to forecast for.  Persistence is generally the rule; that is, what happened at a certain time today will probably happen the same time tomorrow unless another weather regime comes into play.  Persistence in the tropics works 80%-85% of time, and can be as much as up to 95% in monsoon or wet/dry climates.  Satellite imagery is a great aid in extrapolation of day-to-day weather features.  What about Numerical Weather Prediction (models)?  Current models do not beat persistence over 24 hours.  Models work best when weather is linked to mid-latitude systems.  Climatology remains the best forecast tool beyond two to three days.  You can use the following general diurnal effects as a starting point for forecasting in a tropical region.

2.2.1.  Temperature Range

Ranges between the maximum and minimum temperatures of the day vary as such:

· On small islands and coastlines 3-5° C with prevailing onshore flow

· On inland locations or coasts 5-10° C with prevailing land breeze

· In the interior in the dry season > 10° C

2.2.2.  Clouds

Use these general diurnal variances in maximum and minimum cloudiness unless you have evidence of a mesoscale or even a rare synoptic scale system that will affect your location.

· Oceans - Maximum (0400-0700L), minimum (1400L-1900L)

· Land - Daytime maximum, nocturnal minimum

2.2.3.  Rainfall

Use these general precipitation maximum and minimum times of occurrence (see Figure 2-1).  Beware of any mesoscale or rare synoptic scale systems that will change these times.

· Nocturnal max over oceans, and small islands

· Shower maximum over land in afternoon

· Monsoon areas and areas in disturbances have night to early morning maximum
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Figure 2-1.  Typical Diurnal Precipitation Pattern on Islands in the Tradewinds

?

1.  What would you expect the “first guess” daytime high to be at an inland tropical location not subject to a sea breeze if the morning low was 66° F (19° C) if you had no climatological diurnal curves?

a.  75° F (24° C)

b.  85° F (29° C)

c.  95° F (35° C)

d.  None of the above
2.  __________  You’re on a tropical island at 18° S (in the southeast trades).  You’re on the east coast.  With no systems heading your way, would you expect any rainshower activity in the morning or in the afternoon?

2.3.  Using Streamlining Techniques

The basic analysis in the tropics is streamlining.  The three preferred pressure levels to streamline are the surface (gradient level if available), 700 mb and 250 mb.  Streamlining the surface will allow you to detect circulation centers, troughs and ridges, and deviations from climatological means (winds).  Use of the gradient level or 925 mb winds is better than the surface due to the effects of friction at the surface.  However, you may have to use a combination to get as much data as possible.  The 700 mb level is important since tropical thunderstorms and features like tropical waves (easterly waves) move with the mid-level (10,000 feet) wind flow.  If you can locate surface confluence, you can use the upper-level winds to find areas of difluence.  Typically, low-level confluence and upper-level difluence equals some sort of convection in the tropics.  If the 250 mb level is not available, use 300 mb or 200 mb.  

2.3.1.  Quick Review of Streamlining Definitions

There are certain terms and definitions used in streamline analysis that you need to be familiar with before you should actually begin streamlining.  Let’s quickly review them.

· Anticyclone - Anticylonic circulation center; high pressure center

· Asymptote - A special streamline.  Other streamlines gradually merge with confluent asymptotes or diverge off difluent asymptotes.

· Buffer - Weak closed circulations near equator where curving winds "cut off".  No net inflow or outflow.

· Confluence - Confluence is the flowing together of streamlines, but not necessarily implying convergence. 

· Confluent Asymptote – A streamline toward which other streamlines converge.  Confluent asymptotes may or may not represent lines of true horizontal convergence of mass.  Distribution of wind speed could result in net divergence in the area of a confluent asymptote.

· Cusp - An intermediate pattern in the transition between a wave and a vortex.  

· Cyclone - Cylonic circulation center; low pressure center.

· Difluence - Difluence is the spreading apart of streamlines, but not necessarily implying divergence.

· Difluent Asymptote - Streamline away from which other streamlines diverge.  Difluent asymptotes may or may not represent lines of true horizontal divergence of mass.  Distribution of wind speed could still result in net convergence in the area of a difluent asymptote.

· Isotachs - Lines on a given surface connecting points of equal wind speeds.

· Neutral Point - A point where a confluent and a difluent asymptote appear to intersect.  Corresponds to a col in a pressure field.  

· Shear Line - A surface wind discontinuity that represents a frontolysized cold front, generally into the tropics or subtropics.

· Singular Point -  Also called a singularity - A point where the direction of flow is not uniquely determined or where more than one streamline can be drawn.  It can also refer to streamlines that form a closed curve.  There are three types: vortex, neutral point and cusp.

· Streamlines – Streamlines are defined as flow lines tangential to the instantaneous wind direction.  Streamlines depict the pattern of air moving horizontally.

· Vortices - Cyclonic or anticylonic circulation centers and cyclonic or anticylonic outdrafts and indrafts.

· Indraft (streamlines converging into a cyclonic low pressure center).

· Outdraft (streamlines diverging out of a anticyclonic high pressure center)

· Wave - A perturbation in a field of streamlines, similar to troughs and ridges in isobaric patterns.  Waves usually appear in broad zonal currents and do not extend across the entire width of the streamline current in which they are embedded.  Waves that distort only a few streamlines and are bounded on sides by normal flow are called damped waves.

2.3.2.  Quick Review of Manual Rules of Streamlines - Non-Asymptotes

These are the basic rules of manual streamline analysis.  Remember, you probably will not get automated streamlines in a limited data situation.  Non-asymptotes:

· Must parallel wind flow, except in areas of light winds.

· Flow direction shown by heads and tails.

· Merge smoothly with confluent asymptotes with no “T” intersections. 

· Never cross each other.

· Usually cross isobars, since winds generally do not blow parallel to isobars.

· Are evenly spaced 3/4-1 inch apart, do not converge or diverge, the streamline is a wind direction and does not indicate wind speed.

· Should not be drawn through every report (to maintain even spacing).

· Should not be distorted to make them pass through a data point.

2.3.3.  Manual Rules of Streamline Analysis - Asymptotes

· Are streamlines, so regular streamline rules (above) apply.

· Are placed along the axis of confluence or difluence.

· Confluent asymptotes:  Only the section that shows confluence is colored red; extend the color about 1 inch before and after the confluent portion.

· Difluent asymptotes:  Only the section that shows difluence is colored blue; extend the color about 1 inch before and after the difluent portion. 

· Can have red into red, blue into red, or blue from blue.

· Cannot have red converge into blue or blue diverge from red.

2.3.4.  Rules of Streamline Analysis - Vortices

2.3.4.1.  Cyclonic Vortices

· Labeled with a red "C"

· Linked by confluent asymptotes

· Should have at least two confluent asymptotes spiraling inward toward a theoretical point

· Asymptotes don't actually meet in the center; they oppose each other on either side of a vortex

2.3.4.2.  Anticyclonic Vortices

· Labeled with a blue “A”

· Linked by difluent asymptotes

· Should have two difluent asymptotes spiraling outward from a theoretical point

· Asymptotes don't actually start at the center; they oppose each other on either side of a vortex

2.3.4.3.  Buffer

· Fairly rare closed circulation existing for a short period near the equator only

· Labeled with a black "B"

2.4.  Steps in Manual Streamline Analysis

There are three steps to use when performing streamline analyses.

· Step 1:  Before beginning the actual analysis, do the following.  

· Try to locate the dominant features on the chart.  Look for cyclones, anticyclones, waves, troughs, ridges, neutral points, confluence, and difluence.  Make sure you mark center positions of tropical cyclones according to bulletins received on tropical cyclone advisories and warnings.

· Check the continuity.  Major features do not usually disappear in less than 12 hours. 

· Visualize how the completed chart looks before drawing the first streamline.  This would be the time you would step back and get a feeling of what the atmosphere looks like.

· Step 2:  Sketch streamlines around the dominant features such as Northern Hemisphere or Southern Hemisphere subtropical ridges and associated anticyclones and neutral points.  Follow with streamlines in undisturbed flow areas such as the tradewinds or southwest monsoon.  Continue with tropical cyclones.  Oceanic charts are data sparse, and you will need to use satellite photos to fill in the data gaps.

· Work outward from anticyclonic features and inward toward cyclonic centers.

· Ensure there is divergent flow around anticyclones and convergent flow around cyclones.

· Do not draw streamlines over every data point.  In areas where a cluster of data points exist, the analysis will be cluttered and hard to work with.

· Step 3:  After sketching the streamline and checking over the chart for errors, harden in the chart.

2.5.  Using MetSat Imagery 

As mentioned, MetSat plays an important role in tropical analysis and forecasting.  If there is nothing else to use other than climo, MetSat imagery can guide you to making some determinations of what the weather conditions are at a specific tropical location.

2.5.1.  Indications in the NETWC (ITCZ)

The Near-Equatorial Tradewind Convergence (NETWC), also known as the Intertropical Convergence Zone (ITCZ) or Tradewind Trough, is a persistent zone of unsettled weather where the northeast tradewinds of the Northern Hemisphere converge with the southeast tradewinds of the Southern Hemisphere.  This zone generally lies between 5° N to 10° N from 20° W to around 70° W in the Atlantic and 7° N to 15° N from 130° W to 140° E in the Pacific.

· NETWC is seen as an elongated band of broken clouds, enhanced CU, TCU or TCU traversing large stretches of oceanic areas.  Cloud heights average 10,000-15,000 ft.

· Wind directions can be determined.  North of the NETWC, winds are northeasterly to east-northeasterly, and south of the NETWC, southeasterly or east-southeasterly.  Speeds are typically 10-15 knots in the tradewinds. 

2.5.2.  Indications from Sun Glint

Sun glint appears as a bright area on an otherwise dark water area.  Sun glint can show the orientation of the surface ridge.  Once orientation is determined, it is rather simple to streamline.

· If sun glint is very bright, wind speeds are light.

· The more diffuse the sun glint pattern, the rougher the water.  This is normally indicative of higher low-level wind speeds.

· Brightest area is typically calm--place an anticyclonic circulation center.

· Draw streamlines outward from center.

· Streamlines are parallel to sun glint periphery.

2.5.3.  Indications from Arc Clouds

Arc clouds are an arc-shaped line of convective clouds observed moving away from a dissipating thunderstorm or thunderstorm area.  The line may be composed of CU, TCU or CB clouds.

· Wind directions can be determined--wind flow perpendicular to clouds.

· Wind speeds can be determined--use successive MetSat shots and geographical reference points (distance) to estimate speeds.

· From observing arc clouds, you can also extrapolate to make short term forecasts.

· Arc clouds in the tropics intersecting other arc clouds trigger new convection.

· Arc clouds in tropical areas near islands or large lakes interacting with sea or land breeze convergence fronts cause new convection.

2.5.4.  Indications from Rope Clouds

Rope clouds are very narrow, long, and sometimes meandering cumulus clouds associated with a cold front, shear line, or land-sea breeze convergence front

· Use to determine wind directions - Wind direction can be approximated nearly perpendicular to a land-sea breeze convergence front rope cloud.  Wind direction becomes almost parallel to shear line or cold frontal rope clouds.

2.5.5.  Indications of Local (Tertiary) Circulations 

You can use MetSat imagery to find local wind circulations that have speeds typically less than 10 knots.

· Valley winds cause cumuliform clouds to develop along peaks and ridgelines.

· Mountain breezes help radiational cooling and the production of radiational fog within the deep river valleys.

· Land breeze may develop convective cloud lines and thunderstorms along the convergence boundary until mid-morning with clear skies along the coast and just inland.

· Sea breeze may develop convective cloud lines and thunderstorms along the convergence boundary with clear skies along and just offshore.

2.5.6.  Indications from Leeside Clearing

· When cloud clearing occurs on the leeside of mountain ranges, this indicates that the winds are crossing the mountain ridgelines at a > 45° angle. 

2.5.7.  Indications from Open Cell Cumulus

Generally, open cell cumulus and closed cell stratocumulus are mid-latitude features, but they can be seen in the edges of the tropics.  Knowing how to interpret what you see can give you clues to actual wind conditions.

· Winds are cyclonic, except for straight line along the border of open cell cumulus and closed cell stratocumulus

· Cloud shapes give clues to wind speeds

· Doughnut shape with hole:  < 10 knots

· Elongated doughnut shape with hole:  11-20 knots

· Arc-shaped:  21-30 knots

· Solid elongated cloud:  > 30 knots

2.5.8.  Indications from Cumulus Lines and Streets

Cumulus lines and cloud streets as seen on MetSat imagery can be one of your best tools in wind analysis in the tropics.  These lines and streets are seen both over water and land.

· Wind flow is parallel to the feature

· Estimating wind speeds - the longer the lines, the greater the speeds, i.e., 20 kts or more

2.5.9.  Frontal Positioning Using MetSat Imagery

In closing this section, you now can take the rules and techniques of streamlining and MetSat imagery to produce a streamlined chart with circulation centers and any fronts.  Figures 2-2 and 2-3 show idealized frontal positioning on isobaric and streamlined analyses, respectively.  Figure 2-4 will show a “real life” streamlined analysis on a MetSat shot.
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Figure 2-2.  Idealized Frontal and System Placement on an Isobaric Analysis
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Figure 2-3.  Idealized Frontal and System Placement on a Streamlined Analysis
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Figure 2-4.  Real Life Frontal and System Placement on a Streamlined MetSat Image Analysis

?

3.  __________ (TRUE/FALSE) The more diffuse the sun glint pattern, the rougher the water and indicative of higher wind speeds.

4.  Which of the following features seen on MetSat imagery can be used to determine wind flow parallel to them?

a.  Arc clouds

b.  Rope clouds 

c.  Cloud lines and streets

d.  Leeside clearing

5. Using the following MetSat imagery, try to determine the most likely winds at the location indicated by the red dot.
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2.6. Wind Rules Used in Forecasting in the Tropics

· If winds above a low-level inversion increases as you go aloft, expect maximum wind gusts during maximum heating to equal 80% of the 5000 ft wind speed.

· If winds above a low-level inversion do not increase as you go aloft, forecast 40-70% of the 5000 ft wind speed.

· Large islands, especially those with interior uplands or mountains, develop sea breezes in the tropical Tradewinds (go back to Figure 2-1).

· Take 50% of the gradient wind (typically 925 mb at most tropical locations) for the mean surface wind speed and 80-100% for daytime peak gusts.

· Wind direction follows isobars over smooth terrain and may be up to 50% off over rough terrain due to friction.  Use streamlines instead of isobars in the tropics.

· Winds blow night and day with little change under a strong gradient (polar surge or temporale).

· Winds often decrease at night due to formation of a low-level temperature inversion/and lack of isolation.

· Maximum winds occur around the time the surface-based inversion breaks. 

· With strong heating, wind speeds approach the gradient wind speed.

· Relatively flat terrain with strong heating may experience supergradient winds for short periods with gusts near 80% of the 5000 ft wind speeds throughout maximum heating.

· Strong winds occur in areas of strong temperature gradients, such as across a strong cold front (polar surge or temporale).

· Wind direction in convective gusts will be the same as the mean wind direction in the 10,000 ft to 14,000 ft layer.

2.7.  Temperature Forecasting in the Tropics

Temperature forecasting in the tropics can be just as challenging as in the middle latitudes, but it takes on a different focus in the tropics, that of heat stress.  You can determine your maximum and minimum temperatures as well as the heat stress index using limited data.

2.7.1.  5-Step Method for Maximum Temperature Forecasting

Step 1

· If available, review climatology for average daily maximum temperature and the record maximum temperature.  Examine station monthly diurnal curves.

Step 2

· Examine the current surface analysis and surface prognostic products and determine if the source of air over your station will change at verification time.

· If no air mass change (typical of tropical locations), go with climatology (persistence) adjusted with Step 5.

· If the air mass is expected to change, go on to Step 3.

Step 3

· On the current surface product, select a station that typifies the air you expect over your station at forecast time.  Use the maximum temperature reported by that station as a first estimate maximum temperature at verification time.

Step 4

· Modify the first estimate for adiabatic effects by determining the difference between the station elevations.  Add 3.1° C (5.5° F) for each 1,000-ft elevation your station is below the other station, subtract an equal amount for each 1,000-ft elevation your station is above the other station.  See example.

Example:

For elevation differences not equal to 1,000 ft use the equation:

3.1° C (X-Y)/1000 or 5.5° F (X-Y)/1000

For elevation differences >1,000 ft use the equation:

3.1° C (X-Y) or 5.5° F (X-Y)

where X equals other station elevation and Y equals your station elevation.

If station X is 2,635 ft and your station is 3,345 ft, then; 3.1° C (2635-3345)/1000=3.1° C (-710)/1000=-2201/1000=-2.2° C.  Therefore, you would subtract 2.2° C.

Step 5

· Consider expected cloud cover and how it will alter heating.  If precipitation or evaporation is anticipated, consider how either affects the temperature.

2.7.2.  Tropical Temperature First Guess Method By Elevation 

Typical first guess tropical maximum and minimum temperatures can be determined by station elevation (see Table 2-1).  You need to know your location elevation and go to the appropriate columns.  This table was constructed from overall tropical climatology and makes no adjustments for cloud cover or other factors that may affect temperatures.

Elevation
Daytime High °F
Nighttime Low °F

Below 3,000 feet
80-90
60-70

3,000 to 5,000 feet
70-80
50-60

5,000 to 10,000 feet
60-70
40-50

Above 10,000 feet
50-60
30-40

Table 2-1.  Temperature Change With Elevation

2.7.3.  Tropical Minimum Temperature Forecasting Methods

Just as in the mid-latitudes, there are several methods available for determining minimum temperatures.  These methods are quite useful for data sparse area forecasting.  If you don’t have upper-air soundings, adjust the typical tropical sounding in Figure 2-12.  Remember that climatology (persistence) is your best tool in tropical forecasting.

2.7.3.1.  3-Step Method for Minimum Temperature Forecasting

Step 1

· Use the mid-afternoon sounding for your station.

Step 2
· Follow the moist adiabat through the 850 mb dew point temperature down to the surface level.  Use 700 mb if your station is at a high elevation.

Step 3
· The temperature where the moist adiabat intersects the surface level will be the forecast minimum temperature.

2.7.3.2.   Dew Point Method for Minimum Temperature Forecasting 

· Use the dew point at the time of the maximum temperature as the forecast minimum temperature for the following night.

2.7.3.3.  Diurnal Variation Method for Minimum Temperature Forecasting 

This method may be used at locations only where you have enough data to have monthly diurnal curves already set up.  

· Subtract the average diurnal variation for the month from the forecast maximum temperature.

2.7.3.4.  Climatology (Persistence) Method for Minimum Temperature Forecasting

Use persistence when little change is expected in the cloud cover or airflow.  Keep a continuous plot of temperature (graphical or numerical) as an aid.

2.7.3.5.  Cloudy Skies Method for Minimum Temperature Forecasting

Use this method if you have persistent broken to overcast low clouds (<5,000 ft).

Step 1

· Use the afternoon/evening Skew-T to determine the surface LCL.

Step 2

· Follow the LCL down the moist adiabat to the surface.

Step 3

· This should be the minimum temperature the following morning.

2.7.4.  The Cricket Method of Temperature Forecasting

Oddly enough, nature provides us with yet another temperature estimator--the cricket.  Crickets are abundant year-round in most tropical areas (you can use this method in the mid-latitudes when crickets are active--spring through fall).  The procedure relies on the number of chirps per minute.

· Count the number of cricket chirps in a minute.  Divide this number by 5 and add 43.  This will provide a good estimate of the temperature in ° F.

Example:
It’s near daybreak.  You counted 25 chirps in 15 seconds or 100 a minute.

100 ( 5 = 20.  20 + 43 = 63.  Thus, you can estimate the temperature as 63° F.

2.7.5.  Heat Stress Index 

Heat stress is one of the problems facing you as you forecast in a tropical location.  Here are two "quick and easy" ways to provide a "first guess" or "forward-deployed" heat stress index without having to wait for medical personnel to erect the complicated WBGT set-up:

· Use the dry-bulb (free air) temperature (°F) and the relative humidity (quickly determine RH% using Table 2-2) to determine the heat stress temperature from the Heat Stress Index Table (Temperature and Relative Humidity) in Table 2-3.

Quick Reference Tropical Relative Humidity (RH) Table


Td
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84

T



110

16
17
19
20
22
23
25
27
28
30
33
35
37
40
42
45

108

17
18
20
21
23
25
26
28
30
32
35
37
39
42
45
48

106

18
20
21
23
24
26
28
30
32
34
37
39
42
45
48
51

104

19
21
22
24
26
28
30
32
34
36
39
42
44
47
51
54

102

20
22
24
25
27
29
31
34
36
39
41
44
47
50
54
57

100

22
23
25
27
29
31
33
36
38
41
44
47
50
53
57
61

98

23
25
27
29
31
33
35
38
41
43
47
50
53
57
61
65

96

25
26
28
30
33
35
38
40
43
46
49
53
56
60
64
69

94

26
28
30
32
35
37
40
43
46
49
51
56
60
64
68
73

92

28
30
32
34
37
40
43
46
49
52
56
60
64
68
73
78

90

30
31
34
37
39
42
45
49
52
56
60
64
68
73
77
83

88

31
34
36
39
42
45
48
52
55
59
63
68
72
77
83
88

86

34
36
39
42
44
48
51
55
59
63
68
72
77
82
88
94

84

36
38
41
44
47
51
55
59
63
67
72
77
82
88
94
100

82

38
41
44
47
51
55
58
63
67
72
77
82
88
94
100


80

41
44
47
51
54
58
62
67
72
77
82
88
94
100



78

43
47
50
54
58
62
67
71
76
82
88
94
100




76

46
50
54
58
62
66
71
76
82
88
94
100





74

50
53
57
62
66
71
76
82
87
93
100






72

53
57
61
66
71
76
81
87
93
100







70

57
61
66
71
76
81
87
93
100









Note:  T and Td in °F.  RH in %.


Table 2-2.  Relative Humidity Using Temperature and Dew Point
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Table 2-3.  Heat Stress Index Using Temperature and Relative Humidity

Example:  

The temperature stands at 92° F and the RH is 70%.  The heat stress temperature is 115° F and in the DANGER area.

· Use the dry-bulb temperature and the dew point temperature to determine the another measure of heat stress from the Heat Stress Index Table (Temperature and Dew Point) in Table 2-4.
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Table 2-4.  Heat Stress Index Using Temperature and Dew Point

Example:  

The temperature stands at 92° F and the dew point is 70° F.  The heat stress temperature is 101°F--in the EXTREME CAUTION area.

2.7.6.  Heat Stress and Fluid Replacement

We’ve covered the effects of heat stress, but how can you determine how much rest or how much fluids you need to operate when the temperatures climb?  The US Army Research Institute of Environmental Medicine produced a table (Table 2-5) to show what is needed to sustain performance and hydration for at least 4 hours of work (examples of work intensity levels are found in Table 2-6)..  There is a caveat on fluid replacement to avoid “water intoxication” that can also lead to death just like dehydration.  Service members should not drink more than 11/2 quarts of water an hour, or more than 12 quarts per day.
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Table 2-5.  Work-Rest Cycles and Fluid Replacement Guideines in a Heat Stress Environment
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Table 2-6.  Work Intensity Examples

?

6.  __________  (TRUE/FALSE) If you are at a tropical location only 36 feet MSL and your 925 mb wind is 070° at 22 knots, your daytime mean wind speed should be 18 knots.

7.  __________  (YES/NO) Yesterday, your afternoon high was 92° F with a dew point of 76° F.  There should be no expected upcoming regime change.  Your Operations Commander wants to know whether outside training in the afternoon would be advisable today.  Is it advisable, and if not, why?

2.8.  Forecasting Thunderstorm Gusts

Severe weather from thunderstorm activity is rare in the tropics.  Hail almost never reaches the ground except in higher elevation areas (mountains, high plateaus, highlands, etc.), mainly over continents.  Tornadic activity, other than waterspouts, is also extremely rare.  High winds are generally rare, except in drier tropical regions.  

2.8.1.  First Guess Method

As mentioned before, climatology (persistence) is the best “first guess” for forecasting, and thunderstorm winds are no exception.  As a first guess for thunderstorm gusts, use 25 knots.  The wind direction at 700 mb (10,000 ft) will likely be the gust direction.  Note:  If you are on the lee of a mountain range or in a dry (desert) location where there is dry air entrainment, this first guess method for gust speeds will not work--gusts could be much higher.

2.8.2.  Snyder Index 

The Snyder Index is a practical method for forecasting the average air mass thunderstorm gust.  Developed for mT air mass thunderstorm forecasting in the Southeast US, this index can be used in most tropical areas.

· You’ll have to construct a Skew-T since you probably won’t have the latest rawinsonde data.  

· You first need to locate the wet-bulb freezing level.  Plot a wet-bulb curve to facilitate this if necessary.  (Find wet-bulb temperature by locating LCL for each level, and lowering this point moist adiabatically to that same level).

· Lower the wet-bulb zero (WBZ) to the surface, moist adiabatically.  The temperature at surface is the downrush temperature--convert to ° F.

· Subtract the downrush temperature (° F) from the forecast maximum temperature at the time of thunderstorm occurrence.

· To the value obtained in step (3) add 1/2 the average wind speed in the layer 5,000 feet above and below the wet-bulb freezing level.

· The numerical value arrived at in step (4) is the average gust associated with air mass thunderstorms.

WORKSHEET

1.  Wet-bulb freezing level





__________

2.  Downrush temperature (° F)





__________

3.  Forecast max temperature at time of thunderstorm occurrence (° F)
__________

4.  One half of the average wind speed in the layer 5,000 feet above and below the wet-bulb freezing level






__________

5.  Subtract Step 2 Value from Step 3 Value



__________

6.  Add value found in Step 4





__________

7. Numerical value of Step 6 is average gust associated with air mass thunderstorm









__________

2.9.  Tropical Waves

Tropical waves, also called Easterly Waves, are common weather makers in tropical areas, particularly north of the NETWC.  They typically move at 15 knots.

2.9.1.  Sequencing Indications of Tropical Waves

Weather sequencing is a method of forecasting the onset and passage of Tropical Waves, once you are aware that one is coming your way.

2.9.1.1.  Typical Weather Ahead of the Wave Axis

· Clouds:  SCT CU (bases 2,000 to 2,500 ft), FEW AC (bases 10,000 to 12,000 ft), SCT to BKN CI (bases 30,000-35,000 ft)

· Visibility:  7+

· Winds:  Northeasterly 10-15 kts

2.9.1.2.  Typical Weather At and Behind the Wave Axis

· Clouds:  BKN CU (bases 1,500-1,800 ft), BKN to OVC AC/AS (bases 8,000 ft), BKN CI (bases 30,000-35,000 ft)

· Visibility: 1-3 miles in rainshowers or isolated thunderstorms 

· Precipitation 2 inches or more possible in 12 hours

· Winds:  Southeasterly-southerly 10-20 kts

· These conditions last 12-24 hours, then become more "normal" tropical.

?

8.  __________  (TRUE/FALSE) As a first guess for tropical thunderstorm gusts, use 25 knots with the peak gust direction the same as the 850 mb wind direction.

2.10.  Tropical Cyclones 

One of the worst prospects of any forecasters, whether in a fully functional weather location with lots of data or in a “bare base” or remote location with limited data, is an approaching tropical cyclone.  You need to understand the structure of a tropical cyclone in order to forecast the conditions you may face (see Figure 2-5).
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Figure 2-5.  Tropical Cyclone Cross-Section

2.10.1.  Cross-section

2.10.1.1.  Outer Circulation

The outer circulation is where low-level cyclonic flow into the cyclone and upper-level anticyclonic flow away from the cyclone can first be detected.  For a mature cyclone this may be at a distance of 14° (840 NM) away from the cyclone center.

2.10.1.2.  Moat

The moat is where the compensating downward motion to the intense upward motion in the cyclone occurs.  Moat weather is considered "unusually and exceptionally fine" with prolonged suppression of convective activity.

2.10.1.3.  Outer Rainbands

The outer rainbands mark the beginning of the cyclone proper.  They are arranged in a spiral pattern with areas of showers and rain alternating with nearly clear conditions.

2.10.1.4.  Inner Rainbands

The inner rainbands are distinguished from the outer rainbands by the increased convection, stronger surface wind, and almost continuous rain.

2.10.1.5.  Eyewall

The eyewall is an annulus surrounding the center of the cyclone where the strongest winds, most vigorous convection, and heaviest rain occur.

2.10.1.6.  Eye

The eye is the center of the cyclone.  It is marked by weak winds, very warm temperatures, and few clouds.  The weather in the eye has been described as "sultry."

2.10.2.  Tropical Cyclone Categories

Often, you hear that a typhoon/hurricane/tropical cyclone is being upgraded to Category 3, and that it will affect your location.  The Saffir-Simpson scale (Table 2-7) is similar to the Fujita scale (for tornadoes) in that it is based on storm damage.  This table gives expected conditions if your location is in the storm’s path.
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Table 2-7.  Saffir-Simpson Scale

Damage Explanation:

· Category 1 - Minimal:  Damage primarily to shrubbery, trees, and mobile homes; low-lying coastal roads flooded by storm surge of 4 to 5 ft above normal tides.

· Category 2 - Moderate:  Some trees blown down; damage to roofs, windows, and mobile homes, but no major structural damage; 6-foot to 8-foot storm surge floods coastal escape routes and marinas, and tears small craft from moorings.

· Category 3 - Extensive:  Large trees down; structural damage to small buildings; mobile homes destroyed; coastal buildings damaged or destroyed by waves and floating debris on 9-foot to 12-foot storm tide.

· Category 4 - Extreme:  Complete roof failures on many small residences; 13-foot to 18-foot storm surge floods areas up to 6 miles inland and severely erodes beaches.

· Category 5 - Catastrophic:  Some residences and other buildings completely destroyed; small buildings overturned or blown away; storm surge in excess of 18 ft may flood areas 10 miles inland.

2.10.3.  Sequencing Indications of Tropical Cyclones

The prospect of having a tropical cyclone approaching your location with unlimited data is unnerving, to say the least.  What about in an austere, remote situation?  As with tropical waves, sequencing is a method of forecasting the onset and passage of tropical cyclones.  Some general notes you need to know about tropical cyclones:

· As a rule, tropical cyclones do not directly affect a station for more than two days.

· In-cloud lightning and/or thunderstorms within 90 NM of cyclone center indicate cyclone is entering a period of intensification.  Thunderstorms are usually observed in outer spiral bands and during the decaying stage of the cyclone.  Cyclones usually do not have thunderstorms in area of wind speeds over 55 kts (60 mph).

· Amount of precipitation is highly variable and the distribution is asymmetric.

· If the cyclone is moving between west and north, heaviest precipitation is usually in left rear quadrant of direction of motion.

· If cyclone is moving northward, heaviest precipitation is usually in right front quadrant of direction of motion.

· Orographic effects enhance precipitation amounts.

2.10.3.1.  Typical Outer Circulation Weather 

The effects of the outer circulation begin 36-90 hours before eye passage (400-1000 NM radial distance from eye).  ADDIN 
 Weather features you can expect:

· Tradewind inversion:  Inversion unaffected.

· Winds:  There is cyclonic outflow directly over the eye extending a short distance past the eyewall, and then, the upper tropospheric flow is predominantly anticyclonic.  The anticyclonic effect extends to a distance of up to 1000 NM for an intense mature cyclone.  

· Temperatures:  Surface-500 mb temperatures show little change.  Temps above 500 mb cool slightly.  May see passage of upper cold low.

· State of the sea:  The arrival of long sea swells with wave frequency of 2-4 per minute (average wave frequency is 10-15 per minute) begins when cyclone is 450 to 1000 NM away.  The direction from which the swell approaches indicates the direction of the storm is moving towards the station:

· If the direction of the swell is constant, the storm will approach the area directly.

· If the swell turns counterclockwise, the storm will pass from right to left as seen by an observer facing the storm.

· If the swell turns clockwise, the storm will pass from left to right as seen by an observer facing the storm.

2.10.3.2.  Typical Moat Weather 
The effects of the moat begin 24-36 hours before eye passage (200-400 NM radial distance from eye).  Expected weather features: ADDIN 

· Tradewind inversion:  Inversion lowers.

· Winds:  Winds begin to curve cyclonically with time and have radial component towards cyclone center.

· Pressure:  Little change in pressure.

· Clouds:  Normal convective activity is suppressed.  Cirrus is observed to be radiating from a point on the horizon in the general direction of the cyclone.

· Temperatures:  Little change in surface temperatures, temps warm slightly.  Upper-air temps above 500 mb begin to warm.

· Moisture:  Mixing ratio very dry in vertical.

· Weather:  A prolonged suppression of convective activity, "unusually and exceptionally fine weather" in subsidence ahead of storm.

2.10.3.3.  Typical Outer Rainbands Weather 

The effects of the outer rainbands begin 12-24 hours before eye passage (120-350 NM radial distance from eye).  Conditions that you can expect: ADDIN 

· Tradewind inversion:  Inversion rises.

· Winds:  Approaching cyclone has surface winds with speeds 25% or more above normal, flow curving cyclonically with time, and/or wind direction from a quadrant different from the normal flow.

· If cyclone is moving between west to northwest, usual wind direction is north to north-northeast prior to passage of center. 

· If cyclone is moving northeast, usual wind direction is north-northeast to east-southeast prior to passage of center.

· Pressure:  Surface pressure begins to drop at the rate of 3 to 3.5 mb/24 hr.

· If surface pressure values are 5 mb or more below normal, expect cyclone.

· Clouds:  Cloud sequence is that expected for a warm front passage in mid-latitudes: CI followed by CS and AS overcast and CB as outer rainbands approach.  ST, SC, CU and CB in rainbands.

· Temperatures:  Surface temperatures fall in precipitation.  Upper-air temps nearly constant.

· Moisture:  Mixing ratio increases at all levels.

· Weather:  Unusually heavy precipitation with CS and AS overcast is a predictor that cyclone is approaching rather than disturbance.  Heavy rainshowers and thunderstorms occur in the CU/TCU/CB of the outer rainbands.

2.10.3.4.  Typical Inner Rainbands Weather 

The effects of the inner rainbands, eyewall, and eye begin 12 hours before to 12 hours after eye passage (up to 120 NM radial distance from eye).  These are the weather features you can typically expect: ADDIN 

· Tradewind inversion:  Inversion is destroyed.

· Winds:  At the surface, winds above 65 kts (75 mph) signify an intense cyclone.  Wind speeds continue to increase toward the center of the cyclone.

· Strongest winds are on right side of cyclone when facing direction of motion, i.e., cyclone moving west will have strongest winds on north side.

· Max wind speeds occur in an annulus 5-10 NM wide corresponding with the eyewall cloud.

· In the eye, surface wind speeds drop dramatically; after eye passage wind direction changes about 180°, and wind speeds again reach a max.

· In the vertical, have inflow layer from surface to 25,000 ft, and outflow layer from 25,000 ft to 40,000 ft.  Wind speeds are strongest in the surface-3,000 ft layer and then decrease with altitude.

· Pressure:  Tropical storm surface pressures range from 980 mb to 1010 mb with an average minimum pressure of 999 mb (North Atlantic).  Surface pressure falls rapidly below 1000 mb for an intense cyclone; average minimum pressure is 969 mb (North Atlantic). 

· Semi-diumal cycle is detectable until steep pressure fall begins about 6-12 hours before passage of the cyclone center.

· Corresponding steep pressure rise means that cyclone center has passed.

· Clouds:  Convective clouds are arranged in spiral bands.  Between the bands, clouds are AS and NS from which light rain falls continuously.

· A dark wall of clouds, called the "bar" of the storm, mark the beginning of continuous rain squalls.  It is the area where divergence changes rapidly to intense convergence.  In the eye, clouds are scattered to broken AS and AC with thin overcast CI and CS.  You may even see the blue sky in between cloud breaks.

· Temperatures:  Surface temperatures initially fall 2-3°C as rain begins and then become constant.  Temps are below normal in rear of cyclone due to evaporation and sea surface upwelling.

· Upper-air temps (700 mb and above) are 10°C or more above normal, especially in eyewall of mature cyclone.  

· Tropopause breaks down and reforms above 100 mb.

· State of the sea:  Storm surge usually occurs near the eye of the cyclone, but sometimes makes landfall before center passage.  A cyclone with central pressure of 900 mb will have a rise in ocean surface of 3.5 ft.  Average surge height is 10-20 ft.

· Weather:  The sudden onset of heavy clouds and rain mark the edge of the cyclone proper.  Heavy rain and strong winds occur with brief periods of light rain and winds.  Eye of cyclone marked by dramatic drop in wind speed, thin overcast clouds with some breaks, little to no rain.  After passage of eye, cyclone resumes full intensity of wind and rain.

2.10.3.5.  Typical Post Cyclone Weather

The effects behind a cyclone begin as early as 12-24 hours.  Weather features you can typically expect: ADDIN 

· Tradewind inversion:  Inversion becomes reestablished as outer spiral bands move away.

· Winds:  Wind speeds slowly decrease to seasonal normal.  Wind direction resumes normal quadrant.

· Pressure:  Surface pressure increases rapidly and resumes diurnal pattern.

· Clouds:  Clouds reverse pattern noticed in approach of storm: CB in outer spiral bands, then AC and AS to CS and CI.  Convection is suppressed behind cyclone as it was suppressed ahead of cyclone.

· Temperatures:  Surface temperatures show little change from normal.  SST drops by 1-2°C due to upwelling.

· Weather:  After main part of cyclone moves off, continue to have occasional showers in outer spiral bands.  Weather becomes "very fine" again with nearly clear skies and suppressed convection for a day or so in the moat.  Normal diumal pattern then is reestablished.

2.11.  Performing an Analysis in a Tropical Data Sparse Area

As mentioned many times in this module, you basically perform limited data analysis almost daily in tropical locations.  So, let’s see how you perform tropical streamline analysis using what you’ve learned.

2.11.1.  Steps in Data Sparse Area Analysis

Obtain as much real-time data as possible before starting.  Sources for such real-time data include PIREPs, RAREPs and visual observations of the surrounding environment.

· Plot all known data first.  This includes surface temp, dew point and pressure level (one way to obtain pressure data is to get the altimeter setting or pressure altitude from an aircraft).  What do you do if not available?  Assume standard atmosphere (see Table 2-8).   

2.11.2.  Data Sparse Area Analysis Exercise 

Scenario

The African Monsoon Trough (ITCZ) has been active farther south than normally expected.  Southeast Mali has had little rain in its “wet” season.  The Niger River is at its lowest levels in years.  Because of the drought, USAF aircraft will be forwarding in supplies as part of a humanitarian relief aid operation.  You were part of the ALCC team arriving at the Gao Airport (GAGO), shown by the green dot in Figure 2-6.  Communications are almost non-existent, especially access to the USAFE Hub and AFWIN.  You have sporadic METEOSAT imagery and have been able to get surface wind reports via telephone (see Figure 2-7).  In addition to the wind reports you received and your local obs, you’ve also got two PIREPs from the C-130 you came in on while on descent and climbout.  You added your estimated winds (see Figure 2-8) to complete your analysis preparations.  Now, using known climatology (Figures 2-9 and 2-10), MetSat imagery, your limited observations, and some of the rules you’ve learned, you need to perform an analysis and prepare to make your forecast.

Observations Available

GAGO (Gao)  Your first tactical obs: GAGO 191855Z 06012KT 7SM SCT350 35/10 A2993 RMK ESTMD WND ESTMD ALSTG

Observed Cloud Motions

Scattered high clouds (CI), bases 35,000 feet AGL moving from the east at 25 knots.  

PIREPs Available

C-130 on descent into the airfield at 1819Z , FL 020, 350BKN, TA 30, WV 080020

C130 on climbout from the airfield at 2005Z, FL 230, 350 SCT, TA –18, WV 100020, RM CB DSNT SE

MetSat Imagery Available

Goa (GAGO) is indicated by a green dot on the following figures.
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Figure 2-6.  1839Z METEOSAT Visible Imagery
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Figure 2-7.  1839Z METEOSAT Visible Imagery With Surface Winds
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Figure 2-8.  1839Z METEOSAT Visible Imagery With Surface and Estimated Low-Level Winds (MetSat)

Climatology
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Figure 2-9.  West Africa July Climatological Low-Level Winds
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Figure 2-10.  Typical West Africa Weather Zones (Summer)

Typical weather conditions in each zone:

· Zone A:  North of the surface monsoon trough, this zone has relatively clear skies, dusty (Harmattan and Harmattan haze) conditions, northeasterly winds, and significant nocturnal cooling.

· Zone B:  This zone extends from the surface monsoon trough southward 150 to 270 miles.  Scattered afternoon fair weather cumulus predominate.  Isolated rainshowers or thunderstorms (less than 5 per month) develop.  Due to limited moisture availability, monthly rainfall amounts average less than 3 inches.

· Zone C:  This zone is 330 to 450 miles wide and has poorly-defined boundaries.  Generally cloudy skies, and due to more moisture available, rainshowers and thunderstorms are common, generally associated with African Easterly (Tropical) Waves or squall lines.  Rainfall amounts vary considerably by season and location.

· Zone D:  This zone is roughly 210 to 330 miles wide and has poorly-defined boundaries.  Abundant moisture (heavy rains referred to as "monsoon rains") and extensive cloud cover are the rule.  Although frequent and prolonged rainfall is greatest in Zone D, it is usually less intense than in Zone C, mainly falling from middle clouds.  Thunderstorms are less frequent than in Zone C.

· Zone E:  Zone E is normally capped by an inversion around 6,500 feet, producing stratocumulus or stratus.  Rainfall is less frequent.  Zone E is generally a short-lived dry season in summer along the Gulf of Guinea coast.
?

9.  Given the available MetSat imagery, regime knowledge, area climatology, and the data listed above, construct a surface chart.  Streamlines are preferable over an isobaric analysis.    The real-time analysis is found in Question 8 in the Confirmation Key.

2.12.  Constructing a Tropical Air Mass Sounding (Skew-T) with Limited Data

It’s possible to construct a Skew-T in tropical areas without having raob data.  Many of the rules presented in Module 1 can aid in the process.  There are many steps in this tedious process, but the end product will be well worth it.

2.12.1.  Steps in Constructing a Tropical Air Mass Sounding (Skew-T) with Limited Data
Obtain as much real-time data as possible before starting.  Sources for such real-time data include PIREPs, RAREPs and visual observations of the surrounding environment.

Step 1

· Plot all known data first.  This includes surface temp, dew point and pressure level (one way to obtain pressure data is to get the altimeter setting or pressure altitude from an aircraft).  What do you do if not available?  Unlike middle latitude areas, you can’t assume standard atmosphere--tropical areas by nature are much warmer than standard atmosphere.  Your best bet is to use climatology.  Table 2-8 shows the climatological normal standard atmosphere for a point representative in the tropics at 15° N.  Figure 2-11 shows a typical tropical upper-air sounding at 15°N.  Little adjustment is needed for use in the Southern Hemisphere to 15-20° S.

15° N (Annual)


Height X 10Kft


P (mb)
Ft
KM
T (°C)
Td (°C)
RH (%)

1000
0.39
0.12
26
23
75

850
5.1
1.5
17
13
75

700
10.4
3.2
9
-5
35

500
19.3
5.9
-9
-21
35

400
24.9
7.6
-19
-33
30

300
31.7
9.7
-33



250
35.9
10.9
-43



200
40.6
12.4
-53



150
46.5
14.2
-64



100
52.7
16.1
-80



70
61.3
18.7
-71



50
67.8
20.7
-63



30
78.1
23.8
-54



20
87.5
26.7
-37



10
101.7
31
-37



Table 2-8.  Tropical Climatological Normal Standard Atmosphere 
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Figure 2-11.  Standard Atmosphere Tropical (15° N) Sounding
· Find the heights on the Skew-T that correspond to the reported cloud heights on the observation.  Draw a line on the sounding at those points, as this will help you identify the moist layers.

· Identify and plot the freezing level, if available (e.g., via PIREPs).  In most tropical areas, the freezing level is generally above 15,000 feet year-round.

Step 2

· Develop significant unknown data:

Tropopause
· Use tops of nearby thunderstorms as a guide--assume thunderstorm tops coincide with the trop

· The height of the trop will tend to coincide with the level of max winds.

Upper Winds

· Estimate winds at the cloud levels by using relative cloud motion.  Works best with 7/8 coverage or less

· Examine cirrus outflow from thunderstorms.  The outflow reveals the wind direction at the trop.

· Track the movement of CBs.  CB movement reflects wind direction at/near 700 mb in the subtropics and tropics.

· Solicit PIREPs aggressively

Low-Level Inversions

· Examine aerosol discharges.  If the smoke or steam rises up, then abruptly flattens out, the top of the inversion is at the point where the aerosol flattens.

· Radiation inversions rarely extend above 1,000 ft AGL

· Use adjacent hills/mountains as a guide to height.

· Surface visibility is a guide to inversion strength.  The lower the visibility, the stronger the inversion.

· Whether you also have a dew point inversion can be inferred somewhat from what is restricting your visibility.

· Fog - Since fog is moist, you will generally have an inversion in your dew point.

· Obscuration Stratus - The type that causes an indefinite ceiling.  Dew point inversion will overlap temp inversion, and will be of the same depth as temp inversion.  

· Haze - Because haze is drier than fog, there will tend to be an inversion in the temp only.  Haze also disperses more quickly unless it's continuously reinforced through advection.

Step 3

· After establishing your primary plots, then connect dots.  

· Another rule: when in doubt, use persistence. 

· Do not deviate significantly from the standard adiabatic lapse rate unless you have real-time evidence justifying it.  

· If available, use upper-air climo.  

· Estimate the Showalter Stability Index (SSI) at zero and work known values to balance the Skew-T with this information.  

· If the wind direction remains fairly constant with height, once above the second standard level, this will indicate neutral advection, justifying adherence to a standard lapse rate.

Step 4

· The dew point curve is a bit tougher, but can be drawn.  Use sky cover observations and the correlations in Table 2-9 to estimate T-Td spread.  The greatest fluctuation through cloud layers on a sounding will be in the dew point trace, not the temp trace.  Remember, your differences between fog, haze, and stratus for getting off the surface.

T – Td (DEPRESSION)
RH %
CLOUD AMOUNT

0-2
90-100
OVC

2-3
80-90
BKN VRB SCT

3-4
70-80
SCT

4-5
66-70
SCT VRBL CLR

5
<65
CLR

Table 2-9.  Cloud-Moisture Relationship Rule of Thumb

2.12.2.  Tropical Air Mass Sounding (Skew-T) Construction Exercise

In this section, you are to construct a tropical Skew-T.  You’ll be given limited data, some climatology, Figure 2-12, and Tables 2-8 and 2-9.  Use the blank Skew-T in Figure 2-13 for plotting.

Scenario

You’re involved in an airdrop exercise onto Saipan, which is north of Guam in the Marianas.  You arrived with the ADVON team via C-130 and have been instructed to use “bare base” rules, i.e., limited/single station data.  You’re able to get observations from Andersen AFB and Tiyan Won Pat International Airport (old Agana NAS).  In addition, you’ve got two PIREPs from the C-130 on descent and climbout.  You have a GMS-5 IR satellite image.  Using the tables in the steps in the constructing an air mass sounding and this limited data, try to construct a 12Z (evening at Saipan) Skew-T.

Observations Available

Tiyan Obs: PGUM 191055Z 08007KT 7SM SCT019TCU SCT047 BKN080 BKN250 27/24 A2986 RMK SHRA E44 TCU VC W SLP109

Andersen AFB Obs: PGUA 191156Z 10015KT 7SM VCSH SCT015 BKN300 27/24 A2992 RMK SLP119

Your first tactical obs: PSXX 191155Z 08012KT 7SM SCT020 BKN300 28/24 A2993 RMK SLP120 ESTMD WND ESTMD ALSTG/SLP 

Observed Cloud Motions

Scattered low clouds (CU), bases at 2,000 feet AGL moving from the east at 15 knots.  Broken high clouds (CI), bases 30,000 feet AGL moving from the west-southwest at 10 knots.  (Note:  Tropical tropopause heights are at or just below 100 mb.  Cirrus tops in the tropics are typically 5,000 feet below the tropopause, and the cirrus deck is typically 8,000 feet thick.)

PIREPs Observations Available

C-130 on descent into the airfield at 0823Z , FL 110, 025SCT075 300BKN, TA 07, WV 080020

C130 on climbout from the airfield at 0930Z, FL 230, 025SCT080 300BKN, TA –23, WV 100010, TB NEG, RM TCU DSNT SW BLDG
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Figure 2-12.  10Z GMS-5 Visible Imagery

?

10.  Given the available MetSat imagery, regime knowledge, area climatology, and the data listed above, construct a tropical Skew-T using Figure 2-3.  Streamlines are preferable over an isobaric analysis.  The real-time MetSat imagery analysis, actual 12Z Skew-T and mandatory level data are found in Question 9 in the Confirmation Key.
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Figure 2-13.  Blank Air Mass Sounding (Partial)

?

MODULE REVIEW QUESTIONS CONFIRMATION KEY

Module 1 – Northern Hemisphere Limited Data Analysis and Forecasting

1.  Some reasons for “silent area forecasting” situations are: data denial in whole or in part due to hostile actions, data denial in non-hostile situations such as a major strike disrupting either communications or weather work forces, or data denial due to communications and power loss due to natural disaster.

2.  TRUE

3.  YES

4.  b.  Forested areas are typically windier than prairies/steppes/flatlands.

5.  TRUE

6.  c.  Nimbostratus (NS)

7.  c.  Low center passing to the south of your location 

8.  b.  The sky is clear during the day, and there is a moderate southerly wind.

9.  WARM

10.  TRUE

11.  a.  By 2° F or more 

12.  b.  Unstable  
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13.  Sun or moon halos indicate a coming rain or snow, and the larger the halo, the nearer the precipitation.  Halos (or rings) around the sun or the moon are caused by the bending of light as it passes through the hexagonal shaped ice crystals that comprise cirriform clouds.  Cirriform cloud decks normally precede large-scale storm systems that bring either rain or snow.

14.  The analyst first analyzed for obvious lows in Manchuria and inside eastern Mongolia.  The low east of Taiwan was placed there due to wave development along the Pacific Polar Front.  The analyst chose to place the high at the juncture of the ridge axes.  Fronts were placed according to the standard rules of MetSat frontal placement.
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Actual Analyzed 09Z MetSat Imagery 

The analyst then transferred the pressure centers and fronts onto the LAWC.  Using the limited data and equal spacing for isobars, the analyst arrived at the analyzed LAWC.  Compare this LAWC to the actual 09Z JMA analysis that had much more data to analyze.  They compare favorably in spots.  Your LAWC should be similar.
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Analyzed 09Z LAWC
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Master 09Z JMA Surface Analysis
15.  a.  320° at 31 kts (You were told the clouds were moving to the southeast.  Winds at that level are coming from the northwest.  Figuring wind speed, your math should look like this:  3700 X 12 ( 28 X 30 = 44400 ( 840 = 53 fps, convert to mph 53 X .68 = 36 mph, finally convert to knots 36 ( 1.16 = 31 kts

16.  FALSE (When the smoke or steam rises up, then abruptly flattens out, the point where the smoke or steam flattens is the top of the inversion.)

17.  Your Skew-T should look similar to the figure below.  Compare yours to the actual Green Bay 00Z Skew-T.  First items accomplished should’ve been plotting your surface data, your observed cloud motions, and then, the available PIREPs.  You then try to use standard atmosphere adjusted to time of the year.  You know that the surface regime is a Spring variation of a Colorado Low-a slow mover.  The cold front won’t make it through your location by 00Z.  Don’t forget about the warm front aloft (use standard 1:200 slope to figure warm frontal inversion--the front should be in Upper Michigan or about 180 miles northeast of you location.
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Master 00Z Limited Data Analyzed Skew-T
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Analyzed 18Z Local Area Surface Chart
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Actual 00Z Green Bay, WI Automated Skew-T

Module 2 – Tropical Limited Data Analysis and Forecasting

1.  b.  85° F (29° C)

2.  In the morning

3.  TRUE

4.  c.  Cloud lines and streets

5.  The winds at the indicated point would be east-southeast (110°-120°) at 5-8 knots.  You can place an anticyclone center in the brightest part of the sun glint.  Winds are calm.  At Point 1, you can see a cumulus line.  Winds are parallel to it southerly, and the speeds are around 15 knots based on the line length.  At Point 2, the cumulus is round and casting a shadow.  Speeds are light and probably south-southwesterly (200°).  Point 3 winds are east-southeast (110°) based on the waves.  Nearby cumulus isn’t elongated much, indicative of speeds 5-8 knots.
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6.  FALSE (Your mean speed is 50% of the 925 mb wind or 11 knots.  Expect peak gusts 80-100% of the 925 mb wind or 18-22 knots.) 

7.  NO (Climatology, i.e., persistence is one of your best tools in the tropics.  YES/NO) Yesterday, you had a dangerous heat stress index of 105° F.  Persistence says that what occurred yesterday will probably happen again today unless you expect a change.)

8.  FALSE (Yes, you use 25 knots as a first guess for tropical thunderstorm gusts, but you use 700 mb or 10,000 ft wind direction as your peak gust direction.)

9.

[image: image53.jpg]




10.  Your Skew-T should look similar to the figure below.  Compare yours to the actual Tiyan 12Z Skew-T.  First items accomplished should’ve been plotting your surface data, your observed cloud motions, and then, the available PIREPs.  You then try to use standard atmosphere adjusted.  Use your analyzed satellite imagery to determine your low-level and upper-level wind flow and estimated wind speeds.  Plot your known data, then use the tropical standard atmosphere.  Don’t forget that you’ve got rainshower activity not far away to your south, so your Skew-T may look slightly different from Tiyan’s unless you expect this activity over your airfield.

0900Z Analyzed GMS-5 Visible Imagery
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Master 12Z Limited Data Analyzed Skew-T

[image: image55.jpg]




Actual 1200Z Tiyan, Guam Automated Skew-T
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Actual 1200Z Mandatory Level Data for Guam

Tiyan (Agana) Guam Skew-T Mandatory Levels-19 May 99/1200Z

P (mb)
T (°C)
Td (°C)
Winds

1000
27
25
090/15

925
22
21
090/25

850
18
17
090/25

700
10
7
070/20

500
-6
-22
060/15

300
-32
-35
250/10

250
-41
-46
250/12

200
-54
-62
240/08

Approved for Public Release;


Distribution Unlimited








102

_955362139.doc
[image: image1.png]






_1018437285.unknown

