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BASE PRODUCT INTERPRETATION
OBJECTIVE

Interpret WSR-88D base products to identify characteristic weather features.

INTRODUCTION


In this chapter you will interpret the three WSR-88D base products, base reflectivity, base velocity and base spectrum width, to identify characteristic weather features.  Also you'll see how these base products relate to each other for verification of characteristic weather features.  Base reflectivity products display the intensity of backscattered energy from meteorological targets in a geographical map-like presentation for a single elevation.  Base velocity products display the average velocity of the airflow parallel to the radar beam within the sample volume.  Base spectrum width products display velocity spectrum width as a polar coordinate image and are available for any valid elevation angle.  First, let's discuss base reflectivity and how we can analyze reflectivity products.

INFORMATION
BASE REFLECTIVITY

Reflectivity Signatures


For practical applications, most returns of less than 18 dBZ are considered non‑precipitable and are probably just that of cloud droplets or other minute scatterers.  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.  As you can see, reflectivity data collected by the WSR-88D allows you to analyze for a vast number of meteorological elements, some of which were absolutely invisible to you in the past.  Now let's take a closer look at some of these useful reflectivity features.  

Hook Echoes


The hook echo, or figure six as it is sometimes called, is a classical radar signature often associated with tornadic activity.  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 this precipitation wrapped around the vortex.  Surrounding precipitation will make detection difficult.  It obscures the actual hook echo.  


Location and Size.  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 (Figure 4-1).  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. 
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Figure 4-1.  Hook Location in Parent Storm

Hook vs. Tornado Occurrence.  Several studies have been done to correlate hook recognition and actual tornado occurrences.  One study reported that of 46 hooks identified, 40 had confirmed tornadoes, the other 6 produced either a funnel cloud or large hail.  Keep in mind there are several factors, which make the hook echo a difficult signature to identify.  These include; its relatively small size and short duration, possibility of being hidden in surrounding precipitation, likelihood of being missed all together at longer ranges due to beam broadening, or simply that the tornado decides not to provide us with this classical signature.  As you'll see later, the WSR-88D's velocity products provide a more reliable tornadic signature.  However, if you can find evidence on more than one product, that's all the better.

Strong Reflectivity Gradients


In‑depth studies by Leslie R. Lemon have pointed out 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.  In the past, when using non‑color radars, locating these gradients was difficult at best.  

Mid Level Overhang

 
According to research by Lemon and others, 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 exists for severe weather occurrence.  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 and potentially more deadly, this gradient becomes more and more evident and may eventually exhibit the classic hook shape. 

Line Echo Wave Patterns


A LEWP is simply a line of radar echoes subjected to acceleration along one portion of the line.  LEWPs show up quite nicely on WSR-88D displays because the actual line of convection is displayed even if it's surrounded by stratiform precipitation.  With non‑color displays, the radar operator had a tendency to merge all the activity into one large area and overlook the configuration of the echoes within.  

A LEWP indicates a favorable environment for severe weather development.  Although a LEWP by no means guarantees severe weather will occur, if other factors are favorable, it can be interpreted to indicate tornadoes, hail, and high winds.  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 often caused by a 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 the most severe. 

Embedded Thunderstorms


Have you ever had the unpleasant surprise of hearing thunder from what you thought was only a stratiform cloud deck?  The WSR-88D helps rid you of this menacing problem.  Now, with color, rather than the Iso‑echo feature of the old FPS-77, you can see these embedded thunderstorms easily.  Also, since the WSR-88D uses a 10cm wavelength, less attenuation occurs in the stratiform precipitation.  As a result, these embedded storms are quickly located and their intensities accurately measured.  This improves your ability to identify and track these once hidden thunderstorms as well as outflow boundaries.  Pilots of aircraft not equipped with airborne radar appreciate this improved capability of your briefings. 

Outflow Boundaries


An outflow boundary is defined as the leading edge of horizontal airflow resulting from cooler, denser air sinking and spreading out at the ground.  Currently, we rely on satellite data to detect these outflow boundaries.  However, we often cannot see them due to high cloud cover or poor resolution.  In order to see outflows on satellite, clouds must be present.  With the WSR-88D, we can see the outflow even if no clouds are present because of the gradient in the refractive index.  The WSR-88D detects signal returns down to -30 dBZ.  Remember that precipitable water usually provides a minimum return of +18 dBZ.  These outflow boundaries were usually invisible on previous radars unless the density contrast was very abrupt, or some clouds or precipitation accompanied them.  Now, using the WSR-88D, we can locate and track the movement of these outflows to better predict phenomena such as enhanced thunderstorm development, low level wind shear, and strong straight-line winds. 

Melting Level


The WSR-88D 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 WSR-88D 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 heavy precipitation which may saturate the display. 

Tilt Sequence Method


A forecaster does not confine his/her data to one rawinsonde sounding, but looks at the horizontal distribution of meteorological variables at several levels.  Similarly, the radar operator needs to know the horizontal echo distributions at low, mid and high levels for severe weather detection. The Tilt Sequence Method of severe storm interrogation was developed by Leslie R. Lemon, using WSR-57 data, as an objective method to identify storms containing the horizontal and vertical characteristics indicative of severe weather production.


To conveniently compare reflectivity echo distributions at various heights, employ quarter screen mode.  In quad 1 the 0.5o elevation is examined to determine storm inflow (characterized by low-level concavity bounded by a strong reflectivity gradient with echo core displaced toward that flank).  In quad 2 and 3 identify the maximum mid-level overhang (occurs from 16 to 29 kft, may be necessary to examine 2 or 3 intermediate elevation angles to identify).  In quad 4 identify the storm's maximum top (Echo Tops Product, or if finer resolution is needed, the highest elevation angle of detection).


Method of Examination.  (See Figure 4-2) Echoes having or developing an intense updraft (strong severe weather potential) normally display the following characteristics on the updraft flank (generally the right rear, but occasionally the rear or left rear).

· Strong or intense low-level reflectivity gradient with the 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 extends beyond the low-level maximum reflectivity gradient, capped above by a major reflectivity core (> 46 dBZ).  It is further capped by the maximum echo top, which exists above the major reflectivity core. Beneath the overhang is the Weak Echo Region (WER).

· Once a storm reaches the mature stage the Bounded Weak Echo Region (BWER) may develop.  This region will be distinguished by the following features:


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), 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 accompanied by extensive mid-level overhang is a good indication of tornado development.  Further indication of tornado development occurs if the pendant wraps up into a hook echo.  If the wrap up is accompanied by a collapse of the WER and echo top, potential for tornado production is extreme.





Figure 4-2.  Horizontal Echo Characteristics

Criteria for Severe Thunderstorm Using the Tilt Sequence Method.  (See Figure 4-3)  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.
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Figure 4-3.  Vertical Storm Characteristics


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 or bounds the mid-level overhang on the west.

· A BWER is detected.

BASE VELOCITY


Use of base velocity products range from routine daily weather station operations to severe weather forecasting.  Determining vertical wind profiles is accomplished using the entire product display while individual storm features are determined by focusing in on a small area of the display (horizontal wind profiles).  During this section, we provide an introductory look at velocity interpretation, then specific uses of the velocity product. 

Range Versus Height


The WSR‑88D samples through 360 at a series of fixed elevation angles. At each elevation angle, distance outward along the radar beam represents an increase in height above the ground.  In other words, the further you move away from the antenna, the higher the beam is off the ground.  This is an extremely important point to keep in mind when you look at a velocity product.  You must remember that the very center of the display represents the height of the radar tower, while the outer edges of the display are thousands of feet above the ground (Figure 4-4).  You can now see how the WSR‑88D gives you a pseudo 3‑dimensional display.   

[image: image3.wmf]
Figure 4-4.  Range Versus Height
Determining Wind Direction


Doppler Zero Line Orientation.  The orientation of the zero Doppler line is extremely important to velocity interpretation.  Figure 4-5 indicates how to interpret wind direction using the gray zero Doppler velocity line.  The presence of the zero line indicates the wind direction is perpendicular to the radar beam at that azimuth.  For example, along the outer edge of the display, the velocity is zero when the radar points to the north (point 1) and south (point 7).  This means that the wind is either blowing from west to east or east to west at the height corresponding to the edge of the display (keep in mind the pseudo 3D display).  Since Doppler velocities are negative along the western edge of the display and positive along the eastern edge, the wind is obviously blowing from west to east at the height of the display. 
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Figure 4-5.  Determining Wind Direction

When the radar beam points toward point 2 on the zero line, it is pointing toward 330(.  The wind direction at that point is 330( + 90(.  If all we had were a zero line and no other data, we would not know if the wind were from 240( or 60(.  However, since the wind is blowing generally from west to east, the wind at point 2 must be 330(- 90( = 240(.  Similar arguments at points 3, 5, and 6 result in wind directions of 300(- 90( = 210(, 120( + 90( = 210(, and 150( + 90( = 240(, respectively.  At point 4, the zero line is oriented east to west.  Since inbound velocities are to our south, the wind direction must be 180(.  Simple, isn't it?  But what about wind speed? 

Determining Wind Speed


Once you have mastered wind direction, determining wind speed should be a breeze.  Recall from our discussion above that the WSR-88D only measures the full component of the wind, when the wind is moving parallel to the beam.  Therefore, to determine wind speed for any given height, you must read the speed from the point at which the full component is being registered.  How do we do this? 


First, remember that as you move from the center of the screen out to the edges of the display, height above the ground increases.  Therefore, if you have moved two inches out from the center of the display, in any direction, that point would always represent the same height.  For example, if you moved two inches from the center of the display out to the north, and that point represented 10,000 feet, then moving two inches from the center to the south, east, west, or any other direction would also represent 10,000 feet.  With that in mind, lets look at the procedures for determining wind speed. 


First, determine the wind direction for any point along the Doppler zero line.  Once you know the wind direction, determining wind speed is simple.  The wind speed is found on the radial and range that corresponds to the wind direction in degrees and range.  Another way to determine wind speed is to move 90( from the point (wind direction) on the zero line, toward the direction the wind is from.  You must remain at the same distance from the radar when you move 90(.  At the 90( point the radar is sensing the full component of the wind so your true wind speed is derived here.    

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 noticeable backward S-shaped pattern. 

Low and Mid-Level Jets


Whenever the speed profile has a speed maxima or jet within the display, there is 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 point.  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 that point. 

Frontal Boundaries


With adequate radar returns, it is possible to determine the wind field both ahead of and behind a front.  The frontal zone is marked by a rapid change in wind direction over a very short transition region.  

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 single Doppler velocity patterns that reveal important storm characteristics.  Three important identifiable storm signatures are convergence, divergence and rotation.  Let's take a closer look at each of these signatures and learn how to identify them.


Rotation.  Termed a rotational couplet as detected by the radar.  The radar only detects two sides of the rotation, hence the word couplet.  Essentially the radar detects the portions of the rotation circulating into the radar-viewing angle, in other words—blowing away or towards the radar.  The other parts of the rotation, which are angled perpendicular to the radar beam, are detected as zero.  The end result is an adjacently joined inbound and outbound velocity area, with a zero line running parallel to the radials.  However, normally the rotational area is not large enough to detect a zero line within the couplet and it is designated as a referred zero line.


On the radar both cyclonic and anticyclonic rotation can be seen.  The orientation of the couplet from the RDA will determine which type of circulation is occurring.  For instance, cyclonic rotation north of the RDA would result in inbound on the west side of the couplet, and outbound on the east side.  However, given this exact display south of the RDA the determined circulation would be anticyclonic.  From this we have derived the following limitation: cyclonic rotation north of the RDA is viewed as anticyclonic south of the RDA.


Divergence/Convergence.  As with rotation, the radar detects a couplet, but in this instance it is termed a divergent or convergent couplet.  The radar detects the flow in divergent or convergent areas that is blowing towards or away from the radar.  So instead of being adjacent inbound and outbound velocity areas, the recognizable signature is inbound and outbound areas of velocity occurring along the same radial.  The zero line, or referred zero line, is perpendicular to the radials in convergence or divergence.  The same limitations applied to rotation apply here, and orientation from the RDA is crucial in determining type.  In regard to divergence, the inbound side is always near to the RDA, and the opposite is true for convergence.


As you can see from the previous descriptions, the signatures for rotation, divergence, and convergence are all basically the same, the only difference between the signatures is the direction at which you view them and the signatures orientation to the radials.  Knowing the location of the radar is crucial to identifying whether a storm signature is convergence, rotation, or divergence.


Uses of the Horizontal Variations.  While examining the WSR-88D for horizontal variations in the wind (individual storms), several significant features can be identified.  They include mesocyclones, tornadic vortex signatures, hail size, microburst/downburst, and much more.  Let's take a look at each one of these and see how we go about identifying them. 


Mesocyclones.  A mesocyclone is a 3-dimensional region in a storm that rotates and is closely correlated with severe weather.  By interrogating several slices of a storm and correlating them 

3-dimensionally, we can verify the existence of a mesocyclone. 


Tornadoes.  Using the velocity product and locating a rotational field does not alone signify the existence of a tornado.  Most tornadoes exist within a pre-existing mesocyclone and are usually 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 was discussed in Chapter 3 on the TVS product. 


Hail Size.  You may be asking yourself how do we determine hail size through the velocity field?  Since hail size is directly related to the strength of the updraft within the storm, we can determine size by measuring the updraft.  We can measure the updraft by correlating it to the amount of divergence aloft.  The WSR-88D Operator Handbook (gray binder), page R-7 has a hail size nomogram.
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Figure 4-10.  Hail Nomogram

Microburst/Downburst.  Currently there is no means of obtaining a significant lead time on microbursts using the WSR-88D.  However, the WSR-88D does give us the ability to see moments before they occur.  They show up as strong divergent signatures at and near the surface and are undetectable 50 nm from the RDA.

spectrum width
Interpretation 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 area, we 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.  


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.  


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, NH and KC-135 aircraft, values of 12 knots or higher are correlated with severe turbulence.  Values of 8 - 11kts are found to be associated with moderate turbulence.


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 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. 


Melting Level.  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 around 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. 

SUMMARY

The Base Reflectivity product depicts the familiar echo patterns everyone is used to seeing.  The velocity and spectrum width products will take practice to be able to evaluate rapidly.  As your experience grows and forecast studies are developed, known uses of these products should expand significantly.  As when making a forecast, these products should never be used alone.  If you see a significant signature on base reflectivity, look at base velocity or any of the derived products, to help support or dispute the existence of what you first detected.

REVIEW EXERCISE 4

1.  What is the definition of a hook echo?

2.  What is the minimum distance of mid-level overhang for a severe storm?

3.  Where is the likelihood of severe weather occurrence with a LEWP?

NOTE:  Use the Product Workbook to answer Questions 4 through 16.

4.  On page 1, what is the elevation of the base reflectivity product?

5.
On page 2, where is the product centered?

6.  On page 3, could the height of the freezing level be determined and how?

7.  On page 4, describe the features you detect in this picture and explain them?

8.
On page 6, what is the maximum dBz detected by the radar?

9.  On page 7, what is the direction and speed of the winds at the extreme outer edge of the display?  Is this the actual velocity?

10.  On page 8, what is the maximum outbound velocity detected by the radar?

11.
On page 13, if you were stationed at AZRAN 22/50 (22( at 50 nm) from the RDA, what specific weather phenomena might you be worried about?

12.  On page 14, what limitation of the composite reflectivity product is observable?

13.  On page 17, what product limitation is observable and what is its cause?

14.  On page 19, what storm motion did the SRM product use, and how was this motion determined by the algorithm?

15.  On page 27, what is the maximum dBz detected by the radar and where?

16.  On page 33, what can be determined about the likelihood of hail based on this picture?
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