CHAPTER 5

interpretation of the WSR-88D products

INTRODUCTION

You were introduced to the WSR-88D’s products and signatures? in the last unit. So now is the perfect time to tell you how to use those products in evaluating non-severe and severe weather.

INFORMATION

BASE REFLECTIVITY
Use of Base Reflectivity

On modern Doppler radars such as the 88-D features such as high reflectivity storm cores, strong reflectivity gradients, and embedded thunderstorm activity show 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 the clear air mode, the radar senses returns as weak as -28 dBz from reflectors such as insects, pollen, dust, salt, and density discontinuities. 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; and other reflectivity signatures.

For practical applications, most returns of less than 18 dBz are considered non-precipitation and are  either cloud droplets or other minute scatterers such as insects. However, in addition to the uses mentioned above, you can use these returns to estimate cloud heights. During operational testing of the WSR-88D, pilot reports were used to verify these height measurements. It was found that the radar could provide accurate heights of most cloud decks, even cirrus. Reflectivity data collected by the WSR-88D allow you to analyze for a vast number of meteorological elements. Now let’s take a closer look at some of these useful reflectivity features.

Hook Echoes.  The hook echois a classic radar signature often associated with tornadoes. Prior to Doppler radars being widely available detection of a hook echo was the primary means for identifying a storm as likely being tornadic. The hook is formed by a cyclonic swirl of precipitation around the intense, rotating updraft of the tornado vortex. The hook is not the actual tornado, but rather the return from the precipitation wrapped around the vortex.  Surrounding precipitation often obscures the funnel cloud.
Location and Size.  If it is present, the hook is located in the trailing half of the parent echo with respect to its motion and occurs most often in the right rear quadrant. It is a small-scale feature having a dimension of about 10 nm or less from the main body of the storm to the farthest extremity of the hook. This distance should never exceed 15 nm. Vertical extent can be through the mid-level of the storm sometimes exceeding 35 thousand feet. Normally we look for it at the lowest elevations possible.

Hook vs. Tornado Occurrence.  Numerous studies have been done to correlate hook recognition and actual tornado occurrences. Although early studies were highly encouraging, as more radars became available and tornadic storms were studied in other parts of the country, it became apparent that many tornadoes do not produce hook echoes (although the F4’s and 5’s usually do). Also it was observed that tornado occurrence often precedes the appearance of the hook if it appears at all.  Detection of hook echoes can be complicated by their relatively small size and short duration, the possibility of being engulfed by surrounding precipitation, and/or the likelihood of being missed at longer ranges due to beam broadening. As you’ll see later, the WSR-88D’s velocity products provide a more reliable tornadic signature; however, you want to look for evidence on more than one product.

Strong Reflectivity Gradients.  In-depth studies by Lemon demonstrated the importance of strong reflectivity gradients in the low levels of a thunderstorm. These gradients are especially important when related to upper-storm features such as overshooting tops or mid-level overhang. 
If the mid-level overhang of the storm extends at least 3.2 nm (6 km) beyond this low-level gradient and the highest echo top is on the storm flank that possesses the overhang, an extremely high potential for severe weather exists.  You are able to compare the location of this gradient with higher-level features simply by displaying two different elevation cuts and using the “link cursor” feature to see their relative positions.  As you monitor the development of individual thunderstorms, keep an eye on this important gradient.  Usually, as the storm becomes stronger this gradient becomes more and more evident.

Line Echo Wave Patterns. A LEWP is a line of radar echoes subject to acceleration along bowing portions of the line. LEWPs show up well on WSR-88D displays because the actual line of convection is displayed even if it is surrounded by stratiform precipitation. 

A LEWP indicates a favorable environment for severe weather development. Although a LEWP does not guarantee the occurrence of severe weather, if other factors are favorable it can be indicative of the likelihood of high winds, tornadoes, and hail. The most severe weather is normally expected at, and slightly south of the crest. Severe weather occurs along this portion of the line because it is being pushed further and faster than adjacent portions. This acceleration is  related to the meso-high located behind the LEWP. The speed of the LEWP can be an indicator of its severity since the fastest moving convective echoes tend to be associated with damaging straight-line winds.

Embedded Thunderstorms.  Have you ever had the unpleasant surprise of hearing thunder from what you thought was only a stratiform cloud deck?  Monitoring radar reflectivity can help alleviate this menacing problem. The color stratification allows you to view embedded thunderstorms.  
Melting Level.   Modern radars can detect the melting level during the presence of a widespread stratiform cloud deck. The melting level is that level where frozen precipitation particles melt during their descent to the surface. When the frozen particles begin to melt, they become coated with water and provide a much stronger return than either the frozen particles above or the liquid droplets below. This level may be seen on  radar reflectivity displays. It appears as a ring, or partial ring, of enhanced reflectivity around the RDA. Factors which may preclude seeing the melting level include: too few clouds present at the melting level, disruption of the melting level by some form of turbulence or convection, and saturation of the display by heavy precipitation.

Tilt Sequence Method.  It is important to know the horizontal echo distributions at low, mid and high levels for severe weather detection. 
To conveniently compare reflectivity echo distributions at various heights, employ quarter screen mode. In quad 1 the 0.5° elevation is examined to determine storm inflow, which is characterized by low level, concavity bounded by a strong reflectivity gradient. In quads 2 and 3 the maximum mid-level overhang between 16 and 39 kft is measured. In quad 4 the storm’s maximum reflectivity or echo is used.

Method of Examination.  Echoes having or developing an intense updraft (strong severe weather potential) normally display the following characteristics on the updraft flank, which is generally the right rear but can be the rear or left rear.  

· Strong or intense low-level reflectivity gradient with echo core displaced toward the updraft flank.  

· Low-level concavity bounded by strong reflectivity gradients.

· 6 to 25 km (3.2 to 13.5 nm) of mid-level overhang beyond the low-level echo edge, capped above by a major reflectivity core (> 46 dBz), further capped by the maximum echo top found over the strong gradient.  Beneath the overhang is the Weak Echo Region (WER).

· Once a storm reaches the mature stage the Bounded Weak Echo Region (BWER) may develop which the following features will distinguish. 

1.
It will appear as a circular region of low reflectivity extending upward within the mid-level overhang; typically < 8 km (4.3 nm) in diameter.

2.
It will be located either near the center, or toward the south flank of the overhang.

3.
The location will be bounded by an intense gradient, capped by an echo core  (> 46 dBz), and then capped by the echo top.

If a storm exhibits these characteristics severe weather production potential is high. Verification of severe weather occurrence is 71%.

Other Echo Characteristics.   In some short-lived severe storms (10-25 minutes) the only indication of severity may be a core > 50 dBz extending at least 27,000 ft vertically.

On the downstream flank (relative to mid- and high-level winds) the low-level echo may exhibit two lobes caused by deflection of flow on either side of an intense blocking updraft.  A well-defined pendant or hook accompanied by extensive mid-level overhang is a good indication of impending tornado development. If the wrap up is accompanied by a collapse of the WER and echo top, potential for tornado production is even more likely.

Criteria for Severe Thunderstorm Using The Tilt Sequence Method.  Reflectivity values > 50 dBz extend to 27,000 ft AGL or higher. In absence of this, all the following must be satisfied. 

· Peak mid-level (16,000 to 39,000 ft AGL) reflectivities must be > 46 dBz.

· Mid-level overhang must extend at least 6 km (3.2 nm) beyond the strongest reflectivity gradient of the low-level echo.

· Max echo top must be located on the storm flank possessing the overhang and above the low-level gradient between the echo core and echo edge, and lie above the overhang itself.

Criteria for Tornado Identification Using the Tilt Sequence Method.  This method requires the last three criteria above be met as well as either or both of the following.

· A low-level pendant exists beneath the mid-level overhang or bounds the mid-level overhang on the west.

· A BWER is detected.

Base Velocity

Uses of the Vertical Variations.  Examination of a Doppler velocity display can produce several significant variations in the wind field. Always look for veering and backing winds, low-level and mid-level jets, turbulence, frontal boundaries, and overrunning.

Veering and Backing Winds with Height.  Veering winds (representative of warm-air advection) produce a very distinct pattern. Whenever veering winds are encountered, the Doppler zero line takes on a noticeable S-shaped pattern. Backing winds (representative of cold-air advection) also produce a distinct pattern. Whenever backing winds are encountered, the Doppler zero line takes on a backward s-shaped pattern.

Low- and Mid-level Jets.  Whenever the speed profile has a speed maxima or jet within the display, there are a pair of closed contours 180° (directly opposite) from each other. The height of the maximum value is computed using the antenna elevation and the slant range to that value. The WSR-88D, upon request, calculates this for you and displays it in the legend area.
Turbulence.  Abrupt changes in wind speed and/or direction are associated with turbulent air. The depth and height of the turbulent layer is obtained using antenna elevation and slant range to the area of interest. (See Spectrum Width)
Frontal Boundaries.  With adequate radar returns, it is possible to determine the wind field on both sides of a front. The frontal zone is marked by a rapid change in wind direction over a very short transition region.

Overrunning.  Wide scale overrunning signifying the dynamics for a large-scale precipitation event can be seen on a radar’s velocity data.

Determining Horizontal Variations.   Doppler velocity displays, when focusing in on a small area, are used to determine individual storm signatures. Horizontal variations of the wind within convective storms produce characteristic Doppler velocity patterns. Three important identifiable storm signatures are convergence, divergence and rotation.
Rotation.  The rotation field is a good approximation of a mesocyclone, which is a prominent feature of many severe thunderstorms (supercells).  In a cyclonic circulation, to the right of the zero Doppler line, the flow is away from the radar and on the left, the flow is toward the radar.  Since a Doppler radar measures only the radial component of the wind, it does not sense all the rotation; rather it senses only the flow toward and way from the radar on either side of the zero Doppler line. The single Doppler velocity signature of a mesocyclone (or any vortex) has a pattern that is symmetric about the radar viewing direction and has peak values of opposite sign on either side of the circulation center.

Divergence.  The divergence signature is the same as a rotational couplet except it has been rotated counterclockwise 90°. In a divergent signature, the zero line is perpendicular to the radar viewing direction because the radar does not sense motion toward the left or right of the divergence center. Maximum flow toward and away is measured along the viewing direction. Divergent signatures are found near the storm top, above the updraft and near the ground in the precipitation downdraft.
Convergence.  The convergent signature is the same as a rotational couplet except it has been rotated clockwise 90(. As with the divergent signature, the convergent signature zero line is perpendicular to the radar viewing direction. Convergent signatures are normally found near the surface below the storms updraft early in a storm’s lifecycle. Later, convergence may be observed at mid to upper levels in the storm, a sign of an impending downburst.
As you can see from the three previous examples, the signature for rotation, divergence and convergence are all basically the same. The only difference between the signatures is the view direction. Knowing the location of the radar is crucial to identifying whether a storm signature is convergence, divergence, or rotation.

Uses of the Horizontal Variations.  While examining  any Doppler velocity field for horizontal variations in the wind (individual storms), several significant features can be identified. Features include mesocyclones, tornadic vortex signatures, hail size, microburst/downburst and more. Let’s take a look at each of these.

Mesocyclones.  A mesocyclone is a 3-dimensional region in a storm that rotates and is closely correlated with the updraft in a supercell and severe weather. By interrogating several slices of a storm and correlating them 3-dimensionally, we can verify the existence of a mesocyclone. Later, in the derived product chapter, you will learn the importance of being able to identify mesocyclones.

Tornadoes.   Many strong tornadoes are found in or near the mesocyclone’s core. Tight rotation is usually found within the center of the larger area of rotation (mesocyclone). This area of tight rotation is known as a tornadic vortex signature (TVS) and is discussed in greater detail in a later chapter.
Hail Size.  Since hail size is directly related to the strength of the updraft within the storm, we can estimate potential size by measuring the updraft. We can measure the updraft by relating it to the amount of divergence aloft. The FMH-11B has a hail size nomogram with step-by-step procedures for forecasting hail size.

Microburst/Downburst. Currently there is no means of obtaining significant lead times on microbursts with the WSR-88D. However, the WSR-88D does give us the ability to nowcast or forecast with a very short lead-time. Strong divergence at and near the surface is often associated with microbursts or downbursts and is usually undetectable more than 50 nm from the RDA. The best clue for forecasting potential microbursts is the environment as shown by soundings. 
Spectrum Width

Use of Spectrum Width.  Although spectrum width is one of the three base products generated by the WSR-88D, its use is not as straightforward as velocity or reflectivity. In this  section, we’ll look at four specific uses for this product. The uses are verifying areas of suspected turbulence; discovering or monitoring icing conditions; identifying areas of possible convective development; and checking data reliability.

Turbulence.   Since Spectrum Width measures the combination of motions within a sample volume, we can assume turbulence or shear within areas of high spectrum width. This relationship helps verify the existence or non-existence of turbulence.

Verification studies for spectrum width values vs. turbulence severity are not conclusive. Based on a study done in 1983 at Pease AFB using KC-135 aircraft, values of 12 knots or higher are correlated with severe turbulence. Values of 8 - 11 knots are found to be associated with moderate turbulence.

Icing.  Although there is currently no WSR-88D product that is specifically designed to assist in forecasting icing, spectrum width can help. Due to the increased variance in velocities of the particles within the melting level, high spectrum width results. This area of high spectrum width appears as a ring or partial ring centered on the radar (much like the rings you saw on the reflectivity products). Armed with this information, the forecaster can monitor the height of the melting level (bright band) to help in forecasting icing, as well as precipitation type.

Convective Development.  Convective development is often seen on the spectrum width product before any significant returns show up on a reflectivity product. Consider a reflectivity product having a return of 15 dBz. Using reflectivity alone, this echo is considered insignificant. However, if this 15-dBz echo is displayed at the same time that spectrum width is displaying high values, closer interrogation is warranted. Since spectrum width measures the variance of motions within a sample volume, these high spectrum width values may be indicating the motions associated with convective currents. High spectrum width together with low reflectivities may be your first indication of storm development.

Data Reliability Check.  Spectrum width data is useful for evaluating the validity of mean radial velocity estimates. Due to the motion variability of individual contributing particles, velocity estimates in areas of high spectrum width may be less accurate than those obtained in low width areas. Also, data reliability tends to drop near the edges of echoes where the signal-to-noise ratio can become less than desirable. This effect is often seen by high spectrum width values along the outer edges of these returns.

Composite Reflectivity

Use of Composite Reflectivity.  The CR product permits a view of reflectivity levels for the total range of the radar. Because of this, it provides an instant snapshot of the locations of the strongest reflectivity features in the storms. However, storm structure and the associated typical signatures, such as hooks, are not easily identified since reflectivities from many different elevations are presented side-by-side. 

Melting Level.  On the CR product, you are able to identify the presence of the melting level(s) from the distinctive circles of higher reflectivities. 
Unfortunately, with the CR product this is more of a hindrance than a benefit.  The multiple rings tend to clutter the display and the height of the melting level cannot be determined. The actual height of the freezing level can be obtained with a base reflectivity product.
Layered Composite Reflectivity Maximum

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 the areas with a greater likelihood 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.
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 high 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.

Vertically Integrated Liquid (VIL).  

Use of the VIL.  As mentioned earlier, the VIL product’s primary function is identifying strong storms that may become severe. VIL is very useful in monitoring the general radar echo pattern for the beginning stages of significant convective development and for helping to distinguish thunderstorms from rain showers. As convective development progresses, relative values of VIL are useful in distinguishing strong, possibly severe, thunderstorms from others.

Significant VIL Values.   What we call “significant” or high VIL values vary by location, season, and weather system. In Oklahoma, operators have found critical VIL values (when a storm becomes potentially severe) vary from values of 35 in late fall or winter to values of 60 or more in summer. This might sound confusing, but you quickly get a feel for VIL values by using it with other products.  Comparing values of reflectivity in dBz s to VIL values for the same storm helps determine the range of significant values. Other products such as severe weather probability, hail index, storm structure, mesocyclone, and tornadic vortex signature products (to be discussed later) are also useful.
VIL Patterns.  In addition to VIL values the pattern or areal coverage of the VIL display is important.  Larger areal coverage implies (1) the data is more reliable than if only one or two pixels were available and (2) the storm is larger and bears closer examination.

VIL Gradients.  The gradient of the VIL values is also important.  Strong but continuous VIL gradients are significant as is the case with reflectivity values. On the other hand, very abrupt, erratic changes are seldom observed in nature and therefore should be viewed with skepticism when seen on WSR-88D products.

VIL Trend.  A final point when interpreting VIL is that the upward trend over several volume scans should be consistent. Storms generally require a certain amount of time to develop; thus, the VIL values should never abruptly jump from low to high values. VIL is a good indicator of a strengthening thunderstorm. As the updraft intensifies, it is able to suspend greater amounts of liquid aloft.
Severe Weather Probability
Use of Severe Weather Probability.  The SWP product automatically extracts the strong cells from the current reflectivity pattern and estimates the probability that a specific cell will produce severe weather. By actually assigning a number to a strong cell, the SWP product adds “objectivity” to severe weather guidance.
The SWP numbers can be viewed by themselves, however, they are much more useful when used as an overlay with products such as CR or VIL.

Echo Tops
Use of Echo Tops.  The ET product allows the radar operator to monitor the echo tops throughout the radar viewing area. The height of the echo tops is a concern for forecasters and aviators and is used as an indicator of various atmospheric dynamics. For instance, an echo top of a thunderstorm increasing in height is probably increasing in intensity while a decreasing thunderstorm echo top could indicate a weakening and/or collapsing storm. If the echo top collapses very quickly it may be an indication of a downburst occurring near the surface. Other volumetric products such as VIL, used in correlation with ET can be of additional help in understanding what is happening in the atmosphere. Since VIL is a volumetric product, volumetric overlays such as hail, mesocyclone, and severe weather probability may be placed on it.
Identification of Updrafts and Downdrafts. Since the echo top is related to the updraft, you can monitor the ET product to determine significant changes in the updraft.  Lowering or collapsing of the echo top may indicate a sudden weakening of the updraft and the onset of severe weather at the surface (much like the VIL product).  Both the VIL and ET products can be used together to provide some assurance or verification that your interpretations are supported by actual cell dynamics and not by algorithm aberrations.

For example, a drop of VIL values alerts you to the possibility that the updraft has suddenly weakened and allowed large amounts of precipitation to drop out of the updraft (a core dump). You then expect a similar drop in the height of the echo tops since they also relate to a strong updraft. Slight differences in time between these events are expected, but this type of correlation is assurance that your assumptions are correct.


The best way to identify an intense updraft with a convective storm though is to look for an overshooting top in visible satellite imagery.
Beginning of Convective Development.  If a stratiform situation exists and convective clouds start to develop within the stratiform clouds, the echo tops are usually detected before any indications on base reflectivity. As the updrafts develop and push the tops of the clouds higher, these higher tops are seen as mid-level echo tops on the ET product. Correlation with base reflectivity and VIL is recommended since reliance on one product can be deceiving.

Storm Total Precipitation and User Selectable Precipitation

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.

Storm Relative Mean Radial Velocity Map and Storm Relative Mean Radial Velocity Region (SRM/SRR)

Use of SRM and SRR.  One of the most difficult tasks a new Doppler radar operator has is to locate an area of rotation when a classic rotational couplet does not exist. Let’s take a look at how to use the SRR and SRM products to aid in the identification of severe storm characteristics. 

SRR.  Imagine a day with isolated thunderstorms dotting the radar coverage area. One particular storm displays a very strong reflectivity return with a pendant. At this point, it is difficult to discern if a severe storm exists. Upon interrogation of the Base Velocity product, you notice an isolated area of strong outbound velocities (>50 knots) next to an area of zero or near zero velocities. To the untrained operator, no signature exists. 

This is the perfect time to use the SRR product. By requesting an SRR product over the storm of interest, a wind vector equal to the storm motion is subtracted.  This produces a balanced rotational couplet. Now, computing rotational shear is easier.

SRM.  Using the same scenario as above, picture a large line of thunderstorms. As it approaches, it takes on the appearance of a bow. Higher reflectivities appear at the crest and at the southern end of the line.  The Base Velocity product shows two areas of strong outbound velocities (>50 knots) next to corresponding areas of near zero velocities.

To the operator with little experience, there is no signature. But there is! The SRM looks out 124 nm and calculates the average of all storm motions. A wind vector equal to that average is subtracted from the entire display. With this change a better picture of the storm’s rotation is evident.

Velocity Azimuth Display (VAD)/VAD Winds Profile (VWP)
Use of the VAD Winds Product. Interpreting the VAD winds profile is just like interpreting the winds on any skew-T diagram. Wind shafts point in the direction from which the wind is coming. The wind barbs indicate wind speed with the longer barbs indicating speed rounded to ten knots and the shorter barbs indicating speeds rounded to five knots. For instance, if a wind shaft at 5,000 feet extends to the west and contains two long barbs and one short barb, the wind direction is westerly with a speed of twenty-five knots. A scale, relating the RMS of wind velocities to color shade, is displayed in the product legend. Remember that the RMS is a test of the velocity reliability. RMS values of 4 knots or less are considered reliable. If the RMS exceeds approximately 10 knots, an “ND” is displayed at that level.  

The VAD can display vertical wind profiles from up to eleven different times and is generally representative of the winds within 20 nm of the RDA. This will assist you in identifying several meteorological conditions, which change over time such as inversions, wind shifts, strong winds and clouds.  The product is often used as a good source of take-off wind data. 

Inversions.  An example of detecting the presence of an inversion using the VWP follows: You are the WSR-88D operator at the beginning of a typical summer day shift with high-pressure, clear skies, and patchy ground fog. Surface winds are calm. You request and display the latest VAD Winds Profile.

Upon examination of the product, you notice wind speeds below 2,000 feet decreased from 25 knots just after midnight to less than 6 knots currently. During the same time period, wind speeds above 2,000 feet remained unchanged. This scenario describes a radiational inversion in the area of the RDA. As the inversion weakens, the VAD Winds Profile shows increasing wind speeds below 2,000 feet as upper winds move toward the surface. This information helps make more accurate forecasts for later in the day.

Wind Shifts.  A cold front is moving southeastward toward your weather station. The RDA site is 25 miles west of the weather station and the VAD analysis range is set at 30 miles.  The veering low-level winds (shift from southwest to northwest) with frontal passage become evident on the VAD winds profile. As the cold layer deepens, the winds become northwesterly at higher altitudes. The VWP allows you to monitor this progression at five, six, or 10-minute intervals depending on the particular VCP in use. This is only one example of the many wind shift scenarios, which can be followed with the VWP.

Jet Streams.  As a jet stream develops, the increasing wind velocities at a given altitude are seen on successive VWP wind profiles.  Likewise as a jet stream dissipates, the VAD winds profile allows you to monitor the decreasing wind speeds. With this information, the accuracy of climb winds, turbulence, and other related data is enhanced.

Mesocyclone
Product Usage.  The primary use of the mesocyclone product is detection of in-storm circulation. However, never use the mesocyclone product as a stand-alone product. If the algorithm identifies a feature, the operator should then begin to interrogate the velocity products for confirmation.
Identifying Mesocyclones using SRMs and SRRs.   Once the mesocyclone product identifies a feature, it is your turn to start the interrogation process. The following is a three-step process for mesocyclone detection using the velocity products.

Step 1.  Determine if sufficient rotational velocity exists between closed isodops (lines of equal Doppler velocities) of opposite sign.

· Determine the appropriate elevation angle to intersect the midlevels (10 - 25 kft AGL) of the storm.

· Mesocyclone shear with supercells is first detected in the midlevels and may extend to the surface with time.

· Display a Storm Relative Mean Radial Velocity product [either map (SRM) or region (SRR)] using the elevation angle required to intersect the midlevels of the storm.

· Removing the storm motion should produce balanced velocity couplets of opposite sign. The shear is contained within these closed isodops. A maximum of 45 degrees skew is permitted.

· Compute the rotational velocity [max. outbound (V2) minus max. inbound (V1) divided by 2].

· Significant shear is defined as a rotational velocity of 30 knots within 80 nm range (from the radar) and 22 knots between 80 nm and 125 nm.

· Determine the azimuthal diameter of the feature.

· The azimuthal diameter between the maximum inbound and maximum outbound radial velocity must be less than 5 nm.

Step 2.  Determine Vertical Continuity.

· The vertical extent can be as small as 50% of the horizontal diameter but never less than 10 kft.

· When possible, collect volume scan data with vertical resolution of 3 kft.   VCP 11, which has high vertical resolution, is recommended.

· Note that the second elevation angle of 1.5° may be too high to detect distant mesocyclones (range >100 nm).

· In such cases, recognition may have to be achieved without satisfying a vertical continuity check.

Step 3.  Establish Time Continuity.

· Shear pattern should persist for at least 2 volume scans.

· Mesocyclone Product DOES NOT establish time continuity (USE WITH CAUTION).

Tornadic Vortex Signature (TVS)

Use of the TVS Product.  Like the mesocyclone product, the primary use of 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 the metwatch. Once the TVS product has identified a potential area, use velocity for further investigation.
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 TVS algorithm 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.

Recent statistics have shown that when a TVS, a mesocyclone and a BWER are all observed, there is about a 38% chance of a tornado.
Criteria for TVS Recognition Using SRM and SRR.  The national severe storms laboratory in Norman, Oklahoma has developed a 3-step procedure for TVS identification using velocity products. The following is a condensed version of that procedure.
Step 1

· Significant localized shear must exist between azimuthally adjacent sample volumes within a mesocyclone.  Localized shear is defined as a velocity difference of at least 90 knots (range <30 nm) or at least 70 knots (range >30 nm) across adjacent azimuths at the same range.  TVS detection beyond 55 nm is difficult due to beam limitations and size of the TVS.

Step 2

· The localized shear should extend several thousand feet in the vertical, at least two elevation angles, not necessarily contiguous.

Step 3

· The localized shear should have time continuity. Shear should be present for two volume scans.

Severe Weather Analysis
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.







Velocity (SWV).  In the chapter on base velocity, we discussed several velocity features, which can help us in deciding if a warning should be issued for the signatures seen in the reflectivity panel. These features include tornadic vortex signatures, low-level reflectivity gradients, outflow boundaries, and line echo wave patterns.




It is important to remember that the SWV product is the only way to get 0.13 nm resolutions of the velocity data for storms located beyond 32 nm from the RDA. Using the Base Velocity to determine the existence of severe signatures is risky as the poorer resolution may eliminate these small-scale features.

Spectrum Width (SWW).  Since high spectrum width values are directly related to the amount of shear or turbulence within a sample volume, we would expect to see high values correlated with all the features discussed previously. If so, the case for severe weather occurrence becomes even stronger.
Radial Shear (SWS).  What is radial shear? It is the difference between detected velocities along a given distance, radially. Its primary purpose is to determine the existence of microbursts and downbursts. However, the algorithm is still being fine-tuned and no data-correlating radial shear values to downbursts or microbursts are available. It can, however, serve to quickly focus on areas that may contain convergent or divergent couplets.
Cross Section Products
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, clear-air events. 

Reflectivity Cross Section:

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

1. 
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.

2. 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 often reflects enough energy to detect inversions such as fronts.

3. Changes in Refractive Index.  The height of many refractive index changes (inversions, freezing levels, etc.) may be ascertained.

4. Cloud Bases and Tops.  For observing purposes, the Reflectivity Cross Section provides an objective way to measure cloud bases and tops. Clouds appear as layers of well  

defined returns.

Precipitation Mode.  In precipitation mode, all clear-air applications are relevant. The following features can also be identified.

1.
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.  These 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.

2.
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 is the result of an intense updraft.  The stronger the updraft the more likely the storm is to produce severe weather.

3. Hail spikes.  Hail spikes due to side lobe contamination are another significant feature. For a side lobe to return enough energy to be detected, it must have encountered extremely intense scatterers.  This results in a narrow spike of elongated reflectivities behind the storm.  Often large hailstones create the characteristic spike.

4. 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.  Together with strong reflectivity gradients and mid-level overhang is the location of the maximum echo top with respect to the location of the storm’s low-level maximum reflectivity gradient.  All these features are examined in the reflectivity cross-section product and are extremely important for the evaluation of a storm’s potential to produce severe weather. 

Velocity Cross-Section.  In our effort to analyze significant storms, it is often a good idea to include an analysis of an appropriate velocity cross section. The plane of the cross section must be either parallel or perpendicular to the radar viewing direction. If the cross section is cut at any other angle, only components of radial velocities are indicated.  This makes the data extremely hard to interpret.
Uses in Clear-Air Mode.

1.
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.

2.
Boundary Layer.  The boundary layer is also easily detected. It appears as the point where significant changes in velocity occur, or appear at the top of the scattering region. The  height of the boundary layer is of great significance in timing the onset of convection.

3.
Frontal Slope.  Frontal slope may be easier to determine on the Velocity Cross Section.

Uses in Precipitation Mode.  In precipitation mode, all the uses found in clear-air mode apply. The additional uses when storms are present include: 
1. Updrafts/Downdrafts. Vertical cross sections are especially useful for inferring the location and orientation of updrafts and downdrafts within convective storms and systems. A cross section through a bow echo or a squall line can alert you to the strength of the RIJ.

2.
Divergence/Convergence.  In the chapter on Base Velocity, we learned that hail size could be estimated based on storm top divergence. Velocity Cross Sections provide a quick place to determine the strength of that divergence. The onset of convergence/divergence signatures at various depths in the storm can be analyzed when anticipating downbursts.
3.
Rotation Depth. The vertical depth of vortices can be quickly analyzed with an appropriate cross section. 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 knows where the Cross Section was cut to correctly identify these features.

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 boundaries and turbulence. Correlation of high Spectrum Width values with velocity features increases the likelihood for boundaries and turbulence.

Precipitation Mode.  
1.
Vertical 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.

2.
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.

Cross-section Orientation.  Velocity cross sections must be either parallel or perpendicular to a radial.
Interpolation.  Cross-section products do not interpolate from the lowest elevation angle to the surface or above the highest elevation angle. These results in a stair stepped display.

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

Storm Cell Identification and Tracking (SCIT) Algorithm
The Storm Cell Identification and Tracking (SCIT).  The 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. In this section of the course we will look at two of these algorithms and how they tie in with other algorithms.
Storm Cell Tracking/Position Forecast Algorithm Description
Storm Cell Tracking.  Storm cell tracking monitors the movement of storm cells by matching cells found in the current volume scans 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 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 past, present, and future locations for up to 100 storms. The pup operator has the option, through the applications terminal; to determine the number of cells displayed on the product (covered in the manager’s portion of the course). For example, if the PUP operator elected 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.  Then 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 solid dots, and future positions are displayed as  “x”s. Cells with movement of less than the minimum specified speed (default = 5 knots) 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 height. When a new 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 identifies distinct individual cells in lines or clusters. This ability to identify individual cells leads to better tracking and forecast results, better cell attribute calculations, and an improved hail index product.

Limitations.  Recall from previous discussions that areas of highest reflectivity define storm cells. Miscalculation of storm mass and center of mass can occur when the returns from high-based thunderstorms are combined with returns from weak low areas.  The high-based returns are sometimes misinterpreted as the base of the clouds.  Particularly in VCP 21, large errors may occur in the cell attributes of storms when data gaps are not sampled.

Linear Motion.  Linear motion is an overlay used to manually identify storms that have either escaped detection by the storm cell-tracking algorithm or are non-convective echoes. Linear motion was created to manually compute 60 minutes of forecasted motion on base and composite reflectivity products. 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. 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 inches. In the calculation of POSH, reflectivities greater than 40 dBz above the freezing level are used. In addition, a weighted factor is calculated based on the altitude of the greatest reflectivity values. Reflectivities greater than 50 dBz above the -20°C isotherm are the most significant. 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 algorithm estimates the largest hail size anywhere in a storm in 1/4-inch increments. 

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 occurrences (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 those with hail greater than one inch in diameter. While occasional false alarms can be a limitation, the display parameters are adaptable at the pup and local thresholds may be adjusted.
Limitations.  The HDA needs accurate and timely measurements of the MSL altitudes for the 0°C and -20°C 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 depends upon the accuracy of the cell component information provided to the algorithm.
Storm Structure 

This product is displayed in an alphanumeric format at the applications terminal, and supplies pertinent information on a storm’s structure using output from the SCIT and hail detection algorithms. Storm structure also provides input for a graphic display of storm characteristics. 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 0.5° slice.

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

· Cell-based VIL (KG/M2)

· Maximum reflectivity in the cell (dBz ).

· Height of maximum reflectivity (KFT).

Storm ID, AZRAN, maximum reflectivity and height of the maximum reflectivity are also available on the STI graphic product. Storm ID, AZRAN, storm cell top, cell-based VIL, maximum reflectivity and maximum reflectivity height are also 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 are a graphic display that gives up to a 10 volume scan history of cell parameters for algorithm-identified storms cells.  Cell trends are 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 height 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.
Uses of Cell Trends.  Cell trends provide 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 weather events occur, 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 affected by the cone of silence, resulting in the mid and upper levels of the storm not being sampled.

SUMMARY

In this chapter you learned to appreciate some of the products available for mesoscale analysis from the WSR-88D.  Putting out short lead-time warnings may be the most important part of your future requirements as a weather forecaster.  In order to issue consistently reliable warnings, you need to check the current weather situation.  Remember that  a Doppler radar, including the WSR- 88D, is only a tool, albeit a very important tool, to use in your forecasting efforts.
REVIEW EXERCISE 5

1. A reflectivity cross section shows stratiform clouds.  How might you tell whether a thunderstorm has been in the area recently? 
2. Discuss the reliability of hook echoes, in regards to being able to see them? 
3. Which type of severe weather is more likely associated with fast moving storms 
4. Explain why icing can be identified using spectrum width.

NOTE:  For questions 6 through 11, put a “T” on the blank if the statement is true and put an “F” on the blank if the statement is false. 

_____ 6.
Veering winds and cold air advection are associated with the “S” pattern on base velocity.

_____ 7.
We can  forecast potential hail size with a base velocity product.

_____ 8.
Spectrum width can help in determining levels of icing.

_____ 9.
The tops of clouds can be determined with the echo top product.

_____ 10.
You should not give VWP winds to a pilot if they are coded red.

_____ 11.
Gate to gate shear of 100 knots would satisfy the criteria for a mesocyclone.

12.
Which 88-D product gives the best resolution possible?

13.
On an 88-D, what do the numbers inside a hail symbol indicate?

14.
Why do we have a radial shear product?

15.
With respect to the RDA, where would you expect to find a hail spike?

16.
How would you place a velocity cross-section if you were looking for anticyclonic rotation?

17.
What two height values are extremely important for reliable determination of expected hail size?
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