CHAPTER 2
WSR-88D SYSTEM CONCEPTS
OBJECTIVE

Describe the WSR-88D system concepts and the functions of its different components.

INTRODUCTION


As you probably know, the WSR-88D is a tri-agency radar.  It was designed to serve the Department of Defense (Air Force, Navy and Marines), the Department of Commerce (National Weather Service) and the Department of Transportation (Federal Aviation Administration).  All of these agencies are represented on the official WSR-88D emblem.  


To best serve all users, the WSR-88D produces a vast number of products;  some you use routinely, some occasionally, and some not at all.  This chapter is dedicated to providing you a thorough understanding of the NEXRAD system network and the WSR-88D major components and their functions.  You must have this basic knowledge before we can effectively explore the multitude of WSR-88D products. 


The following topics are covered in this chapter:

· System configuration/network is information about how a WSR-88D system fits into the NEXRAD system network.

· Major components is a discussion concerning the three major components of the WSR-88D and the communication links between them.

· Volumetric scanning is information concerning the various scan strategies employed by the WSR-88D. 

· Data flow is a discussion concerning the flow of data from pulse development to its final impact of a final product. 

· Archiving is a description of the four different methods used by the WSR-88D to permanently record data.

INFORMATION
SYSTEM CONFIGURATION


The WSR-88D is a tri-agency system that was developed to support three separate agencies or principle users.  These agencies include the following: Department of Commerce (NWS), Department of Defense (DOD) and Department of Transportation (FAA). 

NETWORK CONFIGURATION

Radar Coverage

The WSR-88D is designed to cover the entire U.S. with an umbrella of radar coverage.  This is accomplished by a vast network, which will support each agency member and their mission requirements. Each agency shall endeavor to support, to the maximum extent possible, the data, products, and operational requirements of the other agencies within the network.  The WSR-88D sites are categorized as network, supplemental, or non-network.


Network Site.  A network site is a Department of Commerce (NWS) WSR-88D site that continuously collects, collates, and makes available radar products in support of the National Weather Radar Network. 


National Weather Radar Network.  The National Weather Radar Network consists of 120 sites dispersed throughout the contiguous United States (CONUS).  It provides nearly complete coverage of precipitation and severe weather events that would affect the CONUS and the National Airspace System. 


Supplemental Site.  A supplemental site is a Department of Defense WSR-88D site in the CONUS or a Department of Transportation (FAA) non-CONUS site.  These sites provide data via a dedicated or dial-in telephone link to a nearby National Weather Service Warning and Forecast Office.  A Department of Defense site in the CONUS continuously collects, collates, and makes available radar data and products in support of the Department of Defense and the National Command Authority.  


Non-Network Site.  A non‑network site is a WSR-88D site that has neither network nor supplemental site reporting responsibilities.

Types of Users


Principle Users.  The principle users are the National Weather Service, the Air Force Weather Services, the Naval Oceanography Command, and the Federal Aviation Administration. 


Associated Users.  An associated user is a principle user with dedicated communications within a WSR‑88D unit. 


Non-Associated Users.  A non-associated user is a principle user who has only dial-in communications to a WSR-88D unit. 


Other Users.  Other users are anyone other than a principle user who has access to WSR-88D products.  These include information service companies, broadcast meteorologists, airlines, and other aviation interests, universities, etc.

Unit Radar Committee (URC).  


The committee is comprised of one voting member from the DOD, DOT, and DOC in the CONUS.  Overseas the committee is comprised of one voting member from each associated user.  The committee is responsible for establishing alert thresholds, paired alert products, and many other things.

MAJOR COMPONENTS

The WSR-88D provides you with exciting new perspectives to apply in operational forecasting and observing.  To fully use its many features, you must first have a good understanding of the WSR-88D system itself.


The WSR-88D is much more than just a radar, it is actually a carefully integrated system of basic radar components, sophisticated computer hardware and software, and an intricate communications network.  To better understand how the overall system is conFigured and to see what each component does, we take the following approach.  First, a description of hardware and a discussion of the more important tasks accomplished by each major component.  Then, we'll discuss how communications between each component works and how data flows from the transmission of a pulse through to the display of a meteorological product, one component at a time. 


The WSR-88D combines powerful radar with advanced computer processing to provide a new wealth of atmospheric data with extraordinary accuracy and resolution.  It not only shows reflectivity and related measurements of rainfall but also displays new radial velocity and spectrum width information.  Each WSR-88D unit consists of a Radar Data Acquisition unit, a Radar Product Generator, a number of remote Principal User Processor workstations, and the necessary wideband and narrowband communications to link them all together. 


This section contains the following information:

· Radar Data Acquisition

· Radar Product Generation 

· Principal User Processor

· Communications
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Figure 2-1.  WSR-88D System Layout
Radar Data Acquisition (RDA)

The RDA includes the antenna and all other necessary hardware to control the antenna and preprocess meteorological data.  It provides for the detection and measurement of meteorological and hydrological phenomena.  This includes anything from raindrops, to dust, to insects, to refractive gradients.  In other words, we want to see any scatterer in the atmosphere that can give us information to help with a forecast, observation, or warning.  The RDA performs signal processing of Doppler weather radar data and transfers this data in the form of reflectivity, velocity, and spectrum width base data to the Radar Product Generator.  The RDA provides the capability to monitor and control the WSR-88D antenna, and also provides a maintenance control terminal in support of both operations and maintenance activities.  There are four basic subcomponents, which make up the RDA.  They are the antenna assembly, transmitter, receiver, and signal processor (data preprocessing) computer equipment.  


Antenna Assembly

Antenna.  The WSR-88D antenna is a parabolic dish 28 feet in diameter (the FPS-77's is 8 feet), which produces a beam width of approximately one degree.  In the WSR-88D's operational mode, the antenna rotates continuously in azimuth at a maximum speed of 5 rpm (revolutions per minute) and moves in predetermined incremental steps in elevation from 0.5 to 19.5(.  The elevation steps are determined by the particular volume coverage pattern (VCP) being used.


Transmitter.  The transmitter is a high-power, 10-centimeter wavelength, pulse amplifier that generates the high‑power radio frequency (R‑F) pulse for transmission by the antenna.  To accomplish this, the WSR-88D uses a klystron tube instead of the magnetron tube, which was used in older radar.  The klystron provides for a very stable output of energy that is critical to the Doppler detection process.  The transmitter has an operating frequency range of 2,700 to 3,000 MHz.  Its operating power is 750 kilowatts with a peak output power of 1 megawatt (1000 kilowatts).  This is almost 3 times more powerful than the FPS-77!


Receiver.  The receiver is a highly sensitive device, which amplifies the R‑F energy returned to the antenna and transfers this analog data to the signal processor.


Signal Processor.  The signal processor's main job is to take the raw analog data from the receiver and process it into digital base data.  It also determines which predefined volume coverage pattern is executed by the antenna assembly.  Other functions include ground clutter filtering, range unfolding, data thresholding, archive storage (level II), and allowing RDA control to maintenance personnel.  
Now you   have a basic understanding of what each component of the RDA is and what it does.  Let's now turn our attention to the subcomponents of the RPG and examine the functions of each.

Radar Product Generator (RPG)

The RPG is considered the "brains" of the WSR-88D unit.  It includes high-speed computers, extensive memory capacity, and provides computer control to the RDA.  The RPG accepts the Doppler weather data from the RDA and produces a set of meteorological products.  Product generation is accomplished by the execution of meteorological algorithms that are stored in the RPG computer.  Algorithms are the individual computer programs, which enable the RPG to produce usable products from the base data received from the RDA.  Additionally, the RPG provides for product storage and distribution, alert processing, RDA control, and status monitoring.  
The RPG may not look too impressive from the outside but what really counts is what takes place on the inside.  We can break the RPG down into several functional areas.  Let's take a quick look at what each area is and what it does. 


Central Processing Unit (CPU).  The CPU consists of a Concurrent Corporation 3285 processor which receives base data from the RDA, processes the data into meteorological and hydrological products through the execution of algorithms, then stores and distributes these products.  Velocity dealiasing and certain system algorithms such as auto PRF, alert processing and loadshedding/product priority are carried out within the CPU as well.  The CPU supports the loading of operating software from an external disk into the RPG's shared memory. 


Shared Memory.  The processing equipment provides shared memory of 8 megabytes.  Shared memory enables the RPG to perform many processing tasks simultaneously.  These tasks include velocity dealiasing, product generation, loadshedding, alert processing, one‑time product requests, and other functions critical to operational demands. 


Mass Storage.  The mass storage device is a fixed media, 600-megabyte magnetic disk.  This disk has self-diagnostics and automatic error checking and correction capabilities.  The mass storage provides a place to read and write both programming and product information.  


Archive Storage (LVL III).  The RPG processing cabinet includes an optical laser disc drive.  Optical discs are capable of permanently storing up to 654 megabytes or 168 hours of product data.  The optical disc is a "WORM" (write once, read many) which means that once data is copied on the media, it cannot be erased or overwritten.  These discs can be later accessed for training or operational review.  In a later section, we discuss archiving in more detail. 


SCSI (Small Computer System Interface) Tape Drive.  The RPG processing cabinet also includes a SCSI magnetic 1/4" tape drive.  A SCSI tape is capable of permanently storing up to 60 megabytes of product data.  However, unlike the optical disk, it can also save system and application files such as adaptation data, user functions, command substitution systems, etc.

Unit Control Position


Control of the RPG is accomplished from a computer terminal known as the Unit Control Position (UCP).  Access and control of the RPG effectively means control of the entire system.  The UCP provides an appropriate operator interface from which control and monitoring functions are carried out.  All Air Force UCPs will be remotely located, which means data communications with the RPG is via a dedicated narrowband communications link.  


At the majority of CONUS locations, the UCP is owned by a National Weather Service forecast office.  This means that a good working relationship with the NWS is very important.  Unit Radar Committees are established for each system site and written guidance is available to help make this inter‑agency coordination a little easier.  The UCP is given authority by the URC to make on-the-spot changes to support associated users.  All decisions made by the URC are carried out by the UCP.


Applications Function.  The UCP applications function provides the user with the capability to control and monitor RPG/RDA operations and communications.  These include controlling product generation and distribution and performing archival functions.  It also provides for the monitoring of the RPG and RDA thus allowing the operator to check the status at any time. 


System Control Function.  The RPG system control (system console) function provides a user interface to the RPG processor via the operating system (OS/32) and the Control Diagnostics System (CDS).  Specific operations that may be performed at the RPG system console include disk and tape maintenance operations, start and stop of the application software, and running system diagnostics. 


Maintenance Terminal.  The maintenance terminal is a computer terminal collocated with the RPG if the UCP is remotely located.  It is capable of communicating with both the RPG and the RDA and is used solely by maintenance personnel.

Principal User Processor (PUP) 


The Principal User Processor (PUP) is your workstation.  At the PUP, you request and control WSR-88D products, manipulate the products to suit your needs, make hard copies, monitor the status of the WSR-88D system, and a number of other user interface functions.  The PUP provides you with the capability to request products from the RPG.  To display, edit, annotate, distribute and locally store products; monitor the status of the RDA and RPG, and perform archival functions.  A workstation, processor, system console, copier, and the archive device are the hardware that compose the PUP. 


Occasionally you may hear the term "Radar Product Generator Operational Position (RPGOP)."  The RPGOP put simply, is a PUP with an extra large leash.  The RPGOP functions the same as a PUP.  It is located with the unit that owns the UCP.  It is identical to the PUP with one exception, the RPGOP communicates with the RPG at a much faster data rate than the PUP.  The OP, as it's commonly called, has a data rate of 56,000 bytes per second compared to the PUP's 14,400 bytes per second.  This means it can receive more products in a given period of time without the possibility of choking down the communication line.  


The PUP workstation consists of two 19-inch color graphic displays, applications terminal, system console (which are alphanumeric terminals), a graphic tablet and puck (similar to a mouse), and a hard copy device (printer).  The workstation is the interface to the display and graphic processors.  The workstation has the capability to display products on the graphic color monitors and the alphanumeric terminal.  It also sends requests and commands from the graphic tablet to the graphic processor, and provides for visual and audible alerts.  Now that you have had an overview of the PUP, let's look at each component a little more closely. 


Graphic Display Monitors.  The two 19-inch color graphic display monitors provide extremely high resolution (1,280 X 1,024 pixels) which allows you to view base and derived products.  These monitors are capable of extremely high resolution.  You can adjust them for your viewing comfort by sliding them forward or backward on the table or by tilting them for the best viewing angle. 


Applications Terminal.  The applications terminal provides for the control of the application software via computer menus.  The two major functions are:  to give commands to the PUP through the use of the alphanumeric keyboard and to view the alphanumeric displays on the cathode-ray tube (CRT).  The applications terminal allows the input of some commands that would normally be done by the graphic tablet and  serves as a backup to the tablet.  Data such as status messages and alert information is displayed on the applications terminal. 


Graphic Tablet and Puck.  The graphic tablet is your primary interface with the PUP.  Although certain functions can only be done from the applications terminal, you will perform most functions from this point.  If you've ever played computer video games, you should be a natural on the tablet.  However, you need several hours of hands-on practice to fully learn how to best use the graphic tablet.  Safeguards have been incorporated so that you cannot damage the WSR-88D by your actions using this interface.  Therefore, you need to practice.  Soon, you'll be able to use and practice all the following graphic tablet functions.


The Graphic Tablet has three basic modes of operation.  They are: (1) Normal, (2) Edit, and (3) Product Parameter Select.  With the exception of editing background maps (which locks out most other functions), these modes are screen independent, i.e., separate for each screen.  This means you can edit an alert area on the left screen while the right screen continues with normal operations.  


System Console.  The PUP system console is either located on the same keyboard with the applications terminal or may be a separate alphanumeric terminal.  The system console provides access to the PUP's display processor and operating software (OS/32 and the CDS).  You need to be familiar with a number of computer commands in order to bring the PUP to an orderly shutdown and to properly restart the PUP as well as copying system/application files and loading necessary tasks.  Maintenance personnel also use it to run diagnostics of the system hardware.  


Hard Copy Device.  The WSR-88D comes equipped with a Tektronix color printer, which makes hard copies of the alphanumeric screen or either of the graphic monitors.  Print image resolution is 300 dots per square inch and the image processing time varies between 0-63 seconds.  To make a product copy, the operator simply places the puck over the HARD COPY selection box on the graphic tablet and pushes the left or right puck button, depending on which screen is to be printed.  The product on the screen is then sent to the print queue for printing.  To print from the alphanumeric screen, a function key is provided on the keyboard.  Prints can be made on either paper or transparencies.  The transparencies are of very high quality and make excellent briefing aids. 


The term "workstation" is a perfect description of the PUP.  The PUP is your access to the exciting new world of the WSR-88D and allows you to request products from the RPG, to display, annotate, and store these products as needed.  With a little time and practice, the WSR-88D will allow craftsmen and journeymen, alike, to increase the accuracy, quality, and timeliness of their work. 

Communications

No system is complete without good communications; therefore, the WSR-88D's communications are an integral part of the overall system.  A wideband link exists between the RDA and the RPG to allow massive amounts of data to be transferred.  This data is then processed into various meteorological products at the RPG and sent to the PUPs through narrowband communication links.  Now that let's look at how the WSR-88D's communications are conFigured for each major WSR-88D component.


Wideband Link.  The wideband link is used to handle the flow of data between the RDA and the RPG.  This link has a maximum data rate of 1.54 million bytes of data per second.  There are three options available for the wideband link depending on the distance between the RDA and RPG. 


Hardwire.  Used when the RDA and the RPG are between 0 and 400 feet apart.  All DOD RDA/RPG sites will be conFigured by this method.


Fiber Optics.  Used when separation is between 400 feet and 11 miles.  A repeater may be used if the distance exceeds 11 miles.  


Microwave Line of Sight (MLOS).  Consists of a transmitter and receiver that are shielded against electromagnetic interference.  A dish antenna is used for MLOS transmission and reception.  Range for this type of medium without a repeater is between 3,280 feet and 25 miles.   


Narrowband Communications. Narrowband includes all other communication between the   WSR-88D components.  It includes modem interfaces to and from the RPG and associated PUPs, remote or local UCP, and any other external users of WSR-88D data.  Ports for narrowband links are designated as either dedicated, which is a full time connection (associated), or dial-up, which refers to dial-in, part time connections (nonassociated). 


Product dissemination, commands, control and data requests between the RPG and the PUP are transferred at a rate of 14.4 Kbps.  UCP equipment is also connected to the host RPG by a 14.4 Kbps communications circuit.  This is slow by today’s standards in modem speeds.  However, you will be hard pressed to find any real noticeable drawback due to data transfer rate.  Another great feature of the communications hardware is the automatic re-initialization system.  If the communication cards become inactive they automatically re-initialize to avoid losing products at the PUP.  Resulting in a system status message on the PUP graphics screen, “Line XX Initializing.”  

DATA FLOW

Now that you have an understanding of what each major component of the WSR-88D is and what it does.  Let's turn our attention to the flow of data from the development of a pulse to its impact on a final product:


This section contains information on the data flow at the 

· RDA

· RPG

· PUP

RDA Data Flow
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Figure 2-2.  Information in Returning Pulse

The RDA has produced the critical base data used by the RPG to build the meteorological products you need.  However, this data may still be contaminated with things such as ground clutter, unwanted electromagnetic noise, and range-folded returns.  The RDA has the job of cleaning up this data before it goes to the RPG.  


Analog to Digital Data Conversion.  Before the base data are ready for clutter filtering, range unfolding, signal-to-noise thresholding, etc., it must first be converted from analog data to digitized data.  This is the very first task accomplished on base data at the signal processor.


Clutter Filtering.  The WSR-88D attempts to filter out most ground clutter long before you ever see the finished product on the screen.  It does this by taking advantage of three very distinct properties common to most clutter.  First, ground clutter is usually stationary, or has near zero Doppler velocity; second, it has a small dispersion or spectrum width, and thirdly medium to high reflectivity values are indicated.  Spectrum width data is used in clutter filtering to distinguish between useful meteorological returns and non-meteorological returns.  The WSR‑88D combines these two features; near zero Doppler velocity and small spectral dispersion, to distinguish between meteorological targets and unwanted clutter.


The UCP operator can select the degree of clutter filtering depending on the situation.  For example, on mornings with a strong radiation inversion you may want to select maximum filtering.  Later that afternoon when the inversion breaks, you might want to reduce filtering or use none at all.  The WSR‑88D's signal processor can produce a clutter map using the target characteristics mentioned above.  This map is called the bypass map and is generated automatically by the WSR-88D.  The bypass map may need to be regenerated periodically to accommodate seasonal changes or clutter caused by new construction.


Another option exists where the operator can manually edit the clutter map for use under extremely abnormal atmospheric conditions.  This is called the clutter suppression regions edit feature, which resides at the UCP.  Here the operator tells the WSR-88D to filter specific azimuth/range locations.  This allows maximum flexibility by allowing the operator to select aerial coverage, the amount of Doppler/reflectivity suppression and a height where clutter suppression is desired.  NOTE: Only authorized operators have access to change the clutter filtering.  


Data Thresholding (Signal-to-Noise Ratio).  Data thresholding consists of suppressing those data points whose signal-to-noise ratios (usually about 3 dBZ) fall below a user-specified value.  This is our way of telling the RDA to ignore data usually caused by system noise rather than have it contaminate future processing at the RPG. 


Range Unfolding.  Range-folded (second‑trip) echoes can have extremely adverse affects on our meteorological products.  The RDA employs a process that can eliminate most range-folding problems.  This process involves comparing all returns encountered at high PRFs to those received at a low PRF to determine which echoes are range folded.  Remember, folding is likely to occur at high PRFs, but is rare at low PRFs.  The RDA uses the target ranges determined from the low PRF to properly place the velocity and spectrum width data gathered at high PRFs. 


After the base data are digitized, data thresholded, clutter filtered, and range unfolded, then it is ready for transmission via the wideband link to the RPG.  Now let's turn our attention to data flow within the RPG.

RPG Data Processing

As you know, the RPG receives radar base data (reflectivity, radial velocity, and spectrum width) from the RDA via the wideband communications link.  To this point, the RDA has performed such functions as clutter filtering, data thresholding, and range unfolding.  However, more processing must be accomplished before accurate, useful products can be generated.


Velocity Dealiasing.  Recall from the previous chapter that velocity aliasing occurs when a velocity is detected which exceeds the Nyquist interval.  Remember our example of the speedometer wrapping around beyond its maximum value.  When aliasing occurs, algorithm processing is impaired.  The RPG uses a method to dealias velocity data before it is used by any meteorological algorithms. 


Meteorological Algorithms.  This is a good place to have a brief discussion of meteorological algorithms since they are resident in the RPG.  In a following chapter, we discuss these meteorological algorithms in more detail as they pertain to each associated product. 


The RPG allocates partitions to group together similar tasks, or tasks that depend on the previous task's intermediate output to produce a result.


Storm Analysis.  Storm analysis contains six algorithms that must be run in the following order since each is dependent on the previous algorithm's output:

· Storm Cell Segment 

· Storm Cell Centroid 

· Storm Cell Tracking 

· Storm Position Forecast 

· Hail Detection Algorithm 

· Storm Structure


Precipitation Processing.  The precipitation processing system contains four algorithms that are executed in the following order:

· Precipitation preprocessing 

· Precipitation rate

· Precipitation accumulation 

· Precipitation adjustment 


Other Algorithms

· Vertically Integrated Liquid

· Severe Weather Probability

Clear-Air Analysis.  The clear-air analysis contains two algorithms:

· Velocity Azimuth Display (VAD)

· Velocity Volume Processing (VVP) 


Kinematic Analysis.  The kinematic analysis contains five algorithms: 

· Shear

· Transverse wind 

· Turbulence 

· Mesocyclone (MESO) 

· Tornado Detection Algorithm (TDA) 


System Algorithms. 


Auto PRF Analysis.  The auto PRF analysis contains the tasks that perform the analysis of storm data to select the best PRF to use in a given meteorological situation. 


Alert Processing.  The RPG alerts all associated PUPs when weather meets or exceeds a predetermined user-specified threshold.  Immediately upon detection of alert criteria three things happen. First, the RPG initiates a User Alert Message (UAM) and transmits it to the PUP.  Second, the reception of the UAM causes an alarm to be sounded at the PUP.  Third, an alert-paired product is generated by the RPG and transmitted to the PUP.  If you recall, alert paired products were determined by the URC.  The alert product generation tasks and alert message/paired products transmission are given the highest priority. 


Loadshedding and Product Priority.  The RPG is quite an impressive computer. However, it does have limitations.  These limitations include a fixed amount of memory space and hard disk space.  Without load control capability, if this space is totally used up the RPG will most likely "crash".  Loadshedding is a feature placed into the RPG as a "safety valve" if and when the RPG cannot satisfy customer requests.  


For Example:  CPU loadshedding at the RPG occurs to ensure continued unit operations during periods when the RPG cannot satisfy all of the requirements placed on it.  The CPU determines if loadshedding is required by forecasting the processing load for the next volume scan.  It bases this forecast on the processing load experienced during the previous volume scan.  It then modifies this estimate based on the number and type of products the RPG is currently producing and any additional products needed to satisfy customer requirements.  


If the RPG determines it cannot satisfy all of these requirements, it begins to shed tasks based on the master task list prioritization.  A one-time product request from an associated user reactivates the shed task and forces the RPG to recalculate the processing load and reexamine its task priorities.  This request may be honored based on its new priority but may force the shedding of another task.  A one-time product request is a product request by a PUP to an RPG apart from the products listed on the PUP's routine product set list.  This forces the RPG to generate or build this product and send it to the requesting PUP.  Product generation for a one-time request has the second highest priority in the RPG.  The only task with a higher priority is one that is generated as a result of an automated alert.


If algorithms sound complicated, that's because they are.  Many researchers have spent years developing these algorithms, but they are by no means perfect.  In addition, many algorithms, such as those dealing with severe weather, have been developed using Oklahoma storm data.  Because of this, they need to be adjusted and modified to adapt to different weather regimes around the United States and overseas, as well. 


From the above discussions of velocity dealiasing and algorithm processing, you can see that the RPG does an enormous amount of work.  Depending on the weather, an unreasonable workload may be placed on the RPG.  In order to assure continued operation, there may be times when the RPG must selectively and systematically shed tasks.  The RPG is responsible for the majority of WSR‑88D data processing.  Other data such as status messages and alert processing information are also generated here.  The RPG accomplishes literally millions and millions of complex calculations each minute. 


Now that our data has been processed into the various meteorological products, weather alerts, and status messages, we'll continue to follow its flow through the WSR-88D system. Processed data within the RPG is now shipped via narrowband link to the associated PUPs.

PUP Data Processing

The PUP via the narrowband communications link receives data from the RPG.  Some data may be sent to the PUP automatically, some must be requested by the PUP, while other data may be assigned to accompany certain products.  In this section, we look at data flow and how it relates to the PUP.


Routine Product Set (RPS).  A RPS is a list of product types and other associated parameters such as elevation slice, resolution, data levels, etc, which tells the associated RPG what products to send routinely and repeatedly over the dedicated communication line.  Up to ten different lists can be defined for specific weather situations, with up to 31 products defined in each list.


One-Time Product Requests.  A one‑time product request is a request for a product not on the current RPS list.  Some products do not lend themselves for inclusion on the RPS list.  For example, a cross‑section product requires the user to define the azimuth for which the cross‑section is built.  RPS lists and one‑time product requests are discussed in greater detail in a later section.


Alerts.  A new and exciting feature of the WSR‑88D is its ability to alert the operator to user‑defined meteorological phenomena.  Alerts allow the operator to be away from the radar, yet be alerted to significant weather events, which threaten his/her area of concern.


Product Storage.  All products received at the PUP are placed into two different areas: the product que and the product database.  The product que is for temporary storage only and holds only fifteen of the most current products available.  The product database is utilized for long-term storage of products and holds about six hours of product data at any given time.

VOLUMETRIC SCANNING

Another function performed by the RDA is volumetric scanning through the execution of various scan strategies.  A scan strategy is a predetermined sequence of elevation slices and PRFs the antenna accomplishes during the completion of a volume scan.  The WSR‑88D is capable of eight different scan strategies (volume coverage patterns) of which four have been defined.  Recall that volume coverage patterns (VCPs) are the WSR‑88D's computer-controlled sampling patterns.  The terms scan strategy and volume coverage pattern are typically used interchangeably, however, there is a conceptual difference.  You can think of a volume coverage pattern as that area of the atmosphere that gets sampled.  The scan strategy on the other hand, is the actual mechanical and electrical processes employed by the radar.  These include things such as the use of variable PRFs, multiple slices in the lowest two elevation angles, and slower rotation rates for clear-air sampling.


The VCPs are housed in two different weather modes: precipitation mode (mode "A"), and clear air mode (mode "B").  Precipitation mode, or mode "A", is the system default mode.  This means that if a system reboot is performed, the weather mode will automatically become mode "A".  Otherwise switching of the weather mode is controlled by the UCP.  Also, a switch in weather modes will cause the default RPS list to be active.  A letter designator is used to identify RPS lists; there are 10 lists with ID letters “A” through “J”.  When the weather mode is changed to Mode “A” then RPS list “A” is invoked by the radar. By the same token, if the weather mode is changed to “B” then RPS list “B” is invoked.
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Figure 2-3.  VCP 11
Precipitation Mode

In the precipitation mode there are currently two different volume coverage patterns available:



-  VCP 11:  14 elevations between .5o and 19.5o in 5 minutes (Figure 2-3).



-  VCP 21:   9 elevations between .5o and 19.5o in 6 minutes (Figure 2-4).


VCP 11 provides a better coverage pattern (less gaps between higher elevation slices), however it greatly increases the processing workload of the RPG.  VCP 21 is usually adequate for most non‑severe precipitation events and severe weather away from the RDA.  For severe weather at far ranges from the RDA, VCP 21 is best to use because the five lowest elevation slices for far range targets are the same as VCP 11 and "dwell time" is greater.  Dwell time is defined as the amount of time the radar "looks" at a particular target thus more data is received.  VCP 11 is best in severe weather close to the RDA because it slices a storm more times providing detailed storm data.
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Figure 2-4.  VCP 21
Clear-Air Mode

In the clear-air mode, we have VCP 31 and VCP 32 (Figure 2-5).  Both complete 5 elevation slices in 10 minutes.  Notice this is a slower scan than in the precipitation mode.  The antenna rotation rate must be slow enough to allow increased signal returns from the clear air to reach the antenna for detection.  VCP 31 uses a longer pulse and a lower PRF to allow more power per pulse resulting in increased sensitivity.  VCP 32 uses a shorter pulse and a higher PRF to increase the Nyquist co‑interval, and therefore increase the velocity resolution of the sample.  However, this shorter pulse results in less sensitivity because it contains much less energy than the long pulse, and therefore results in a weaker signal return to the antenna. 
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Figure 2-5.  VCP 31 and 32
ARCHIVING

Another incredibly useful WSR‑88D function is archiving.  Archiving is simply the process of permanently recording data.  This data can be in many forms as it passes from one component of the radar to the other.  The data may be meteorological information and products or it can be status information on the performance of the various electrical parts of the WSR‑88D.  Archiving can be done at three locations and are identified as archive levels I, II, III, and IV (Figure 2-6). 


Each level is designed to archive the data as it progresses through the different components of the system.  Archive levels I and II are accomplished at the RDA.  Level III is performed at the RPG and archive level IV is done at the PUP.  Let's look at each archive level individually and discuss the usefulness of each.
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Figure 2-6.  WSR-88D Archiving

Archive Level I.  The archive level I interface is located at the RDA.  Data archived here are the analog output of the receiver.  Information regarding synchronization, calibration, date, time, antenna position, and status are available at this level.  As you can see, archive level I is mostly used for maintenance activities such as testing the signal processors.


Archive Level II.  The archive level II interface is also located at the RDA.  Here, the digital base data output from the signal processor is archived.  This also includes any status information needed to interpret the data.  Remember, the digital base data are the reflectivity, velocity, and spectrum width output from the RDA.  This archive level may very well be the most important and useful because it allows total recreation of a weather scenario.  This archive data can be sent to the RPG for processing into products as though it was actually live data.  In other words, any product that can be created when the radar is sampling live data, can be made from the archive level II data.  Most research and development activity is accomplished using this data.  Unfortunately, archive II recording devices are only provided for training center and research and development use.  However, the entire weather community benefits from projects developed by these agencies.  Archive level II uses an eight-millimeter data tape for data storage.  


Archive Level III.  The archive level III interface is located in the RPG.  At this level, all products produced by the RPG can be saved.  The major difference between archive levels II and III is that only products generated by the RPG may be saved.  You cannot go back and create a product from archive III if it was not originally produced while the archiving was being performed.  The UCP operator can program the RPG to record all products, or selected products by name, or can even designate which volume scans to record the products, i.e., every second or third scan.  The recording media is a 5 1/4-inch WORM optical disc.  It has a storage capacity of approximately three months of data or over 600 megabytes. 


Archive Level IV.  The archive level IV interface is located in the PUP processor cabinet.  This level is identical to archive level III.  The only difference is simply the location at which the recording is accomplished.  Archive level IV can only record those products being received at the PUP.  Even if the RPG is generating a certain product, you may only record it on archive level IV if it is sent to your PUP.  All PUPs are equipped with an archive level IV recording device so you'll get plenty of chances to use it.  This recording capability is very useful for forecast studies, local reference files for training, and anytime significant weather events occur and a permanent record is desired.  Since archive levels III and IV use the same recording media, they can be used interchangeably--that is, you can take an optical disc from an RPG and play it back through the archive IV device at your PUP.

SUMMARY

This is not your ordinary weather radar; I suppose it should be called an “extraordinary weather radar.”  The possibilities of this machine are endless but do not let its power intimidate you.  In the coming chapters we will describe the various NEXRAD products and their use.

REVIEW EXERCISE 2

1.  Name the principle users.

2.  What is the difference between a network site and a supplemental site?

3.  What is the purpose of the Unit Radar Committee (URC)?

4.  What functions occur at the Signal Processor?

5.  What process allows the radar to perform many tasks simultaneously?

6.  What is the purpose of the Unit Control Position (UCP)?

7.  What are the advantages of VCP 11 and VCP 21 respectively?

8.  Explain the four archive levels.

9.  Explain what three methods allow the PUP to receive data.

10.  Explain loadshedding.
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