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BASE AND DERIVED PRODUCTS
OBJECTIVE

Describe the use and limitations of WSR-88D products.

INTRODUCTION


In this chapter you are introduced to the various WSR-88D products.  Also you'll see the use and limitations of these products.  

INFORMATION
BASE REFLECTIVITY

Even though the WSR-88D produces over 60 different products, you will probably find yourself relying heavily on "Old Faithful"-- reflectivity.  In this section, we'll look at the base reflectivity product and discover the vast amount of meteorological information it can provide.  The base reflectivity product generated by the WSR-88D is nothing new, it is simply more colorful, accurate, and useful than displays you're used to.  Let's begin our look with a description of the product itself. 

Theory of Reflectivity

The radar simply measures the amount of electromagnetic energy backscattered to the antenna from targets illuminated by the beam.  But how does the radar assign a meteorological intensity value to this, which in turn tells us the strength of the storm.  What if the radar simply indicated that the backscattered energy was 1.0 x 10‑6 milliwatt?  This wouldn't mean much to a weather forecaster or observer, and would certainly not help you do your job.  There must be some way to process this returned energy into useful meteorological information. 


Assumptions of the Radar Equation.  If nature was to always cooperate and conform to our precise mathematical equations, we could easily calculate reflectivity values (Z) based on the average power being returned to the antenna.  Unfortunately, too many variables exist which tend to render our nice equations ineffective.  The basic radar equation makes many assumptions, which are rarely the case in the natural atmosphere.  These assumptions include:  

· The particles are small, homogeneous spheres whose diameters are much smaller than the radar's wavelength (Rayleigh scattering).

· The particles are spread uniformly throughout the contributing region (sample volume). 

· Precipitation throughout the entire sample volume is the same (all rain or all snow--no mixed precipitation). 

· The main lobe of the antenna beam pattern is adequately described by mathematical notation.

· Attenuation and multiple scattering are negligible. 


If all assumptions could be met, and if no measurement errors existed, the radar measured Z would conform exactly to the meteorologically defined Z.  However, since this is not the case, we must settle for something a little less perfect known as the equivalent radar reflectivity factor, (Ze).


Equivalent Radar Reflectivity Factor.  Let's look at a simplified version of the equivalent radar reflectivity factor, and see how Ze is derived.  The basic form is: Ze = Prr2/Rc
where:

Ze = equivalent radar reflectivity factor;



Pr = average returned power in watts;



Rc = a combination of all known constants in the original long form of the 



     radar equation; and,



r  = range to target 


As we said earlier, the radar carefully measures the amount of energy backscattered to the antenna, which gives us our P.  Also, it calculates the time between the transmission and reception of each pulse to determine range to target (r).  Each and every radar, for a given operational mode, has a set of constants such as wavelength, pulse length, antenna design, and other engineering factors.  All of these elements compose the radar constant (Rc) term of our equation.  This now provides enough information for the WSR-88D processors to compute a value of Ze for each sample volume. 


Now that we have a reflectivity measurement for each sample volume in our radar coverage area, what do we do with it?  At this point, the value is still in the form of a measurement of power,, probably expressed in watts.  We must now take this measurement and convert it into something more familiar for use in our daily customer support. 


Units of Measure.  Since values of Ze typically span many orders of magnitude, equivalent reflectivity is usually expressed in decibels (dBZe, or just dBZ for short).  In weather radar, we refer to echo intensity in terms of dBZs.  We say things like:  "Look, that storm is 65 dBZs," or  "How many dBZs is that storm"?  A logical question now arises--what is a dBZ?  


The Decibel System.  The decibel system is used to compare two power values using the logarithm of their ratio.  Since we don't like big math formulas any more than you do, let's just say it is a matter of mathematical convenience to use the decibel system for comparison purposes.  The decibel system is useful for comparing power values that differ greatly; such as the difference between the transmitted and returned power.  The returned power is used to estimate the equivalent reflectivity factor Ze.   Since values of Ze also vary greatly, it is more useful to express these values in decibels. 


A very important fact about dBZ comparison is that every change of 3 dBZ corresponds to doubling or halving the equivalent power return.  With this in mind, consider the implications of the following example.  


You were viewing an area of stratiform precipitation with returns of around 25 dBZ and later those returns strengthened to 28 dBZ.  Although the return has actually doubled its intensity, 28 dBZ is probably still just light rain.  Now consider a thunderstorm with a return of 55 dBZ, which increased to 58 dBZ.  Again, the strength has doubled, but think of the quantity we have doubled!  Compare this to a case where you were asked to touch a wire containing one volt of electricity.  If we double the voltage, the thought of 

two volts probably doesn't shock you much.  But if the wire has 110 volts and we double it to 220, you're probably getting a little worried.  You should keep the significance of these increases or decreases of 3 dBZ in mind while you are using any weather radar.  Remember, by using dBZs to compare returning energy, we are increasing and decreasing logarithmically, not simply linearly.  Therefore, you must always consider the significance of each small change.   


Base Reflectivity Products.  The base reflectivity product displays the intensity of backscattered energy from meteorological targets in a geographical map-like presentation for a single elevation.  The displays are presented on two 19-inch color monitors, which provide high-resolution display capability.  Polar coordinate pixel image of reflectivity data in full screen or quarter screen format.   


Range and Resolution.  Base reflectivity data is gathered for every .13 nm sample volume, out to 248 nm from the radar.  However, the radar displays the reflectivity data at three different resolutions, for various range settings:  0.54-nm resolution for the 124-nm range, and 1.1 nm and 2.2-nm resolution for the 248-nm range.  This process is illustrated in Figure 3-1.
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Figure 3-1.  Base Reflectivity Range and Resolutions.


Availability.  One product for each resolution per elevation angle (dependent on particular VCP in use.  Data levels are lower bound thresholds available in 8 or 16 levels.  Current values are set at 5 to 75 dBZ for precipitation mode and -28 to +28 dBZ in clear air mode. 



Product Legend.  The product legend exists on the right side of all WSR-88D products.  The following is a list of information contained in the accompanying legend for the base reflectivity product.

· Product Name and ID Number

· RDA ID

· Time and Date of Scan

· Data Levels

· Elevation Angle

· Maximum dBZ

· Radar Position

· Radar Elevation above MSL

· Radar Operating Mode

· Product Range and Resolution


Use of Base Reflectivity. 
Use and interpretation of WSR-88D Base Reflectivity products is really no different than with previous radar.  Since the WSR-88D uses high resolution color displays, it is easier to analyze for features that previously hid themselves on old monochrome radar such as the FPS-77.  Features such as high reflectivity storm cores, strong reflectivity gradients, and embedded thunderstorm activity shows up quite nicely on the color displays.  With the WSR-88D's extreme sensitivity, you may even see reflectivity returns from optically clear air.  In clear air mode, the radar actually looks as low as 28 dBZ for reflectors such as insects, pollen, dust, salt, density discontinuities, and anything else that may backscatter even the smallest amount of energy.  This information can allow you to see things like dry frontal boundaries, old outflow boundaries from recent storms, inversions, sea breezes and more.  


Some of the more significant meteorological phenomena we'll discuss will be: 

· Hook echoes and their significance

· Strong reflectivity gradients

· Line Echo Wave Patterns (LEWPs) 

· Embedded thunderstorms

· Outflow boundaries

· Detection of the melting level.  


Limitations.  The following are limitations of the base reflectivity product.

· Ground clutter and anomalous propagation can contaminate data.

· The beam's height above the ground increases with range, causing overshooting of distant targets.

· Beam broadening may cause small features (such as hook echoes) undetectable at longer ranges.

· Side lobe contamination, which can cause false echo tops and false intensities.


Now that we've looked at the WSR-88D's Base Reflectivity product to include product description, use, and limitations, you should have a better understanding of the product.  In chapter 4 we will cover interpretation of base reflectivity images to actually enable you to use this invaluable product.  The applications of base reflectivity products are limitless.  We are quite sure that given a little time and training on the job, you may well be making some new discoveries of your own.

Base Velocity

Decision time is rapidly approaching--What kind of warning will you issue?  Is this thunderstorm capable of producing a tornado?  What's happening inside this storm?  These are questions you can only ponder with the current weather radar systems.  Today, the WSR‑88D, brings us a new dimension in severe weather forecasting.  Using the base velocity product, the radar operator can now interrogate motions in and around potentially severe weather producing storms.  


The WSR-88D not only aids in severe weather forecasting but also in everyday forecasting decisions.  Imagine having the ability to interrogate the vertical wind profile every couple of minutes; the WSR-88D gives you this capability.  With the mere click of a button, an up-to-date velocity display is available for your inspection. 


Base velocity is the average velocity of the airflow parallel to the radar beam within the sample volume.  Although the Doppler radar measures only the component of the wind that is parallel to the beam, great deals of horizontal and vertical weather features are identifiable.  In this chapter we describe the velocity product, briefly review Doppler theory, and finish up with uses and limitations of the velocity product.


Doppler Theory Review.  
To effectively interpret velocity displays one must have a solid understanding of the basics.  With that in mind, let's review some of the main points.  


Doppler Shift.  When electromagnetic energy is transmitted and strikes a target moving toward (negative or inbound) the radar, it returns as a positive phase shift in the returned energy.  Conversely, when it strikes a target moving away (positive or outbound) from the radar, it is returned as a negative phase shift in the returned energy.  This change in frequency is known as the Doppler shift.  It is the Doppler shift which allows the computer to determine motions toward and away from the radar. 


Radial velocity is displayed using different colors for inbound and outbound velocities.  Cool colors (e.g., green, blue) are used to depict inbound velocities and are expressed as negative values.  Warm colors (e.g., red, yellow) are used to depict outbound velocities and are expressed as positive values.  Varying shades of the respective colors are used for indicating magnitude, with brighter shades usually associated with the strongest velocities.


Radial Velocity.  By now you have heard several times that a single Doppler radar only measures the radial component of the wind.  What does that mean?  Let's examine it a little closer.  When using the term radial velocity, we mean that the WSR-88D is only measuring the wind velocity moving directly down the beam.  For example, if the wind is blowing from the west at 50 knots and the antenna is pointing toward 2700 , then we are seeing the full component and the WSR-88D measures all 50 knots.  However, using the same example with the exception of the antenna pointing at 3150, only a portion of the wind is actually moving directly down the antenna and the WSR-88D only measures 35 knots (cosine of 450 times 50 knots).  One final example, still using our westerly wind at 50 knots, except this time the antenna is pointing at 3600.  In this case the wind is directly perpendicular or across the radar beam and the WSR-88D senses no wind or zero velocity. 


A distinct area of zero Doppler velocity develops at each point the radar encounters a wind that is perpendicular to the beam.  This area of zero Doppler velocity is known as the Doppler zero line and is an important factor in determining wind direction.


Product Description.  
The base velocity product displays the mean radial velocity data as an image.  By measuring the Doppler shift of the reflected radiation, the radial component of the velocity toward and away from the radar antenna is determined.  A separate product is available for each elevation angle in the current volume coverage pattern (VCP).


Presentation.  Polar coordinate pixel image of velocity data in full screen or quarter screen format.


Availability.  One product for each resolution per elevation angle.  Data levels are lower bound thresholds, available in 8 data levels (-10 kt to +10 kts) or 16 data levels (-64 kt to +64 kts).


Resolution And Coverage.  0.13 nm x 1( resolution out to a 32 nm radius, 0.27 nm x 1( resolution out to a 62 nm radius, and 0.54 nm x 1( resolution out to a 124 nm radius. Base velocity uses the first sample volume in a series to determine the displayed value.  Figure 3-2 illustrates this process.
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Figure 3-2.  Base Velocity Range and Resolution.


Product Legend.  Information contained in the base velocity product’s accompanying legend is the same as reflectivity except for the maximum value detected (both inbound and outbound).


Use of Base Velocity.  
The use of WSR-88D Base Velocity products is quite unique, because earlier radars were non-coherent.  With the addition of coherent radar, comes the addition of new products such as Base Velocity. However, not to worry Doppler radar has been around awhile, and many reoccurring velocity features have been documented for us to learn from.


With the WSR-88D’s extreme sensitivity, you may even see Velocity returns from optically clear air.  In clear air mode, the radar actually detects motion from reflectors that return backscattered energy as low as -28 dBZ.  This information can allow you to see the location and motion of troughs, fronts, and other boundaries by changes in wind profile.


Some of the more significant meteorological phenomena we’ll discuss will be:

· Tornado identification

· Mesocyclone identification

· Rotation

· Divergence and Convergence

· Turbulence

· Fronts, Sea Breezes, and Outflow Boundaries.


Limitations.  The following are limitations of the base velocity product.

· Residual clutter and anomalous propagation can contaminate data.

· Product data levels may obscure features.

· Range folded, velocity aliased or data incorrectly dealiased, may cause incorrect interpretation.

· Data coverage is limited by the amount of scatterers in the atmosphere.

· Velocities are relative to the RDA location -- not the PUP location.

· For effective severe storm analysis, multiple elevation angles must be used.


Now that we've looked at the WSR-88D's Base Velocity product to include product description, use, and limitations, you should have a better understanding of the product.  In chapter 4 we will cover interpretation of Base Velocity images to actually enable you to use this invaluable product.

BASE SPECTRUM WIDTH

Since Doppler radar got introduced to DOD weather stations some years ago, a product called Spectrum Width has been around.  I’m sure your asking yourself, “Spectrum what?”  Not one of the more traditional radar products, and I’m sure growing up watching the weather channel you never heard it once said over the air.  But it is a product that provides a great deal of information to the forecaster. In this section, we will begin with a brief description of the product, then examine the spectrum width theory, and then finish up with some operational uses. 


Spectrum Width is a measure of the velocity differences or spread within a sample volume.  The Spectrum Width product provides information from which you can make determinations about various atmospheric occurrences such as turbulence, wind shear, and the early stages of convective development.  It provides assistance in your analysis of atmospheric motions.  The Spectrum Width product is best used in conjunction with velocity and reflectivity products. 

Theory of Spectrum Width.
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Figure 3-3.  Particles in a Sample Volume.

Recall that within a sample volume (figure 3-3), many particles of varying size, shape and composition move in different directions and speeds.  Within a single sample volume, the Doppler radar doesn't sense each individual motion, but rather, a combination of all the motions.  This combination of different motions, or dispersion, is what the Spectrum Width product measures.  Normally it is directly proportional to the amount of shear or turbulence within the sample volume.  The ideal distribution of frequency versus returned power looks like a bell curve when plotted on a graph (figure 3-4). 
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Figure 3-4.  Ideal Distribution.


The maximum returned power (point B) is usually at the frequency of the backscattered energy from the largest meteorological targets.  This happens for two reasons.  First, spectrum width estimates are most influenced by the largest scatterers since they return exponentially (D6) more energy back to the radar. Second, the largest scatterers are the least affected by turbulent motions and tend to be centered closely around the environmental winds.  On the other hand, the weaker returned power at the wings of the spectrum (points A and C) is returned from targets, which are generally smaller and affected more by small disturbances in the environmental flow.

[image: image5.wmf]

Figure 3-5.  Comparison of Spectrum Width.
Since greater forces are required to move larger targets, the dispersion of the right and left wings of the spectrum can be interpreted as the amount of gustiness and/or turbulence observed by the radar.  Extremely small targets in a calm environment result in weak, narrow spectra and large targets in a turbulent environment produce strong, wide spectra (Figure 3-5). 


Product Description.  
The Spectrum Width product displays velocity spectrum width as a polar coordinate image and is available for any valid elevation angle (dependent on the particular VCP in use).


Presentation.  Polar coordinate pixel image of Spectrum Width data in full screen or quarter screen format. 


Availability.  One product for each resolution per elevation angle.  Base Spectrum width is only available in eight data levels.  Data levels are lower bound thresholds ranging from zero to 19kts.


Resolution and Coverage.  0.13 nm x 1( resolution out to 32 nm radius, 0.27 nm x 1( resolution to 62 nm, and 0.54 nm x 1( resolution to 124 nm.  The .27 and .54 nm products are displayed in the same manner as the base velocity products.


Product Legend.  Information contained in each Spectrum Width’s accompanying product legend is the same as Base Velocity except for the maximum Spectrum Width.


Use of Spectrum Width.  
Unlike a simple reflectivity display, understanding the Spectrum Width product is not entirely straightforward.  Inferences can be made from width values; however, difficult to interpret.  Interpreting the product is not a quick learning process, and requires operator skill and experience.  However, researchers and operational forecasters have documented various Spectrum Width features and correlated them with atmospheric phenomena.  It is these, more “classical” Spectrum Width images we will cover.  Some of the more classical Spectrum Width features we will discuss will be:

· Fronts

· Embedded convection

· Turbulence

· Melting level

· Gust fronts or outflow boundaries


Limitations.  The Spectrum Width product is not reliable in all cases.  Other products, such as the Skew-T diagram and centrally prepared charts, should be analyzed in addition to the various WSR-88D products available.  The following are limitations to Spectrum Width.


1.  Limitations from beamwidth
· Increasing beamwidth with range results in larger sample volumes with range.

· Larger sample volumes contain more particles,thus an increased likelihood for variability.

· Detecting more variability results in higher Spectrum Width values.


2.  Limitations from antenna rotation rate

· Slower rotation allows more sequential samples of a given area, thus a more reliable estimate (lower widths).

· Faster rotation results in a less reliable estimate and generally higher Spectrum Widths.


3.  Limitations caused from weak signal returns.
· This signal may be near the noise level.

· Spectrum Widths may be erratic.

· Usually spectrum width values are high in this situation.


4.  Interpretation of the Spectrum Width product is not straightforward.
· Inferences can be made from width values, however, difficult to interpret.

· Requires operator skill and experience.

REVIEW EXERCISE 3-1

1.  Explain the theory of base reflectivity.
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2.  Use the illustration above of the first sixteen sample volumes along the 090 degree radial to determine the displayed reflectivity values for all three resolutions available.

3.  Where is the radar display maximum detected values on the base reflectivity product?   What considerations should be made when viewing a magnified product in relation to the maximum detected?

4.  List the limitations of the base reflectivity product.

5.  Targets moving toward the radar exhibit a ______________ phase shift.

6.  Explain radial velocity.

7.  The Doppler zero line indicates what type of motion.
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8.  Use the above illustration of the first eight radial velocities observed by the radar along the 090 degree radial to determine the displayed velocities for the three range and resolutions available.

9.  Explain the limitation of the base velocity product.

10.  What is spectrum width?

11.  What can be interpreted from the left and right “wings” of the spectral shape?  Explain.

12.  What are the range and resolutions available for the base spectrum width product?

13.  What are the limitations of the base spectrum width product?

COMPOSITE REFLECTIVITY

During our discussion of reflectivity, we made the point that the Base Reflectivity products give us a "birds-eye" view of the radar coverage area.  However, you should never forget that each reflectivity display only gives a small sample of the radar coverage area and each product is only a single slice of the atmosphere.  If you want to sample the entire volume of your radar coverage, you need to sample each and every elevation scan.  A product that could display all echoes present, regardless of where they are in our radar coverage area, would certainly be useful.  Composite Reflectivity is one product that can do this for us.  

Theory of Composite Reflectivity

The Composite Reflectivity product, abbreviated CR, contains basically the same information we find in the Base Reflectivity product.  However, one very important difference exists; Composite Reflectivity displays information collected from all the elevation angles, not just one.  The WSR-88D's extensive memory and lightning fast processing provides the capability to produce this useful composite product.  


Comparison of Base and Composite Reflectivity.  The data on the Base Reflectivity product are collected from a single slice of the atmosphere.  When using any Base Reflectivity product, the only information available to the operator is the "slice" which is swept out by the radar beam.  Features above or below the beam are missing from the display (figure 3-6).  

[image: image8.wmf]
Figure 3-6.  Limitation of Single Elevation Slice.

Obviously, a problem exists if any of these reflectivities above or below the radar beam are important to your job.  How do you ensure you have found all the significant weather?  CR solves this problem.  As a WSR-88D operator, you are interested in detecting a potentially severe thunderstorm, so you want your attention drawn to any strong echoes of about 40 dBZs or greater.  The CR product can alert you to the existence of these strong echoes. 

[image: image9.wmf]
Figure 3-7.  CR's Search for Highest dBZs.


Identification of Strongest Reflectivities.  Imagine a volume coverage pattern of three elevation slices (figure 3-7).  The RDA is detecting different reflectivities at each elevation slice, 30 dBZ, 50 dBZ and 25 dBZ.  The CR product compares all the reflectivities above a location on the ground and identifies the strongest.  All the other reflectivities at this location are discarded and the remaining reflectivity of 50 dBZ is displayed.  Now, the CR does this for the entire area of radar coverage and displays the strongest reflectivity found over each individual location.  What we have is a display of only the strongest reflectivities observed over the radar coverage area.  


We can now easily identify the location of strong echoes, but we do have to keep several points in mind.  First, the dBZ value displayed for any location could have come from any of the elevation slices or heights.  Second, values displayed side-by-side also could have come from different elevation slices.  Let's look at this side-by-side problem a little closer. 


Side-by-Side Reflectivity Values.  The CR product displays the strongest reflectivities regardless of the height or elevation scan in which they where detected.  Because of this, reflectivity values displayed side-by-side by the CR product may actually be detected at different heights. 


Volumetric Products.  CR requires data from every elevation scan.  What does this mean?  Remember that the Base Reflectivity product displayed an image after each elevation scan; thus, each slice of the atmosphere was immediately available for your use.  CR is NOT available until after the RDA has completed one entire volume scan--all elevations from lowest to highest.  Since the entire "volume" of the radar coverage must be scanned before the CR product can do its work, we call CR a volumetric product.  Thus, Composite Reflectivity becomes available to us only after each of the individual Base Reflectivity products have already been completed.


Volumetric Overlays.  The CR product is also a good place for you to display volumetric overlays.  As you will see later, certain products/overlays may be paired together so they are both displayed simultaneously.  Let's suppose you wish to pair a volumetric overlay, such as Meso or Hail, with a reflectivity-type product.  A Base Reflectivity product is generated immediately after each elevation scan.  Pairing Base Reflectivity with a volumetric overlay causes the Base Reflectivity to display without the volumetric overlay.  You can ensure your reflectivity product is displayed with the overlays by pairing these volumetric overlays with CR since it is also a volumetric product.

Product Description

For a given area on the earth's surface, the CR product displays an image of the maximum reflectivity above that area.  Thus, the displayed value for a given location could come from any of the elevation slices comprising the current Volume Coverage Pattern.  The product is available in two versions--one with 8 data levels and one with 16.


Availability.  One product for each resolution per volume scan.  Data levels are lower bound thresholds available in 8 or 16 levels.  Current values are set at 5 to 75 dBZ for precipitation mode and -28 to +28 dBZ in clear air mode. 


Presentation.  Cartesian pixel image of reflectivity values in full screen or quarter screen format. 


Resolution and Coverage.  0.54 x 0.54 nm out to 124 nm radius, and 2.2 x 2.2 nm out to 248 nm radius.


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Combined Attributes Table.  Another interesting feature of the Composite Reflectivity product is the combined attributes table.  Displayed on the top of each product as an overlay, is listed the output of several storm algorithms.  The attributes of up to 100 storms can be listed in this table.  However, only four are visible at a time.  The page attributes function allows the remaining storms to be viewed.  Storm information from four meteorological products are included in the table, they are:

· Hail Index

· Mesocyclone

· Tornado Detection Algorithm

· Storm Cell Tracking Information (STI)


If one algorithm fails, the attributes table will not accompany the product.  The attribute table is available for full screen CR display only.  Storms are ranked in the attribute table sequentially according to severity.  The highest priority cell be one containing a TVS, then ETVS, Mesocyclone, three dimensional shear, two dimensional shear, probability of severe hail, probability of hail, and finally cell-based VIL.


You have the ability with the attribute table to select a storm of interest, and use this geographic point for many products.  By using the graphic tablet and puck, you select the storm you’re interested in by clicking on the list column for the storm.  This geographical location can then be used for cell trends, cursor home define, recenter/magnify, and AZRAN select.  We will go over these applications during the PUP applications portion of the course.


Algorithm Processing.  No algorithm is used to generate the CR product.  A single Task File is employed.



CR is a quick way to get the "total picture."  First and foremost, it is an attention-getter; all of the strongest reflectivities detected by the radar are simultaneously displayed.  However, you pay the penalty by losing the ability to fully interrogate any one feature.  Instead, you can use CR to identify the significant storms, then you must use other products, such as Base Reflectivity, to continue your interrogation.


Limitations.  Composite Reflectivity is made up of information that comes from the Base Reflectivity products; many of the same situations, which affect the quality of reflectivity data, also cause problems with CR.  For instance, ground clutter and anomalous propagation can cause problems in the reflectivity displays and, therefore, may also give non-weather related values to the CR product.  The following is a list of more unique limitations:


1.  Height data is lost.

· Echoes aloft cannot be distinguished between those extending to the surface.

· Pattern recognition is basically meaningless.

· Features that depend on horizontal consistency may not be recognizable since CR may present data from different altitudes side by side.


-- Echo layers such as the melting level (bright band) appear as multiple rings around the RDA..


-  One layer is detected by various elevation slices at different ranges.



-  These rings tend to obscure other more useful data.


-- Other limiting factors.


-- As with reflectivity, values tend to be 5 to 15 dBZ higher than previous radars.



-  Algorithm pauses cause loss of combined attributes table and overlays.



-  Only four storms can be listed in the visible attributes table.

LAYERED COMPOSITE REFLECTIVITY MAXIMUM


When evaluating reflectivity signatures on the radar, we often categorize features as being in the low, mid, or upper levels of a storm.  You have learned from previous discussions that we can look at one elevation angle at a time using base reflectivity products, or you can look at the maximum reflectivity values using the composite reflectivity product.  At times, you  may be concerned with the maximum reflectivity values within an area (i.e. the mid-levels of a storm), the Layered Composite Reflectivity Maximum will give you this ability.

Theory of Layered Composite Reflectivity Maximum

The Layered Composite Reflectivity Maximum (LRM) is comparable to the Composite Reflectivity in that it gives the maximum reflectivity for a particular grid box.  The major difference is that the CR product is produced by using the entire volume scan, which makes it difficult to determine the approximate altitude of a particular reflectivity value.  The LRM uses three layers; LOW, MID, and HIGH, in the production of the product.  This allows you to look at maximum reflectivities for a specific section of the storm.


Layered Products.  The LRM is a layered product, which means it uses a combination of elevation slices to acquire data for an operator selected layer.  Figure 3-8 shows the method used to collect the data for the three layers available.  Similar to the Composite Reflectivity product, the LRM will use the maximum reflectivity values in a vertical column; however, the LRM will only use the elevation slices that fall within the heights specified for the layer product.  The MID and HIGH layers are set altitudes and cannot be modified.  However, the lower limit of the LOW altitude may be modified by the UCP, with approval by the URC.  The layer has to remain at least 6,000 feet thick, and changes affect all associated users connected to the RPG. 

[image: image10.wmf]
Figure 3-8.  LRM Default Values.

Product Description.  
The LRM displays maximum reflectivity data for layers defined as LOW, MID or HIGH.  This product is only available as an 8 data level product.


Availability.  One product for each layer per volume scan.  Available in 8 data levels only, with thresholds set at 5 to 57 dBZ.  Layers are set at LOW (SFC to 24 kft), MID (24 kft to 33 kft), and HIGH (33 kft to 60 kft).  Note:  the lower limit of the LOW altitude can be modified by the UCP. 


Presentation.  Cartesian pixel image of layered composite reflectivity values in full screen or quarter screen format.


Resolution and Coverage.  2.2 x 2.2 nm for 248 nm x 248 nm coverage.


Product Legend.  The information is the same as the product legend for other reflectivity products with the exception of the LRM listing the altitude used for generating the product.


Use of the Layered Composite Reflectivity Maximum.  The LRM is useful in giving you a quick look at significant reflectivity values for a specified layer.  This will enable you to quickly identify the stronger storms and those areas with a greater propensity for convection.


Convective Regimes.  The LRM is an excellent way of tracking the intensity trends of convection.  For example, if an operator notices reflectivity values or the size of an area increasing rapidly in the MID layer, it could indicate the storm is intensifying.  Inversely, if an operator notices a sudden decrease of reflectivity values in the MID layer, with an increase of reflectivity values in the LOW layer, the storm is decaying and has the potential for a microburst.  Pulse convection or rapidly building isolated thunderstorms also show up well on the LRM product.  Given the ability to raise the lower boundary on the LRM may assist forecasters in the identification of pulse type storms, which push stronger reflectivities higher up than non-severe single cell thunderstorms.   


Correlation of Reflectivity Maximum with Height.  As we learned earlier, the height of the maximum reflectivity can be used to identify the severity of storms.  A storm containing strong dBZ values (>50 dBZ) in the HIGH altitude layer indicates an intense updraft and strong likelihood for severe weather.  Also, high reflectivity values in the MID altitude layer can be correlated with heavy precipitation in tropical regimes, as well as stratiform regimes.


Limitations.  As stated earlier, the LRM uses only those elevation angles that fall within the altitude of the layer specified.  As you can imagine, the LRM will be adversely affected at distant ranges from the radar, where the layer may only encompass one or two elevation slices.  At close ranges, MID and HIGH layer altitude products are ineffective due to the cone of silence.


As with the CR, individual characteristics of severe storms may be lost due to the LRM's use of several elevation slices.  Signatures such as hook echoes, BWERs, and WERs may not be detectable.  For this reason, compare the LRM with other products before drawing conclusions.

Layered Composite Reflectivity Maximum Anomalous Propagation Removed


The Layer Composite Reflectivity Maximum Anomalous Propagation Removed (APR) product is similar to the LOW altitude product of the LRM.  Except, it uses an algorithm to remove ground targets with the help of base velocity and base spectrum width.


Theory of LRM Anomalous Propagation Removed Algorithm.  The algorithm was developed to identify ground targets by following the principle that ground targets affect mainly the lowest antenna tilts, and are typically associated with low radial velocity and low spectrum width.  The algorithm separates the atmosphere into three regions based on distance from the RDA, and altitude above the surface.  A different clutter filter removal technique is applied to each region, based on known observations of the appearance and location of clutter.  The three regions are shown in Figure 3-9 below.
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Figure 3-9.  AP Removal Regions.

The Omit All region is defined as the portion of the atmosphere within 45 km of the RDA, and below 1 km in altitude.  All targets in the omit all region are considered clutter and removed.


The Accept If region is defined as that portion of the atmosphere within 103 km of the RDA, at the 0.5 degree slice and below 3km in altitude, and not within the “omit all” region.  A target in the “accept if” region is accepted if its velocity is > 1.0 m/s and its spectrum width is > 0.5 m/s.  Essentially, a target in this region is assumed to be clutter, but it will be accepted as being meteorological if movement is indicated by either velocity or spectrum width.


The Reject If region is defined as the portion of the atmosphere within 230 km of the RDA, below 5 degree in elevation, and not within either the “omit all” or “reject if” regions.  A target in the “reject if” region is rejected if it possesses a velocity < 1.0 m/s and a spectrum width < 0.5 m/s.  Essentially, a target is assumed to be meteorological, but it will be rejected as clutter if little or no movement is indicated.


Product Description.  The APR product displays the LOW altitude LRM with anomalous propagation removed by the algorithmic process.  This product is only available in 8-data levels.


Availability.  One product for each volume scan.  Available in 8-data levels only, with thresholds set at 5 to 57 dBZ.  The altitude of the product is set at surface-24,000 feet.


Presentation.  Cartesian pixel image of layered composite reflectivity values in full screen or quarter screen format.


Resolution and Coverage.  2.2 x 2.2 nm for 248 nm x 248 nm coverage.


Product Legend.  The information is the same as the product legend for other reflectivity products with the exception of the APR product listing the altitude used for generating the product.


Use of the Anomalous Propagation Removed Product.  The APR algorithm attempts to distinguish weather targets from clutter targets.  With this product you will be able to use it the same way as a LOW altitude LRM, but with the added feature of AP removed.


Limitations.  The algorithm works best if traditional clutter filtering is applied before the algorithm begins processing data.  The algorithm assumes all low level data within 45 km is clutter, which may result in valid data being dropped from the product.  Current adaptable parameters values may not be the optimum settings, and further testing may be needed to enhance the algorithm processing. 

Hybrid Scan Reflectivity 


Hybrid Scan Reflectivity (HSR) is a 16 data level reflectivity product with a range of 124nm.  The HSR product will assist in determining the accuracy of the precipitation products, by allowing operators to view the reflectivity data used to generate these products.


Theory of Hybrid Scan Reflectivity.  The RPG generates the Hybrid Scan Reflectivity internally before creating the precipitation products.  Reflectivity data displayed on the HSR product originate from the lowest four antenna elevations using two scanning techniques.  These two scanning strategies together with a tilt test produce the HSR from which all precipitation products are produced.  The overall purpose of the algorithm is to systematically search for low-level reflectivities (possibly precipitation) while eliminating ground clutter and correcting for beam blockage.


The first of two scanning strategies is called the sectorized hybrid scan.  The sectorized hybrid scan utilizes data from higher tilts close to RDA and lower tilts at greater ranges.  The algorithm uses data from the 3.4 slice from the RDA out to 11 nm; the 2.4 slice for 11 nm to 19nm; and the 1.5 slice from 19nm to 27nm.  Beyond 27nm the algorithm uses the bi-scan maximization technique, which selects the highest reflectivity from either the 0.5 slice or the 1.5 slice.  For azimuths with beam blockage, the sectorized scan uses data from the next highest tilt.  Figure 3-10 illustrates this.   
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Figure 3-10. Hybrid Scan Construction.

The second of the two scan strategies is called the terrain-based hybrid scan.  It also uses data from the lowest four elevation angles.  However, correcting for beam blockage is the only requirement for elevation selection.  The lowest elevation is used wherever the bottom of the beam clears the terrain.


For either type of scan a tilt test is accomplished by the algorithm, which compares the areal coverage of echoes at the 0.5 slice and 1.5 slice. If a 75% (default) or greater reduction is found at the 1.5 slice compared to the 0.5 slice, the algorithm assumes the echoes to be clutter, and the data from this slice is removed from further processing.  When this occurs, the message “LOWEST TILT UNUSED” will be displayed in the status and annotations area just above the data levels on the product.


Product Description.  
The HSR product displays are similar to the 124-nm base reflectivity product, as a polar coordinate image and is available once per volume scan.


Availability.  Updated once per volume scan with 16 data levels ranging from 5 – 75 dBZ.


Presentation.  Cartesian pixel image of reflectivity values in full screen or quarter screen format. 


Resolution and Coverage.  .54 nm out to 124 nm radius. 


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Limitations.  The HSR product may display abrupt changes in reflectivity values at hybrid scan ranges. In some instances, especially at RDA sites located at higher elevation, it is possible the tilt test may eliminate valid returns at 0.5 slice during some stratiform precipitation events.

VERTICAL INTEGRATED LIQUID


The WSR-88D receives a reflectivity signal from a distant target and produces color displays of that signal.  You can interpret these displays and make determinations on the severity of the storm, direction and speed of motion, amounts of rainfall, and so on. Up to this point you have seen two types of products, Base Reflectivity and Composite Reflectivity. These products display the reflectivity in a fairly straightforward manner through the use of dBZs.  However, other methods of displaying information are possible and can be designed to help you identify potentially severe convective activity.  Vertically Integrated Liquid Water (VIL) is one such product.  

Theory of VIL
What new information can you obtain from VIL?  The VIL product is the end result of analysis performed by the VIL algorithm.  The function of the VIL algorithm is to estimate the amount of liquid water contained in a storm, then display that value in a graphical form for your use.  The magnitude of the VIL value in convective situations is related to the strength of the updraft, which in turn, is related to the severe weather potential of the storm.  The VIL product is an excellent tool which can enhance your ability to distinguish severe from non-severe storms. 


Vertical Integration.  In the past, you may have used reflectivity values from the radar to estimate rainfall rate.  Now, a similar process is used to convert reflectivity into VIL values.  The VIL algorithm converts weather radar reflectivity data into liquid‑water content values.  These values are based on theoretical studies of drop‑size distributions and empirical studies of the relationship between the reflectivity factor and liquid‑water content.  The algorithm uses a mathematical equation to make these relationships.  This VIL value is simply an indication of how much water is contained in the storm.  Values of VIL are calculated for each location in the radar coverage for each elevation scan.  This is the first step.  The second step uses a process much like what you saw with the CR product.  


Remember how the CR product compared the reflectivity values above a location and selected the maximum value?  The VIL algorithm does a similar job, but instead of selecting the maximum value, it adds them all together.  This gives you the "integrated" part of VIL.  However, before integrating these values a correction must be applied for hail.  This is due to the reflectivity returns from hail, which can fluctuate rapidly and cause unrealistic water equivalency measurements. To compensate for this the algorithm truncates all reflectivities of higher than 55 dBZ, to 55 dBZ. Essentially setting a maximum value for reflectivity and making VIL measurements more realistic and manageable. The end result is that for any location on the earth, you now have an estimation of how much liquid water is suspended in the atmosphere above that point.  And as you may suspect, VIL is also a volumetric product like CR, which requires a complete volume scan before the product can be displayed  


Units of VIL.  This is probably a good place to mention the units of VIL.  Since we are calculating the amount of water in a vertical column, we need some type of unit which specifies mass per volume.  You most often see values of VIL in metric units of kilograms per square meter (kg/m2 or kg m‑2).  For each elevation slice these values are linear, but once the vertical column is integrated they represent a volumetric measure.  Of course, you probably won't ever hear anyone use these units.  Instead, people usually say, "VIL values of 40" or "VIL values of 65."  

Product Description
The VIL product, displays its values as a graphic image.  Its output is dependent upon processing by the VIL algorithm.  The product displays 16 data levels.  


Availability.  Updated once per volume scan with data levels ranging from at 5 - 70 kg/m2.


Presentation.  Cartesian pixel image of VIL values in full screen or quarter screen format. 


Resolution and Coverage.  2.2 x 2.2nm out to 124nm radius. 


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Limitations.  The VIL product is a valuable tool which provides you with a method to differentiate between potentially severe storms and those which never rise above garden variety.  However, no product is without its limitations.  Here are a few you should be aware of concerning VIL.


Seasonal and Diurnal Variations.  Already, you know that VIL values change with the seasons and from location to location.  More specifically, VIL values change from diurnal and air‑mass variations as well.  This is not a straightforward process--under different weather conditions the minimum VIL value associated with severe weather varies by different amounts--but general trends can be expected. For instance, warm, moist air masses tend to exhibit higher VIL values during severe weather occurrences, while cool, dry air masses produce much lower values.  What are good VIL values?  A value of 40 or 80 doesn't tell you much alone.  You need to know the typical values for your specific location and synoptic situation.  
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Figure 3-11.  Vertical Stacking.

Tilted and Fast-moving Storms.  Another problem may also cause unrepresentative values of VIL.  Refer to figure 3-11.  The VIL algorithm calculates values for grid boxes (stacked in the vertical) that are 2.2 x 2.2nm.  A storm that is strongly tilted may not have all of its vertical extent within the same stack of grid boxes.  So what happens?  The VIL algorithm does not know that the storm is tilted, it just follows the same rules it always uses.  But near the top of the stack of boxes, the storm is not in the same vertical stack that it is in at the bottom.  In a bad case, the algorithm could be adding up "empty" boxes, and thus a low value of VIL would be reported for a large storm. 


The same problem of low VILs occurs with storms that move much faster than the average of the other storms present in the radar coverage area.  In this case, the VIL algorithm is again calculating values using a vertical stack of boxes.  But realize that at least 5 minutes is used to scan from the lowest elevation to the highest.  As you can imagine, a fast moving storm has traveled enough to move through and even exit the stack of boxes, thus fooling the VIL algorithm.  The result is an underestimation of the true severity of the storm.  As you can see, the VIL algorithm, or any other for that matter, works best when storms closely approximate the norms on which the algorithm was based. 


Data Reliability.  You should always remember that VIL is calculated from reflectivity data.  Factors causing errors in reflectivity also cause errors with VIL.  For instance, ground clutter gives unrepresentative values of reflectivity at low elevations so, of course, VIL values calculated in these areas are also subject to this error. 
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Figure 3-12.  Range vs. Coverage Effects. 


Non-vertical contiguous Volume Coverage Patterns may also affect the accuracy of the VIL estimation for a given storm.  Remember from chapter 2 (WSR-88D System Concepts), that Volume Coverage Patterns leave some portions of the atmosphere unsampled.   As a storm moves through these gaps, VIL values tend to rise and fall quite drastically.  Figure 3-12 demonstrates this effect for both VCPs 11 and 21. 


Notice that as a storm moves from a range of 70 nm inward, or from near the radar outward, indicated VIL values change very rapidly.  Is the storm really doing this?  Probably not.  The storm is actually moving through areas of the atmosphere where the radar has no information, the result--erratic, possibly unreliable, VILs. 


Remember, the VIL algorithm is useful to you as a way to distinguish between severe and non-severe storms.  If critical severe weather factors exist in areas where the radar is not receiving any data, the algorithm is not able to do its job well.  In a similar way, varying drop size distributions, the presence of hail, overshooting of low‑level precipitation, and beam broadening with range may all affect the accuracy of the VIL estimation for a given storm.  


The VIL product shows a special sensitivity to the degree of storm severity.  But the exact values you consider significant often vary greatly depending upon the current situation.  Regular use of the VIL product gives you a good idea of the "current" significant values.  Even though this product adds to the quality of a forecast or observation, you must always keep in mind which factors can affect the quality of the VIL information.  Potential abounds with this product if used wisely.

SEVERE WEATHER PROBABILITY

After becoming familiar with the VIL product, you may still feel that its use is very subjective.  How do you determine what values are critical for severe weather?  This gets especially confusing since significant VIL values can be very different from one weather system to the next.  The Severe Weather Probability product should add some objectivity to your severe weather decision making process. 

Theory of SWP

The Severe Weather Probability product, abbreviated SWP, provides you with an objective assessment of a storm's potential to produce severe weather.  The SWP's sole input is VIL.  Remember, VIL provides you with a value from which you can make subjective decisions about storm severity.  The SWP is yet another indicator to consider in your decision making process. 


Computation of SWP.  Like VIL and CR, SWP is a volumetric product and is calculated for specific locations above the earth's surface.  A grid box is theoretically placed on the surface of the earth and a SWP is calculated for the space above that box.  Calculation of SWP is accomplished by the SWP algorithm, however, this calculation begins with the VIL values.  Before any SWP values are calculated, we first need an accurate equation which relates VIL values to the occurrence of severe weather.  As it now stands, the regression equation for SWP was developed from springtime data collected in Oklahoma.  New equations must be developed for meteorological conditions representative of other seasons and geographical locations as well. 


Ground Truth Information.  Relating VIL values to the occurrence of severe weather is done by reviewing VIL data and correlating these with past weather results that we call "ground truth."  This process is necessary in order to derive a correlation or relationship, in the form of a statistical equation, which relates VIL data to ground truth reports of severe weather. 


These statistical equations differ for various radar sites and different weather regimes.  When your radar is delivered, modification of this equation may have already been done and be part of your radar's software.  If not, later modifications can be made by the UCP operator upon approval by proper authority.  With a good equation in place, the RPG inputs values of VIL to the SWP algorithm and begins its calculation of the probability of severe weather occurrence.  


SWP Grid Boxes.  Similar to the VIL product, the SWP product uses a set of grid boxes to monitor SWP values.  The SWP grid box is larger than the VIL box.  The number of VIL grid boxes used to constitute a cell and the coefficients used in the equations are site adaptable parameters.  The default cell size (15.1 x 15.1nm), and the default coefficients were derived from Oklahoma data and are most likely not ideal for your location.  Additional data for your location must be collected and a new statistical equation calculated to determine the best coefficients for use in your geographical area.  


It's a good idea that you know the size of your SWP grid box.  Even though the SWP is calculated from VIL data, the behavior or change with time of the SWP may be different from VIL since the grid box size is different.  For example, recall the VIL example we used earlier where a storm with strong tilt could cause the VIL values to decrease.  Since your SWP grid box size is much larger than the VIL box size, the tilting storm will still be contained in same SWP box, thus the drop in VIL may not be reflected by a proportional drop in SWP.


Product Description.  
The Severe Weather Probability (SWP) product provides a mapped display of values calculated from the VIL array.  The product can be displayed independently or as an overlay to other displays.  The displayed SWP values are assigned to the centers of the defined VIL cells.


Availability.  One product per volume scan with three data levels.


Presentation.  Map of SWP values (percentages) with each value displayed at the center of its corresponding VIL cell or as an overlay of mapped SWP values.


 Displayed values are color‑coded.  Values greater than or equal to 1% but less than 35% are light blue, greater than or equal to 35% but less than 50% are yellow, and, greater than or equal to 50% are bright red. 


Resolution and Coverage.  Resolution is VIL cell size dependent (current default set at 7 x 7 VIL boxes).  Coverage is out to 124nm radius.  


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends: full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Limitations.  Severe Weather Probabilities are calculated from the VIL therefore, are affected to some degree by all the same factors, which affect VIL.  Certainly, if you suspect any problems with VIL, you should also assume that SWP values are also unreliable. 


You must also remember that the SWP is based on a statistical relationship--occasionally current conditions do not match those of the historical data set with which the technique was developed.  The absolute SWP values are not accurate on these occasions.  However, relative SWP values may still be useful, i.e., a storm with an SWP of 85% is probably more dangerous than one with 20%, with all other factors being equal. 


The SWP product depends not only on its own SWP algorithm, but also on the VIL algorithm.  This is a good example where the failure of one algorithm (VIL) affects another (SWP).  The old line "garbage in, garbage out" certainly applies, however, when you are confident good data exists, the SWP is another tool which will increase the quality of your forecast.

Echo Tops

The majority of WSR-88D products depict data with an emphasis on horizontal detail.  The vertical structure often must be inferred from other sources.  However, several derived products are designed to present data in a specific manner.  The Echo Tops (ET) product is one example.  The display is simple and easy to interpret, however, the price you must pay for this convenience is a specialization which limits the number of ET product applications.  


Theory of Echo Tops.  The ET product indicates the heights of echoes in thousands of feet above mean sea level (MSL), by using different colors to represent heights.  The echo top height is of particular interest to those supporting aviation or encoding radar reports.  The ET product, like CR, is a volumetric product which uses information gathered in the entire volume coverage pattern to display a final end product.  Any cloud tops providing a reflectivity return stronger than an adaptable threshold value (current default is 18.5 dBZ) are considered by the product's algorithm. 


Echo Top Height Calculations.  The ET algorithm computes echo top height in the following manner.  First, the horizontal area underneath the radar coverage pattern is divided into 2.2 x 2.2 nm grid boxes.  The radar begins with the first (lowest) elevation scan and whenever a reflectivity greater than 18.5 dBZ is detected, the height of that reflectivity is assigned to the appropriate grid box.  Of course, for the first elevation scan, any 18.5 dBZ reflectivity detected is the current "echo top." 
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Figure 3-13.  Echo Tops Grid Boxes.


Next, a second elevation slice begins and whenever 18.5 dBZ reflectivity is detected, a new echo top is assigned to that box.  In other words, whenever a 18.5 dBZ reflectivity is detected at a higher elevation, the height of the new reflectivity replaces the old value and becomes the new ET for that stack of grid boxes.  This process continues repeatedly for each elevation slice until the highest slice is completed.  Thus, the final height entered for a stack of grid boxes remains as the echo top.  This height is the value you see displayed on the graphic screen.  See figure 3-13.

Product Description 


The ET product is a reflectivity-based product depicting the level of the highest echo detected over a specific geographical location.  Like the CR product, ET provides a quick look over a large area and includes all elevation angles.  The ET product uses 16 data levels to represent categories of echo top heights.  All heights are referenced to mean sea level (MSL).


Availability.  One product per volume scan with data levels ranging from 5,000 to 70,000 ft. 


Presentation.  Cartesian pixel image of echo top heights available in quarter screen and full screen formats. 


Resolution and Coverage.  2.2 x 2.2nm out to 124nm radius. 


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Limitations.  Inaccurate Echo Top Height Calculations.  The ET product provides a simple, easy-to-view display of the height of the echo tops.  But as the saying goes, "if it looks too good to be true..."  And of course, correct interpretation of even a simple product like ET requires that you be aware of possible drawbacks. 


Since an echo top may be the result of an updraft, you may think of several ways in which ET can be used to support other radar operations besides just aviation interests.  For example, since the maximum echo tops are assumed to be above the updraft of a thunderstorm, ET might be used to help identify strong updraft areas. Or, on the other hand, you might also use this technique to identify the amount of storm tilt or stacking by comparing the ET to displays of lower elevations.  


Another basic point to keep in mind is that the "echo tops" displayed by the WSR-88D are probably NOT the actual cloud tops.  Recall that the ET algorithm discards reflectivities below a preset threshold (the default is 18.5 dBZ).  Quite possibly, the cloud tops do extend beyond the heights the ET product displays.  A minimum significant reflectivity threshold needs to be established before you can use ET to safely estimate actual cloud tops. 


Stair-step Pattern.  Another commonly seen problem is the apparent "stair‑step" appearance of the ET product--the echo tops abruptly increase in height with range.  This problem has two causes.  First of all, remember that the antenna's maximum elevation angle is 19.5 degrees, and thus a limited height capability close to the radar.  At these close ranges, the product reports a limited ET no matter how tall the storm actually is.  The result is a series of heights encircling the RDA site, with increasingly higher echo tops farther from the antenna.  A second cause also adds to this stair-step pattern and is most easily observed in weather systems with uniform tops.  Since the beam is spreading vertically and horizontally with distance, the resolution of the beam is decreasing with range.  The result is possible errors in the ET heights.  The VCP in use can also add to or increase the errors with ET heights.  The data gaps and vertical coverage associated with a given VCP due to the number of elevation angles contained with that VCP can increase the “stepped” appearance.
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Figure 3-14.  Echo Top Beam Limitations.

Refer to figure 3-12.  Note how the ET product plots echo tops at the height of the center of the beam.  This happens regardless of whether the echo is detected throughout the beam, at the very center of the beam, or from just the lower edge of the beam.  The result is identical heights displayed even though some variation is actually occurring.  Now, when the next higher elevation is used, another set of identical heights is displayed.  This effect, a sudden jump from one height to the next higher height, occurs at the same range from the RDA.  This uncertainty in the accuracy of height measurements can be quite significant (at 124nm, errors of 6500 ft are possible). 


Data Contamination.  The ET product also does not correct for data contamination from side lobes.  This contamination causes overestimation of tops in areas of strong reflectivity.  Further, incorrect estimations occur when the actual storm top occurs between gaps in the volume coverage pattern, or especially if the true tops are above the highest elevation slice.  The ET product is intended to provide an overview of echo heights in the radar coverage area.  Do not rely solely on this product for your in-depth analysis of any particular storm.

STORM TOTAL PRECIPITATION (STP)

The STP product is one of three precipitation products that the WSR-88D generates.  The others are the One Hour Precipitation Product (OHP) and the Three Hour Precipitation Product (THP).  We will concentrate on the Storm Total Precipitation Product.  This product gives us information on the total amount of precipitation over a certain amount of time.

Theory of Storm Total Precipitation

The STP product provides us with an objective assessment of rainfall rates over a longer period of time than the other two precipitation products.  It is valuable to the National Weather Service for flash flood warnings.  Still, it can be a useful tool for DOD personnel.  The key is to use it and observe how it may benefit you.


The STP extends from initial detection of precipitation within 124nm until one hour after no precipitation is detected within 124nm.  It may exceed 24 hours.  The product displayed is the total rainfall accumulation.  It becomes available from the first volume scan of detected rainfall.  It then updates precipitation accumulations each volume scan.  The precipitation accumulations are most accurate for large scale precipitation systems. 

Product Description

The STP provides a graphic image of continuously updated precipitation accumulations within 124nm of the radar.  The storm total precipitation is defined as the total precipitation accumulated since the last one hour break in significant precipitation  over the total area of coverage.


Availability.  One product per volume scan with a 16 data level range of 0 - >25.4 inches.


Presentation.  A pixel image of precipitation accumulations available in quarter screen or full screen format.


Resolution.  1.1 x 1o out to 124nm radius.  Product is centered at the radar location.


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.

Use of Storm Total Precipitation.

-  Aids in the monitoring of total precipitation accumulations, regardless of duration.


-  Estimation of total basin run‑off due to a single storm.


-  Estimation of basin saturation due to previous rainfall events.


-  Evaluation of flood reports.


-  Post storm analysis.


Limitations.  Extended WSR-88D system outages during precipitation events compromises the data.  Breaks in precipitation of more than one hour resets the system.  Non-precipitation reflectivity, such as clutter or anomalous propagation, may contaminate data.  The algorithm does not account for snow or frozen precipitation, bright-bands, reflectivity gradients, or attenuation.  Small-scale or isolated convection degrades accuracy.  The STP product is useful in forecasting flash floods and tracking storms.  It was primarily designed for NWS use, but is also beneficial for DOD forecasters.

USER SELECTABLE PRECIPITATION (USP)

We've just been introduced to One Hour, Three Hour, and Storm Total Precipitation products.  Now we're going to take a look at another precipitation product called the User Selectable Precipitation (USP) product.  The main difference between the precipitation products is the period of time the products use to accumulate precipitation amounts.  As the name of the USP implies, the operator can select the duration for which the USP collects rainfall estimates.

Theory of User Selectable Precipitation

The User Selectable Precipitation product allows you to assess rainfall amounts for a specific duration and time.  In the past, we could only look at the total accumulation from when the radar first detected precipitation (STP product), amounts for the past hour (OHP), or amounts for the past three hours (THP).  Of course, with a one hour break in precipitation, the product would reset to zero.  The USP product gives us the flexibility to look at precipitation amounts for only the period we're concerned with. 

Product Description

The USP provides precipitation accumulations using the end hour specified by the operator, and includes all hours specified as duration.  Accumulations are available for the latest whole hour that data was collected, and covers a 124nm area from the RDA.


Availability.  Several products per volume scan with 16 data levels.  Data levels are  the same as the OHP/THP product.  If accumulations are greater than the OHP/THP data levels, the USP will use data levels from the STP.


Presentation.  A polar coordinate pixel image of precipitation in full screen or quarter screen mode.


Resolution.  1.1nm x 1o out to 124nm radius, centered at the RDA.


Product Legend.  Information contained in the product legend is similar to the other precipitation products with the exception of the USP listing the beginning hour (in whole hours) and the duration used for accumulations.


Attribute Table.  An attribute accompanies the USP product, and is displayed when the product is in full screen mode.  The table gives the following information:  whether or not the gage bias is applied, the total number of hours used to build the product, the end times of each hour used, the gage bias and whether or not that specific hour was included in generation of the USP product.  If the product isn't built, the reason and a list of available hours will be listed in place of the attribute table.


Product Formulation.  The USP product is built from a 30 hour data base, stored at the RPG.  The operator will input the end time and the duration used for building the USP product.  At least two thirds (2/3) of the specified hourly accumulations must be available in order to create the product.  The USP product will only be built for a duration of 24 hours or less.

Use of User Selectable Precipitation

- Monitoring precipitation for a specified time period.


- Post storm analysis.


- Estimation of basin run-off for a specified time.


- Estimation of basin saturation.


- Evaluation of flood reports.


Limitations.  The same limitations that effect the Storm Total Precipitation product will effect the User Selectable Precipitation product.  Keep in mind that the USP product is a customized product (requires operator input); therefore, the RPG will only satisfy 10 unique USP requests per volume scan.

REVIEW EXERCISE 3-2

1.  Explain the theory of composite reflectivity and the process the radar uses to display the maximum reflectivities.

2.  What is a volumetric product?

3.  Give an example of the use of the composite reflectivity product.

4.  Explain the limitations of the composite reflectivity product.

5.  Layered Composite Reflectivity Maximum displays reflectivities for what three layers?

6.  Explain Vertically Integrated Liquid (VIL).

7.  The VIL algorithm truncates reflectivity values of ____________________ to ________.  Explain what truncate means.

8.  Explain the limitations of the VIL product.

9.  What is the sole input to the Severe Weather Probability  (SWP) product?

10.  Do the SWP values give an exact percentage of severe probability for a specific storm?

11.  What is the reflectivity threshold of the Echo Tops (ET) product and is it an adaptable parameter?

12.  Explain the causes of the stair stepped appearance on the ET product?

13.  Breaks in precipitation of what duration cause the Storm Total Precipitation product to reset?

14.  To obtain a User Defined Precipitation product what fraction of the total time specified must be available?

STORM RELATIVE MEAN RADIAL VELOCITY MAP AND

STORM RELATIVE MEAN RADIAL VELOCITY REGION (SRM/SRR)

We discussed velocity signatures associated with severe thunderstorms, however, we left out one important point.  What if these storms are moving rapidly?  Won't this have an impact on our velocity measurements?  Yes, it will.  Two important products that help us with this problem are SRR and SRM.

Theory of Storm Relative Mean Radial Velocity
The SRM/SRR product provide clearer looks at the Base Velocity products.  This is done by subtracting storm motion from the Base Velocity product.  The SRM/SRR are derived from the Base Velocity product.  They greatly aid in determining the convective currents and intensities within storms.  Problems arise when storm motion obscures actual values on velocity products.  The SRM/SRR products simply make the storms look like they're standing still.  This product provides you a detailed look at potential severe weather by balancing out the velocity couplets and making the signatures more readily identifiable.

Product Description
The Storm Relative Mean Radial Velocity products provide an estimate of mean radial velocity for:  (a)  the entire area of radar coverage (to 124nm) with the storm motion removed (SRM), or (b) a small geographic area centered upon or near an identified storm with the storm motion removed (SRR).


Availability.  Available upon request for any elevation angle in 16 data levels for: a full coverage velocity product (SRM) and a window centered upon a single storm (SRR).


Presentation.  Polar coordination pixel image of derived mean radial velocity values available in quarter screen or full screen format.


Resolution and Coverage.

SRM.  0.54nm x 1 out to 124nm radius, centered at the radar location.


SRR.  0.27nm x 1  The coverage is a 27 x 27nm window.  This product is centered at the user input coordinates.


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Computation of SRM/SRR.  Data values displayed are the maximum for a given resolution.  Example:  For the SRR, data resolution is 0.27nm x 1, but the value displayed is the maximum value contained in a pair of 0.13nm gates.  Figure 3-13 below illustrates this process.
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Figure 3-15. SRR/SRM Range and Resolution.

The SRM/SRR products are dependent upon the Storm Tracking Algorithm.  If it is off, then the SRM/SRR products are off unless the user inputs correct direction and speed values.  The input to the SRM/SRR are as follows:


-  For SRR, storm motion defaults to the motion determined by the storm track algorithm for the centroid NEAREST the product center if a storm is identified within the 27 X 27 nm window.  Otherwise, it will default to the SRM value when no storms are identified within the window.


-  For SRM, storm motion defaults to the AVERAGE track determined by averaging ALL tracks calculated by the storm track algorithm.

Rotational Velocity/Shear Display (Vr/Shear)

Rotational Velocity/Shear Display (VR/Shear) is not a product, but rather a display.  VR/Shear was developed to enable you to quickly identify the amount of rotation and shear associated with velocity couplets.  VR/Shear can be used with Base Velocity, SRM, SRR or SWV.  This display will save time when manually verifying mesocyclones and tornadic vortex signatures, especially for those of us that are mathematically challenged.


Procedure

Step 1.
Display a velocity product on the left graphics screen.


Step 2.
Using the left puck button, toggle on the maximum inbound and outbound of a rotational 


couplet.


Step 3.
Using the left puck button, toggle on the VR/Shear function box located in the overlay 


section.  Note: Output is displayed on the of the product legend.

Output.  VR/Shear will list the following output in the product legend area of the velocity product used to compute rotational velocity: rotational velocity in knots (mid-range of data levels divided by two), range from the radar in nautical miles, amount of shear (per second), and the diameter between the operator selected points in nautical miles.


Limitations.  The values used with the VR/Shear Display are mid-range values for the corresponding color levels.  Therefore, rotational velocity may be underestimated.  Also, the two points selected by the operator must be separated by more than one beam width, or the software will change the diameter of the points to equal one beam width.

Velocity Azimuth Display (VAD)

One of the most useful and unique products generated by the WSR‑88D is the Velocity Azimuth Display Winds Profile (VWP).  The VAD Winds product, or simply VWP, is similar 

to having real-time rawinsonde data at your disposal every volume scan.


Theory of VAD.  Now, with VWP, we are not limited to two upper-air soundings a day, but have vertical wind profiles available every 5, 6, and 10 minutes (depending on VCP).  Although reading the VWP display is quite simple, calculation of the wind information is a rather complicated process.  Fortunately, the VAD algorithm does most of the work for us.  However, in order to best use the VWP product, we must be familiar with how the product is made and where the algorithm gets its data. 


VAD Algorithm.  The VAD algorithm is used to obtain the vertical profile of horizontal wind speed and direction, divergence, convergence, and vertical velocity for the region of the atmosphere surrounding a WSR-88D.  The VAD Winds Profile is produced from this analysis.  The radar scans 360( and gathers velocity data for the specific VAD analysis range.  This velocity data is used to compute horizontal winds at altitude levels required to support the VAD Winds Profile.  The VAD algorithm provides actual velocity measurements.  All other radar velocity measurements are the radial components only. 


Gathering the Data.  The VAD algorithm uses velocity and reflectivity data which were collected and processed by the RDA and RPG in the same manner as all the other products we have discussed.  However, to understand how the VAD algorithm works, we must now look at this data from a little different perspective.


Radial Velocity Versus Azimuth Plot.  The VAD algorithm produces a plot of radial velocity as a function of azimuth. The ideal plot would appear as a sine wave.  First, the VAD algorithm plots wind direction versus velocity as simple points on a velocity Vs azimuth axis (figure 3-16a).  Secondly, the algorithm places a "best fit" sine-wave curve to the plotted data points (figure 3-16b).  Thirdly, the algorithm computes the Root Mean Square (RMS) of all the velocities located outside of the curve (figure 3-16c).  The actual radial velocities are scattered about the sine wave.  The RMS is the velocity difference between wind data points and the sine wave.  The further a velocity is away from the curve, the greater its RMS value.  As you can see, the smaller the RMS, the more accurate or reliable the velocity value.  After the RMS is calculated, the next step is to compute the "offset" (figure 3-16d).
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Figure 3-16.  VAD Plot.

To compute the offset, the amplitude of the sine wave is divided exactly in half by a line called the "zeroth harmonic." The distance between the velocity zero line and the zeroth harmonic is the offset.  The algorithm uses the offset to indicate the reliability of the curve.  It also can give an indication of convergence, divergence, confluent and difluent velocity at a given altitude.


The VAD Winds Profile does not actually display any of the steps involved in the algorithm processing just described.  What the VWP shows are the wind velocities for specified altitudes (just like you see them plotted on a Skew-T).  There is, however, a product that shows you the actual wind velocity data points, the constructed best fit sine curve and the zero velocity line.  That product is the VAD.  The VAD product for each altitude is displayable.


Algorithm Limitations.   Non-uniform Winds.  The VWP collects its velocity data from a series of levels or planes.  An example of one of these planes is shown in figure 3-17.   Each elevation slice samples a plane which looks similar to the one shown.  The VAD analysis range (slant range) changes depending on the wind altitude levels selected for display on the VWP.  If the true wind is not uniform throughout this plane, the VWP winds may be incorrect.  Consider the following example. 


Let's say the VAD analysis range is 20 nm.  If the wind flow at 20 nm west of the antenna is 270( at 40 kts, but the wind flow at 20 miles east of the antenna is 270( at only 20 knots, a bias occurs.  As you already know, this represents speed convergence.  This situation would be discernible on the VAD Plot product but not on the VWP itself.  If this difference is not too great, an average wind speed is reported.  However, if this difference exceeded the pre-determined symmetry threshold for the algorithm, winds for this layer would not be reported. 
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Figure 3-17.  VAD Analysis Range.


Data Thresholds.  Like other algorithms, the VAD algorithm contains several adaptable parameters from which the UCP operator can establish threshold values.  Some parameters establish thresholds not to be exceeded, while others establish minimum values, which must be met or surpassed.  If these thresholds are not satisfied during algorithm processing, the result may be that no wind data are reported for that particular altitude.  When this happens, an "ND" (No Data) is displayed for that altitude on the VAD Winds Profile. 


Recall that in order for weather radar to receive information about atmospheric phenomena, there must be a sufficient amount of scatterers available in the region being sampled.  In very dry air above the boundary layer, there may be an insufficient amount of scatterers available to produce VAD data.  This is another instance where "ND" is displayed. 


Product Description. 
The VAD Winds Profile shows the radar operator wind velocities at various altitudes above the earth in 1000‑foot increments.  The VAD Winds Profile provides a time‑height profile of VAD derived winds similar to a series of Skew-T diagrams.


Availability.


VAD:  Several products per volume scan with 8 data levels ranging from ND - 50 kts. 



VWP:  One product per volume scan with 5 data levels ranging from 0 - 16 kt RMS. 


Presentation.

VAD:  Graphic plot of mean radial velocity versus azimuth angle.  The best-fit sine wave is overlaid on the plot of the velocity points.


VWP:  Graphic display of up to 11 vertical wind profiles.  Wind shafts are used to indicate direction, barbs are used to indicate speed and color is used to indicate the RMS.  Up to 30 different altitudes can be displayed on each vertical wind profile.  


Resolution and Coverage.  From 1,000 feet to 70,000 feet in height with a minimum altitude interval of 1,000 feet.  Up to 30 height levels and 10 previous volume scans can be displayed.  


Product Legend.  The product legend exists on the right side of all WSR-88D products.  Refer to the product legend information found in the information on base reflectivity.


Limitations.  Displayed wind estimates are biased when actual sampled wind fields are non‑uniform; i.e. convergence, divergence over the radar site.  Whenever the sampled data fails any of the internal algorithm thresholds, "ND" (no data) is displayed.  In very clear air above the boundary layer, an insufficient amount of scatterers may be present for reliable returns. 


The VAD Winds Profile is another example of the versatility of the WSR‑88D.  It proves the radar is not just a severe weather tool.  VWP is especially useful and reliable for winds below the boundary layer and most often for several altitudes above this level as well.  As a radar operator, you should incorporate this product into your everyday operational duties.  How often have you wished that upper wind data was available more often than every six or twelve hours?  Now you have access to wind data every five or six minutes.  The VAD Winds Profile is a great operational asset to the observer and the forecaster alike.

MESOCYCLONE

The Meteorology of Mesocyclones.  The Mesocyclone product uses a combination of the WSR-88D's extensive computer processing capabilities along with the base velocity information to build an extremely valuable new product.  This product is designed to take the burden of constant interrogation off the shoulders of the operator by continually searching for the rotating fields associated with mesocyclones.  In this section, we take a brief look at the product description, then at background information on mesocyclones, the mesocyclone algorithm, the mesocyclone product, and finish up with mesocyclone detection using the velocity product.


Mesocyclone Development.  Mesocyclones are areas of strong localized cyclonic rotation found in severe supercell thunderstorms (not all mesocyclones produce tornadoes).  The strongest mesocyclones form when strong vertical wind shear is present in their environment.  These strong shear mesocyclones are often observed in the central US with only a few observations in the eastern part of the country.  Mesocyclones also exist in areas of weak vertical shear.


Mesocyclones In Strong Vertical Wind Shear.  Strong-shear mesocyclone signatures of supercell storms have a core diameter of 3 to 9 km, a maximum tangential velocity of 20 m/s or greater, and time and height continuity.  Results from the Joint Doppler Operational Project (JDOP) indicated that roughly 50% of identified mesocyclones produce tornadoes, while 95% are associated with some form of severe weather.  The vortex is first detected at the mid‑level of the storm and, with time, it lowers toward the ground, as well as builds upward.  Only 2% of observed mesocyclones are anticyclonic and they do not usually produce tornadoes. 

The Mesocyclone Algorithm 


The mesocyclone detection algorithm is designed to assist you in identifying in‑storm circulations for the purpose of forecasting severe weather events.  To effectively use this valuable product, a basic understanding of how the algorithm works is necessary.  The mesocyclone detection algorithm locates mesocyclones through a pattern recognition technique.  Using base velocity data, this algorithm searches for symmetric regions of large horizontal shear.  After detection of these horizontal features, it attempts to correlate them vertically.  


The Processors.  The WSR-88D employs two processors for mesocyclone detection; first the two‑dimensional processor, detects horizontal features, and then the 3-dimensional processor correlates horizontal features vertically.  


Two-Dimensional Processor.  The 2-D processor processes the velocity data by searching for regions of cyclonic shear by identifying pattern vectors.  This processor analyzes all sample volumes within 230km (124nm) of the radar.  
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Figure 3-18.  Pattern Vector.

Pattern vectors are a series of azimuthally adjacent sample volumes that have a continual increase in Doppler values.  These Doppler velocities are measured from the most negative to the most positive (figure 3-18).  Once the processor receives the velocity values, it calculates angular momentum and tangential shear present within the series of adjacent sample volumes.  A series must meet a required magnitude of momentum (must exceed 180 km/hr) and shear (meet or exceed a high shear threshold of 

14.4/hr) or it is discarded.  If it meets or exceeds these thresholds, the series is identified as a pattern vector. 


Once all pattern vectors are identified, the algorithm attempts to consolidate them to form 2-D features.  It accomplishes this by first computing the center of each pattern vector.  After computing centers, it compares the location of each center to that of the center of the previous pattern vector.  If ten adjacent pattern vectors are identified, it is labeled as a 2-D feature (Note:  minimum number of adjacent pattern vectors is an adaptable parameter from the UCP).  To determine the identified feature's size, the processor calculates the azimuthal and radial diameter.  All this information is then transferred to the 

3-Dimensional processor. 


Three-Dimensional Processor.  The purpose of this processor is to identify any 3-D features and to fit characteristics of each shear region into its proper category; uncorrelated shear, 3-D correlated shear, or mesocyclone.  This processor analyzes the data provided by the 2-D processor on an elevation-by-elevation basis to determine if 2-D features from one elevation slice can be vertically linked with features from a higher or lower slice. 


Determination of features 

· Uncorrelated shear (UNCO) - those 2-D features not linked with other features from different elevation slices.

· 3-D correlated shear (3DCO) - those features linked vertically but, DO NOT meet size and symmetry criteria for a mesocyclone.

· Mesocyclone (MESO) - those 3-D features that meet or exceed the mesocyclones size and symmetry criteria. 


One additional task of the three-dimensional processor is to build an attribute table for each identified vortex.  This table lists vortex type, location, identification number and is provided as an added feature with the product. 


Product Description. 
The mesocyclone product provides you with information about the presence and nature of rotating fields associated with severe thunderstorms.  It accomplishes this by identifying wind shears within storm bearing clouds.  After identifying these wind shears, it groups them into three different features:  3-D shear, an area of shear which has vertical consistency, but is not symmetrical in the horizontal; uncorrelated shear, which is a significantly large area of shear having horizontal symmetry but not vertical consistency; and finally mesocyclone, which is significantly large, has horizontal symmetry and is vertically consistent. 


Availability.  One product per volume scan. 


Presentation.
· Alphanumeric table of values.

· Graphic display of symbols at computed positions.  

· Mesocyclone symbol is thick open yellow circle with associated storm ID.  The circle is proportional to the diameter of the feature and has pixel priority if displayed over other products.

· 3-D correlated shear is thin yellow circle, one pixel in width, with no storm ID.  The circle is proportional to the diameter of the feature and also has pixel priority.

· Uncorrelated shear is no symbol available; identified in the alphanumeric product only

· Graphic overlay for use with other products. 


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.


Mesocyclone Product Limitations. As is the case with all WSR-88D products there are certain limitations to the mesocyclone product.  These limitations are due to both the inherent limitations of radar, as well as computer processing.  Mesocyclone limitations are relative to range, data quality, scan strategies and time.


Range.  Although velocity data is processed up to 124nm (230km), the optimum effective range of the mesocyclone algorithm is approximately 65nm (120km).  This range limitation is due to beam broadening.  At far ranges, resolution is not fine enough to measure small scale circulation.  One additional range limitation is that the WSR-88D does not process velocity data within 5.4nm (10km) of the radar site. will not identify mesos beyond 110 nm due to the max height threshold of 8 km.


Data Quality.  Several data quality errors can contaminate the Mesocyclone algorithm by tricking it into thinking that a feature exists when in reality it doesn't.  Also, the contamination may mask significant data, which could cause the WSR-88D to ignore an area of rotation.  Two data problem causes are range-folded data (which can mask a feature) and aliased data (which can trick the WSR-88D into thinking something actually exists). 


Scan Strategies.  Since vertical continuity is required for mesocyclone detection, improper sampling may cause the algorithm to discard a significant feature.  Two examples of this are:  No‑data gaps, this is especially prevalent in VCP21; and near ranges (<20km), remember the WSR-88D's highest elevation slice is 19.50, therefore, at close range we are not seeing the entire storm and significant data may be lost. 


Time Continuity.  Mesocyclone detection algorithm does not establish time continuity, this is left up to the operator.  Remember back to the beginning of this chapter, we discussed the life cycle of the mesocyclone.  Time continuity must be established to determine which stage of development the mesocyclone is in. 


Mesocyclone is another WSR-88D produced product which should greatly enhance the reliability and capability of DOD forecasts and observations.  The ability of the WSR-88D to alert us to in-storm circulations should greatly increase severe thunderstorm warning lead time.  You, as a WSR-88D operator, should always keep in mind that the mesocyclone product is only a tool.  The mesocyclone product should alert you to increase your metwatch in the effected area.

Tornado Detection Algorithm



Like the mesocyclone product, the Tornado Detection Algorithm uses a combination of the WSR-88D's extensive computer processing along with base velocity data.  It is designed to search out and locate Tornadic Vortex Signatures (TVS), which are related to the presence of tornadoes.  In this section, we'll look at the TDA, the product description, and finish up with its limitations. 


Theory of the Tornado Detection Algorithm.  The TVS is a small-scale, abnormal region of high shear that is associated with a tornado.  A TVS is first detected by radar at the mid-levels of a storm and in time extends both upward and downward.  It reaches the cloud base coincident with the appearance of the funnel cloud and, at low levels, overlaps the tornadoes damage track.  Joint Doppler Operational Project (JDOP) investigators noted that the TVS is detectable, on the average, 20 minutes prior to tornado touchdown (based on strong tornadoes located near the radar).  Most TVSs are associated with tornadoes; however, not all tornadoes produce a detectable TVS.  The TDA is used to search for, and locate TVSs.  Let's take a brief look at the Tornado Detection Algorithm. 


TDA.  The TDA is modeled after the storm cell identification and tracking algorithm. It uses a three-step process to identify circulations, and works separately from the mesocyclone algorithm.


First, one-dimensional (1-D) pattern vectors are identified on each elevation slice. In TDA, a pattern vector is a region of gate-to-gate shear, located on adjacent azimuths at the same range. The TDA only searches for cyclonic rotation. It does not detect the anticyclonic rotating tornado signature.


Second, two-dimensional (2-D) features are created by combining the one-dimensional pattern vectors.  At least three (default) pattern vectors are required for the algorithm to declare a 2-D feature. The TDA uses six velocity difference thresholds to identify pattern vectors. This technique allows the algorithm to isolate core circulations, which may be embedded within regions of long azimuthal shear. An example would be a radially oriented gust front or squall line.


Finally, three-dimensional (3-D) features are created by vertically correlating 2-D circulations identified at each elevation. Processing begins by correlating the strongest 2-D circulations first, then moving to the progressively weaker circulations. If a feature contains at least three vertical correlated 2-D circulations it is declared a 3-D circulation, and is identified as either a TVS or an ETVS (Elevated Tornadic Vortex Signature). Ideally, there will be no gaps in elevation angles between vertically correlated 2-D circulations. However, a one-elevation angle gap is permitted to account for base data problems and velocity dealiasing failures.  Figure 3-17 shows the vertical correlation process.


[image: image18.wmf]0.5

o

1.5

o

2.4

o

Tornado

RDA

Storm

2-D

Feature


Figure 3-19.  Vertically Correlated 2-D Circulations.


Definitions.  The TDA detects two phenomenon: Tornadic Vortex Signature (TVS) and Elevated Tornadic Vortex Signature (ETVS).


TVS. A Tornadic Vortex Signature is defined as a 3-D circulation with a base located on the 0.5 slice or below 600 meters ARL (above radar level). The depth of the circulation must be at least 1.5 km. Additionally the maximum shear detected anywhere in the circulation must be at least 36 m/s (( 72 knots), or at least 25 m/s (( 50 knots) at the base of the circulation.


ETVS. An Elevated Tornadic Signature is defined as a 3-D circulation with a base above the 0.5 slice and above 600 meters ARL.  The depth of the circulation must be at least 1.5 km.  Additionally, the delta velocity at the base of the circulation must be at least 25 m/s (( 50 knots).  The values just specified for TVS and ETVS are default values, and are only some of the TDA adaptable parameters.

Product Description 


The TVS product provides you with both graphical and alphanumeric output on algorithm identified TVS’s and ETVS’s.  This product can also be used as an overlay with other products.


Availability.  One product per volume scan. 


Presentation.

--  Alphanumeric table of values. (Figure 3-20.)
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Figure 3-20.  TDA Alphanumeric Output.


--  Graphic display of symbols at computed positions.  TVS and ETVS are both displayed as an inverted red isosceles triangle.  The displayed triangles flash and have pixel priority.


--  Graphic overlay for use with other products. 


Product Legend.  The product legend exists on the right side of all WSR-88D products.  There are two specific types of product legends -- full screen and quarter screen.  Refer to the product legend information found in the information on base reflectivity.

Use of the TVS product


Like the Mesocyclone product the primary use of the TVS is to alert the user to suspect areas of rotation.  The TVS product should not be used as a stand-alone product but should alert the user to intensify their metwatch.  Once the TVS product has identified a potential area, turn your attention to other products, such as velocity, for further interpretation.


The intent of the TVS product is to keep the forecaster on top of a severe weather situation when the workload is high.  Remember, as with all algorithms, the TDA is subject to error and was not designed to replace a quality radar metwatch.  With proper use, the TVS product adds another valuable tool to the WSR‑88D arsenal. 


Limitations.  The TDA is subject to some limitations that the operator should be aware.


--  Beam broadening may cause features to be missed or improperly identified, especially at ranges past 60km from the radar.  Beyond 60 km, the TVS will most likely be triggered by a strong mesocyclone and, as experience has shown, not all mesocyclones produce a tornado.  

· Adaptable parameters need more research.  The default parameters may not be right for some locations and research should be conducted on their adaptability.

· False alarms may result in an over-warning, or desensitizing of forecasters.  Parameters may need to be adapted to keep the false alarm rate ratio low.

· The TDA tends to identify TVSs near the bend in a Line Echo Wave Pattern along the interface between warm moist inflow and storm outflow.  While many of the TVSs are false alarms, tornadoes do occasionally spin up under these conditions.


When a TVS is reported by the TDA consider the environmental wind and thermal profile, the signatures position in relation to the storm with which it is associated, time continuity, and the storm’s range from the radar.  Since the TDA works independently of the mesocyclone algorithm, the detection of a mesocyclone coincident with the TVS may support issuing a tornado warning.  If the TVS is adjacent to a strong reflectivity gradient especially near the rear of the storm, near a notch, or near an appendage attached to the right rear quadrant of the storm, then the forecaster should give great consideration to issuing a tornado warning.

Severe Weather Analysis Products

Having gained an understanding of the Base Reflectivity, Velocity, and Spectrum Width Products, we know that product resolution is limited by range.  Wouldn't it be nice to be able to see all the base products simultaneously in the highest resolution available?  The Severe Weather Analysis Products give us this capability.


Theory of Severe Weather Analysis.  
The Severe Weather Analysis (SWA) Products contain the same information as the three base products.  However, there is one significant difference.  SWA displays this information in the highest resolution available for each base moment, regardless of the range, to a maximum range of 124nm.  In addition, the Radial Shear Product is included in this package.


Full Screen Format.  Each of the SWA Products may be displayed separately in full screen format.  Because there are significant differences between the SWA legend and the generic legend presented earlier, we will discuss it here.  The product legend contains the following:

· Current system date and time.

· Product's name, mnemonic, and ID number.

· Size of the window (always 27 x 27nm).

· Date and time of the product.

· RDA mnemonic and location.

· Elevation angle of the displayed product.

· Operational mode and volume coverage pattern.

· Azimuth and range to the center of the product from the RDA.

· Maximum data level found in the window.

· Height of the beam ABOVE GROUND LEVEL at the center of the window.

· Data levels.

· Alerts and status area which are the same as on other products.


Quarter Screen Format.  All four of the Severe Weather Analysis Products are available in quarter screen format.  This allows the operator to simultaneously view all three base moments, as well as the radial shear product.


In the upper left corner (Quad 1), the Reflectivity (SRR) product is displayed.  The upper right corner (Quad 2) displays the Velocity product (SWV).  The lower left corner (Quad 3) contains the Spectrum Width product (SWW).  And the lower right corner (Quad 4) displays the Radial Shear product (SWS).  In each quadrant, the following information is listed:


Line 1 - Product name, ID number, mnemonic, dimensions, resolution (res is always .54nm for reflectivity, .13nm for velocity, .13nm for spectrum width, and .27nm for radial shear)


Line 2 - Product date, time and center coordinates from RDA


Line 3 - Elevation angle


Line 4 - Height (AGL) of center of product


The quarter screen format also lists the following information in the legend area to the right of the product display area:


-  Quadrant number to which the information applies.


-  RDA mnemonic and location.


-  Operational mode and volume coverage pattern.


-  Maximum data levels found in that window.


Range and Resolution Combinations.  Each panel of the SWA product is a 27 x 27nm window.  This window is centered over a geographical point selected by the user (in full or quarter screen format).  The SWA product set may also be generated automatically as an alert- paired product.  If this is the case, it is centered on the phenomena which triggered the alert.


Reflectivity.  The Reflectivity Product (SWR) is displayed in .54nm by 1o resolution.  The window is 27 x 27nm and may be centered over any geographical point within 124nm of the RDA.


Velocity.  The Velocity Product (SWV) is displayed in .13nm x 1o resolution.  The window is 

27 x 27nm and may be centered over any geographical point within 124nm of the RDA.


Spectrum Width.  The Spectrum Width Product (SWW) is displayed in the same range and resolution as the Velocity Product (.13nm x 1o).


Radial Shear.  The Radial Shear Product's resolution is .27nm x 1o, and has the same window dimensions and range restrictions as the previous products.

Product Description

The SWA product provides Reflectivity, Mean Radial Velocity, Spectrum Width, and Radial Shear in 27 x 27nm areas at the highest resolution available.  


Availability.  Upon user request (one-time product request), or as an alert-paired product with those same data levels utilized by the base products.


Presentation.  Each product is available separately in full screen format or together in quarter screen format.  The data are presented in a polar coordinate image.


Resolution and Coverage.  The highest resolution available for each product in a 27 x 27nm window centered anywhere within 124nm of the RDA.

Use of SWA

Primarily, the SWA is used to interrogate potentially severe convective storms.  It allows the operator to examine all three base moments simultaneously in the highest resolution available.  Features found in one product can be quickly correlated to features in another.


Limitations.

Beam Broadening.  As the radar beam gets further away from the RDA, it becomes wider.  Even though SWA is displayed in the highest resolution possible, small features will not be visible at long ranges due to this beam broadening.


SWR.  Higher reflectivities may be averaged out, resulting in reduced values.


SWV.  Larger sample volume area may cause small-scale features to be missed.


SWW.  Larger sample volume area increases the likelihood of variance, resulting in higher values.


Display Limitations.  Because of display limitations, the SWA products are only available in 

27 x 27nm windows.  This makes it necessary to use the base products to view large-scale features.


Elevation Limitations.  The SWA products are only generated for the elevation angle requested.  Since severe storm analysis requires height continuity, multiple requests must be made.


Base Product Limitations.  All limitations that apply to Base Products also apply to SWA products.

REVIEW EXERCISE 3-3

1.  Explain the theory of Storm Relative Mean Radial Velocity.

2.  Explain the difference between Storm Relative Velocity Map (SRM) and Storm Relative Velocity Region (SRR).
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3.  Use the above illustration of radial velocities detected by the radar along the 090 degree radial to determine the displayed velocity resolution for SRR and SRM products.

4.  T/F   VR Shear is a display which enables the user to quickly identify the amount of rotation and shear associated with velocity couplets.

5.  The Root Mean Square computed by the VAD algorithm is important to forecasters why?

6.  Describe the Velocity Wind Profile product.

7.  What is a mesocyclone?

8.  Explain the two dimensional and three dimensional process of the Mesocyclone algorithm.

9.  The Mesocyclone product has a range of _______, but its effective range is only __________ because 



_________________________________________________________________________________


_________________________________________________________________________________.

10.  What are the three feature types that the Mesocyclone algorithm identifies and explain them.

11.  The TDA identifies potential TVS and ETVS, explain them.

12.  What are the limitations of the Mesocyclone product?

13.  What are the limitations of the TVS algorithm?

14.   Not including the Radial Shear product, describe the three other Severe Weather Analysis products available.  Include range and resolutions.

Cross Section Products

Cross Section Theory.  Cross-section products provide a vertical cross section of one of the base moments as a graphical  image along a user defined vector; the plane is on a height versus distance axis.  It does this by mapping the nearest value from the current volume scan for each point in the plane, then performing linear interpolation to fill in the gaps.


Product Description

Full Screen Format.  Cross-section products are only available for display in full screen format.  The legend provides information on:

· Current date/time

· Product name/ID number/mnemonic

· Product date/time

· RDA, its location and elevation

· Mode/VCP

· Western most user selected end point/eastern most user selected end point

· Product display state, status, and alert areas (the same as in other products)


In the product display area, the following supplemental information is also provided:


Above the product, the maximum data level(s) is/are displayed.  Either the maximum reflectivity in dBZ, maximum inbound/outbound Velocity, or maximum Spectrum Width is given.  Also, the altitude at which this value was found, and the AZRAN from the RDA of the max data level.


Below the product, you will find the AZRAN (from the RDA) of the western most user selected point, mid point, and eastern most point along which the Cross Section was built, or the northern, mid and southernmost points if it is cut straight north/south.  The vertical axis is labeled 0 to 70 in thousands of feet. The horizontal axis is labeled in 5, 10, or 15 nm increments depending on the user selected length of the Cross Section.


Range and Resolution Combinations.  Resolution is always .54nm in the horizontal and .27nm in the vertical.  Range can vary from 1 to 124nm depending on the operator selected end points.  Both points must be within 124nm of the RDA.


Data levels are the same as in the base product which corresponds to the cross section requested.  Reflectivity is available in 8 or 16 data levels ranging from 5 to 75 dBZ in precipitation mode or from -28 to +28 in clear-air mode.  Velocity is also 16 data levels ranging from ‑64 to +64kts.  Spectrum Width comes in 8 data levels ranging from 0 to 20kts.


Cross Section Points.  Cross section products provide a vertical cross section of the particular base moment on a height (in the vertical) versus distance (in the horizontal) axis.  The end points of this axis are PUP operator defined and can be up to 124nm apart.  Both points must be within 124nm of the RDA.  


Availability.  Upon user request (one time product request) with those same data levels utilized by the base products.


Presentation.  Each product is available in full screen format only.  The data is presented in Cartesian pixel image.


Resolution and Coverage.  The resolution is .54nm horizontally by .27 vertically.  The products will display up to 70,000 ft in the vertical and as much as 124nm in the horizontal.

Use of Cross Section Products

Primarily, the Cross-section products are used to examine the vertical structure of potentially severe storms in all three moments.  However, they are also useful in determining important meteorological information during non-convective, even clear-air events.  Let's examine each of the three moments and see how they work together.


Reflectivity Cross Section.

Clear-air Mode.  In clear-air mode, a number of important features can be analyzed.


Depth of the Moist Layer.  Using a Reflectivity Cross Section, the operator can determine the depth of the moist layer by analyzing the vertical extent of scatterers.


Frontal Slope.  A Reflectivity Cross Section cut perpendicularly across a dry frontal boundary allows the operator to view the frontal slope.  Even if no scatterers exist the change in refractive index reflects enough energy to be seen.


Cloud Bases and Tops.  For observing purposes, the Reflectivity Cross Section provides an objective means to measure cloud bases and tops.  They appear as layers of well defined returns.


Precipitation Mode.  In precipitation mode, all clear‑air applications are relevant plus the following features can also be identified:


Weak Echo Regions and Bounded Weak Echo Regions.  When interrogating the vertical structure of convective storms, the operator can determine the existence and/or vertical extent of Weak Echo Regions, or Bounded Weak Echo Regions.  They are caused by intense updrafts creating an area of little or 

no precipitable echoes within a thunderstorm.  Weak Echo Regions 
appear on Cross Sections as an area of significantly weaker reflectivities extending vertically through a storm.


Location of the Maximum Reflectivity Core.  The height and intensity of the maximum reflectivity core helps to evaluate the severe weather potential.  A well defined core of extremely high reflectivities suspended in the mid and upper levels of a storm are the result of an intense 
updraft. The stronger the updraft the more likely the storm is to produce severe weather.


Hail Spikes.  Hail spikes due to side lobe contamination are another significant feature to look for.  For a side lobe to return enough energy to be detected, it must have encountered an extremely intense scatterer resulting in a narrow spike of elongated reflectivities above the storm's top.  This is a good indicator of a hail-producing storm.


Reflectivity Gradients, Mid‑Level Overhangs, Max Top Position.  In the section on base reflectivity, we discussed strong horizontal reflectivity gradients and their relationship to mid-level overhang.  Reflectivity Cross Sections are useful in determining the extent of mid-level overhang.  
Hand-in-hand with strong reflectivity gradients and mid-level overhang is the location of the maximum echo top in respect to the location of the storm's low-level maximum reflectivity gradient (inflow). All these features are examined in the Reflectivity Cross Section product and add immeasurably in the evaluation of a storm's potential to produce severe weather.  But, the WSR-88D not only provides Reflectivity Cross Sections, it also builds Velocity Cross Sections.


Velocity Cross Section.  In our effort to analyze significant storms, we should always include an analysis of the Velocity Cross Section.  There is one important point to keep in mind when 
requesting Velocity  Cross  Sections.  The plane  along  which  the cross section  is  built  MUST  be 
either parallel, or perpendicular to the radar viewing direction.  If the cross section is cut at any other angle, you are viewing the radial component of radial velocities.  This makes the data extremely hard to interpret.


Clear-Air Mode.

Turbulence.  In clear-air mode, Velocity Cross Sections are used to determine the existence and depth of turbulent layers.  Turbulent layers contain strong velocity gradients in the vertical.  The 
shear is computed by calculating the difference in velocities per thousand feet.


Boundary Layer.  Boundary layers are also easily seen.  They appear as the point where significant change in velocity occurs, or often they are determined as the top of the scattering region. The vertical extent of the boundary layer can be of great significance to forecasters in 
timing the onset of convection.


Frontal Slope.  Frontal slope may be easier to determine on the Velocity Cross Section.


Precipitation Mode.  In precipitation mode, all the uses found in clear‑air mode apply.  In addition, the following phenomena are often evident.


Vortical Flow Fields (Spiraling Wind Fields).  The existence, strength, and vertical depth of vortices are analyzed.  This allows classification of these vortices as Mesocyclones, TVSs, or other 
less significant features.  When correlated with features found on Reflectivity Cross Sections, a 
strong case for severe weather exists.  It is imperative the operator know where the Cross Section 
was cut to correctly identify these features.


Divergence. Velocity Cross Sections provide a quick way to determine the strength of divergence associated with convective storms.  This becomes extremely important in trying to make hail size determination for storms.  A direct correlation has been found between storm top divergence and the hail size, which can be expected from the storm.  Also, divergence at the base of the storm has been identified as a downburst/microburst indicator, and can be seen at near ranges from the radar on cross sections.  However, to properly detect this divergence the cross section must be cut parallel to the radials. 


Rotation.  Velocity cross sections also prove useful in determining rotation in a storm. Storms which posses significant cyclonic rotation are termed mesocyclones and are indicative of severe weather.  However, to properly determine the rotation the cross section must be cut perpendicular to the radials.


Spectrum Width Cross Section.

Clear-Air Mode.  In clear-air mode, Spectrum Width Cross Sections are used in conjunction with Velocity Cross Sections to analyze turbulence and boundaries.  Correlation of high Spectrum Width values to velocity features reinforces the case for turbulence, or the existence of a boundary.


Precipitation Mode.

Vortical Flow Fields.  High shear areas in convective storms may indicate the development of a vortex.  In long-range storms, vortices may not be visible due to beam broadening the only evidence of rotation may be high spectrum width values.  High Spectrum Width values alone should not be cause for alarm, however, when correlated with Reflectivity and/or Velocity Cross Sections, the case for severe weather is strengthened.


Freezing Level.  In predominantly stratiform cases, a layer of high spectrum width values often indicates the existence of the freezing level (bright band).


Now that we have examined each of the available cross section's application and interpretation, let's take a look at some important limitations of cross section products.


Limitations.

Echo Characteristics.  Values mapped on the Cross-section products may be from birds, insects, clouds, precipitation, or any number of scatterers.  These targets affect velocity and spectrum width values the most.


Range.  Both end points must be within 124 nm.  Beyond 124 nm, the lowest elevation angle is so high that the lower component of storms aren't sampled anyway.


Beam Broadening.  Beam broadening affects all three cross section products differently.


Reflectivities at long ranges are reduced and gradients may not be visible.


Velocity maxima and minima are also reduced.  Small features such as TVS may not be visible.


Spectrum width values are likely higher due to beam broadening as a larger sample volume has a higher likelihood of variability.


Cross-section Orientation.  Velocity Cross Sections MUST either be cut down, or be perpendicular to a radial to be useful.


Interpolation.  Cross-section products do not interpolate from the lowest elevation angle to the surface or above the highest elevation angle.  This results in a stair stepped display.


Many weather features require vertical consistency.  Cross Section Products provide a quick and easy method to analyze these features.

Storm Cell Identification and Tracking (SCIT) Algorithm


The Storm Cell Identification and Tracking (SCIT) algorithm is actually a combination of several algorithms that work together to provide information such as individual storm cell ID numbers, storm cell tracking and forecast, and output used by the Hail Detection Algorithm and the Storm Structure product.  The SCIT is comprised of the following algorithms: storm cell segments, storm cell centroids, storm tracking, and storm position forecast.  These algorithms work together to produce the Storm Tracking Information product, as well as providing needed input to produce the Hail and Storm Structure products.


Storm Cell Segments.  Storm Cell Segments is the first algorithm employed within the SCIT.  Its primary purpose is to identify sets of reflectivity levels along each radial.  To be considered a segment, sample volumes must meet or exceed specific reflectivity thresholds.  Storm Cell Segments operates out to a range of 248 nm/460 km.


Algorithm Description.  Storm Cell Segments uses base reflectivity data to identify runs of contiguous sample volumes along a radial.  There are some important variable, known as adaptable parameters, that determine how the reflectivity data is reshaped into identified segments.  The default values are shown with each adaptable parameter.


First, Storm Cell Segments searches for segments of up to seven different minimum reflectivities (30, 35, 40, 45, 50, 55, 60 dBZ).  Searches are done starting with the lowest minimum reflectivity threshold (30 dBZ).  All sample volumes not meeting the minimum reflectivity threshold are discarded, and not used for further processing. The sample volumes must meet the Minimum Segment Length threshold (1.9km/1.1nm) to be considered a segment.  When processing segments, the algorithm also allows sample volumes below the minimum reflectivity threshold to be included in the segment if the sample volumes meet the Dropout Reflectivity Difference (5 dBZ).  The Storm Cell Segments algorithm also uses a Dropout Count (2 sample volumes).  The dropout count is the number of sample volumes below the minimum reflectivity threshold but meeting the dropout reflectivity difference, that may be included in a storm cell segment.


After searching the radial for the minimum reflectivity threshold (30 dBZ) and checking the minimum segment length threshold (1.9 km/1.1 nm), a search is made of the detected (30 dBZ) segment for segments of the next minimum reflectivity threshold (35 dBZ).  Then a search of those (35 dBZ) segments is made for segments of the next threshold (40 dBZ), and so on through the seventh threshold (60 dBZ).
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Figure 3-21.  Identifying Storm Cell Segments

Segment Run.  The figure above (Fig 3-21) demonstrates how the Storm Cell Segments identifies sample volumes to be included as a segment.  The algorithm will first start collecting data for the lowest reflectivity threshold (30 dBZ). This is demonstrated by Segment 1 of the figure.  If these sample volumes meet the minimum segment length threshold, it is identified as a storm cell segment.  Next, the algorithm will search Segment 1 for the next reflectivity threshold (35 dBZ).  This is represented by Segment 2.  This process continues for all of the reflectivity thresholds.  In the above diagram (Figure 3-18), try to identify the sample volumes for the minimum reflectivity threshold of 40 dBZ.  If you chose sample volumes C-F and sample volumes J-N, you are absolutely correct!  Also, notice that sample volume D was not labeled as a segment for the 55 dBZ threshold because it did not meet the segment length threshold.  Output is sent to the Storm Cell Centroids algorithm. 


Limitations.  One consideration is the potential large number of (cell) segments detected.  Due to the algorithm searching for seven different minimum reflectivity thresholds, the workload on the RPG is affected by the number of segments found.  Another limitation is that the algorithm makes no attempt to prevent non-meteorological targets (i.e. ground clutter) from being considered as segments.

STORM CELL CENTROIDS

The Storm Cell Centroids algorithm identifies the center points of identified storm components.  It serves as a very important step when building products which are dependent on the SCIT algorithm.

Algorithm Description

The Storm Cell Centroids algorithm operates in a two step process.  The first step groups set reflectivity thresholds (segments) into two-dimensional (2-D) storm cell components.  The individual components are considered 2-D because the algorithm looks at one elevation angle at a time.  The process starts by combining segments of the same reflectivity threshold into storm components.  To be combined, segments must meet the Number of Segments per Component threshold (default=2 segments).  This is the minimum number of adjacent segments needed to be considered a component.  In addition, the segments must meet an overlap threshold of two sample volumes.  The overlap threshold is the minimum number of sample volumes that must overlap before adjacent segments are identified as part of the same storm component (figure 3-19).  Once the segments meet these thresholds and the minimum size of component threshold (default=10km2), they are combined into 2-D storm cell components.  If a higher reflectivity threshold is found within the lower (weaker) component, the weaker component is discarded.  This causes a "bulls-eye" effect of the higher reflectivity areas.  Figure 3-22 demonstrates how components are identified at each elevation angle.
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Figure 3-22.  Overlapping Segments.
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Step 2 builds 3-D storm cell components by correlating components in the vertical, working from the bottom to the top of the volume scan.  Components with the largest masses are compared first.  If a component at the next adjacent elevation angle is detected within a specified distance of the lower component, the components will be vertically correlated, creating a cell.  This process continues for each elevation angle throughout the volume scan.  Keep in mind that the component must be found at the next higher elevation angle to be vertically correlated.  Also, there must be at least two components present to create a cell.  Figure 3-23 illustrates the vertical correlation of components, creating two cells.


Figure 3-23.  Storm Cell Centroids.


Cell-Based VIL.  A calculation of VIL is made for each cell identified by the Storm Cell Centroids algorithm.  The Cell-Based VIL algorithm vertically integrates the maximum reflectivity values of a cell's correlated components.  This is a different calculation than produced by the gridded VIL algorithm.  As shown in Figure 3-21, a fast-moving or highly tilted storm will usually have a higher Cell-Based VIL than Grid-Based VIL.  Up to 100 cells can be identified by the Storm Cell Centroids algorithm.  The cells are ranked by their Cell-based VIL.
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Figure 3-24. Cell-Based vs. Gridded VIL

Cell Merging.  When cells are within close proximity, a check is done of their horizontal distance, and the vertical and angular separation between bases and tops.  If they fall within a specified threshold, the cells will be merged.  When merging two cells, one of the cell's attributes is added to the other cell, and a new cell centroid is calculated.  Next, to reduce the crowding when two cells are still within spatial proximity and cannot be merged, the cell with the lower cell-based VIL is deleted.


Output.  Output of the storm cell centroids includes:  centroid location, height of base/top, maximum reflectivity value and height, cell-based VIL, and number of components detected.  Output is sent to the hail detection, storm cell tracking, and storm position forecast algorithms.


Limitations.  This algorithm performs best with isolated, well-defined storms.  Height components may be incorrect in large areas of uniform reflectivity values.  Range is another factor to consider when speaking of limitations.  Due to VCP limitations, the cone of silence will effect cell attributes close to the radar.  At greater distances from the radar, bases may be overestimated due to the beam height above ground.

Storm Cell Tracking/Position Forecast

Storm Cell Tracking.  Storm Cell Tracking monitors the movement of storm cells by matching cells found in the current volume scan to the cells from the previous volume scan.  Starting with the cell with the highest Cell-based VIL, a comparison is made of the cells current centroid location with the projected (based on past movement) location from the previous volume scan.  The closest projected centroid, within a threshold distance, is considered the same cell.  The ID assigned to a storm consists of a letter-number combination (A0 - Z0, A1 -Z1, etc.).  If the algorithm is unable to correlate a centroid with a centroid from the previous volume scan, it labels the storm as "NEW" and does not forecast a track.


Storm Position Forecast.  Storm Position Forecast predicts the future centroid location of storm cells based on a history of the storm's movement.  The algorithm uses an identified cell's previous movement over several volume scans to output a forecast movement up to 60 minutes in the future.  The length of a forecast (0, 15, 30, 45, or 60 minutes) is based on the accuracy of the previous volume scan's forecast. 


Product Description

Graphics Product.  Data developed by the SCIT algorithm is directly input to the Storm Track Information (STI) Product.  This product displays up to 100 storm's past, present, and future locations.  The PUP operator has the option, through the applications terminal, to determine how many cells they want displayed on the product (covered in the manager's portion of the course).  For example, if the PUP operator selected to have 10 cells displayed on the product and 16 cells are present, the first 10 cells (ranked by cell-based VIL) are displayed on the product and a message "6 CELLS IN WINDOW NOT DISPLAYED" is displayed in the lower left hand corner of the product.  The current position will be displayed as a circled "X", past positions are displayed as a solid dot, and the future positions are displayed as an "X".  Cells with movement of less than the minimum specified speed (default=5kts) are circled, indicating little or no movement.  


The STI Attribute table appears at the top of the STI product (color coded cyan) and contains information on all identified cells.  The table lists the cells in order of Cell-based VIL from left to right.  The attribute table consists of the storm ID, storm location, forecast movement, tracking error, maximum dBZ value and its height.  On the first volume scan a storm is identified, the word "NEW" is placed on the line representing forecast movement.


Alphanumeric Product.  The STI alphanumeric product, available via the applications terminal, contains information on the position and forecast of all identified cells.  Again, as with the graphic product, cells are ranked by cell-based VIL.  The product includes storm ID, current cell position, direction and speed of movement, AZRAN for the 15, 30, 45, and 60 minute forecast positions, and the mean and forecast tracking error.


Applications.  The SCIT algorithm shows a high skill in identifying distinct individual cells occurring in lines or clusters.  This ability to identify individual cells leads to better tracking and forecast results.  Better storm identification leads to better cell attribute calculations and an improved Hail Index product.


Limitations.  Recall from previous discussions that Storm cells are defined by areas of highest reflectivity.  If stronger reflectivity values exist in a storm above the lowest component, the algorithm may misdefine that component as the lowest component (Figure 3-21/Cell #2).  This would cause a misinterpretation of the storms overall mass and would affect other algorithm calculations.  Also, when in VCP 21, large errors may occur in the cell attributes of storms.  Storm Calculation can be adversely affected by what the radar is not sampling in the data gaps associated with this VCP.


Linear Motion.  Linear motion is an overlay used to manually identify storms that have escaped detection by the Storm Cell Tracking algorithm and for non-convective echoes.  Linear motion was created to manually compute 60 minutes of forecasted motion on Base and Composite Reflectivity products.


Procedure.  To use linear motion, first toggle on the echo of interest, then, using the Product Back (or Product Forward) function box, select the same echo on an earlier (or later) product.  This action will result in the automatic display of the Linear motion in the lower right hand portion of the screen.

Hail Detection Algorithm

The Hail Detection Algorithm (HDA) is used to identify which storms have the potential to produce hail.  The algorithm can detect hail independent of the storm type, tilt, or overhang.


Algorithm Detection. 
The HDA is designed to search for high reflectivity values above the freezing level.  The reflectivities used are the maximum reflectivities for cell components and any reflectivity below the freezing level is not considered.  The algorithm provides the following three estimates:


Probability of Hail (POH).  This portion of the algorithm searches for hail of any size.  First, the algorithm looks for reflectivity values > 45 dBZ above the freezing level.  Then it computes the height from the freezing level to the highest component meeting the > 45 dBZ threshold.  The greater the height, the greater the POH.


Probability of Severe Hail (POSH).  The Probability of Severe Hail portion of the algorithm will look for hail > 3/4 inch.  In the calculation of POSH, reflectivities greater than 40 dBZ are used, which exist above the freezing level.  In addition, a weighted factor is used, such that, the greater the reflectivity values above 40 dBZ, and the higher the altitude at which these values exist, the greater the weighted factor used.  Reflectivities greater than 50 dBZ that exceed the -20(C isotherm carry the most weight.  These values are used to compute the Severe Hail Index (SHI).  This illustrates the need for the UCP operators to update the altitude of the 0(C and -20(C levels regularly, especially when significant changes to the atmosphere are experienced near the radar coverage area.


Maximum Expected Hail Size (MEHS).  The estimate of the largest hail size identified anywhere in a storm, displayed in 1/4 inch increments.  Uses the same calculations as POSH.


Product Description

Graphics Product.  The Hail Index graphics product presents several symbols.  The POH is identified with a small, open or solid green triangle.  Whether the triangle is open or solid depends on a "fill-in" threshold set by the PUP operator for a specific percentage of occurrence (covered in the managers section).  The POSH is represented by a larger, open or closed green triangle.  POSH also depends on a "fill-in" threshold.  The MEHS is displayed in the center of the POSH symbol rounded to the nearest inch from 1 to 4.  If a storm has hail identified that is less than 3/4 inch, then an asterisk (*) is placed in the center of the POSH symbol. 


The Hail Index Attribute Table, colored in green, is available at the top of the graphics product.  The table lists Storm ID, AZRAN, POSH/POH, MEHS (to the nearest 1/4 inch), and the altitudes of the 0(/-20(C temperatures and the date/time at which the information was last updated.  Each page of the table can contain up to 6 storms.  Cells are ordered by POSH first, then by POH.


Alphanumeric Product.  The Hail Index alphanumeric product is available via the applications terminal.  The product display includes: Storm ID, POH, POSH, and MEHS (rounded to the nearest 1/4 inch).


Applications.  The HDA has shown a very high probability of detection of cells that contain severe hail, especially greater than one inch in diameter.  While false alarms may be a limitation, the display parameters are adaptable at the PUP, and local adjustments to thresholds may reduce false alarms.


Limitations.  The HDA needs accurate and timely measurements of the MSL altitudes for the 00C and -200C levels.  Failure to update this information will degrade the algorithm's performance.  In limited operational use, the POSH and MEHS have tended to overestimate the chances and size of hail in weak wind and tropical environments.  The accuracy of the hail estimates partially depends upon the accuracy of the cell component information provided to the algorithm.

Storm Structure

Imagine someone giving you a piece of paper with important information about a specific storm characteristics.  The Storm Structure product does exactly that!  This product is displayed in an alphanumeric format at the applications terminal, and supplies pertinent information on a storms structure using output from the SCIT and Hail Detection algorithms.  Storm Structure also provides input for a graphic display of storm characteristics which we'll discuss later.  For this reason, the Storm Structure product should be placed on your Routine Product Set List.


Product Description.  
The Storm Structure product lists the following information:

· Storm ID - in descending order of Cell-based VIL.

· AZRAN of Centroid

· Storm Cell Base (KFT) - lowest component detected.  Prefaced by '<' if detected at the 0.5o slice.

· Storm Cell Top (KFT) - highest component detected.  Prefaced by '>' if detected at the 19.5o slice.

· Cell-based VIL (KG/M2)

· Maximum reflectivity in the cell (dBZ).

· Height of maximum reflectivity (KFT).


These parameters may seem familiar.  If so, it means you were paying attention when we previously discussed some of the derived products.  Storm ID, AZRAN, maximum reflectivity and height of the maximum reflectivity are available on the STI graphic product.  Storm ID, AZRAN, storm cell top, cell-based VIL, maximum reflectivity and maximum reflectivity height are available in the Combined Attribute Table of the Composite Reflectivity product.


Cell Trends.  As stated earlier, output of the Storm Structure product can be viewed as a graphic display called Cell Trends.  Cell trends is a graphic display that gives up to a 10 volume scan history of cell parameters for algorithm-identified storms cells.  Cell trends is not an actual product.  It has no product ID# or mnemonic.  Cell Trends cannot be archived; however, it can be generated from an archived Storm Structure product.  Cell Trends can only be generated from the graphics tablet.


Presentation Format.  The Cell Trends display contains four separate quadrants and a legend area.  The information contained in the quadrants is as follows:

· Upper Left Quadrant:  Storm Top/Base (ARL), height of the centroid, and hgt of maximum dBZ.

· Upper Right Quadrant:  Probability of Hail and Probability of Severe Hail.

· Lower Left Quadrant:  Cell-based VIL.

· Lower Right Quadrant:  Maximum reflectivity.

· Legend Area:  Storm ID#, AZRAN, graphical plot of cell location, and volume scan times included in trend data.


Procedure.  Use the following method to display Cell Trends:


Step 1.  Using the left or right puck button, toggle on a storm of interest that was identified by the SCIT algorithm (selected point must be within 2.2 nm of the storm centroid).


Step 2.  Toggle on the Cell Trend box in the Overlay area. 


Uses of Cell Trends.  Cell Trends provides continuity on individual storm cells over a period of time.  By tracking the increase or decrease of storm tops, maximum reflectivity values, and cell-based VIL, you'll have a better idea of what to expect from storms in the area.  The Cell Trends display provides an effective way of determining the life cycle of convective development.  You can also determine the status of supercells and the potential for microbursts.  After a weather event occurs, the Cell Trends display may be used for post-storm analysis.  


Limitations.  The volume coverage pattern employed has a direct impact on the Cell Trends display.  VCP 21 has fewer slices, resulting in more variability of displayed data.  Range to the cell is another concern when using the Cell Trends display.  At far ranges, data may be unreliable due to the cell being sampled by only the lowest elevation slices. Storm cell bases will be overestimated.  Inversely, cells in close proximity to the RDA, may be effected by the cone of silence, resulting in the mid and upper levels of the storm not being sampled.

SUMMARY

As you can see, the WSR-88D has an abundance of products available.  Your ability to recognize anomalies and the effects of changes to the adaptable parameters will ensure your customers are receiving the best support possible.  The WSR-88D will never be able to replace the forecaster, but it is another source of advice to consider when meeting your severe weather warning responsibilities.

REVIEW EXERCISE 3-4

1.  Where are the maximum data levels displayed on a cross section product?

2.  What are the range and resolution combinations for the cross section products?

3.  What is the primary use of the cross section products?

4.  Explain the limitation of the cross section products.

5.  Storm cell segments searches for segments of up to _______ different reflectivities.  List the different reflectivities searched by storm segments.

6.  How does the storm cell centroids algorithm build three dimensional storm cell components?

7.  Explain cell based VIL.

8.  Explain the Storm Cell Tracking and Position Forecast process.

9.  How is the storm cell tracking and position forecast graphic product displayed?

10.  What three estimates are derived by the Hail Detection Algorithm?

11.  How is a storm identified as having hail less then ¾ inch displayed?

12.  In order to display Cell Trends what product must be present on the RPS list?

13.  Describe the limitations of Cell Trends.
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