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Topic 5: Base & Derived Products

Lesson 1:  Introduction to Base & Derived Products
OverviewWelcome to Base and Derived Products! This Stu-
dent Guide is to be used as an additional training
aid, supplementing the online modules. You
should place this in your DLOC student binder,
which typically ends up being an excellent refer-
ence guide. This Student Guide not only contains
materials presented in the online modules, but
also supplemental materials. 

OutlineTopic 5 consists of 24 required lessons covering
the most commonly used products for making a
warning decision. Those products that are avail-
able but are less commonly used will be discussed
briefly in the supplemental section at the very end
of Topic 5 but are not required for completion. The
required lessons are to be taken online and are
self-paced. There are 5 exams associated with
these lessons. It is important that each of the les-
sons and exams be completed in order as defined
below. At the end of the required lessons will be a
live teletraining session led by the Topic 5 instruc-
tors. You will then be finished with Topic 5 when
you complete the 6th and final exam after complet-
ing the teletraining session. 

The lessons are as follows:

Introduction & Background

Base Products

Lesson 1 Introduction

Lesson 2 Background

Lesson 3 Base Reflectivity (Z)

Lesson 4 Base Velocity (V)

Lesson 5 Storm Relative Velocity Map (SRM)
Overview   5 - 21



Distance Learning Operations Course
Reflectivity Derived Products

Velocity Derived Products

Dual-Pol Derived Products

Lesson 6 Base Spectrum Width (SW)

Lesson 7 Correlation Coefficient (CC)

Lesson 8 Differential Reflectivity (ZDR)

Lesson 9 Specific Differential Phase (KDP)

Lesson 10 Base Data Cross-Section Tools (FSI
& VB)

***Exam #1***

Lesson 11 Storm Cell Identification & Tracking
(SCIT) Algorithm

Lesson 12 Storm Tracking Information (STI)

Lesson 13 Hail Index (HI)

Lesson 14 Digital Vertically Integrated Liquid
(DVIL)

Lesson 15 Composite Reflectivity (CZ)

Lesson 16 Enhanced Echo Tops (EET)

***Exam #2***

Lesson 17 Velocity Azimuth Display Wind Profile
(VWP)

Lesson 18 Mesocyclone (MD) & Digital Mesocy-
clone (DMD)

Lesson 19 Tornadic Vortex Signature (TVS)

***Exam #3***

Lesson 20 Hydrometeor Classification (HC)

Lesson 21 Melting Layer (ML)

***Exam #4***
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Precipitation Estimation Products

Teletraining Session

Supplemental Section 
(***NO EXAM***)

Learning 
Objectives

The following objectives are for Topic 5 as a
whole, and represent what should be learned from
the 24 lessons and what will be expected with the
5 exams:

1. Identify the characteristics of WSR-88D prod-
ucts.

2. Identify the limitations of WSR-88D products.

3. Identify the applications (strengths) of WSR-
88D products.       

Performance 
Objectives

In addition to the learning objectives, there are
some performance objectives. These will be infor-
mally assessed at the in-residence workshop held

Lesson 22 PPS Rainfall Products

Lesson 23 QPE Rainfall Products

Lesson 24 Snowfall Products

***Exam #5***

Lesson 25 Threat-based Case Studies

***Exam #6***

Supp 1 Vertically Integrated Liquid (VIL)

Supp 2 Layer Reflectivity Maximum (LRM) 

Supp 3 User-Selectable Layer Reflectivity
Maximum (ULR)

Supp 3 TVS Rapid Update (TRU)

Supp 4 Reflectivity Cross Section (RCS)

Supp 6 Velocity Cross Section (VCS)
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in Norman, OK once you have completed all of the
prerequisite modules for the workshop. Topic 5
instructors will demonstrate these performance
objectives in the teletraining session:

1. Given the suite of WSR-88D products, config-
ure an AWIPS-2 workstation to best support
warning decision making.

2. Given WSR-88D product strengths, applica-
tions, and limitations, make effective warning
decisions using the WSR-88D products.

Exams As mentioned above, there are 6 exams with Topic
5. You must take each exam in order. The first 5
exams consist of 10 questions that cover their
respective lessons. The final exam will cover the
objectives listed in the teletraining session and
consist of 5 questions. These exams are to be
taken in the National Weather Service's Learning
Management System (NWS LMS) at the following
site (http://doc.learn.com/noaa/nws).
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Topic 5: Base & Derived Products

Lesson 2:  Background
Review of Product 
Generation

Before diving into the products, here is a quick
review of how data are generated by the WSR-
88D system.  Recall from Topic 2 that analog data
are sent from the Receiver to the Signal Proces-
sor, and converted to digital base data at the Sig-
nal Processor (see Fig. 5-1).

Clutter suppression and some range unfolding are
completed at the RDA and digital base data are
then sent to the RPG via wideband link.

Velocity dealiasing and some additional range
unfolding (in VCPs 12, 121, 211, 212, and 221) is
done at the RPG, then product generation occurs.
Products are then sent from the RPG to AWIPS-2

Figure 5-1.  Base data are sent from the RDA to the RPG where the 
radar products are produced and sent to AWIPS-2 and 
other users.
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Base vs Derived
Products

Topic 5 covers two basic types of products: base
and derived. The following sections will briefly
define base and derived products and discuss
their general strengths and limitations. Base data
and derived products can be found under your
dedicated radar's drop down menu (see Fig. 5-2).

Figure 5-2.  Example dedicated radar menu in AWIPS-2
5 - 26    Base vs Derived Products



Topic 5: Base & Derived Products
Base ProductsBase products are defined as the rawest form of
data available to the operator. These include the
three base moments (Z, V, SRM and SW) and the
dual-pol variables (ZDR, CC and KDP). These
data are considered to be the closest thing to the
truth since they are the rawest form of data avail-
able.

ApplicationsBase data are great for analyzing significant mete-
orological signals such as fronts, thunderstorms,
tornadic circulations, etc. What makes the human
critical in analyzing base data is the ability to infer
spatial relationships. Where a blob of 50 dBZ
echoes could mean ground clutter or a significant
thunderstorm to a computer algorithm, a human
can use spatial recognition to quickly identify that
echo as either a thunderstorm or ground clutter.

LimitationsSome considerations to keep in mind when look-
ing at all base data:

• Ground clutter: When the radar beam inter-
sects man-made objects, or the earth, it can
contaminate the returned signal and mask
many meteorological signals. Examples are
wind farms, skyscrapers, or ducting of the
beam to intersect the ground (i.e. Anomalous
Propagation (AP)).

•• Solution: Invoke a clutter suppression
scheme at the RPG HCI first. If this does
not work, view a higher tilt or an adjacent
radar. If all that fails, you can also use
exclusion zones.

• Earth curvature: As a radar beam propagates
further away from the radar, the earth curva-
ture causes the beam to go further and further
away from the earth's surface. Therefore, at
long distances, the radar beam will not be
sampling the low levels.
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•• Solution: Choose a radar closer to storm of
interest if possible

• Beam blockage: When ground objects inter-
fere with the beam, this is called beam block-
age. This can either reduce the power return
from a storm making it look not as intense, or it
can completely block the beam from sampling
a storm.

•• Solution: Choose a different radar, or go up
to the next elevation where the blockage is
cleared.

• Beam broadening: As a radar beam propa-
gates further away from the radar, its beam
spreads out. Recall that the power return is an
average of all scatterers within the beam. If the
beam is broader, then this average will tend to
smooth out the power return. This means that
significant storms at long range will not appear
as threatening as the same storm at closer
ranges

•• Solution: Choose a nearer radar.

• Non-uniform beam filling: Related to beam
broadening, this effect is most noticeable in
the dual-pol variables. When non-uniform
beam filling is significant (i.e. storms aligned
along a radial), the dual-pol variables will
become less reliable. 

•• Solution: Choose a different radar

• Cone of Silence: The highest elevation angle
for the WSR-88D VCPs is 19.5 degrees. This
means for storms near the radar, the highest
parts of the storms are not sampled. 

•• Solution: Choose a different radar nearby, if
possible

• Beam Height Estimation: Estimated beam
heights estimated are based on a standard
atmosphere. Since the atmosphere is rarely
standard, there is always an error in the height
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of the radar beam used in AWIPS-2 and the
RPG. Plus, the estimation is only for the center
of the beam. This basically means that the fea-
ture being sampled may not actually be at the
height that it is listed.

•• Solution: There is no viable solution to this
at this time. It is best to just keep this in
mind when viewing data.

• Discrete Sampling: The VCPs used by the
WSR-88D do not sample continuously in the
vertical. This means that there are gaps in the
vertical when viewing a storm on radar. This
could lead to missed detections if the feature is
shallow or just in the wrong place.

•• Solution: Choose a VCP that is right for the
situation (i.e. VCP 12 has better low level
sampling than VCP 21), or choose a differ-
ent radar if possible.

Finally, with base data, it is difficult to look at all the
data quickly. This is where derived products come
in handy

Derived ProductsDerived products are those products which result
from a computer algorithm ingesting base data
and manipulating the data based on research.
Derived products are any product that were not
defined in the base products. An example derived
product is the Hydrometeor Classification (HC). It
ingests nearly all the base products, computes the
likelihood of each classification based on the input
base data and outputs the most likely classifica-
tion.

ApplicationsAs mentioned above, derived products are useful
for doing rapid analysis of a large amount of data.
Derived products are best used as a safety net to
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augment your decision making (see Fig. 5-3). If
your workload is high, you can potentially catch
storms that might otherwise be overlooked. 

Conceptual models are recognized using base
data (as will be seen in Topic 7). Algorithms pro-
vide additional information beyond that. The key
here is NEVER issue a warning based solely on
a derived product! Use derived products as a
safety net only.

Limitations All algorithms have strengths and weaknesses.
What makes a great forecaster versus a good
forecaster is the ability to understand and know an
algorithm's proper application (i.e. know when and
when not to use them). If you know that velocity
aliasing can cause the Tornadic Vortex Signature
(TVS) algorithm to incorrectly identify rotation,
then when you see a region of aliasing in the
velocity product, you can know that the TVS prod-
uct may have some misidentifications.

Figure 5-3.  This shows how base and derived products are used in 
the warning decision process.  Note that derived prod-
ucts support the warning decision by providing a safety 
net, but because of the limitations there are holes (white 
ovals, lower right) indicating inaccurate data in some 
form from the derived products.
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Adaptable ParametersOne last thing with algorithms; many algorithms
have adaptable parameters (see Fig. 5-4 on page
5-31). These adaptable parameters are values
that can be changed to help tweak the algorithm
so it will perform optimally. This is because the
meteorology in different climate regions is not the
same. So, the adaptable parameters are used to
help improve algorithm performance. Changing
adaptable parameters can also have negative con-
sequences, so most adaptable parameters are
controlled only by the Radar Operations Center
(ROC) in Norman, OK.

Data Levels & 
Resolutions

Products produced by the RPG for viewing in
AWIPS-2 come in a variety of data levels and res-
olutions. For example, there are 8-bit, 4-bit and 3-
bit versions of most products. And, the resolution
of the products can be 0.5 leg or 1 deg azimuth-
ally, and 0.25 km, 1 km, 2 km, or 4 km in range. 

Purpose for data levels & 
resolutions

Why do we have all these different data levels and
resolutions? The answer lies in computer perfor-
mance versus data detail. A forecaster wants to
see as much detail to help make an informed deci-
sion. However, the computer is having to deal with
hundreds of thousands of data bins every volume
scan and needs to have an efficient way of doing
this.

Figure 5-4.  Example of the adaptable parameters for the Snowfall algorithm in the RPG
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Data Levels What does 8-bit versus 4-bit mean? This is best
left up to those interested in computer science, but
here is a little background on how it relates to
WSR-88D products. The higher the number of bits,
the more precise the product values can be. For
example, with an 8-bit product, there are 256 data
levels, or bins. Therefore, data with a certain range
of values can be represented more precisely than
if you had 4-bits (16 data levels), or 3-bits (8 data
levels). The number of data levels is determined
by taking 2 raised to the power of the number of
bits:

• 8-bits = 28 = 256 data levels

• 4-bits = 24 = 16 data levels

• 3-bits = 23 = 8 data levels

So, why do we have 4-bit or 3-bit? This is because
in the early days of the WSR-88D, the bandwidth
needed to send 8-bit data across the narrowband
was too much. This is not as much of an issue
today, but if you suspect bandwidth issues, you
might consider decreasing the number of 8-bit
products you are requesting.

Resolution There are two different resolutions for WSR-88D
products: azimuthal and range. The more resolu-
tion there is in data, the better detail that can be
seen. Table 5-1 through Table 5-6 at the end of
this lesson shows all the available products in their
various data levels and resolutions. For the sake
of brevity, only the 8-bit and Super-res products
will be discussed in the forthcoming lessons. The
general strengths and weaknesses of the lower
resolution products are the same as the higher
resolution products.

Azimuthal Before super-resolution, there was only 1 degree
azimuthal resolution, but with super-res there is
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0.5 degree along with 1 degree azimuthal resolu-
tion. Remember that 0.5 degree data is only avail-
able in the split cut elevations. Super-resolution in
essence doubles the amount of data (i.e. 720 radi-
als vs. 360 radials).

RangeIn range, there are 0.25 km, 0.5 km, 1 km, 2 km,
and 4 km resolutions. Most products in the RPG
now have a range resolution of 0.25 km, but lower
resolutions are still available for bandwidth pur-
poses. 

Since AWIPS-2 outputs English units, here are the
equivalents of the range resolutions in nautical
miles:

• 0.25 km = 0.13 nm

• 0.5 km = 0.27

• 1 km = 0.54 nm

• 2 km = 1.1 nm

• 4 km = 2.2 nm

Routine Product 
Set (RPS) Lists

Have you ever entered a restaurant and ordered
everything off the menu? Probably not because it
is unlikely you could eat all that food, and the ser-
vice would be slow! This is the reason for the Rou-
tine Product Set (RPS) lists in AWIPS-2. The
Radar Product Generator (RPG) has a multitude
of products that it can generate and send to
AWIPS-2, and if you sent all of them, the system
would get overloaded and perform poorly. So, with
an RPS list, you can "order" what products you
would like to see in AWIPS-2. This will reduce the
computational load on both the RPG side (product
generation) and on the AWIPS-2 side (product
storage and display) so it does not perform poorly. 
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National vs. Local Lists There are two types of RPS lists, national lists and
local lists. The national lists are the default lists.
AWIPS-2 will always request these products first.
The local lists are where you can request addi-
tional products, if needed. 

National Lists There are actually two national lists: one for clear-
air VCPs, and one for precipitation VCPs. These
can be found in the /awips2/rcm/data/config/drop-
ins/ path. They are titled rps-RPGOP-tcp.clear-
air and rps-RPGOP-tcp.storm. 

Local Lists The local lists are also found in
/awips2/rcm/data/config/drop-ins/. They have two
forms:

1. KXXX.<convectiveMode>.<vcpNum> (e.g.
KXXX.storm.VCP12). Do not delete these!

2. K<XXX>.<convectiveMode>.<vcpNum> (e.g.
KBGM.storm.VCP12)

The first type of local list can be thought of as the
default local lists. Each build of AWIPS-2 will have
these files automatically.

The second type of local list can be thought as
your locally developed RPS lists, and these are
specific to each radar. NOTE: Currently, when you
develop a local RPS list, it is not saved in the
/awips2/rcm/data/config/drop-ins/ directory by
default. You will need to copy it over once you
have developed it. Otherwise, anytime AWIPS-2
connects to an RPG, it will not see your locally
developed RPS list.

Number of Products By default, an RPS list will hold 150 products. But,
this number can be expanded to 300.
5 - 34    Routine Product Set (RPS) Lists



Topic 5: Base & Derived Products
What counts as a product?When you request one elevation of a product, that
counts as one product in the RPS list. So, if you
request all elevations of Z, V, SW, ZDR, CC and
KDP while in VCP12, that is equal to 14 elevations
x 6 product types = 84 products on the RPS list!

Building the RPS ListNow that you know about the types of RPS lists,
how does it work in operations? Once AWIPS-2
connects to an RPG, this is how the RPS list is
built and used:

1. It will read the national list first (either the
clear-air or storm). These entries will be at the
top of the RPS list

2. Next, it will attempt to read a local list

•• First, it will look for the radar specific local
RPS list (e.g. KBGM.storm.VCP21 if radar
is in VCP 21). If it exists, it will append this
list to the national list

•• If the radar specific list does not exist, it will
append the associated KXXX file (e.g.
KXXX.storm.VCP21 if radar is in VCP 21)

3. Now the RPS list is complete and is sent to the
RPG. A copy of this list is also sent to the fol-
lowing location: /data_store/radar/lists/<radar-
Name>.current. 
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Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Base Reflectivity dBZ Z R 16 3-bit (8) 1 km 1 deg 230 km
Base Reflectivity dBZ Z R 17 3-bit (8) 2 km 1 deg 460 km
Base Reflectivity dBZ Z R 18 3-bit (8) 4 km 1 deg 460 km
Base Reflectivity dBZ Z R 19 4-bit (16) 1 km 1 deg 230 km
Base Reflectivity dBZ Z R 20 4-bit (16) 2 km 1 deg 460 km
Base Reflectivity dBZ Z R 21 4-bit (16) 4 km 1 deg 460 km

Base Velocity kts V V 22 3-bit (8) 0.25 km 1 deg 60 km
Base Velocity kts V V 23 3-bit (8) 0.5 km 1 deg 115 km
Base Velocity kts V V 24 3-bit (8) 1 km 1 deg 230 km
Base Velocity kts V V 25 4-bit (16) 0.25 km 1 deg 60 km
Base Velocity kts V V 26 4-bit (16) 0.5 km 1 deg 115 km
Base Velocity kts V V 27 4-bit (16) 1 km 1 deg 230 km

Base Spectrum 
Width kts SW SW 28 3-bit (8) 0.25 km 1 deg 60 km

Base Spectrum 
Width kts SW SW 29 3-bit (8) 0.5 km 1 deg 115 km

Base Spectrum 
Width kts SW SW 30 3-bit (8) 1 km 1 deg 230 km

User Selectable 
Storm Total Precip in USP USP 31 4-bit (16) 2 km 1 deg 230 km
Digital Hybrid Scan 

Reflectivity dBZ DHR DHR 32 8-bit (256) 1 km 1 deg 230 km
Hybrid Scan 
Reflectivity dBZ HSR HSR 33 4-bit (16) 1 km 1 deg 230 km

Clutter Filter Control -- CFC CFC 34 3-bit (8) 1 km 1 deg 230 km
Composite 
Reflectivity dBZ CZ CR 35 3-bit (8) 1 km x 1 km -- 230 km
Composite 
Reflectivity dBZ CZ CR 36 3-bit (8) 4 km x 4 km 1 deg 460 km
Composite 
Reflectivity dBZ CZ CR 37 4-bit (16) 1 km x 1 km -- 230 km
Composite 
Reflectivity dBZ CZ CR 38 4-bit (16) 4 km x 4 km 1 deg 460 km
Echo Tops kft ET ET 41 4-bit (16) 4 km x 4 km -- 230 km

VAD Wind Profile -- VWP VWP 48 -- -- -- --

Table 5-1.  RPG products 16-48
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Table 5-2.  RPG products 50-75

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Cross Section 
(Reflectivity) dBZ RCS RCS 50 4-bit (16) 1 km X 0.5 km -- 230 km
Cross Section 

(Velocity) kts VCS VCS 51 4-bit (16) 1 km X 0.5 km -- 230 km
Storm Relative 

Velocity (Region) kts SRR SRR 55 4-bit (16) 0.5 km 1 deg --
Storm Relative 
Velocity (Map) kts SRM SRM 56 4-bit (16) 1 km 1 deg 230 km

Vertically Integrated 
Liquid kg/m^2 VIL VIL 57 4-bit (16) 4 km x 4 km -- 230 km

Storm Tracking 
Information -- STI STI 58 -- -- -- 460 km
Hail Index in HI HI 59 -- -- -- 230 km

Tornadic Vortex 
Signature -- TVS TVS 61 -- -- -- 230 km

Storm Structure -- SS SS 62 -- -- -- 460 km
Layer Composite 

Reflectivity (Layer 1 
Average) dBZ LRA LRA 63 3-bit (8) 4 km x 4 km -- 460 km

Layer Composite 
Reflectivity (Layer 2 

Average) dBZ LRA LRA 64 3-bit (8) 4 km x 4 km -- 460 km
Layer Composite 

Reflectivity (Layer 1 
Maximum) dBZ LRM LRM 65 3-bit (8) 4 km x 4 km -- 460 km

Layer Composite 
Reflectivity (Layer 2 

Maximum) dBZ LRM LRM 66 3-bit (8) 4 km x 4 km -- 460 km
Layer Composite 
Reflectivity - AP 

Removed dBZ APR APR 67 3-bit (8) 4 km x 4 km -- 460 km
User Alert Message -- UAM UAM 73 -- -- -- --

Radar Coded 
Message -- RCM RCM 74 -- -- -- --

Free Text Message -- FTM FTM 75 -- -- -- --
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Table 5-3.  RPG products 78-98

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Surface Rainfall 
Accumulation (1 hr) in OHP OHP 78 4-bit (16) 2 km 1 deg 230 km

Surface Rainfall 
Accumulation (3 hr) in THP THP 79 4-bit (16) 2 km 1 deg 230 km
Storm Total Rainfall 

Accumulation in STP STP 80 4-bit (16) 2 km 1 deg 230 km
Hourly Digital Precip 

Array in DPA DPA 81 8-bit (256) -- -- --
Supplemental 

Precipitation Data -- SPD SPD 82 -- -- -- --
Velocity Azimuth 

Display -- VAD VAD 84 -- -- -- --
Cross Section 
(Reflectivity) dBZ RCS RCS 85 3-bit (8) 1 km x 0.5 km -- 230 km
Cross Section 

(Velocity) kts VCS VCS 86 3-bit (8) 1 km x 0.5 km -- 230 km
Layer Composite 

Reflectivity (Layer 3 
Average) dBZ LRA LRA 89 3-bit (8) 4 km x 4 km -- 460 km

Layer Composite 
Reflectivity (Layer 3 

Maximum) dBZ LRM LRM 90 3-bit (8) 4 km x 4 km -- 460 km
ITWS Digital Velocity 

Product kts DBV DBV 93 8-bit (256) 1 km 1 deg 115 km
Base Reflectivity 

Data Array Product dBZ Z DR 94 8-bit (256) 0.25, 1 km 1 deg 460 km
Composite 

Reflectivity Edited 
for AP dBZ CZ CRE 95 3-bit (8) 1 km x 1 km 1 deg 230 km

Composite 
Reflectivity Edited 

for AP dBZ CZ CRE 96 3-bit (8) 4 km x 4 km 1 deg 460 km
Composite 

Reflectivity Edited 
for AP dBZ CZ CRE 97 4-bit (16) 1 km x 1 km 1 deg 230 km

Composite 
Reflectivity Edited 

for AP dBZ CZ CRE 98 4-bit (16) 4 km x 4 km 1 deg 460 km
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Table 5-4.  RPG products 99-147

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Base Velocity Data 
Array Product kts V DV 99 8-bit (256) 0.25 km 1 deg 300 km

Clutter Likelihood 
Reflectivity % CLR CLR 132 11 1 km 1 deg 230 km

Clutter Likelihood 
Doppler % CLD CLD 133 12 1 km 1 deg 230 km

High Resolution 
Digital VIL kg/m^2 DVIL DVL 134 8-bit (256) 1 km 1 deg 460 km

Enhanced Echo Tops kft EET EET 135 71 1 km 1 deg 345 km
Superob:  NCEP 

Winds Model 
Initialization -- SO SO 136 -- -- -- --

User Selectable 
Layer Composite 

Reflectivity 
(Maximum) dBZ ULR ULR 137 4-bit (16) 1 km 1 deg 230 km

Digital Storm Total 
Rainfall 

Accumulation in DSP DSP 138 8-bit (256) 2 km 1 deg 230 km
Gust Front MIGFA -- GFM GFM 140 -- -- -- --

Mesocyclone 
Detection Product -- MD MD 141 -- -- -- 230 km
Tornado Detection 

Rapid Update TRU TRU 143 -- -- -- --
One-hour Snow 
Accum (Water 

Equiv.) in OSW OSW 144 4-bit (16) 1 km 1 deg 230 km
One-hour Snow 
Accum (Depth) in OSD OSD 145 4-bit (16) 1 km 1 deg 230 km

Storm Total Snow 
Accum (Water 

Equiv.) in SSW SSW 146 4-bit (16) 1 km 1 deg 230 km
Storm Total Snow 

Accum (Depth) in SSD SSD 147 4-bit (16) 1 km 1 deg 230 km
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Table 5-5.  RPG products 149-163

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Mesocyclone 
Detection Data Array 

Product -- DMD DMD 149 -- -- -- 230 km
User Selectable 

Snow Accum (Water 
Equiv.) in USW USW 150 4-bit (16) 1 km 1 deg 230 km

User Selectable 
Snow Accum 

(Depth) in USD USD 151 4-bit (16) 1 km 1 deg 230 km
Archive III Status 

Product -- ASP ASP 152 -- -- -- --
Super Res 

Reflectivity Data 
Array Product dBZ Z SDR 153 8-bit (256) 0.25 km 0.5 deg 460 km

Super Res Velocity 
Data Array Product kts V SDV 154 8-bit (256) 0.25 km 0.5 deg 300 km

Super Res Spectrum 
Width Data Array 

Product kts SW SDW 155 8-bit (256) 0.25 km 0.5 deg 300 km
NTDA EDR Final 

Product -- EDR EDR 156 -- -- -- --
NTDA CONF Final 

Product -- EDC EDC 157 -- -- -- --
Differential 

Reflectivity Product dB ZDR ZDR 158 4-bit (16) 1 km 1 deg 230 km
Differential 

Reflectivity Data 
Array Product dB ZDR DZD 159 8-bit (256) 0.25 km 1 deg 300 km

Correlation 
Coefficient Product -- CC CC 160 4-bit (16) 1 km 1 deg 230 km

Correlation 
Coefficient Data 

Array Product -- CC DCC 161 8-bit (256) 0.25 km 1 deg 300 km
Specific Differential 

Phase Product deg/km KDP KDP 162 4-bit (16) 1 km 1 deg 230 km
Specific Differential 

Phase Data Array 
Product deg/km KDP DKD 163 8-bit (256) 0.25 km 1 deg 300 km
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Table 5-6.  RPG products 164-199

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Hydrometeor 
Classification 

Product -- HC HC 164 4-bit (16) 1 km 1 deg 230 km
Hydrometeor 

Classification Data 
Array Product -- HC DHC 165 8-bit (256) 0.25 km 1 deg 230 km
Melting Layer 

Contours -- ML ML 166 -- -- -- 300 km
Dual Pol One Hour 

Accumulation in OHA OHA 169 4-bit (16) 2 km 1 deg 230 km
Dual Pol Digital 

Accumulation Array in DAA DAA 170 8-bit (256) 0.25 km 1 deg 230 km
Dual Pol Storm Total 

Accumulation in STA STA 171 4-bit (16) 2 km 1 deg 230 km
Dual Pol Digital 

Storm Total 
Accumulation in DSA DSA 172 8-bit (256) 0.25 km 1 deg 230 km

Dual Pol Digital User 
Selectable 

Accumulation 
Product in DUA DUA 173 8-bit (256) 0.25 km 1 deg 230 km

Dual Pol Digital One-
Hour Difference 

Accum in DOD DOD 174 8-bit (256) 0.25 km 1 deg 230 km
Dual Pol Digital 

Storm Total 
Difference Accum in DSD DSD 175 8-bit (256) 0.25 km 1 deg 230 km

Digital Precipitation 
Rate Data in/hr DPR DPR 176 16-bit (65536) 0.25 km 1 deg 230 km

Hybrid Hydrometeor 
Classification Data 

Array Product -- HHC HHC 177 8-bit (256) 0.25 km 1 deg 230 km
DoD Base 

Reflectivity 
Enhanced 

Resolution Product -- Z DR7 194 8-bit (256) 1 km 1 deg --
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Topic 5: Base & Derived Products

Lesson 3:  Base Reflectivity (Z)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit Z products.

2. Identify the limitations of the super-res and 8-
bit Z products.

3. Identify the applications of the super-res and
8-bit Z products.

IntroductionTopic 3 covered how Base Reflectivity (Z) is gener-
ated at the RPG.  We will quickly review the defini-
tion of Z and its general interpretation.

DefinitionBase Reflectivity is defined as the average power
return in the horizontal channel from of all the tar-
gets in a resolution volume.

General InterpretationIn general, Z is a great tool for assessing the inten-
sity of the echo. Base Reflectivity is directly related
to the size of the object reflecting the power.
Power is proportional to the diameter to the sixth
power.  Therefore, very heavy rain or large hail will
return more power, thus having higher Z, than
lighter rain or smaller hail.

Base Reflectivity also has a number concentration
dependence.  Therefore, a few small drops will
have a small Z value.  However, a much larger
concentration of the same size smaller drops will
have a higher Z value.

General 
Characteristics

Table 5-7 shows all of the Base Reflectivity prod-
ucts available to you at the RPG and their general
characteristics.  For the sake of time and space,
this lesson will only discuss the super-res and 8-bit
Z (highlighted in the table).  The strengths and lim-
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itations of these products can be applied to the
lower resolution products, unless otherwise speci-
fied.  Finally, before moving on, it is important to
know that AWIPS-2 searches for products in order
from highest resolution to lowest resolution. For
example, if you request Super-res Z, and it is not
available, AWIPS-2 will go to the next highest res-
olution data (which is 8-bit, 1 degree) that is avail-
able.

Super-Resolution Z Super-resolution Z is the highest resolution data
available for Z (0.5 deg by 0.25 km).  It is the pre-
ferred resolution as it best depicts most meteoro-
logical signatures (i.e. BWERs, TBSSs, etc.). The
0.5 deg resolution is only available in the split-cut
elevations. Above the split cut elevations, the
super-res product is 1 deg by 0.25 km. The one
drawback to super-res Z is the noisiness.
Because of the technique used to produce super-
res Z, the variance in the estimate is higher mak-
ing the product appear noisier.  However, human
spatial pattern recognition can usually overcome
this limitation.  

Table 5-7.  List of all the Base Reflectivity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Base Reflectivity dBZ Z R 16 3-bit (8) 1 km 1 deg 230 km
Base Reflectivity dBZ Z R 17 3-bit (8) 2 km 1 deg 460 km
Base Reflectivity dBZ Z R 18 3-bit (8) 4 km 1 deg 460 km
Base Reflectivity dBZ Z R 19 4-bit (16) 1 km 1 deg 230 km
Base Reflectivity dBZ Z R 20 4-bit (16) 2 km 1 deg 460 km
Base Reflectivity dBZ Z R 21 4-bit (16) 4 km 1 deg 460 km
Base Reflectivity 

Data Array Product dBZ Z DR 94 8-bit (256) 1 km 1 deg 460 km
Super Res 

Reflectivity Data 
Array Product dBZ Z SDR 153 8-bit (256) 0.25 km 0.5 deg 460 km
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Table 5-7 showed you all the characteristics of the
super-res Z product. Figure 5-5 shows you an
example of the super-res Z product along with the
legend information and product annotations.

Product AnnotationThe product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range/Az Resolution: 0.25 km, 0.5 dAz

• MX: Maximum Z anywhere in the product

Product LegendThe product legend (bottom) tells you:

• RPG ID: kxxx

• Elevation: x.x in degrees

• Product Name: Reflectivity

• Units: (dBZ)

• Data Level: 8bit

• Date: Day of Week, Time & Date in UTC

Figure 5-5.  Example of super-res Z with product annotations in 
the upper left, product description in the bottom, and 
the colorbar in the upper left above the product anno-
tations.
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8-bit Z 8-bit Z is 1 deg by 1 km (see Table 5-7). It is avail-
able at all elevations and is primarily used for algo-
rithms that still need this resolution data. It is
generated at the RPG by averaging the 8 super-
res bins that comprise the 1 deg by 1 km range
resolution bin. This average power is then con-
verted to a dBZ value.

Many meteorological signatures seen in super-res
Z can also be seen in the 8-bit, 1 deg Z, but may
appear a little more smoothed out. Figure 5-6
below shows you and example of the 8-bit Z prod-
uct along with the legend information and product
annotations.

Product Annotations &
Legend

Same as the Super-Res Z except for the
Range/Az in the product annotation. It reads 1 km
instead of 0.25 km, 0.5 dAz.

Figure 5-6.  Example of 8-bit Z with product annotations in the 
upper left, product description in the bottom, and the 
colorbar in the upper left above the product annota-
tions.
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LimitationsBesides all the general limitations that apply to all
base products that you saw in the background les-
son, here are some additional limitations that
affect Z:

Dielectric Constant of 
Water vs. Ice

Water reflects much more power than ice.  So, for
the same size particle, the liquid particle would
have a much higher reflectivity than the ice parti-
cle.  It is roughly a 7 dB difference.  This is why
above the melting layer reflectivity tends to be less
than reflectivity below the melting layer (exception
with large hail).

Operational Solution• There is nothing you can do to change this law
of physics.  However, know where you are
looking relative to the melting layer and adjust
mentally for this difference.

ChaffChaff consists of many very small fibers typically
dropped from military aircraft to camouflage the
aircraft from radar detection. Chaff may cause
large areas of non-meteorological echoes. The
radar echo typically begins as a small area of 20 to
40 dBZ echoes. These returns can resemble pulse
type thunderstorms. Over time, the chaff will
spread out with the mean wind flow both horizon-
tally and vertically. The radar echo becomes elon-
gated and slowly decreases in intensity.

Operational Solutions• Review all types of observation systems to
make a determination on chaff. Satellite, sur-
face observations, other radar sites, and spot-
ters are tools that can be used.

• Watch for high dBZ during initial release, with
gradual decrease in intensity, spreading with
mean wind flow, and vertical dispersion.

• Look for reoccurrence over the same areas
upwind of flight routes, military operations
areas etc.
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• Military points of contact are often unable to
disclose chaff drops. During an exercise the
decision may be up to the pilot to drop chaff,
and is not necessarily a coordinated sched-
uled chaff release.

Applications
(Strengths)

Observe precipitation
intensity, movement and

trends.

Base Reflectivity has been the standard output
from radars for the past 50 years, and remains one
of the most useful outputs from the WSR-88D.

Precipitation products use Z. Thus, Z can be used
for validation and quality control of precipitation
products.

The use of Clear-Air mode can be useful during
winter storm events with better detection of snow
than in Precipitation Mode. 

Determine significant
storm structure features.

Several storm structure features can be readily
identified using Z including: Weak Echo Regions
(WERs), Bounded Weak Echo Regions (BWERs),
Three-body Scatter Spikes (TBSSs), hail cores,
outflow boundaries, etc.  All these features can
help you determine what type of storm you have
which can help in your warning decision making
process.

Determine location and
motion of fronts and

other boundaries.

Super-res Z is the best product for identifying
boundaries.  These are often noted by fine lines in
Z.  There is increased sensitivity in Z when using
Clear-Air mode.  So, it is possible to pick up
weaker boundaries in this mode if needed.

Locate and identify the
melting level.

The increase in the dielectric constant through the
melting layer results in an increase in Z through
this layer.  As a result, there is sometimes a ring of
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higher Z associated with the melting layer.  If the
melting layer is sloped, this ring will be asymmetric
to the radar location, or may appear as an arc or
irregular band.

Identify 
non-meteorological 
phenomena. 

Many non-meteorological phenomena can be
detected on the radar.  Birds and insects are the
most commonly seen (i.e. the radar "bloom").
Also, fires can be seen by radar (i.e. smoke
plumes).  This can be helpful to assist firefighters if
you see a wind change approaching an area of
fires.  There are many more non-meteorological
returns which can be detected by the radar: volca-
nic ash, airplanes, chaff, wind farms, and even
cars on the highway!  Remain alert and always
use alternative data sources to confirm what you
are seeing on radar is actually meteorological.
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Topic 5: Base & Derived Products

Lesson 4:  Base Velocity (V)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit V products.

2. Identify the limitations of the super-res and 8-
bit V products.

3. Identify the applications of the super-res and
8-bit V products.

IntroductionTopic 3 covered how Base Velocity (V) is gener-
ated at the RPG.  We will quickly review the defini-
tion of V and its general interpretation. 

DefinitionBase Velocity is defined as the power-weighted,
mean radial velocity of all the targets inside the
resolution volume.

General InterpretationTopic 4 covered, in-depth, how to interpret V.
There are 2 key concepts to remember when inter-
preting V:

Measures only radial 
component

The velocity measured at the RDA is only the com-
ponent of the velocity towards or away from the
radar (i.e. radial velocity). In other words, it is not a
measure of the actual wind field. However, some
inferences in the radial velocity patterns can give
you an idea of the general wind field.

Velocities are power-
weighted

The other thing to remember when interpreting V
is that the measurement is power-weighted. This
means targets that return more power will contrib-
ute more to the average velocity calculation than
will targets that return less power. So, the velocity
measurement is bias towards the larger targets’
velocity. 
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e

General
Characteristics

Table 5-8 shows all of the V products available to
you at the RPG and their general characteristics.
As with Z, this lesson will only discuss the super-
res and 8-bit V products.  The strengths and limita-
tions of these products can be applied to the lower
resolution products, unless otherwise specified.
Finally, before moving on, it is important to know
that AWIPS-2 searches for products in order from
highest resolution to lowest resolution. For exam-
ple, if you request Super-res V, and it is not avail-
able, AWIPS-2 will go to the next highest
resolution data (which is 8-bit, 1 degree) that is
available.

Super-Resolution V Super-res V is the highest resolution Base Velocity
product available (0.5 deg by 0.25 km). It is only
available on the split cut elevations, but is the pre-
ferred product as it will provide you with the most
detail to identify meteorological signatures (i.e.
TVSs, gust fronts, etc.). Super-res V, however, will
appear noisier than the 8-bit, 1-degree V, but
human spatial recognition should overcome the
noisiness. 

Table 5-8 showed you all the characteristics of the
super-res V product. Figure 5-7 shows you and

Table 5-8.  List of all the Base Velocity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Rang

Base Velocity kts V V 22 3-bit (8) 0.25 km 1 deg 60 km
Base Velocity kts V V 23 3-bit (8) 0.5 km 1 deg 115 km
Base Velocity kts V V 24 3-bit (8) 1 km 1 deg 230 km
Base Velocity kts V V 25 4-bit (16) 0.25 km 1 deg 60 km
Base Velocity kts V V 26 4-bit (16) 0.5 km 1 deg 115 km
Base Velocity kts V V 27 4-bit (16) 1 km 1 deg 230 km

Base Velocity Data 
Array Product kts V DV 99 8-bit (256) 0.25 km 1 deg 300 km

Super Res Velocity 
Data Array Product kts V SDV 154 8-bit (256) 0.25 km 0.5 deg 300 km
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example of the super-res V product along with the
legend information and product annotations.

Product AnnotationThe product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range/Az Resolution: 0.25 km, 0.5 dAz

• MN: Minimum V anywhere in the product

• MX: Maximum V anywhere in the product

Product LegendThe product legend (bottom) tells you:

• RPG ID: kxxx

• Elevation: x.x in degrees

• Product Name: Velocity

• Units: (kts)

• Data Level: 8bit

• Date: Day of Week, Time & Date in UTC

Figure 5-7.  Example of the super resolution Velocity product. The 
upper left contains the colorbar and the product annota-
tions. The bottom contains the legend information.
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8-bit V 8-bit V is very similar to super-res V except it only
has an azimuthal resolution of 1 deg (see
Table 5-8).  It is available at all elevation angles.
Many meteorological signatures seen in super-res
V can also be seen in the 8-bit, 1 deg V, but may
appear a little more smoothed out. Figure 5-8
shows an example of the 8-bit V product along
with the legend information and product annota-
tions.

Product Annotations &
Legend

Same as the Super-Res V except for the
Range/Az in the product annotation. It reads 0.25
km instead of 0.25 km, 0.5 dAz.

Velocity Measurement
Increment (VMI)

The Velocity Measurement Increment (VMI) is a
setting at the RPG HCI which can allow you to dis-
play velocity values between 123 knots
inbound/outbound, or 246 knots inbound/outbound
using 256 data levels. Figure 5-9 shows you this
setting. When set to 0.97 knots (0.5 m/s), it allows

Figure 5-8.  Example of the 8-bit Velocity product. The upper left 
contains the colorbar and the product annotations. The 
bottom contains the legend information.
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the velocity values to be displayed in 0.97 knot
increments from -123 knots (inbound) to 123 knots
(outbound) using 256 data levels. When set to
1.94 knots (1 m/s), it allows the velocity values to
be displayed in 1.94 knot increments from -246
knots (inbound) to 246 knots (outbound) using 256
data levels. 

For most meteorological events, it is preferred to
use the best resolution option of 0.97 knots. How-
ever, if you suspect high winds exceeding 123
knots, such as you might have with a tropical sys-
tem, you can switch to the 1.94 knot VMI. 

LimitationsThe general limitations covered in the background
lesson apply here for V, but here are some addi-
tional limitations:

Velocity values only 
depict radial component

As mentioned in the introduction, the component
of the velocity field toward or away from the radar
is all that is displayed. So, you are not seeing a
representation of the actual wind field. Keep this in
mind when viewing V.

Figure 5-9.  The VMI setting can be found in the PRF Selection win-
dow (top image) or in the Modify Current VCP Data win-
dow (bottom image)
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Operational Solutions • If there is a nearby WSR-88D radar or TDWR,
you can view the feature of interest with that
radar to get a better viewing angle, if possible.

• Use the Estimated Actual Velocity (EAV) tool
available from the CAVE Tools menu shown in
Figure 5-10. The EAV tool has its own limita-
tions though. An error of just 10 to 20 degrees
in the estimated wind direction you choose can
result in large errors. Also, when actual winds
are at large angles to the radial, errors can be
exacerbated. 

Figure 5-10.  Estimated Actual Velocity (EAV) menu entry under the 
Tools menu in AWIPS-2.
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Range folding may 
obscure data

Recall from Radar Principles that the range unfold-
ing algorithm compares the ratio of the power
return from two targets separated by the maximum
unambiguous range (Rmax) to TOVER. If the ratio
exceeds TOVER, the algorithm assigns velocity
data to the target with the strongest power return.
If the ratio does not exceed TOVER, neither echo
is assigned the velocity value, which will then be
designated as ambiguous and range folded. In
many cases, range folding may obscure needed
velocity data.

Operational Solutions• The radar operator has several options. If the
area of interest is obscured by range folding,
the RPG HCI operator can adjust the Pulse
Repetition Frequency (PRF). This will change
the Rmax, and possibly move the range folding
away from the area of interest. The available
PRF numbers, 4 through 8, can place Rmax
from 94 to 63 nautical miles.

• Switching to VCPs 211, 212, or 221 dramati-
cally reduces the amount of range folding out
to the maximum displayable range of 124 nm.
Because of sampling limitations of 221 (slow-
est volume scan update time and data gaps
above 6o), it is recommended that either VCP
211 or 212 are used for cases of significant
widespread range folding.

• Changing to VCP 121 also dramatically
reduces range folding because it also applies
the SZ-2 technique.  Two other advantages of
VCP 121 relative to the SZ-2 VCPs is that
velocity is slightly less noisy and less likely to
have dealiasing errors, though with a trade-off
of slower volume scan update times and only 9
elevation angles.

• Range folding may be caused by nearby
ground returns that are obscuring data in the
second trip. Invoking appropriate clutter sup-
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pression at the RPG HCI will reduce the power
associated with the ground returns. The area
of interest at the second trip may then be the
dominant return. If TOVER is exceeded, the
2nd trip return will then be given a usable
velocity value.

• Selecting a higher slice may overcome range
folding problems, especially if an area of inter-
est in the first trip is being obscured by data in
the second trip. By choosing a higher elevation
angle, the beam may overshoot the target in
the second trip, and display usable velocity
data for the area of interest in the first trip.

• The operator may look at another WSR-88D or
TDWR site for a different view of the same
storm. For example, the WSR-88D at India-
napolis, IN may be experiencing range folding
problems with a storm to their east. The same
storm may not be range folded when viewed
from the Wilmington, OH WSR-88D or from
TIND, the Indianapolis TDWR.

Improper velocity
dealiasing may display

erroneous velocity
values

The Velocity Dealiasing Algorithm checks each
first guess velocity value with neighboring bins. As
a last resort, the dealiasing algorithm compares
the velocity data to the environmental winds. Fail-
ures occur due to lack of surrounding data, or an
out of date environmental winds table.

Operational Solutions • The RPG HCI operator should ensure the
Environmental Winds Table represents the
atmospheric flow. Keeping the environmental
winds table representative will help minimize
dealiasing errors and keep errors from propa-
gating through numerous radials.

• Increasing the PRF at the RPG HCI will
increase Vmax, and decrease the amount of
aliased velocities. The dealiasing algorithm will
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have fewer velocities to dealias, and less
chance for error. 

• The same problem may not show up on a dif-
ferent elevation slice. 

• Changing VCP to VCP 121 not only reduces
range folding but can also reduce velocity
dealiasing failures. 

• The user can request products from another
site for a different look at the same storm. An
adjacent site may not be having the same
dealiasing problem.

Super-res Base Velocity 
magnitudes vs. 8-bit 
Recombined Base 
Velocity magnitudes

It was originally thought that super-res velocity
products may show stronger velocity values than
those normally associated with many velocity sig-
natures in the 1 deg data. For example, the same
mesocylone in super-res velocity may have a
velocity difference of 100 kts compared to 75 kts
seen in the corresponding 8-bit 1-deg product.
Preliminary results from an in-house study at
WDTB have shown that there are no significant
differences between velocities in super-res versus
recombined data.

Velocity “Shadows” can 
be misleading

Velocity shadows are a by-product of side-lobe
contamination on base reflectivity products.
Recall from previous topics that side-lobe contami-
nation shows in the azimuthal direction into the
clear air near very strong reflectivity cores associ-
ated with intense storms.  Because side lobes are
artifacts with very weak reflectivity (meaning low
signal to noise ratio) and high spectrum width,
velocity estimation is very poor.  Velocity shadows
thus show up as areas of anomalously high veloc-
ity values associated with strong to severe con-
vection that can resemble strong rotation.
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Operational Solutions • If you suspect velocity shadows, check to see
if the velocity values are in high signal-to-noise
reflectivity.  Also check spectrum width, which
have very high, noisy values in velocity shad-
ows.

• Check to see if the high velocity values make
sense in relation to the overall storm structure.

Applications
(Strengths)

Estimate velocity
magnitudes

Estimate magnitude of radial velocities. Ground
relative wind speeds can be estimated for use as
input into warnings, statements, and forecasts. 

Determine atmospheric
structure

Determine radial velocity patterns to infer atmo-
spheric structure. Veering or backing winds with
height can identify warm air or cold air advection.
Low level or mid level jets can be easily identified
on the base velocity product.

Analyze storm structure Determine radial velocity patterns to infer storm
structure. Cyclonic and anticyclonic rotation, storm
top divergence, divergence at the surface from
microbursts, low level convergence, and the
MARC (Mid Altitude Radial Convergence) signa-
ture all can be determined from the Base Velocity
Product.

Update/adjust
hodographs

Aid in creating, adjusting, or updating hodographs.
Hodographs can be created not only for the
sounding location or the RDA, but also in the vicin-
ity of a nearby boundary. Wind profiles can be
determined to update the hodograph to reflect any
changes that may have occurred between sound-
ings. 
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Topic 5: Base & Derived Products

Lesson 5:  Storm-Relative Velocity Map (SRM)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit SRM products.

2. Identify the limitations of the super-res and 8-
bit SRM products.

3. Identify the applications of the super-res and
8-bit SRM products.

IntroductionThis lesson covers the Storm-Relative Mean
Radial Velocity Map. This is a long name, so it has
been nicely shortened here to SRM! 

DefinitionIn the strict sense of the term, SRM is not a true
base product. This product is generated by taking
a defined storm motion and subtracting that value
out from the Velocity product.

General InterpretationWhy call it a base product then? The reason being
is that the general interpretation of this product is
exactly like the Base Velocity product. The primary
difference between V and SRM is what storm fea-
tures are easily recognized with which product. 

Base Velocity is great for recognizing ground-rela-
tive velocity magnitudes (i.e. downburst wind
potential) whereas SRM is great for recognizing
storm-relative velocity signatures (i.e. rotation,
storm-top divergence, etc.) 

General 
Characteristics

There is no RPG product for the 8-bit and Super-
resolution SRM products. However, there is an
RPG 4-bit SRM product (discussed briefly at the
end of this section). The 8bit and Super-resolution
products are produced on the fly by AWIPS-2 by
just subtracting the storm motion from the Velocity
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product, as mentioned above. Therefore, the gen-
eral characteristics are exactly the same as the
Velocity product.

Setting Storm Motion for
SRM

Since the SRM product is produced on the fly by
AWIPS-2, the storm motion used by the SRM
product can by applied by the operator of the
AWIPS-2 using the following 3 options (see
Fig. 5-11):

Figure 5-11.  Radar display controls window showing where you can 
edit the storm motion used to compute the SRM
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Storm Motion from 
WARNGEN track

This option uses the most recent storm motion
obtained by feature tracking in WARNGEN or the
distance speed tool.

Average Storm Motion 
from STI

This option uses the average storm motion from
the Storm Cell Identification and Tracking (SCIT)
algorithm -- to be discussed in a later lesson.

Custom Storm MotionThis option uses a storm motion as defined by the
operator in the Radar Display Controls window.

The choice as to which method to use is com-
pletely up to the user. The first two options reduce
workload by updating the storm motion as those
products update. However, if they become unrep-
resentative of the actual storm motion, errors can
occur. This is where the third option becomes
helpful, but it requires more diligent attention in
updating. 

SRM Product 
Annotations & Legends

Since the SRM product is just the Velocity product
with a storm motion subtracted off, the Super-res
and 8-bit characteristics are identical to the Veloc-
ity product. However, the product annotations will
be slightly different. Fig. 5-12, page 5-64 is an
example of the SRM product with the product
annotations and legends for the super resolution
SRM product.

Product Annotation The product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range/Az Resolution: 0.25 km, 0.5 dAz

•• 8-bit SRM will only show 0.25 km

• MN: Minimum V anywhere in the product

• MX: Maximum V anywhere in the product
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Just below all of this is added information which
tells you the storm motion used to compute the
SRM. There are 4 different possibilities here:

1. Latest WarnGen Track:

• TRK: Storm motion direction and speed as
determined from the latest track of WarnGen
(shown as xxx (in deg) and xx.x (in knots))

• MVMT FROM HH:MM (time in UTC) - This is
the time from the WarnGen track used.

2. SCIT average motion

• STI: Storm motion direction and speed as
determined from the average motion in the STI
product (xxx (in deg) xx.x (in knots))

• MVMT FROM HH:MM (time in UTC) - This is
the time from the STI product used for comput-
ing SRM

Figure 5-12.  Example of the super-res SRM product. Product 
annotation is similar to Base V, but added information 
about the storm motion is below. Product legend infor-
mation is at the bottom.
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3. User-defined motion

• USR: storm motion direction and speed as
defined in the Radar Display Controls GUI (xxx
(in deg) xx.x (in knots))

• MVMT IS CURRENT: This is telling you that it
is using the direction and motion defined in the
Radar Display Controls, not that the move-
ment is representative! Make sure you double
check this each time if you are using this
option.

4. No storm motion is defined. This occurs when
no motion from STI or WarnGen can be deter-
mined. It will look like the following:

• ERR: STATIONARY - This means that no
storm motion is being applied to the SRM
product. Essentially, you are looking at Base
Velocity.

• MVMT NOT AVAILABLE - Since no storm
motion is being applied, there is no movement
information to be displayed.

LimitationsAll the product limitations for Base Velocity apply
to the SRM product. However, a key extra limita-
tion occurs with SRM:

Ensure representative 
storm motion

Default or STI calculated motion may not be repre-
sentative of a particular storm or complex of
storms.

Operational Solution• Check the storm motion used for the SRM in
the product annotation for accuracy. If it is
incorrect, update the storm motion in the
Radar Display Controls window. 
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Applications
(Strengths)

Improved detection of
velocity signatures

High detail both spatially and in data magnitude
provide improved detection of TVSs, mesocy-
clones, microbursts, and boundaries. The best
ways to do this are in all-tilts, 4-panels or FSI.

Figure 5-13 shows an example where V depicts a
velocity couplet, but SRM shows it much more
clearly. 

Figure 5-13.  Example of V versus SRM and how SRM can better depict rotational signatures than V.
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High SRM values are 
displayable on cursor 
readout

Maximum displayable velocities are the same as
8-bit base velocity: +/-123 kts with a VMI of 0.97
kts and +/- 246 kts with a VMI of 1.94 kts.

Examine velocity 
structure of fast moving 
storms

Very useful for examining the velocity structure of
fast moving storms (> 10 knots). This is a signifi-
cant advantage compared to Base Velocity prod-
ucts of the same resolution.

4-bit RPG 
Generated SRM

As a quick side-note, there is an RPG generated
SRM product, but it is only 4-bit and by default
uses the average motion of the STI product. To
change the storm motion used by this product, the
operator must send a one-time request to the
associated RPG. The table below briefly lists the
characteristics of the 4-bit SRM product produced
by the RPG. 

The strengths and limitations are the same as the
AWIPS-2 generated SRM but have less resolution.
The primary advantage of this product is for those
offices who are experiencing bandwidth issues.
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Topic 5: Base & Derived Products

Lesson 6:  Base Spectrum Width (SW)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit SW products.

2. Identify the limitations of the super-res and 8-
bit SW products.

3. Identify the applications of the super-res and
8-bit SW products.

IntroductionTopic 3 covered how Base Spectrum Width (SW)
is generated at the RPG. We will quickly review the
definition of SW and its general interpretation.

DefinitionBase Spectrum Width is defined as the velocity
dispersion within a resolution volume. Recall that
V only gives you the mean velocity value. Base
Spectrum Width tells you the spread of the veloci-
ties about that mean. 

General InterpretationWhen looking at SW, lower values strictly mean
that there is little spread among the velocities of
the individual targets within the resolution volume.
The opposite is true; higher values strictly mean
that there is a lot of spread among the velocities of
the individual targets within the resolution volume.
This means that higher values of SW infer that the
mean velocity value is less trustworthy than if SW
were lower. However, do not take this to mean that
you should always ignore regions of high SW. SW
can be used in many ways to help you understand
what you are seeing in Reflectivity and Velocity.
One thing to note here is that SW is power-
weighted just like V. So, targets with larger power
return will contribute more to the SW than will tar-
gets with lower power.
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SW will be high in regions of turbulence (e.g.
downdrafts), wind shear, differing fall velocities
(e.g. melting layer), or non-meteorological factors.
SW will be low in regions of quiescent precipitation
(e.g. stratiform rain) and within in smooth flow (e.g.
strong updrafts). Therefore, SW can provide you
with contextual information to help you better
understand the signatures seen in Reflectivity and
Velocity.

General
Characteristics

Table 5-9 shows all of the SW products available
to you at the RPG and their general characteris-
tics.  Before super-res was implemented on the
WSR-88D, there was no 8-bit SW data, only 3-bit.
Therefore, in this lesson, super-res SW will only be
covered. The strengths and limitations of these
products can be applied to the lower resolution
products, unless otherwise specified. Finally,
before moving on, it is important to know that
AWIPS-2 searches for products in order from high-
est resolution to lowest resolution. For example, if
you request super-res SW, and it is not available,
AWIPS-2 will go to the next highest resolution data
(which is 3-bit, 1 degree) that is available.

Table 5-9.  List of all the Base Spectrum Width products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Base Spectrum 
Width kts SW SW 28 3-bit (8) 0.25 km 1 deg 60 km

Base Spectrum 
Width kts SW SW 29 3-bit (8) 0.5 km 1 deg 115 km

Base Spectrum 
Width kts SW SW 30 3-bit (8) 1 km 1 deg 230 km

Super Res Spectrum 
Width Data Array 

Product kts SW SDW 155 8-bit (256) 0.25 km 0.5 deg 300 km
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Super-Resolution SWSuper-res SW is the highest resolution SW prod-
uct available (0.5 deg by 0.25 km). The 0.5 deg
resolution is only available on the split cut eleva-
tions, but is the preferred product as it will provide
you with the most detail to identify meteorological
signatures (i.e. gust fronts, updrafts, etc.). Super-
res SW, however, will appear noisier than lower
resolution SW, but human spatial recognition
should overcome the noisiness. This noisiness is
due to the processing used to obtain the super-res
SW.

Table 5-9 showed you all the characteristics of the
super-res SW product. Figure 5-14 shows you an
example of the SW product along with the legend
information and product annotations.

Product AnnotationThe product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

Figure 5-14.  Example of super-res Spectrum Width. Product anno-
tation s are in the upper left. Product legend informa-
tion is at the bottom.
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• Range/Az Resolution: 0.25 km, 0.5 dAz

• MX: Maximum SW anywhere in the product

Product Legend The product legend (bottom) tells you:

• RPG ID: kxxx

• Elevation: x.x in degrees

• Product Name: Spectrum Width

• Units: (kts)

• Data Level: 8bit

• Date: Day of Week, Time & Date in UTC

8-bit SW 8-bit SW is a bit misleading. There is no true 8-bit,
1-degree SW product out of the RPG. However,
since 0.5 degree SW is only available with super-
res data in the split cuts, super-res data above the
split cuts is 8-bit, 1-degree. Many meteorological
signatures seen in super-res SW can also be seen
in the 8-bit, 1 deg SW, but may appear a little more
smoothed out.

Limitations The standard limitations for all base products still
apply to SW. In addition to these limitations, there
are some additional limitations that affect SW
alone:

Range Folding As with the Velocity product, range folding may
obscure needed spectrum width data. Range fold-
ing coverage and location are identical on the
velocity and spectrum width products for the same
time and elevation angle.

Operational Solution • The same solutions for overcoming range fold-
ing in base velocity apply to spectrum width as
well. Changing the PRF, invoking clutter sup-
pression, viewing a different elevation angle,
and requesting products from another site are
all options available to the radar operator.
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System Noise from Weak 
Power Returns

Although Base Spectrum Width is truncated at 19
kts to eliminate system noise, spectrum widths
from returns near the noise threshold may be
erratic (along with V). These will be most notice-
able as high (12 kt or greater) spectrum widths
scattered throughout clear air returns.

Operational Solution• Try a higher elevation angle or make a request
from another site.

Transmission TimeLarge amount of time is required to send Base
Spectrum Width products down the narrowband
line because of the high variability of the SW prod-
uct.

Operational Solutions• If Base Spectrum Width is not used often, limit
the number of slices on the RPS list. Do one-
time requests for additional elevation angles
as needed.

• A second solution is to change to a lower reso-
lution. A 1-km SW typically has less data to
display than a 0.25 km or 0.5 km product, and
will take less time to transmit down the narrow-
band line. This does run the risk of obscuring
fine scale features. 

Applications 
(Strengths)

Evaluate VelocityBase Spectrum Width can be used to evaluate the
reliability of the Velocity products. Generally
speaking, a higher spectrum width value implies
more uncertainty in the velocity estimate. So, do
not ignore V in high SW regions, but just be
more aware that it is occurring in higher SW.

WSR-88D operators need to look at all the Base
Products to determine if the velocity data are accu-
rate. For example, if a Velocity product has strong
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inbound velocities next to strong outbound veloci-
ties, with associated spectrum widths > 12 kts, the
radar operator should check reflectivity data as
well. This is an example of a high shear signature
and with this shear, a broad SW would be
expected. If Z is low then the SNR may be too low
which means the V data are questionable and
should not be trusted. When evaluating shear sig-
natures, storm structure must always be evalu-
ated.

Locate areas of
suspected turbulence

and shear

Shear and turbulence are meteorologically signifi-
cant. One example of an intense shear region is a
deep convergence zone (DCZ). SW values can
reach “white noise” levels (> one-half the Nyquist
cointerval (~ 30 kts)). A Base Spectrum Width
product can be useful for locating where there is
deep convergence along with looking at base
velocity. 

Rapid changes in speed and direction seen on the
Base Velocity Product coincident with high Base
Spectrum Width values can help locate areas of
vertical shear that may be hazardous to aircraft.

Identify Accelerating and
Decelerating Flow

Accelerating flow tends to dampen turbulence, so
SW values in accelerating flow tend to be very low.
In contrast, decelerating flow is very turbulent, so
SW values tend to be high. An example of acceler-
ating flow is very intense updrafts in supercells. In
these regions, it is not uncommon to see very low
SW indicating very strong, accelerating inflow
meaning the storm is intensifying. An example of
decelerating flow is downdrafts. In most cases,
downdrafts will be very turbulent and SW values
will be high.

Identify Three Body
Scatter Spikes (TBSS)

Large hail or large amounts of wet hail produce a
data artifact down radial that is easily identified on
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spectrum width products. Base Spectrum Widths
are typically very high in association with the
TBSS, and begin just down radial from the hail
core. Much more on TBSSs will be covered in
Topic 7.

Identify important 
meteorological 
boundaries

Base Spectrum Width can be very useful when try-
ing to identify meteorological boundaries such as
gust fronts, synoptic fronts, outflow boundaries,
etc. This is because many meteorological bound-
aries create low-level turbulence, particularly
boundaries with strong shifting winds or that move
rapidly, resulting in very distinct, high spectrum
width values. Reflectivity and Velocity can be used
for the same thing (and often are), but SW can add
confidence when Z and V are lacking detail.

Identify the melting layerWithin the melting layer there is all ice-phase parti-
cles near the top and completely melted, liquid-
phase particles near the bottom.  Liquid particles
have faster fall speeds than ice particles, and the
melting layer is usually thin compared to the width
of the beam.  Therefore, there is an increase in
velocity dispersion resulting in an increase in
spectrum width.
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Topic 5: Base & Derived Products

Lesson 7:  Correlation Coefficient (CC)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit CC products.

2. Identify the limitations of the super-res and 8-
bit CC products.

3. Identify the applications of the super-res and
8-bit CC products.

IntroductionRecall that dual-polarization (dual-pol) radars
operate by sending out both a horizontally and ver-
tically polarized pulse of radiation. Prior to dual-
pol, the WSR-88D network only sent out a horizon-
tally polarized pulse. This allowed for Z, V and SW
to be generated. With the two pulses, Z, V and SW
can still be generated, but now Correlation Coeffi-
cient (CC), Differential Reflectivity (ZDR), and
Specific Differential Phase (KDP) can be gener-
ated. These additional variables provide the fore-
caster with a more complete view of the storms on
radar allowing for better analysis and warning
information.

The next 3 lessons will introduce you to the new
dual-pol variables. The first variable presented will
be the Correlation Coefficient (CC). Topic 3 cov-
ered how the CC variable is generated. This intro-
duction will quickly review what CC is and how it is
generally interpreted.

DefinitionThe CC is a measure of how similarly the horizon-
tally and vertically polarized pulses are behaving
within a pulse volume.
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Please note that in AWIPS-2 and the RPG, Corre-
lation Coefficient will have the shorthand notation
as CC, but in the research literature it will be ρHV.

General Interpretation Non-meteorological echoes, such as birds and
insects, have complex shapes that are highly vari-
able, often returning CC below 0.8 (see Fig. 5-15). 

Meteorological echoes that have complex shapes,
mixed phases, etc., result in lower CC values as
the horizontal and vertical pulses tend to behave
differently (see Fig. 5-15). 

Meteorological echoes that are fairly uniform in
shape, type, and size, such as rain or snow, gen-
erally have CC greater than 0.97 because the hor-
izontal and vertical pulses behave very similarly
(see Fig. 5-15).

Applying the general physical interpretation, a
chart of typical values of CC was developed (Fig.
5-16). Most meteorological echoes tend to have

Figure 5-15.  Table graphic illustrating the general CC values for 
non-meteorological targets (left), non-uniform meteoro-
logical targets (i.e. hail, melting snow, etc; middle), and 
uniform meteorological targets (i.e rain, snow, etc; right)
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CC values greater than 0.9. Exceptions include
giant hail and melting snow flakes, which can dip
to as low as 0.70. For non-meteorological echoes,
the correlation coefficient is rarely greater than
0.90 except for certain types of static ground clut-
ter which can get as high as 0.99 in some cases.

General 
Characteristics

Table 5-10 shows all the available CC products
and their characteristics. Notice how there are no
super-res CC products generated at the RPG.
Super-resolution dual-pol products are sent from
the RDA to the RPG as Level 2 data. However, the
RPG does not generate super-res dual-pol data at
this time. If you do have a Level 2 viewer (i.e.
GR2Analyst), you can actually view super-res
dual-pol data, but in AWIPS-2, this is not possible.

Figure 5-16.  Typical values chart for Correlation Coefficient (CC). Notice how there is a pretty well defined 
break around 0.9 for non-meteorological echoes (< 0.9) and meteorological echoes (> 0.9).
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Therefore, in this lesson, only 8-bit, 1-degree CC
will be discussed. 

8-bit CC 8-bit, 1-degree CC is the highest resolution data
available in AWIPS-2 for CC (1 deg by 0.25 km). It
is available on all elevation angles. Note that when
you are viewing the split cut elevation angles,
switching from super-res Z, V and SW to dual-pol
variables will result in a difference in product reso-
lutions. This should not affect your interpretation,
but just be aware of this difference. Table 5-10
showed the general characteristics of the 8-bit CC.
Figure 5-17 shows you and example of the 8-bit
CC product along with the legend and product
annotations for this product.

Product Annotation The product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range Resolution: 0.25 km

• MN: Minimum CC anywhere in the product

• MX: Maximum CC anywhere in the product

Table 5-10.  List of all the Base Reflectivity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Correlation 
Coefficient Product -- CC CC 160 4-bit (16) 1 km 1 deg 230 km

Correlation 
Coefficient Data 

Array Product -- CC DCC 161 8-bit (256) 0.25 km 1 deg 300 km
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Product LegendThe product legend (bottom) tells you:

• RPG ID: kxxx

• Elevation: x.x in degrees

• Product Name: Correlation Coefficient

• Units: unitless

• Date: Day of Week, Time & Date in UTC

LimitationsThe standard radar limitations mentioned in the
background section apply to CC, but some addi-
tional limitations are listed below. Many of the limi-
tations will have no operational solutions as it is a
limitation due to the physical nature of the mea-
surement. Only operational solutions where the
forecaster can make a change in radar, etc. will be
listed.

Low SNR and CCThe estimation of CC degrades with range due to
decreasing signal-to-noise ratio (SNR). Another
area where low SNR will degrade CC is along the

Figure 5-17.  Example of the 8-bit CC product. The legend informa-
tion is at the bottom, and product annotation informa-
tion is in the upper left.
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fringes of precipitation. When SNR becomes low
enough, the estimation of CC becomes greater
than 1. Therefore, areas of CC > 1 are indicative of
low SNR regions. 

Mixture of hydrometeors Virtually without exception, scatterers within the
beam are not perfectly uniform. Thus, particle
diversity within the pulse volume results in a non-
uniform distribution of hydrometeor type and/or
characteristics. Lower CC can be caused by high
diversity in:

• Hydrometeor shapes

• Hydrometeor size

• Backscatter differential phase shift

• Hydrometeor orientation

A diversity of echo types within a pulse volume
leads to a decrease in correlation coefficient. The
amount of decrease in the correlation coefficient is
dependent upon the relative contributions of each
hydrometeor type/characteristic present to the
overall signal. The lowest correlation coefficient
will occur when relatively equal contributions of
each hydrometeor type/characteristic to the signal
are similar. For example, if snow and rain contrib-
ute relatively equally to the signal, the correlation
coefficient will be lower than if the rain contributed
more than the snow to the signal and vice versa. 

Non-uniform Beam
Filling (NBF)

Non-uniform beam filling (NBF) was covered in
Topic 3. Recall that it affects CC most noticeably
when significant gradients of differential phase
occur within a pulse volume. These gradients can
either be in the horizontal or vertical, causing CC
to be depressed down the rest of the radial. NBF is
most likely to occur in a supercell with a strong hail
core or in a line of storms oriented along a radial.
5 - 82    Limitations



Topic 5: Base & Derived Products
Operational Solutions• Switch to a neighboring dual-pol radar.
Another radar from a different viewing angle
may not be experiencing the same NBF as the
other radar.

• Viewing a higher tilt can help, but remember
that the radar will be sampling a different part
of the storm which can affect your interpreta-
tion of CC.

• Lastly, wait until the storm moves, or changes
positions to where NBF is not a factor. In short-
fused warning situations, this may not be ideal,
which then refer to the first solution.

Range Folding in Batch 
Cuts

Sometimes in the batch cuts, range folding may
obscure some of the CC data. The dual-pol vari-
ables are only computed using the high PRF
pulses in the batch cuts which are subject to range
folding.

Operational Solution• As with range folding in velocity, do anything
necessary to mitigate range folding: switch
VCPs, change the PRF, invoke clutter sup-
pression, look at a higher elevation angle, or
choose a nearby WSR-88D. 

Applications 
(Strengths)

Meteorological and Non-
meteorological Echoes

The biggest advantage of CC is its ability to dis-
criminate between meteorological and non-meteo-
rological echoes. CC will be high (> 0.8) in most
meteorological situations, and CC will be low (<
0.8) in most non-meteorological signals.

Melting Layer Another significant advantage of correlation coeffi-
cient is identification of the melting layer. In reflec-
tivity the melting layer is often identifiable as a
bright band, but not always. With correlation coeffi-
cient the melting layer is usually identified by a ring
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of low correlation coefficient (~0.85) surrounded by
higher correlation coefficient (~0.98). This signa-
ture is due to the presence of mixed-phase hydro-
meteors. The outer edge of the ring marks the
height where dry snow begins to melt and transi-
tions to wet snow. The inner edge of the ring
marks the height where the wet snow becomes a
water droplet with some ice at its core.

Rain vs. Snow During the transition period of rain to snow at the
ground, CC can help a forecaster better geograph-
ically locate the transition from rain to snow. It is
simply the manifestation of the melting layer signa-
ture near the ground. Therefore, look for a drop in
CC associated with the melting of snow to rain
near the surface. As always, be sure to compare
radar data with other observations (i.e, surface
observations, etc.). Thus, overlay surface obser-
vations (if available) when trying to identify this
feature and add other dual-pol variables (i.e. differ-
ential reflectivity) to help in delineating rain vs.
snow at the ground. 

Significant Severe Hail Large, or giant, hail (defined here as greater than
two inches in diameter) will have significantly
reduced correlation coefficient. Typical values will
start out around 0.9 and decrease to as low as
0.75 as the hail becomes significantly large. There
has not been research yet on the ability to discrim-
inate between sub-severe and hail up to roughly
golfball in diameter (~ 2 inches). However, a signif-
icant drop in correlation coefficient to roughly 0.80
is associated with increased Mie scattering effects
and thus potential for hail larger than golfballs at
the ground.

Irregularly Shaped
Hydrometeors

As is often the case, if giant hail has a complex
shape (i.e. many protuberances), the correlation
coefficient will decrease even further due to the
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complex scattering nature of the hail. Fig. 5-18
shows a 7-inch hailstone with many protuber-
ances. If measured by dual-pol radar, this hail-
stone most likely would have had very low CC
(probably below 0.8).

Tornadic DebrisWhen a tornado is located near a radar (within ~75
km) and is causing considerable damage to struc-
tures, this lofted debris has been noted to produce
a distinct radar reflectivity signature (i.e. debris
ball). In correlation coefficient, the debris field is
noted by a significant drop due to complex scatter-
ing by the debris. It is important to remember that
this signature will only appear if a tornado is
already occurring and producing damage. It is not
a precursor signature! 

A significant drop in correlation coefficient will
occur only in areas where considerable surface
“tracers” are lofted high enough to be seen by the
radar. Additionally, the low CC must be associ-
ated with a tornadic velocity couplet. 

Figure 5-18.  Example of a large hail stone with many protuber-
ances. Photo courtesy of the National Weather Ser-
vice Office in Hastings, NE
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Topic 5: Base & Derived Products

Lesson 8:  Differential Reflectivity (ZDR)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit ZDR products.

2. Identify the limitations of the super-res and 8-
bit ZDR products.

3. Identify the applications of the super-res and
8-bit ZDR products.

IntroductionThe next dual-pol variable in this topic is Differen-
tial Reflectivity (ZDR). Topic 3 covered how this
product is generated. We will quickly review the
definition for ZDR and how it is generally inter-
preted.

DefinitionZDR is defined as the log of the ratio of the hori-
zontal power return to the vertical power return.
This equation can be rewritten, using dBZ nota-
tion, to be the difference of the horizontal reflectiv-
ity factor minus the vertical reflectivity factor:

General InterpretationDifferential Reflectivity (ZDR) provides information
about the median shape of the radar echo, and
because of this, provides a good estimate on the
median size of rain drops and for the detection of
hail. 

Fig. 5-19, page 5-88, shows how ZDR is generally
interpreted. For spherical hydrometeors such as
drizzle, the reflectivity values for both the horizon-
tal and vertical dimensions of the hydrometeors
are approximately equal. This leads to a difference
of horizontal to vertical reflectivity of approximately
0, which means ZDR is approximately 0 dB. The

ZDR ZH ZV–=
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same logic can be applied for the horizontally and
vertically oriented columns. Horizontally oriented
hydrometeors such as rain drops will have a posi-
tive ZDR, while vertically oriented hydrometeors
such as vertically oriented ice crystals will have
negative a ZDR.

Let’s consider typical values of ZDR by taking a
moment to review Fig. 5-20, page 5-89. Notice
how there is not as clear of a break between mete-
orological and non-meteorological echoes as with
CC.

That being the case, it is important to delve a little
deeper into different hydrometeor and non-hydro-
meteor types and examine their typical ZDR val-
ues. The types we will examine are:

Figure 5-19.  Table showing general interpretation of ZDR. Spherical 
targets will have ZDR near 0 dB (left). Horizontally ori-
ented targets will have positive ZDR (middle), and verti-
cally oriented targets will have negative ZDR (right)
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• Rain

• Hail

• Snow and ice crystals

• Non-meteorological echoes

RainThe nice thing about rain is that there is a pretty
strong relationship between raindrop diameter and
shape. Smaller rain drops tend to be spherical, but
as raindrops become larger, they become more
oblate. This relationship between raindrop diame-
ter and shape leads to a very nice relationship
between major axis diameter (the large dimension
of the rain drop) and the ZDR value. This concept
is summarized in the chart in Figure 5-21. 

HailUnlike rain, hail does not have a definite relation-
ship between size and shape because the shape
of hail varies for any given size. Also, hail tends to
tumble as it falls. The effective spherical appear-
ance biases ZDR toward 0 dB when hail is present
within the sample volume. A classic hail signature
in dual-pol occurs when high Z is associated with

Figure 5-20.  Typical values chart for Differential Reflectivity (ZDR).
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low ZDR. There is an exception when small hail
(typically 1 inch or less) becomes completely
water-coated due to melting processes. A small,
water-coated hailstone tends to stabilize, causing
the hailstone to appear as a giant raindrop to the
radar. This leads to very high ZDR values on the
order of 5 to 6 dB in some cases.

Figure 5-21.  Chart of ZDR values for different size rain drops. Notice how there is a nice relation-
ship between rain drop size and ZDR values; as rain drop size increases, so does the 
ZDR values. The rain drop images and calculated ZDR values are courtesy of 
Wakimoto and Bringi (1988). 
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Snow and Ice CrystalsSnow and ice crystals probably make up the most
widely varying areas of ZDR physical interpreta-
tion and are also among the less under-
stood/researched areas. Snow and ice crystals
can take on different sizes and shapes along with
varying degrees of particle density. With snow, it’s
helpful to know if it is wet snow or dry aggregated
snow. With ice crystals, knowing whether they are
low-density or high density is useful. Is it a needle,
plate or column? Are they preferentially aligned?
Theory has tried to explain what ZDR values to
expect in snow and ice, and some research has
been conducted to understand it better with obser-
vations, but lack of verification has made it difficult. 

Some recurring themes have emerged that look
promising. First, aggregated dry snow (dry means
no trace of melting, aggregated means clusters or
two or more crystals stuck together) tends to have
very low ZDR (~0.2 to 0.3 dB) and very high CC
(0.98 or 0.99). Wet snow tends to have higher
ZDR (~2-3 dB) because it is starting to acquire a

Figure 5-22.  Example of a classic hail signature in dual-pol (high Z collocated with near 0 dB ZDR).
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water coating and appears as giant raindrops, and
much lower CC (< 0.97). Ice crystals have much
more variability due to their various shapes and
sizes, potential to be high-density or low-density,
and variability of alignment. Typically ice crystals
will fall with no preferred orientation and will be low
density leading to weakly positive ZDR (< 1 dB).
However, there are times when they can become
preferentially aligned which can lead to very high
positive or slightly negative ZDR, depending on
the nature of the orientation. The chart in Fig. 5-23
gives expected ranges of ZDR for different types
of snow and ice.

Non-Meteorological
Echoes

Non-meteorological echoes have even more vari-
ability in shapes and sizes than do meteorological
echoes thus increasing the variability of ZDR val-

Figure 5-23.  Expected values of ZDR for varying ice crystal types.
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ues for these echo types. The types of non-meteo-
rological echoes forecasters using dual-pol radar
will be able to distinguish are ground clutter, nor-
mal or anomalous propagation (AP), biological
scatterers and chaff. For ground clutter ZDR will
typically appear very noisy and have both high and
low values. Birds and insects, however, have a lit-
tle more stability in ZDR values and can give you a
clue into their orientation and flight direction. There
will be more information on this at the end of the
lesson in the section for ZDR applications.

General 
Characteristics

Table 5-11 shows all the available ZDR products
and their characteristics. Notice how there are no
super-res ZDR products generated at the RPG,
like CC. Super-resolution ZDR are sent from the
RDA to the RPG as Level 2 data. However, the
RPG does not generate super-res ZDR at this
time. Therefore, in this lesson, only 8-bit, 1-degree
ZDR will be discussed. 

8-bit ZDR8-bit, 1-degree ZDR is the highest resolution data
available in AWIPS-2 for ZDR. It is available on all
elevation angles. Note that when you are viewing
the split cut elevation angles, switching from
super-res Z, V and SW to dual-pol variables will
result in a difference in product resolutions. This
should not affect your interpretation, but just be
aware of this difference. Table 5-11 showed the
general characteristics of the 8-bit ZDR. Figure

Table 5-11.  List of all the Base Reflectivity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Differential 
Reflectivity Product dB ZDR ZDR 158 4-bit (16) 1 km 1 deg 230 km

Differential 
Reflectivity Data 

Array Product dB ZDR DZD 159 8-bit (256) 0.25 km 1 deg 300 km
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5-24 shows you and example of the 8-bit ZDR
product along with the legend and product annota-
tions for this product.

Product Annotation The product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range Resolution: 0.25 km

• MN: Minimum ZDR anywhere in the product

• MX: Maximum ZDR anywhere in the product

Product Legend The product legend (bottom) tells you:

• RPG ID: kxxx

• Elevation: x.x in degrees

• Product Name: Diff Reflectivity

• Units: (dB)

• Data Levels: 8bit

• Date: Day of Week, Time & Date in UTC

Figure 5-24.  Example of the 8-bit ZDR product. Legend informa-
tion can be found at the bottom of the image, and 
product annotations can be found in the upper left.
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LimitationsThe standard radar limitations mentioned in the
Background section apply to ZDR, but some addi-
tional limitations are listed below. Many of the limi-
tations will have no operational solutions as it is a
limitation due to the physical nature of the mea-
surement. Only operational solutions where the
forecaster can make a change in radar, etc. will be
listed.

Bias Towards Larger 
Hydrometeors

Recall that radar reflectivity is strongly dependent
on particle diameter. Since ZDR is the difference
between the horizontal and vertical reflectivity, and
reflectivity is biased towards larger particles, ZDR
likewise will be biased towards larger particles.
Even though there may be a mixture of hydrome-
teor types and sizes within the pulse volume, the
ZDR value displayed will be weighted toward the
larger hydrometeors’ intrinsic values.

Particle DensityLower particle density will yield lower ZDR values.
Ice has a density of 0.92 g/mL compared to rain-
drops of the same size and concentration, which is
1 g/mL. Because the ice is less dense, it will yield
lower ZDR values than the rain drop. In operations
this will be noted by a general decrease in ZDR
when the targets are ice (i.e. snow) rather than liq-
uid (rain). NOTE: High density ice particles (nee-
dles) that are horizontally oriented can have
significantly positive ZDR.

Mie Scattering EffectsAs a particle’s diameter approaches 2 inches, ZDR
can switch signs due to Mie scattering effects. For
example, a horizontally oriented hail stone will typ-
ically have a positive ZDR. However, if the hail-
stone diameter is larger than 2 inches, it may have
a negative ZDR due to Mie scattering effects.
Keep this in mind when viewing hail producing
storms that a strong reflectivity core with negative
ZDR may indicate very large horizontally oriented
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hail. Similarly, large, vertically-oriented particles
may produce positive ZDR. To tell if a particular
bin is experiencing Mie scattering effects, look at
CC. Recall that CC for non-Mie, or Rayleigh, scat-
tering should be higher (> 0.93), whereas for Mie
scattering the CC should be lower (< 0.9).   

Also note that the largest hail in supercell storms
will often fall in the high reflectivity gradient adja-
cent to, but outside, the Z core. Thus, the effect of
Mie scattering may not be confined to that high
reflectivity core. When the TBSS is present, there
is a very strong likelihood of Mie scattering effects.

Low Signal to Noise
Ratio/Correlation

Coefficient

In regions of low signal-to-noise ratio (SNR) and
low correlation coefficient (CC), the ZDR will be
subject to significant error rates. Therefore, these
regions may contain noisier ZDR data. Thus, be
more skeptical of ZDR values in areas with CC is
less than 0.9, or CC greater than 1.0. 

Depolarization Sometimes a portion of a pulse will be scattered
back towards the radar in the opposite polarization
of the transmitted pulse. For example, a portion of
the horizontally transmitted pulse may be reflected
back to the radar oriented in the vertical. This
switch in polarization of the returned power is
referred to as depolarization. Depolarization hap-
pens only when the mean canting angle of the
hydrometeors in a pulse volume is something
other than 0o or 90o. In other words, the hydrome-
teors are not aligned in the plane of the transmit-
ted pulses. This usually only occurs in ice crystals
that are aligned by an electric field inside a thun-
derstorm, and is best seen at higher elevation
angles. Depolarization only affects ZDR and
shows up as radial spikes of high and/or low ZDR
based on the type of depolarization occurring in
the region of depolarization.
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Batch Cuts & Range 
Folding

As with CC, some signatures in ZDR may be
obscured by range folding in the batch cuts. Note
that range folding in the ZDR product is expected
to be in the same locations as in the velocity prod-
ucts. Recall, batch cut elevations are 1.65o

through 6.5o.

Operational Solution• As with range folding in velocity, do anything
necessary to mitigate range folding: switch
VCPs, change the PRF, invoke clutter sup-
pression, look at a higher elevation angle, or
choose a nearby WSR-88D.

Applications 
(Strengths)

Hail DetectionThis is one of the primary applications of ZDR. As
mentioned in the introduction, hail typically mani-
fests itself as high Z, low ZDR. The low ZDR is due
to the fact that most hail tends to tumble as it falls,
resulting in ZDR near 0 dB. An exception to this
rule, is small, sub-severe melting hail which can
have ZDR as high 2-3 dB. 

Updraft (ZDR column)When intense updrafts develop and enough liquid
water is present within them, this liquid water will
be lofted well above the environmental 0oC level.
The result is an area of positive ZDR above the
environmental 0oC level. It is believed that the
higher the ZDR column extends, the stronger the
updraft, but more research is needed to confirm
this theory. Also, for a ZDR column to be identified,
the high ZDR above the 0oC level must be con-
nected to high ZDR below and within a region of
expected updrafts. 

Tornadic Debris 
Signature (TDS)

Tornadic debris has no preferred orientation when
it is lofted. Therefore, when it is detected by radar,
the ZDR values will be very near 0 dB, or slightly
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negative. Remember that this signature is not a
precursor to a tornado. It will only appear when a
tornado has already developed and is causing
damage. Also, this signature must be co-located
with a tornadic velocity couplet.

Melting Layer When precipitation develops aloft in the form of
snow, it may melt as it descends. These melting
flakes are often detected as a “bright band” or
layer of higher reflectivity. ZDR will also increase in
the melting layer due to increased oblateness of
the melting snow. Likewise, decreased CC within
the melting layer will cause noisier ZDR. There-
fore, the melting layer will be characterized by a
noisier, higher band of ZDR.

Rain/Snow Transition
Area

ZDR in rain is typically greater than 1 dB, where
ZDR in snow is typically less than 0.5 dB (excep-
tions being melting/wet snow and individual ice
crystals). This fact often leads to a demarcation
line between regions of rain and snow. 

Frozen Precipitation
Types

Typically ice particles will have low ZDR (< 1 dB)
due to their low density nature. However, when
high-density ice particles form and become ori-
ented either horizontally or vertically, the ZDR will
change. Horizontally-oriented, high-density parti-
cles will exhibit high ZDR (> 2 dB) and vertically-
oriented, high-density particles will exhibit nega-
tive ZDR values. Therefore, ZDR in frozen precipi-
tation might help determine the type of ice crystals
that are falling. More research is needed on deter-
mining ice crystal type and if whether or not it pro-
vides any benefit.

Non-Meteorological
Echoes (Birds/Insects)

Birds and insects will have distinct ZDR signa-
tures. According to previous studies, birds will
have ZDR values that are slightly less than
insects. Values for birds can be anywhere from
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slightly negative (-2 to -3 dB) to substantially posi-
tive (+6 or +7 dB) mostly depending on the viewing
angle and Mie scattering effects. For insects, ZDR
values typically are positive and will range from +1
to greater than +7.9 dB. ZDR values also depend
on viewing angle when it comes to insects, but not
as much on Mie scattering because they are
smaller than most birds. Finally, birds are most
prominent at night whereas insects are most
prominent during the day, though both do co-exist
quite often. Knowing your local bird/insect popula-
tion and habits will help in interpretation.
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Lesson 9:  Specific Differential Phase (KDP)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the super-res
and 8-bit KDP products.

2. Identify the limitations of the super-res and 8-
bit KDP products.

3. Identify the applications of the super-res and
8-bit KDP products.

IntroductionSpecific Differential Phase (KDP) is similar to SRM
in that it is not truly a base product. KDP is gener-
ated by taking the range derivative of the base
product called differential phase shift (ΦDP). We
will quickly review ΦDP and how it is related to
KDP before looking at the definition of KDP and its
general interpretation.

Review of Differential 
Phase Shift (ΦDP)

Recall from Topic 3 that ΦDP is a measure of the
difference in phase changes (or attenuation) of the
horizontal pulse minus the vertical pulse. This vari-
able is primarily affected by target shape and num-
ber concentration. The issue with the variable is
that once attenuation differences occur, the differ-
ence cannot be reset. In other words, ΦDP is a
cumulative variable. A ΦDP value at a particular
bin tells you nothing about what is occurring at that
bin but rather what has occurred all along the
radial up to that point. What is important is where
ΦDP changes most rapidly, and this is what KDP
captures. This is why KDP is considered the base
variable and not ΦDP. 

DefinitionKDP is defined as the range derivative of ΦDP.
This tells us where the ΦDP is most rapidly chang-
ing which is what is most significant meteorologi-
cally. 
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General Interpretation To understand how KDP behaves in different
meteorological situations, let’s see how ΦDP
behaves in these situations:

Characteristic of ΦDP in
Rain

Recall that larger raindrops are more oblate (larger
in the horizontal direction) than smaller raindrops.
It is expected that extremely small raindrops, such
as drizzle, will have near zero differential phase
shift and larger raindrops will have larger, positive
differential phase shift. In Fig. 5-25, one pulse vol-
ume has a moderate amount of medium-sized
raindrops and a second pulse volume has a large
amount of smaller raindrops. Even though the
medium-sized raindrop should have higher differ-
ential phase shift than a single, smaller raindrop,
the higher concentration of smaller drops could
actually make the differential phase shift in the
second pulse volume higher than in the first pulse
volume. In other words,ΦDP is affected by not only
particle shape, but number concentration as well. 

Characteristic of ΦDP in
Hail

Since hail tends to tumble as it falls, it appears on
radar to be spherical. This means hail will typically
have near 0 degrees of differential phase shifting.

Figure 5-25.  Conceptual model ΦDP of in rain. Pulse #1 represents a low concentration of large drops. Pulse 
#2 represents a high concentration of small drops. According to size, ΦDP should be higher in 
Pulse #1 than Pulse #2. However, number concentration also plays a factor with ΦDP. So, the 
higher number of smaller drops in Pulse #2 could cause ΦDP to be just as high as Pulse #1.
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One caveat is that nearly-melted, small, sub-
severe hail appears on radar as large raindrops.
This can cause very high differential phase shifts.
For the most part, differential phase shifting is
unaffected by the presence of hail. Fig. 5-26
shows 2 pulse volumes, each with the same
amount and type of rain. Pulse #2 contains hail but
Pulse #1 does not. In this case, the differential
phases for the two pulses are identical.

Characteristic of ΦDP in 
Snow and Ice Crystals

Since most ice and snow crystals do not fall with a
preferred orientation, differential phase shifts in
snow and ice crystal regions are typically near 0
degrees. The one exception to this rule is when ice
crystals become aligned due to some outside
force, such as a strong electric field inside a thun-
derstorm. This crystal alignment can cause signifi-
cant non-zero differential phase shifting.
Depending on the orientation of the alignment, the
differential phase shifting can be positive or nega-
tive. It is positive when the alignment is in the hori-
zontal, and negative when the alignment is in the
vertical. 

Figure 5-26.  Conceptual model of ΦDP in hail. Pulse #1 has rain only, and Pulse #2 has the same type and 
amount of rain but this time mixed with some hail. Assuming the hail is tumbling and not melting in 
Pulse #2, each pulse would have identical ΦDP values since the tumbling nature of the hail would 
produce zero degrees of ΦDP. In other words, only the rain is contributing to the signal. So, the 
presence of hail does not affect ΦDP.
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Characteristic of ΦDP in
Non-Meteorological

Echoes

In non-meteorological echoes, differential phase
shift is very noisy. This is primarily due to the
effects of backscatter differential phase shifting. To
this point, we have only looked at what is called
propagation differential phase shift. Backscatter
differential phase shift is the amount of differential
phase shift that occurs once the pulse scatters off
of an object. In short, meteorological echoes typi-
cally experience no backscatter differential phase
shift, whereas non-meteorological echoes such as
birds and ground clutter experience significant
backscatter differential phase shift. The amount of
backscatter differential phase shift is highly vari-
able depending on the object shape and size.   For
these reasons, KDP is not computed in ground
clutter or biological scatterers that cause CC to
drop below 0.90.

Interpreting KDP: Liquid
Water Content

As you can see from the behavior of ΦDP above,
the most common situation where ΦDP will change
consistently, and thus produce significant values of
KDP, is in rain. This is why KDP is identified as the
variable that best indicates liquid water content for
a particular bin. 

Let’s look at an example why this is the case (Fig-
ure 5-27). As the horizontal and vertical pulses
propagate toward the first rain shaft through clear
air, they experience zero differential phase shift-
ing, so ΦDP is zero. As the pulses go through the
first rain shaft, the horizontal pulse slows down
more than the vertical pulse resulting in a positive
differential phase shift of 20 degrees. After exiting
the rain shaft, the pulses enter clear air and expe-
rience zero additional differential phase shift. How-
ever, those bins in the clear air will show a
differential phase shift of 20 degrees, as any differ-
ential phase shift values are carried down radial. In
the second rain shaft, the differential phase shift
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will increase again, this time by 15 degrees. In
those bins and any bin further down-range, the dif-
ferential phase shift will be 35 degrees. As you can
see, the differential phase shift is cumulative and
the absolute value tells you nothing about what is
going on in that particular range bin, but rather all
that has happened along the radial up to that
point.

Now we’ll look at the same example except using
KDP, or the range derivative of ΦDP (see Fig. 5-28
on page 5-106). Up until the rain shaft, no differen-
tial phase shifting occurs, so 0 degrees divided
over any distance will give 0 degrees/distance.
Therefore, any gate within 25 km of the radar has
a KDP of 0 deg/km. Inside the rain shaft, there is a
differential phase shift of 20 degrees. Dividing this
by twice the distance over which it occurred (10
km) results in a KDP of 2 deg/km. In the clear air
past the first rain shaft, the differential phase shift
remains 20 degrees but does not change over this
distance. KDP will return to 0 deg/km in this region
because the difference between any two differen-

Figure 5-27.  Conceptual model of ΦDP through two rain shafts. Notice how ΦDP does not reset in the clear air 
between the two rain shaft. This is where ΦDP is sometimes hard to interpret because it is a cumu-
lative variable. At any one bin, it only tells you all that has happened up to that point along the 
radial, and nothing about what is specifically happening at that particular bin.
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tial phase shifts over any distance in this region
will be zero. 

In the second rain shaft, the differential phase shift
increases from 20 degrees to 35 degrees, so it
increases by 15 degrees. Dividing this value by
twice the distance over which it occurred (10 km)
gives a KDP of 1.5 deg/km. Past the second rain
shaft, the KDP returns to 0 deg/km for the same
reasons it did in the clear air in between the two
rain shafts. KDP is much better at revealing what
is happening at a particular bin than is ΦDP.

Knowing the characteristics of ΦDP in certain
meteorological situations, we can easily develop a
good sense of the characteristics of KDP. In pure
hail not mixed with rain, since the ΦDP is very near
zero because of hail’s tumbling nature, it only
makes sense that KDP will also be near zero. This
same logic can be applied to snow/ice crystals that
have no preferential orientation. The near-zero
ΦDP results in near-zero KDP. Rain is basically the

Figure 5-28.  Conceptual model of KDP in the rain shafts depicted in Fig. 5-27. Notice how in the clear 
air KDP goes back to zero. This is the beauty of KDP. It only has non-zero values in mete-
orologically significant regions (i.e. the rain shafts). So, it tells you what is happening at that 
particular bin much better than ΦDP.
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only meteorological echo to have a range of non-
zero KDP values. Since rain is oblate and can vary
in concentration, KDP is positive in rain and can
get as high as 4 to 5 deg/km. Another situation
which results in significant, positive or negative
KDP would be preferentially oriented ice crystals
in electrified regions of thunderstorms. Lastly for
non-meteorological echoes, the noisy nature of
ΦDP results in noisy KDP.

General 
Characteristics

Table 5-12 shows all the available KDP products
and their characteristics. Notice how there are no
super-res KDP products generated at the RPG,
like CC and ZDR. Again, super-resolution KDP are
sent from the RDA to the RPG as Level 2 data.
However, the RPG does not generate super-res
KDP at this time. Therefore, in this lesson, only 8-
bit, 1-degree KDP will be discussed.

8-bit KDP8-bit, 1-degree KDP is the highest resolution data
available in AWIPS-2 for KDP. It is available on all
elevation angles. Note that when you are viewing
the split cut elevation angles, switching from
super-res Z, V and SW to dual-pol variables will
result in a difference in product resolutions. This
should not affect your interpretation, but just be
aware of this difference. Table 5-12 showed the
general characteristics of the 8-bit KDP. Figure

Table 5-12.  List of all the Specific Differential Phase products available from the RPG for viewing in 
AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Specific Differential 
Phase Product deg/km KDP KDP 162 4-bit (16) 1 km 1 deg 230 km

Specific Differential 
Phase Data Array 

Product deg/km KDP DKD 163 8-bit (256) 0.25 km 1 deg 300 km
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5-29 shows you an 8-bit KDP product along with
the legend and product annotations. 

Product Annotation The product annotation (upper left) tells you:

• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range Resolution: 0.25 km

• MN: Minimum KDP anywhere in the product

• MX: Maximum KDP anywhere in the product

Product Legend The product legend (bottom) tells you:

• RPG ID: kxxx

• Elevation: x.x in degrees

• Product Name: Specific Diff Phase

• Units: (deg/km)

• Date: Day of Week, Time & Date in UTC

Figure 5-29.  Example of the 8-bit KDP product with product anno-
tations in the upper left and legend information at the 
bottom. 
5 - 108    General Characteristics



Topic 5: Base & Derived Products
LimitationsThe standard radar limitations mentioned in the
Background section apply to KDP, but some addi-
tional limitations are listed below:

KDP Not Shown for 
CC<0.90

When the CC is below 0.9, ΦDP accumulates sig-
nificant errors making it appear very noisy. This
noisy ΦDP makes it useless to compute KDP.
Therefore, in bins with CC less than 0.9, KDP will
not be plotted, so it will appear as black holes in
the data.

Noisy in Low SNRIn areas of low SNR, KDP will become noisy. SNR
is often low when reflectivity is low at far ranges
and along the very edges of storms. 

Non-Uniform Beam 
Filling (NBF)

Like CC, KDP is adversely affected by non-uniform
beam filling (NBF). Recall that NBF occurs when
significant gradients of reflectivity and/or the pola-
rimetric variables occur within a pulse volume.
This gradient can either be in the horizontal or ver-
tical. The same applies for KDP primarily because
if CC becomes affected by NBF and drops below
0.9, KDP becomes unreliable, and is not dis-
played. Therefore, KDP will be unreliable/unavail-
able in areas where lines of storms align along a
radial, down-radial of significant hail cores, and at
long ranges.

Range Folding in the 
Batch Cuts

In the batch cuts, range folding may obscure some
signatures in KDP. As a refresher, the batch cuts
for the WSR-88D network are elevation angles
between 1.65 degrees and 6.5 degrees. In these
cuts each radial uses a series of alternating low
and high PRF pulses, but the dual-pol variables
are only computed using the high PRF pulses
which are subject to range folding. 
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Applications
(Strengths)

Heavy Rain Only The primary advantage of KDP is its ability to
detect heavy rain situations. In situations of heavy
rain, KDP will increase due to the oblate nature of
raindrops and/or the number concentration of the
raindrops in the resolution volume. A good rule of
thumb is KDP > 1.0 deg/km indicates heavy rain.

Rain, Hail, or Rain Mixed
with Hail

Pure, dry hail does not contribute to KDP because
it appears spherical to the radar due its tumbling
nature. Therefore, if pure, dry hail is mixed in with
rain, only the rain will contribute to the KDP. This is
a great way to get a feel for the true amount of liq-
uid that is inside a radar pulse volume even when
pure, dry hail is contributing to the signal. 

Small, mostly-melted hail The one caveat is small, mostly-melted hail (D < 1-
1.5 inches). KDP can get quite large for this type of
hail (KDP > 5-10 deg/km). In fact, in pure rain,
KDP will rarely get above 4-5 deg/km. So, if you
see KDP > 5-6 deg/km, there is most likely small,
melting hail present and KDP will not accurately
represent the liquid water content present in that
region. 

Cold vs. Warm Rain
Processes

Cold rain processes are usually associated with
continental-type precipitation. This results in a
wider drop size distribution consisting of small
drizzle drops up to very large (D > 8mm) drops.
Warm rain processes are usually associated with
tropical-type precipitation. This results in a nar-
rower drop size distribution centered around
smaller drops. However, warm-rain processes are
very efficient so there are lots of these smaller
drops.
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When working with Z, there are situations where Z
can be identical between two storms where one is
exhibiting cold rain processes and the other is
exhibiting warm rain processes. However, the
warm-rain processes storm will have higher liquid
water content, and thus more rainfall. Since KDP
is not only size dependent, but number concentra-
tion dependent, the KDP will be higher in the
warm-rain process than the cold-rain process.
Therefore, KDP can be useful in identifying
regions of heavier rain despite similar Z. 
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Topic 5: Base & Derived Products

Lesson 10:  Base Data Cross-Section Tools (FSI & VB)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the limitations of using the Four-
dimensional Stormcell Investigator (FSI)
and/or Volume Browser (VB) for cross-sec-
tional analysis.

2. Identify the strengths (applications) of using
FSI/VB for cross-sectional analysis.

IntroductionThis lesson is going to be a quick break from just
looking at products produced by the RPG. This les-
son will look at a couple tools covered in Topic 1
which explain how to generate cross-sections of
the base data without having to access RPG gen-
erated products.

Interrogating storms in the vertical is a great way
to get a feel for the severity of storms. More on
that will be covered in Topic 7. In this lesson, we
will first review how to display the base data using
vertical cross-sections with the Four-dimensional
Stormcell Investigator (FSI) and the Volume
Browser (VB). Much of the knobology of FSI and
the VB is covered in Topic 1. We will end this les-
son looking at the strengths and weaknesses of
using these tools to do vertical cross-section anal-
ysis. 

The RPG can generate a cross-section products
for Reflectivity and Velocity. Since these are very
cumbersome to generate and they do not dynami-
cally update, these products will be covered in the
supplemental section of this topic. You will only be
tested on the FSI and VB methods of generating
cross-sections.
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Four-dimensional
Stormcell

Investigator (FSI)

Recall, the FSI is an external application to
AWIPS-2 that displays base data in four different
ways (see Fig. 5-30):

• Conventional PPI (top left)

• Constant Altitude Plan Position Indicator
(CAPPI, top right)

• Vertical Dynamic Cross Sections (VDX, bot-
tom left)

• 3D Flier Window (bottom right)

The vertical dynamic cross-section of this applica-
tion is the focus of this lesson.

Figure 5-30.  Example of FSI. Upper left is the PPI window. Upper 
right is the CAPPI view. Lower left is the vertical cross 
section window. Lower right is the 3D Flier window.
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Loading data into FSITo get data into FSI, first you need to load the “0.5
deg Base Data” from your dedicated radar menu.
Once you have loaded the data, choose “4-D
Storm Investigator (FSI)” from either the Tools
menu or from your dedicated radar drop-down
menu (see Fig. 5-31 on page 5-115). Right-click
over the storm of interest to launch FSI.

Switching products in 
FSI

When FSI has loaded, you should see Reflectivity
as the default product loaded in all four panels of
FSI. If you would like to switch products in FSI, you
can select the product from the FSI toolbar, or you
can use the following keyboard shortcuts:

• “1” or “Z” for Reflectivity

• “2” or “V” for Velocity

Figure 5-31.  Menu locations for starting up FSI. Tools menu option is to the left, and the dedicated 
radar menu option is to the right.
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• “3” or “S” for SRM

• “4” or “W” for Spectrum Width

• “5” or “D” for Differential Reflectivity

• “6” or “O” for Correlation Coefficient”

• “7” or “K” for Specific Differential Phase

Manipulating the cross-
section window in FSI

To change the orientation of the cross-section in
FSI, you just need to manipulate the cross-section
tool in the PPI window. Orient the cross-section
tool the way you want it in the PPI window, and the
VDX window will update automatically (see
Fig. 5-32).

Figure 5-32.  Example showing the cross-section tool in the PPI 
window (top) that can be modified to dynamically 
update the cross-section view (bottom)
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Volume Browser 
(VB)

Topic 1 has already shown you how to load Reflec-
tivity and Velocity cross-sections using the Volume
Browser (VB). This lesson will briefly review how
to do this.

The beauty of the VB cross-sections is there is no
need for One-Time Requests and you can overlay
environmental data on top of these cross-sections
for interrogation purposes. 

Loading data into VBFirst start with loading a 0.5 degree Z or V image
product. Next, from the “Tools” menu, load the
“Baselines”. Align the baselines over the storms
where you want cross-sections. Start the Volume
browser from the “Volume” menu (see Fig. 5-33)

In the Volume Browser window, choose “Cross
Section” in the tools menu. Next, under “Sources”
choose “Radar”. Under “Fields”, choose either
“Reflectivity” or “Velocity”. Choose the line you
specified with the “Baselines” in the “Planes” win-
dow. Click “Load”. Once the product loads, it will
just be contours of the product values. To make it
appear as an image, right-click and hold over the
legend and choose “Load as Image”. Refer to
Topic 1 for more detailed instructions. 

Overlaying 
environmental data

To overlay environmental data with the cross-sec-
tion, just choose a data source, the parameter you

Figure 5-33.  Volume browser menu option from the Volume pull-
down menu in the AWIPS-2 menu bar.
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want to load, and the same baseline as the base
product line, and choose load. 

Limitations

VB does not update Once you have loaded data into the Volume
Browser, there is a bug that will not allow the data
to update dynamically. 

Operational Solution • Until the bug is fixed, you will need to re-load
the cross-section when you want to access it.

Baseline used for VB
cross-section cannot be

drawn dynamically

The cross-section that is drawn in AWIPS-2 with
the VB cannot be dynamically drawn. 

Operational Solution • Redraw the baseline used for the VB cross-
section and regenerate the cross-section.

Figure 5-34.  Volume browser settings to load a Reflectivity cross section. To load a different product 
(e.g. Velocity), just choose a different product in the “Fields” section.
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FSI can be resource 
intensive

Since FSI is manipulating a lot of data to get the
dynamic cross-sections and 3D views, it takes a
lot of the computer’s resources to do so. There-
fore, FSI can cause some performance issues.

Operational Solution• If you notice system performance degrading
while using FSI, there are two options. One,
close FSI. Two, limit other resource intensive
products on your AWIPS-2 screens (i.e. 64
frames of all-tilts base data).

Proper cross-section 
orientation is important

To view storm structure features such as WERs
and BWERs and for correct velocity interpretation,
it is important to know what you are looking for
before drawing the cross-section. Topic 7 will
cover more on how to draw cross-sections for
viewing different storm features.

Figure 5-35.  Volume browser settings to load a Reflectivity cross section along with temperature data 
overlaid from the RAP40.
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Applications
(Strengths)

Allows for easy
interrogation of vertical

structure

The primary advantage of the VB and FSI is their
ease of loading vertical cross-sections to interro-
gate storms. It is MUCH faster than the OTRs orig-
inally used.

FSI cross-section can be
updated dynamically

With the cross-section tool in the PPI window of
FSI, you can quickly re-arrange the cross-section
orientation and generate a new radar cross-sec-
tion on the fly. This is one of the biggest advan-
tages of using FSI.

FSI/VB can display all
base data

FSI and VB can display any of the base data in the
vertical cross section window. The RPG generated
products can only do cross-sections for Reflectivity
and Velocity.

Incorporating
environmental data with

radar data

With the VB cross-sections, you can overlay envi-
ronmental data (i.e. temperatures) on your cross-
sections to aid in interrogation. For example, you
could overlay temperature on Reflectivity to iden-
tify regions of hail growth.

The CAPPI in FSI can be used in a similar fashion.
You can adjust the CAPPI height to some temper-
ature level and do storm interrogation.
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Topic 5: Base & Derived Products

Summary: Background & Base Products
IntroductionThe first exam will cover the background material
and all the lessons on the base products (Z, V,
SRM, SW, CC, ZDR and KDP). You will also be
tested on the vertical cross-section tools (FSI &
VB). The exam questions are tied directly to the
Learning Objectives in each lesson.

It is recommended that you take this exam before
moving onto subsequent lessons while this mate-
rial is fresh on your mind. To get credit for this
exam, you must take it in the NWS Learning Cen-
ter (http://doc.learn.com/noaa/nws).

To help you with the exam, the product attribution
table, the applications and limitations from each
lesson to this point are provided in this summary
lesson below.

Background

Base vs. Derived 
Products

Base products are those products which are the
closest thing to the truth that comes from the
radar. Human expertise in examining base data for
signatures is highly preferred in the warning pro-
cess.

General Limitations of 
Base Data

Remember the following general limitations of
base data:

• Ground Clutter

• Earth Curvature

• Beam Blockage

• Beam Broadening

• Non-Uniform Beam Filling

• Cone of Silence
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• Beam Height Estimation

• Discrete Sampling

Derived products are useful when large amounts
of data need processing in a quick amount of time.
However, do not use derived products solely to
issue a warning! It is best to use derived products
as a safety net.

Data Levels &
Resolutions

Products come in 8-bit, 4-bit and 3-bit resolutions.
The higher the number of bits, the more precise
the data output. However, high data precision
requires more bandwidth. 

The resolution of products can be either 0.5 deg or
1 deg azimuthally and 0.25km, 0.5km, 1km, 2km,
or 4km in range. Again higher resolution is pre-
ferred, but sometimes bandwidth issues requires
lower resolution data.

Routine Product Set
(RPS) Lists

This is the way an AWIPS-2 operator can request
data from the RPG. The RPG generates hundreds
of products, but only those requested by the
AWIPS-2 operator through the RPS list will be dis-
playable in AWIPS-2.
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Base Reflectivity 
(Z)

Applications• Observe precipitation intensity, movement and
trends.

• Determine significant storm structure features.

• Determine location and motion of fronts and
other boundaries.

• Locate and identify the melting level.

• Identify non-meteorological phenomena.

Limitations• Dielectric Constant of Water vs. Ice

• Chaff

Table 5-13.  List of all the Base Reflectivity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Base Reflectivity dBZ Z R 16 3-bit (8) 1 km 1 deg 230 km
Base Reflectivity dBZ Z R 17 3-bit (8) 2 km 1 deg 460 km
Base Reflectivity dBZ Z R 18 3-bit (8) 4 km 1 deg 460 km
Base Reflectivity dBZ Z R 19 4-bit (16) 1 km 1 deg 230 km
Base Reflectivity dBZ Z R 20 4-bit (16) 2 km 1 deg 460 km
Base Reflectivity dBZ Z R 21 4-bit (16) 4 km 1 deg 460 km
Base Reflectivity 

Data Array Product dBZ Z DR 94 8-bit (256) 1 km 1 deg 460 km
Super Res 

Reflectivity Data 
Array Product dBZ Z SDR 153 8-bit (256) 0.25 km 0.5 deg 460 km
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Base Velocity (V)

Applications • Estimate velocity magnitudes

• Determine atmospheric structure

• Analyze storm structure

• Update/adjust hodographs

Limitations • Range folding may obscure data

• Super-res Base Velocity magnitudes vs. 8-bit
Recombined Base Velocity magnitudes

• Velocity “Shadows” can be misleading

• Velocity values only depict radial component

• Improper velocity dealiasing may display erro-
neous velocity values

Table 5-14.  List of all the Base Velocity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Base Velocity kts V V 22 3-bit (8) 0.25 km 1 deg 60 km
Base Velocity kts V V 23 3-bit (8) 0.5 km 1 deg 115 km
Base Velocity kts V V 24 3-bit (8) 1 km 1 deg 230 km
Base Velocity kts V V 25 4-bit (16) 0.25 km 1 deg 60 km
Base Velocity kts V V 26 4-bit (16) 0.5 km 1 deg 115 km
Base Velocity kts V V 27 4-bit (16) 1 km 1 deg 230 km

Base Velocity Data 
Array Product kts V DV 99 8-bit (256) 0.25 km 1 deg 300 km

Super Res Velocity 
Data Array Product kts V SDV 154 8-bit (256) 0.25 km 0.5 deg 300 km
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Storm-Relative 
Velocity Map (SRM)

Has all the applications and limitations of Base
Velocity (V), but also has the following:

Applications• Improved detection of velocity signatures

• High SRM values are displayable on cursor
readout

• Examine velocity structure of fast moving
storms

Limitations• Ensure representative storm motion

Base Spectrum 
Width (SW)

Applications• Identify Three Body Scatter Spikes (TBSS)

• Identify important meteorological boundaries

• Identify the melting layer

• Identify Accelerating and Decelerating Flow

• Evaluate Velocity

• Locate areas of suspected turbulence and
shear

Table 5-15.  List of all the Base Spectrum Width products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Base Spectrum 
Width kts SW SW 28 3-bit (8) 0.25 km 1 deg 60 km

Base Spectrum 
Width kts SW SW 29 3-bit (8) 0.5 km 1 deg 115 km

Base Spectrum 
Width kts SW SW 30 3-bit (8) 1 km 1 deg 230 km

Super Res Spectrum 
Width Data Array 

Product kts SW SDW 155 8-bit (256) 0.25 km 0.5 deg 300 km
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Limitations • Range Folding

• System Noise from Weak Power Returns

• Transmission Time

Correlation
Coefficient (CC)

Applications • Meteorological and Non-meteorological
Echoes

• Melting Layer 

• Significant Severe Hail 

• Irregularly Shaped Hydrometeors

• Rain vs. Snow

• Tornadic Debris

Limitations • Low SNR and CC

• Non-uniform Beam Filling (NBF)

• Range Folding in Batch Cuts

• Mixture of hydrometeors

Table 5-16.  List of all the Base Reflectivity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Correlation 
Coefficient Product -- CC CC 160 4-bit (16) 1 km 1 deg 230 km

Correlation 
Coefficient Data 

Array Product -- CC DCC 161 8-bit (256) 0.25 km 1 deg 300 km
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Differential 
Reflectivity (ZDR)

Applications• Melting Layer

• Rain/Snow Transition Area

• Frozen Precipitation Types

• Hail Detection

• Updraft (ZDR column)

• Tornadic Debris Signature (TDS)

• Non-Meteorological Echoes (Birds/Insects)

Limitations• Bias Towards Larger Hydrometeors

• Particle Density

• Depolarization

• Batch Cuts & Range Folding

• Low Signal to Noise Ratio/Correlation Coeffi-
cient

Table 5-17.  List of all the Base Reflectivity products available from the RPG for viewing in AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Differential 
Reflectivity Product dB ZDR ZDR 158 4-bit (16) 1 km 1 deg 230 km

Differential 
Reflectivity Data 

Array Product dB ZDR DZD 159 8-bit (256) 0.25 km 1 deg 300 km
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Specific Differential
Phase (KDP)

Applications • Heavy Rain Only

• Rain, Hail, or Rain Mixed with Hail

• Cold vs. Warm Rain Processes

Limitations • KDP Not Shown for CC<0.90

• Noisy in Low SNR

• Non-Uniform Beam Filling (NBF)

• Range Folding in the Batch Cuts

Base Data Cross-
Section Tools (FSI

& VB)

Applications • Allows for easy interrogation of vertical struc-
ture

• FSI cross-section can be updated dynamically

• FSI/VB can display all base data

• Incorporating environmental data with radar
data

Table 5-18.  List of all the Specific Differential Phase products available from the RPG for viewing in 
AWIPS-2.

Product Name Units
AWIPS2 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Specific Differential 
Phase Product deg/km KDP KDP 162 4-bit (16) 1 km 1 deg 230 km

Specific Differential 
Phase Data Array 

Product deg/km KDP DKD 163 8-bit (256) 0.25 km 1 deg 300 km
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Limitations• VB does not update

• Baseline used for VB cross-section cannot be
drawn dynamically

• FSI can be resource intensive

• Proper cross-section orientation is important
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Topic 5: Base & Derived Products

Lesson 11:  Storm Cell Identification and Tracking 
Algorithm (SCIT)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the SCIT algo-
rithm as they pertain to the STI and HI prod-
ucts.

IntroductionThis particular lesson describes how the Storm
Cell Identification and Tracking (SCIT) algorithm
identifies, tracks, and forecasts the movement of
storm cells. The SCIT algorithm output is the pri-
mary input for two other products covered in Topic
5: Storm Track Information (STI - product #58) and
the Hail Detection Algorithm (HDA) graphical prod-
uct named Hail Index (HI - product #59). This les-
son will focus mainly on the characteristics of SCIT
as they affect STI and HI.

Recombined Data for 
Derived Products

Before examining this and all other derived prod-
ucts, it is important to note what data resolution is
ingested. Recall from Topic 3 that the Recombina-
tion Algorithm is applied to the split cuts for all
VCPs. The end result of the algorithm is recom-
bined data, which have a range resolution of
250 m for velocity and 1 km for reflectivity.
Recombined reflectivity and velocity both have
1 degree azimuthal resolution. Every single
derived product produced by the RPG, including
reflectivity, velocity, and precipitation, are built off
the recombined data.

SCIT BackgroundThe primary purpose of the Storm Cell Identifica-
tion and Tracking (SCIT) algorithm is to identify,
track, and forecast the movement of storm cells.
As previously discussed, the primary radar graphic
overlay product produced by this algorithm is
Storm Track Information (STI - Product ID # 58).
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Data from this algorithm are used extensively as
input to several other products (i.e., HI, SRM, MD,
TVS, RCM, CR Combined Attribute Table) and
applications such as the System for Convection
Analysis and Nowcasting (SCAN) (See Fig. 5-36
on page 5-132). Topic 5 has individual lessons that
cover HI, SRM, MD, TVS, and CR.

Note: SCAN will not be discussed in Topic 5, but is
covered briefly in Topic 1 and will be covered
again in the DLOC Workshop.

SCIT Algorithm

Overview The SCIT algorithm consists of four subfunctions: 

1. Storm Cell Segments

2. Storm Cell Centroids

3. Storm Cell Tracking

4. Storm Position Forecast

Figure 5-36.  Cell attributes from the Storm Cell Identification and Tracking (SCIT) algo-
rithm and the Hail Detection Algorithm (HDA) are displayed directly in some 
products, and are used indirectly in others. SCIT is the foundation for sev-
eral other algorithms as this graphic suggests.
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The Storm Cell Segments subfunction identifies
the radial sequences of reflectivity (segments),
and outputs information on these segments to the
Storm Cell Centroids subfunction. The Storm
Cell Centroids subfunction groups the segments
into two-dimensional components, vertically corre-
lates these components into three-dimensional
cells, and calculates these cells’ attributes. The
cells and their attributes are output to Storm Cell
Tracking and Storm Position Forecast. Storm Cell
Tracking monitors the movement of the cells by
matching cells found in the current volume scan to
the cells from the previous volume scan. Storm
Position Forecast predicts future centroid loca-
tions based on a history of the cell’s movement
(See Fig. 5-37 on page 5-133). Each of these sub-
functions are discussed in detail on the following
pages.

Storm Cell Segments

DefinitionSegment - a run of contiguous range bins along a
radial with reflectivity values greater than or equal

Figure 5-37.  The SCIT algorithm consists of four subfunctions.
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to a specified threshold (See Fig. 5-38 on page
5-134). 

Process The Storm Cell Segments subfunction searches
for segments of up to seven different minimum
reflectivity thresholds (see Fig. 5-39 on page
5-135). The segment must have a length greater
than a minimum segment length, and may con-
tain a specified dropout number of contiguous
range bins that are within the dropout reflectivity
difference below the minimum reflectivity thresh-
old. The default values of the adaptable parame-
ters are:

• Minimum Reflectivity Thresholds = 30, 35, 40,
45, 50, 55, 60, dBZ

• Minimum Segment Length = 1.9 km (1.1 nm or
at least two range bins),

• Dropout Reflectivity Difference = 5 dBZ, and

• Dropout Number = 2.

Figure 5-38.  Looking closer at the radials, you can see how the reflectivity information is quantified. 
The basic measurements of reflectivity are made in 1° X.54nm range bin. The function of 
this algorithm is to combine the individual range bins into storm segments along the radial. 
Note the segments in the figure.
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The Storm Cell Segments subfunction searches
for segments on each radial as the data arrive at
the RPG.  First, a search is done for segments
using the lowest minimum reflectivity (default is 30
dBZ).  All other range bins are discarded from fur-
ther processing.  Then a search is made of the
detected (30 dBZ) segments for segments of the
next minimum reflectivity threshold (35 dBZ).
Then a search of those (35 dBZ) segments is
made for segments of the next threshold (40 dBZ),
and so on through the seventh threshold (60 dBZ).

A portion of a radial is depicted in Figure 5-39 and
annotated with the reflectivity values of each (1° x
0.54 nm) range bin. Given the default values of the
adaptable parameters, seven segments would the-
oretically be defined.

Figure 5-39.  In the initial search for a 30 dBZ segment (labeled Segment 1), only the range bin labeled “O” 
would be eliminated.  Segment 2 (“C” through “N”) would be selected in the search for 35 dBZ 
segments (range bins “G” and “H” would remain since up to two contiguous range bins within 5 
dBZ of the minimum reflectivity threshold can be contained in the segment).  The 40 dBZ seg-
ments would include Segment 3 (“C through F”) and Segment 4 (“J through N”).  Segments 5 
and 6 would be defined as 45 dBZ segments, and Segment 7 would be further defined as a 50 
dBZ segment.  Note that range bin “D” (55 dBZ) and range bin “K” (62 dBZ) would not be con-
sidered separate segments since they do not exceed the minimum segment length.
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As can be seen from the example, numerous seg-
ments could be identified along a single radial. To
reduce the processing task, the number of seg-
ments for a given reflectivity threshold is limited to
15 (an adaptable parameter) per radial. In other
words, there is a potential for up to 105 segments
on a single radial (7 thresholds X 15 segments per
threshold). Investigations have shown that these
thresholds will only be exceeded in very active
weather situations.

Storm Cell Centroids

Definitions Component - A two-dimensional area of com-
bined segments on a single elevation slice. 

Centroid - A three dimensional location of a cell’s
center of mass.

Process At each elevation slice, the Storm Cell Centroids
subfunction groups adjacent segments of each

Figure 5-40.  Storm Cell Centroid Processing
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reflectivity threshold into two-dimensional compo-
nents. If components overlap, the component with
the higher reflectivity is saved and the other(s) dis-
carded. Only the smaller “bull’s eyes” of high
reflectivity are saved for correlation into three-
dimensional cells. Therefore, cells are defined by
their areas of highest reflectivity (see Fig. 5-40 on
page 5-136).

The components are vertically correlated by com-
paring the proximity of the centers of every compo-
nent with those in adjacent elevation scans.
Components with the largest masses are com-
pared first. If at least two components are vertically
correlated, a cell is created.(see Fig. 5-41) 

Storm Cell Centroids 
Output

For each identified cell the following attributes are
calculated:

• centroid (in polar coordinates), 

• height of the centroid (ARL - Above Radar
Level), 

Figure 5-41.  Centroid Locations
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• maximum (3-bin averaged) reflectivity, 

• height of the maximum reflectivity (beam cen-
terpoint height - ARL), 

• cell base and top (ARL),

• number of components, and 

• cell-based Vertically Integrated Liquid (VIL).

Reflectivity Filter Applied Recent measures have been taken to ensure that
storm cell identification is as clean as possible.
Before the identification of storm cell segments
and 2D features, the RPG first applies a filter to
the base reflectivity. You can turn this on or off by
selecting the appropriate parameter in the storm
segment algorithm window (see Fig. 5-42). It is
recommended that this filter be turned on. It is a
median filter which effectively removes many unre-
alistic cell fragments. This improves segment
tracking since those cell fragments were the cause
of many of the storm mis-identifications. Once the
segments have been identified and 2D features
built off the filtered reflectivity, the RPG then
searches the raw (unfiltered) reflectivity to deter-
mine the maximum reflectivity for that 2D feature,
thereby preserving the computed strength of the
storm cell. A comparison of the filtered vs. unfil-
tered reflectivity is provided in Fig. 5-43 on page
5-139. 

Cell-based VIL A calculation of VIL is made for each cell identified
by Storm Cell Centroids by vertically integrating
maximum reflectivity values of a cell's correlated

Figure 5-42.  RPG algorithm window of adaptable parameters for storm cell segments. The 
reflectivity filter can be toggled on or off.
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components. This is a different calculation than
the gridded VIL product (VIL - Product ID #57 and
DVL - Product #134). As can be shown in the fol-
lowing example (See Fig. 5-44 on page 5-139.), a
fast-moving or highly tilted storm will usually have
a higher Cell-based VIL than Grid-based VIL. 

Up to 100 cells can be identified by Storm Cell
Centroids. The cells are ranked by Cell-based

Figure 5-43.  A comparison of filtered (left) and raw unfiltered (right) reflectivity.

Figure 5-44.  Cell-based vs. Grid-based VIL.
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VIL. Cell-based VIL is displayed in SCAN, the
Storm Structure Alphanumeric Product, and the
Composite Reflectivity Combined Attributes Table. 

Storm Cell Tracking

Process Storm Cell Tracking monitors the movement of
storm cells by matching cells found in the current
volume scan to the cells from the previous volume
scan. Starting with the cell with the highest Cell-
based VIL, a comparison is done of its centroid
location with the projected (based on past move-
ment) centroids from the previous volume scan.
The closest projected centroid within a threshold
distance (speed limitation) is considered the same
cell (see Fig. 5-45).

If a correlation is made, the cell is given the same
ID as in the previous volume scan. If no correlation

Figure 5-45.   Storm Tracking Process. Centroid location is compared with forecast location 
of centroids from the previous volume scan.
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is made, the cell is given a new ID. The ID
assigned to a Cell consists of a letter-number com-
bination (A0, B0, C0... Z0, A1, B1... Z1, A2, B2...
Z9). This adds some value to the ID, such as
knowing that cell R7 has been identified longer
than cell H8 (the number has precedence over
the letter in this scheme). The list of IDs will
reset to begin with A0 when the RPG is rebooted,
or when a threshold time interval has lapsed with-
out cells. 

Storm Position Forecast

ProcessStorm Position Forecast predicts the future cen-
troid locations of cells based on a history of the
cell's movement.  The first time a cell is detected it
is labeled a new cell, and the forecast movement
used by the algorithm for processing purposes is
either:

a) the average movement of all identified cells, or

b) if no other cells are identified, the default speed
and direction as set at the RPG HCI.

Subsequently, each subsequent volume scan that
the cell is detected, a prediction is made using a
linear least squares extrapolation of the cell’s pre-
vious movement. A comparison of the current cen-
troid location is made to the previous forecast
position, with the duration of the forecast (0, 15,
30, 45, or 60 minutes) dependent on the magni-
tude of this departure. In other words, the larger
the errors in past volume scans forecasts, the
shorter (in time) the resultant forecast.

SCIT Output to STI & HIAfter the SCIT algorithm has built and located cen-
troids, assigned labels to all cells, and predicted
the future position of each cell, its “job” is complete
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and data are ready to be incorporated into other
products at the RPG, such as STI and HI.

SCIT Summary • SCIT identifies cells by their centroid, which is
a three dimensional location of a cell’s center
of mass. The centroid is determined by com-
bining 2-D features at each elevation angle
using 7 reflectivity thresholds from 30 to 60
dBZ.

• There is a reflectivity filter that you can toggle
on or off at the RPG. Having it on cuts down on
the number of falsely detected cells

• SCIT tracks cells through matching current
centroid location with a forecasted centroid
from the previous volume scan that falls within
a specified radius.

• Centroids (cells) are labeled using a letter-
number combination (A0, B0, C0... Z0, A1,
B1...Z1, A2, B2...Z9). The number is the part
of the cell ID that determines a relative age,
such that W7 is older than C8.

• Forecasted locations are extrapolated from the
average movement of all identified cells.
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Lesson 12:  Storm Tracking Information (STI)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Storm Track
Information (STI) Product.

2. Identify the limitations of STI.

3. Identify the applications (strengths) of STI.

OverviewAs mentioned in the lesson on SCIT, data devel-
oped by the SCIT algorithm is directly input to the
Storm Track Information Product (STI - Product ID
#58). The STI can display up to 100 cells identified
by the SCIT algorithm on a single product. It is
also possible to display the actual past positions of
the centroid on up to 13 (default 10) previous vol-
ume scans. Cells with a movement of less than a
minimum speed (default 5 kts) are circled to indi-
cate little movement, and past positions and fore-
cast tracks are not displayed. The following
symbols are displayed on the product:

centroid location,

• past position (volume scan increments 
with a line between each symbol), and

+ forecast position (15 minute incre-
ments with a straight line connecting all forecast
positions),

stationary (<5 kts).

 ExampleSee Fig. 5-46 on page 5-145 for an example of the
STI product with the reflectivity filter turned on at
the RPG (filter turned on is recommended). For
comparison, Fig. 5-47 on page 5-145 has the
reflectivity filter turned off. At first glance they look
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similar, but looks can be deceiving. In the bottom
left of both graphics is the same storm, labeled W2
with the filter turned ON (Fig. 5-46 on page 145)
and R4 with the filter turned off (Fig. 5-47 on page
145). Though they are for the same storm at the
same time from identical data, the filter turned off
has identified 47 more storms up to that point
(recall that W2 is assigned before R4, 47 identifi-
cations before R4 to be exact). The additional
identifications were the result of improper tracking
or cell mis-identifications on the unfiltered reflectiv-
ity.

Characteristics

Product legend
description

• RPG PRODUCT CODE: STI (#58)

• RPG ID: kxxx

• PRODUCT NAME: Storm Track Information

• X/Y: This tells you what page you are on (X)
out of how many pages are available (Y).

• DATE: Day of week, time, and date in UTC

Product annotations • STI Attribute Table (see below)

Additional
Characteristics

• RANGE: 248 nm (Effective Range 186 nm) 

Attributes Table The STI Attribute Table appears at the top of the
STI product, and contains information on all identi-
fied cells (Fig. 5-48, page 5-146). The STI Attribute
Table lists the cells in order of Cell-based VIL
from left to right from page 1 to the last page. The
2nd and 3rd rows contain the azimuth and range
of the cell centroids along with the forecast move-
ment (direction coming from and speed in knots).
On the first volume scan a cell is identified, the
5 - 144    Characteristics



Topic 5: Base & Derived Products
Figure 5-46.  Storm Track Information (STI) Product with reflectivity filter turned ON at the RPG.  
NOTE:  This is an image from AWIPS.  In AWIPS-2, the legend information will 
appear differently.  There will no longer be an entry for each page in the legend.  
There will only be on entry in the legend, and you middle mouse click over that legend 
to cycle through the pages.  The information in the tables is exactly the same.

Figure 5-47.  Storm Track Information (STI) Product with reflectivity filter turned OFF at the RPG.  NOTE:  
Same applies for this image as in Fig. 5-46 with respect to AWIPS vs. AWIPS-2. 
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word “NEW” is placed on the row for forecast
movement. The fourth line of the STI Attribute
Table lists the error (ERR) of the previous forecast
track location to the current centroid position (in
nm). The mean error (MEAN) is the average error
over the cell’s lifetime (also in nm). The larger the
mean error (MEAN), the fewer the forecast tracks
(15, 30, 45, 60 min.) plotted on the STI graphic.
The fifth line lists the maximum reflectivity for that
cell (dBZ), and its height (in kft). 

Alphanumeric Product An STI Alphanumeric Product is received and
stored in a text file along with every STI Graphic
Product. The name of the text file is in the form:
WSRSTIxxx, where xxx is the radar ID. The STI
Alphanumeric Product is displayable at the
AWIPS-2 text workstation, and contains informa-
tion on the position and forecast of identified cells.
The average speed and direction of all identified
cells are shown near the top of the product. Cells
are listed in order of Cell-based VIL from left to
right. The azimuth and range of the current cell
centroids along with the movement and forecast
positions at 15, 30, 45, 60 minutes are listed. 

Radar Graphics Control During active weather, the STI product could
become extremely cluttered. Graphic controls are
available at the AWIPS-2 Workstations to allow the

Figure 5-48.  STI Attribute Table which appears at the top of the STI product.
5 - 146    Characteristics



Topic 5: Base & Derived Products
operator to reduce the clutter on the STI product.
(i.e. Fig. 5-49, top of GUI)

The number of identified cells to be displayed (up
to 100), and whether or not to display the past
positions and/or forecast positions is indepen-
dently selectable at each AWIPS-2 Workstation. If
30 cells are identified by the SCIT algorithm, and
an operator selects only 10 to be displayed, only
the top 10 ranked by Cell-based VIL would be dis-
played on the STI graphic product. Information on
all 30 cells are available on the pages in the STI

Figure 5-49.   AWIPS-2 Radar Display Controls highlighting the 
controls for display of the STI product.
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Attribute Table and also on the paired STI alpha-
numeric product. All other AWIPS-2 Workstations
will not be affected by this setting. 

Limitations

Errors due to cells in
close proximity

Errors may occur in the identification of cells and
the calculation of cell attributes when cells are in
close proximity.  If you have the reflectivity filter
turned on (it is turned on by default), this is not as
much of a problem as it used to be. Recall from
the previous discussion of Storm Cell Centroids
that storm cells are defined by areas of highest
reflectivity. 

In Figure 5-50, a particularly high area of reflectiv-
ity (50 dBZ) occurred in Cell #1 at 0.5°, and only
this area was saved as a component. Cell #2 has
been identified with a Cell Base defined at the 1.5°
slice even though a 40 dBZ echo exists at the 0.5°
slice.

Figure 5-50.  Storm Cell Centroids that storm cells are defined by 
areas of highest reflectivity.
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This type of problem will also affect other calcula-
tions such as Cell Top, Maximum Reflectivity
Height, and Cell-based VIL. The operator should
be skeptical of cell attributes anytime cells are in
close proximity to each other.

Cell attributes of supercells may also be inconsis-
tent. The number of identified cells in a large
supercell storm may vary from volume scan to vol-
ume scan. An example of this problem is seen on
Figure 5-51, where cell-based VIL is compared to
gridded VIL for a large supercell storm.

Errors in cell attributes 
near the RDA 

Large errors may occur in the attributes of cells
close to the RDA, especially in VCP 21, 121, and
VCP 221. Recall that there are large gaps
between elevation angles at higher slices in VCP
21, 121 and VCP 221. Calculations of Cell-based
VIL, Cell Base, Cell Top, Height of Maximum
Reflectivity, etc. can all be adversely affected by
what the radar is not sampling in these gaps.

Figure 5-51.  Comparison of cell-based VIL and gridded VIL for the “Mulhall” Storm that produced a 
long track tornado through the town of Mulhall, Oklahoma on May 3, 1999.
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Unrepresentative cell
movements due to

propagation effects.

Due to development or dissipation, the high reflec-
tivity cores change location within an identified cell
from one volume scan to the next, resulting in
false representation of the movement of the cell.

Non-linear motion cells
forecasted as straight

line

Forecast positions of curving cells are displayed
as a straight line. Since position forecasts are
always in a straight line, the past tracks of a cell
should be taken into account when using the posi-
tion forecast of a curving cell. 

Applications
(Strengths)

Works best with well-
defined widely separated

cells

The STI product will perform best when the spac-
ing between storms is large due to the algorithm
not confusing neighboring storms.  

Large number of past
tracks and forecast

positions = more reliable
cell movement

The more storm track forecast points (four possi-
ble) and the more past tracks plotted indicates a
more reliable storm track from the STI product.
Uneven spacing between past tracks, fewer than
four forecast positions, and/or re-identification of
cells indicates less reliable forecast positions.

Useful as an overlay on
radar products

The STI product is useful to overlay on radar prod-
ucts (i.e. Reflectivity). 

Cell motion used in SRM
product

The cell motion from the STI product can be  used
in Storm-Relative Velocity products (SRM) which
were covered in the Base Products section of
Topic 5.

Input to HI and SCAN Cell attributes are critical inputs to the Hail Index
product and SCAN (System for Convective Analy-
sis and Nowcasting). 
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Lesson 13:  Hail Detection Algorithm & Hail Index (HI)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Hail Index
(HI) Product.

2. Identify the limitations of HI.

3. Identify the applications (strengths) of HI.

HDA OverviewThe Hail Detection Algorithm (HDA) is designed to
look for high reflectivities above the 0°C level. The
HDA requires inputs of the 0°C and -20°C altitudes
in thousands of feet (kft) mean sea level (MSL) at
the RPG HCI. Radar operators can either manu-
ally input the 2 values based off a recent represen-
tative sounding or allow it to automatically update
each hour using RUC model data. Because it is
tied to the SCIT algorithm, HDA is designed to
work independent of cell type, tilt, and overhang.
The primary product produced by the algorithm is
Hail Index (HI - Product ID #59) which can be use-
ful in identifying cells that have the potential to pro-
duce hail.

The Hail Index (HI) product displays the following
HDA estimates:

• Probability Of Hail (POH) - identified as hail
of any size, displayed in increments of 10%, 

• Probability Of Severe Hail (POSH) - identi-
fied as hail that is > 3/4 inch,  displayed in
increments of 10%, (NOTE: Despite 1 inch
being the criteria now for severe hail, the
HDA was never updated to incorporate this
change) and
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• Maximum Expected Size of Hail (MESH) -
the estimate of the largest hail size identified
anywhere in the cell, computed in increments
of 1/4 inch. 

If the cell is beyond the hail processing range of
124 nm, then the hail estimates are labeled as
UNKNOWN in the Attribute Table.

Process The HDA searches for high values of reflectivity
above the 0°C level (see Fig. 5-52). The reflectivi-
ties used are the maximum reflectivities of cell
components above the 0°C level. For the calcula-
tion of the POH, the location of the highest reflec-
tivity of at least 45 dBZ above the 0°C level is
found. The greater the height above the 0°C level,
the greater the POH. In the calculation of POSH
and MESH, reflectivities greater than 40 dBZ
which exist above the 0°C level are used. In addi-
tion, a weighting factor is used, such that the
greater the reflectivity above 40 dBZ, and the
higher the altitude at which this reflectivity exists,

Figure 5-52.  Hail Algorithm Process.
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the greater the weighting factor used. Reflectivities
greater than 50 dBZ, and higher than the altitude
of the -20°C isotherm, carry the most weight. This
illustrates the need for users ensure a repre-
sentative altitude of the 0°C and -20°C levels,
especially when significant change to the atmo-
sphere is experienced near the radar coverage
area.

CharacteristicsThe Hail Index (Product Code HI - Product ID #59)
graphic product uses symbols to depict the proba-
bility of hail (see Fig. 5-53). 

POHThe POH is represented with a smaller open or
solid green triangle. For the triangle to appear the
POH must exceed a “Minimum Display Thresh-
old”(10% default). Whether the triangle is open or

Figure 5-53.  Hail Index (HI) Product.
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solid green depends on a “Fill-in Threshold”
(50% default).

POSH & MESH The POSH is represented by a larger green trian-
gle, again with the solid green triangle represent-
ing a “fill-in” threshold. The MESH will be
displayed to the right of the POSH symbol rounded
to the nearest inch from 1 to 4. If a cell has hail
identified that is less than 3/4 inch, then an aster-
isk (*) will be placed to the right of the POSH sym-
bol (See Fig. 5-54.) 

Attributes Table The Hail Index Attributes Table will be available at
the top of the product which lists the Cell ID, Azi-
muth and Range, POSH or POH, the MESH (to
the nearest 1/4 inch), and the last line in the table
identifies the altitudes of the 0°C and -20°C tem-
peratures and the date/time at which the informa-
tion was last updated. Each page of the table can
contain up to 6 cells.   Cells are ordered first by

Figure 5-54.  Hail Symbols

 Minimum POH Display Threshold ≤ POH < Fill-in Threshold

POH ≥ Fill-in Threshold & POSH < Min. POSH Threshold

Minimum Display Threshold ≤ POSH < Fill-in Threshold

POSH ≥ Fill-in Threshold
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POSH and then by POH. In addition, the parame-
ters of POSH, POH, and MESH will be displayed
in the Composite Reflectivity Combined Attribute
Table and the Hail Index alphanumeric product.

Figure 5-55.   AWIPS-2 Radar Display Controls highlighting the con-
trols for displaying the HI icons.
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Radar Graphic Controls Graphic controls are available at the AWIPS-2
Workstations to allow the operator to adjust the
Minimum and Fill-In Thresholds for the Hail Index
Icons. Changes made here will not effect other
AWIPS-2 workstations (See Fig. 5-55.).

Hail Temperature Height
Selection

The 0°C and -20°C heights used by the HDA can
be manually or automatically entered at the RPG
HCI under the Environmental Data window. Under
URC authority, the operator may input the most
recent 0°C and -20°C heights (see Fig. 5-56). 

Selecting “Model Update” is an excellent option
because RUC temperature data are ingested into
the RPG every hour. Though probably rare, at
times the RUC 0° and -20° C heights may be in
error. If so, a manual update would be required,
using either a nearby 00 or 12 UTC RAOB or bet-
ter yet aircraft temperature data like ACARS or
AMDAR. Timely data are available at many loca-

Figure 5-56.  Both windows are accessible from the RPG HCI Environmental Data button. Automatic model 
update of hail temperature heights and winds (top), and data entry window where you can manu-
ally edit the values (bottom).
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tions across the CONUS and easily accessible in
AWIPS-2 from the upper air menu or on the inter-
net at http://amdar.noaa.gov/java/.

Limitations

POH, POSH & MESH 
fluctuate at close range

Values of POH, POSH, and MESH will fluctuate at
close ranges, especially in VCPs 21, 121, and
221, due to gaps in coverage at higher elevation
slices.

POH, POSH & MESH 
fluctuate at long ranges

The values for POH, POSH, and MESH may fluc-
tuate at long ranges from the radar, due to the lim-
ited number of slices through the cell.

Max range = 124 nmThe maximum hail processing range is 124 nm.
For cells beyond 124 nm, hail will be identified as
UNKNOWN.

POSH/MESH 
overestimate in weak 
shear & mountain 
locations

POSH and MESH tend to overestimate the
chances and size of hail in weak wind shear, tropi-
cal environments, and mountainous locations. The
accuracy of the hail estimates partially depends
upon the accuracy of cell (component) information.

• MESH is an estimation of the largest hail in the
cell, and often times, most of the hail from a
cell is smaller.

• The operator has to keep in mind that the
MESH and POSH should only be used as a
guide. Storm spotters and other operational
means (base data interrogation) should also
be integrated into the warning decision.
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Applications
(Strengths)

High POD in cells with
severe hail

The Hail Detection Algorithm has shown a very
high probability of detection in cells that contain
severe hail, especially greater than one inch diam-
eter hail. A POSH of 70% or greater has shown
some skill as a warning threshold.  NOTE:  This
70% is for 1 inch hail despite POSH using a 3/4
inch criteria.  It is recommended to change the
“fill-in” threshold for POSH to “70” instead of
the default “50”.   
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Lesson 14:  Digital Vertically Integrated Liquid (DVIL)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the 8-bit Verti-
cally Integrated Liquid (DVIL) Product.

2. Identify the limitations of DVIL.

3. Identify the applications (strengths) of DVIL.

OverviewThe Digital VIL (in this case “digital” means 8-bit as
opposed to legacy VIL which is 4-bit) product is
not a replacement for the existing gridded VIL
product (see the lesson on VIL in the Supplemen-
tal Section). Although it uses the same equation as
VIL to convert reflectivity to kg/m2, the finer data
resolution (1° by 1 km polar format), and lack of
truncation has a substantial impact on the value.
There have been instances where a value of 40 to
45 kg/m2 on the VIL product equated to a value of
80 kg/m2 on the DVIL product. Any empirical study
using VIL (e.g., VIL Density, VIL of the Day, etc.)
should not be used with the DVIL product.

ProcessThe same equation is used to convert reflectivity to
liquid water content: 

M = 3.44 x 10-3 Z 4/7

where M = liquid water content (g m-3)

 Z = radar reflectivity (mm6 m-3)

The values are derived from each 1 km (0.54 nm)
x 1 degree range bin, and then vertically inte-
grated. DVIL values are output in kg/m2, and dis-
played in 256 data levels from 0 to 80 kg/m2 out to
a range of 460 km (248 nm). (See Fig. 5-57 on
page 5-160.)
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No Truncation DVIL uses all reflectivity data available (VIL uses
only reflectivities above 18 dBZ). There is no trun-
cation of higher reflectivities (VIL truncates reflec-
tivities above 56 dBZ). Though truncation was
removed from DVIL, values above 80 kg m-2 are
impossible to view because the product code at
the RPG sets any DVIL value 80 kg m-2or greater
to the bin “> 80”. Values greater than 80 kg m-2 are
common with even non-severe thunderstorms
because of the lack of 56 dBZ truncation.

Figure 5-57.  Digital VIL (DVIL) product in AWIPS-2.
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Characteristics

Legend Description• PRODUCT CODE: DVL (#134)

• RPG ID: kxxx

• PRODUCT NAME: Dig Vert Int Liquid

• DATE: Day of week, time, and date in UTC

Product Annotation• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum value in kg/m2. The
location of this value is unknown.

Additional 
Characteristics

• RANGE: 248 nm (twice as far as 4-bit VIL)

• RESOLUTION: 0.54nm x 1 degree

• DATA LEVELS: 256 data levels...values range
from 0 kg/m2 to 80 kg/m2. 

Limitations

DVIL values differ from 
VIL due to truncation

Higher resolution and lack of truncation produces
different values when compared to legacy (4-bit)
VIL. VIL research findings (VIL Density, VIL of the
Day, etc.) are invalid for DVIL. This includes the
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Hail Diagnostic products that include DVIL shown
in Fig. 5-58 on page 5-162.

Fast moving, or tilted
storms, will produce

lower DVIL values

Fast moving or highly tilted storms will produce
lower DVIL values than if the same storm is verti-
cally erect or moving slowly. This has a greater
impact on DVIL than VIL due to the smaller hori-
zontal grid dimensions for DVIL (1 km x 1 degree)
vs. VIL (4 km x 4 km).

DVIL > 80 kg m-2

common but not
displayable in AWIPS-2

80 kg m-2 (maximum displayed DVIL value in
AWIPS-2) is commonly reached due to lack of
truncation of high reflectivities. Since many storms
have DVIL values of >80 kg m-2, it is more difficult
to isolate the most significant storms. 

Figure 5-58.  AWIPS-2 menu where you can load VIL Density 
and other Hail Diagnosis products. These are pro-
duced on the fly by the SCAN processor and do not 
come from the RPG.
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Applications 
(Strengths)

Helps locate areas of 
more significant Z cores

High DVIL values correspond to deep areas of
high reflectivity indicative of strong updrafts.

Can display low 
reflectivity features

Can display low reflectivity features (snow bands,
gust fronts, smoke plumes, etc.). Use of low reflec-
tivities (<18 dBZ) in calculations, and display of
VIL less than 1 kg/m2 allows display of low reflec-
tivity features. 8-bit base reflectivity would still be
preferred to identify any low reflectivity feature.

DVIL is less sensitive to 
ground clutter than other 
volume products

Ground clutter has less impact on DVIL than other
volume products (e.g., Composite Reflectivity).
The FAA uses this product instead of Composite
Reflectivity for this reason. Ground clutter has high
reflectivities, but they are shallow. The vertical
integration lowers the impacts of the highly reflec-
tive ground clutter. 
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Lesson 15:  Composite Reflectivity (CZ)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Composite
Reflectivity (CZ) Product.

2. Identify the limitations of CZ.

3. Identify the applications (strengths) of CZ.

OverviewThe CZ product displays the highest reflectivity for
each grid box using all elevation angles (see
Fig. 5-59). NOTE: The shorthand for Composite
Reflectivity in the RPG is CR, but for AWIPS-2
it is CZ. CZ will be used in this course.

CharacteristicsSee Fig. 5-60, Fig. 5-61, and Figure 5-62 for
examples of the CZ product. 

Legend Description• RPG PRODUCT CODE: CR (#35-38)

• RPG ID: kxxx

• PRODUCT NAME: Composite Refl

• UNITS: (dBZ)

• DATE: Day of week, time and date in UTC

Figure 5-59.  Composite Reflectivity
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Product Annotation • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Grid Spacing: 1, 4, or (1, 4) km

• MX: This is the maximum reflectivity (dBZ) on
the product, with the location unknown. This
value will not change when zoomed in on a
feature, as it is the maximum value for the
entire product.

Additional
Characteristics

• RANGE: 124 or 248 nm

• RESOLUTION: 1 or 4 km (.54 or 2.2 nm)

NOTE: There is no 2 km resolution

• DATA LEVELS: 16 data levels - values range
from 5 to 75 dBZ

Combined Attributes
Table

The Combined Attributes Table is available with
the Composite Reflectivity product, and overlaid
along the top of the CZ graphic in CAVE. The table
contains output from the following algorithms (Fig.
5-63): 

Figure 5-60.  1 km resolution.
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1. SCIT

2. HDA

3. TVS (to be covered later)

4. MDA (to be covered later)

Some outside users are only able to access TVS
and MESO detections using the Combined Attri-
butes Table. This can lead to confusion since the
table only includes azimuth and range to the
storm cell centroid, not the TVS or MESO loca-
tion.

The Combined Attributes Table includes:

• STM ID - Cell ID letter/number 

• AZ/RAN - Azimuth and Range of cell centroid

• TVS - Lists “TVS”, “ETVS”, or “NONE” 

Figure 5-61.  4 km resolution
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• MDA - Strength rank for MDA detected meso-
cyclone, or “NONE” is if no mesocyclone
detected.

• POSH / POH / MX SIZE - Probability of Severe
Hail / Probability of Hail / Max Hail Size

• VIL - Cell Based VIL

• DBZM HT - Maximum reflectivity (dBZ) and
height of maximum reflectivity (Kft)

• TOP - Height of upper most component (Kft)

• FCST MVMT - Forecast movement (deg / kts)
from the STI product.

Figure 5-62.  Composite Reflectivity (CZ) product showing 
both resolutions.

Figure 5-63.  Combined Attributes Table which appears at the top of the Composite Reflectivity product.
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Order of stormsStorms listed in the table are ordered by a specific
set of criteria:

1. TVS or ETVS

2. Mesocyclone strength rank based on MDA
output

3. Probability of Severe Hail (POSH)

4. Probability of Hail (POH)

5. Cell based VIL

Note: Cells with unknown POSH or POH (i.e., cells
beyond 124nm), yet high cell based VIL, may end
up at the bottom of the Combined Attributes Table.
Recall from the STI lesson that the STI attributes
table ranks storms first by cell-based VIL.

Limitations

Low level reflectivity 
signatures are obscured.

Especially in severe storms, the highest reflectivi-
ties are aloft. In those instances, the reflectivity
signatures of low level echoes will be obscured.

Height of reflectivity is 
unknown. 

When looking at the CZ product, keep in mind that
each bin is showing the highest Z value from all
the elevations for that grid box. You do not know
what the height of that Z value is. 

Echo aloft can't be 
discriminated from 
precipitation reaching 
the surface.

Sometimes the high Z will be from aloft, and other
times (even in the same scan) the high Z will be
from below. Just like before, you will not be able to
discriminate this. Always check Base Z to verify.

Non-precipitation echoes 
may contaminate 
product.

This will be especially true for ground clutter.
Ground clutter will often have the highest Z and
thus make it into the CZ product. 
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Applications
(Strengths)

Reveals highest
reflectivity in each grid

box

This is a great product to check for where the high-
est reflectivities are occurring in the radar domain.
From there, you can look at base products to inter-
rogate further.

Determine storm
structure features &

intensity trends in
storms.

In particular, CZ can be used to identify the maxi-
mum extent of the echo overhang when paired
with a 0.5 Reflectivity (8-bit if available) image.

Has combined attributes
table as an overlay

This allows for a quick way to view a summary of
the algorithm output for the strongest storms.
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Lesson 16:  Enhanced Echo Tops (EET)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Enhanced
Echo Tops (EET) Product.

2. Identify the limitations of EET.

3. Identify the applications (strengths) of EET.

OverviewEET and SCIT each estimate “storm top”, but with
differing methods. Regardless of method, any
radar estimated storm type suffers from inaccurate
beam height estimation, as discussed in the back-
ground lesson. This limitation significantly affects
the echo top estimation. The two methods of storm
top estimation are defined as:

Cell Top - Height of highest component (>30 dBZ)
above radar level (ARL). The SCIT algorithm com-
putes this.

Echo Top - Height of the interpolated 18 dBZ
(default) echo in MSL. The EET product incorpo-
rates this method.

ProcessThe Enhanced Echo Top product is an estimate of
the maximum height of the 18 dBZ (default) echo
for each 1 km (0.54 nm) x 1 degree grid box.
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Interpolation occurs between elevations slices
(see Fig. 5-64).

If no data exists on the higher angle, then a value
of -10 dBZ is used for the interpolation. If any data
is available (as low as -28 dBZ) on the higher
angle, then that value (i.e., -28 dBZ) is used in the
interpolation. 

In areas where reflectivities exceed 18 dBZ on the
highest elevation angle (i.e., 19.5 degrees in VCP
11, 12, 21, 121, 211, 212, 221) the height is tagged
as “topped”. Topped values receive a gray-scale
color fill with the default color table. See Figure
5-65 for an example of the EET product.

Figure 5-64.  Interpolation between elevations in EET product 
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Characteristics

Legend Description• RPG PRODUCT CODE: EET (#135)

• RPG ID: kxxx

• PRODUCT NAME: Enhanced Echo Tops

• UNITS: (kft)

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12. 21, 121, 211, 212, 221, 31 or 32

Figure 5-65.  Enhanced Echo Top (EET) product
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• MX: This is the maximum height (kft) on the
product, with the location unknown. This value
will not change when zoomed in on a feature,
as it is the max value for the entire product.

• THR: This is the threshold used to define the
echo. Default is 18 dBZ and cannot be edited
at the URC level at the RPG. 

Additional
Characteristics

• RANGE: 187 nm

• RESOLUTION: 1 km (0.54 nm) x 1 degree

• DATA LEVELS: 256 Data levels - values range
from 0 kft to 70 kft with separate color scale
(usually gray scale) for “topped” 0 kft to 70 kft

Limitations

Circular, stair-stepped
appearance

A circular stair-stepped appearance will often be
evident due to use of discrete elevation sampling
(see Fig. 5-66).

Underestimated tops
near radar

Tops will be underestimated close to the radar due
to the cone of silence (coded as “topped”).

Figure 5-66.  Echo Top product stair-stepped appearance. Assume 
the white is the boundary for > 18 dBZ echo.
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Applications 
(Strengths)

Quickly identify intense 
convection

Quick estimation of the most intense convection;
higher echo tops.

Differentiating non-
precip vs. precip echoes

Assist in differentiating non-precipitation echoes
from real storms.

Possibly detect mid-level 
echoes before low-level

May detect mid-level echoes before low-level
echoes are detected.
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Summary: Reflectivity Derived Products
IntroductionThe second exam will cover the reflectivity derived
products (SCIT/STI, HI, DVIL, CZ and EET). The
exam questions are tied directly to the Learning
Objectives in each lesson.

It is recommended that you take this exam before
moving onto subsequent lessons while this mate-
rial is fresh on your mind. To get credit for this
exam, you must take it in the NWS Learning Cen-
ter (http://doc.learn.com/noaa/nws).

To help you with the exam, the applications and
limitations from each lesson to this point are pro-
vided in this summary lesson below.

Distance Learning 
Operations Course

Here are the following sub functions which help
identify storms using the SCIT algorithm:

1. Storm Cell Segments

2. Storm Cell Centroids

3. Storm Cell Tracking

4. Storm Position Forecast

Recall that the SCIT algorithm output is used as
the primary input for the STI and HI products, and
is used in many other derived products (e.g. TVS)

Distance Learning 
Operations Course

Applications• Errors due to cells in close proximity

• Errors in cell attributes near the RDA

• Unrepresentative cell movements due to prop-
agation effects.
Introduction   5 - 177



Distance Learning Operations Course
• Non-linear motion cells forecasted as straight
line

Limitations • Works best with well-defined widely separated
cells

• Large number of past tracks and forecast posi-
tions = more reliable cell movement

• Useful as an overlay on radar products

• Cell motion used in SRM product

• Input to HI and SCAN

Hail Detection
Algorithm & Hail

Index (HI)

Applications • High POD in cells with severe hail

Limitations • POH, POSH & MESH fluctuate at close range

• POH, POSH & MESH fluctuate at long ranges

• Max range = 124 nm

• POSH/MESH overestimate in weak shear &
mountain locations

Digital Vertically
Integrated Liquid

(DVIL)

Applications • Helps locate areas of more significant Z cores

• Can display low reflectivity features

• DVIL is less sensitive to ground clutter than
other volume products

Limitations • DVIL values differ from VIL due to truncation

• Fast moving, or tilted storms, will produce
lower DVIL values
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• DVIL > 80 kg m-2 common but not displayable
in AWIPS-2

Composite 
Reflectivity (CZ)

Applications• Reveals highest reflectivity in each grid box

• Determine storm structure features & intensity
trends in storms.

• Has combined attributes table as an overlay

Limitations• Low level reflectivity signatures are obscured.

• Height of reflectivity is unknown.

• Echo aloft can't be discriminated from precipi-
tation reaching the surface.

• Non-precipitation echoes may contaminate
product.

Enhanced Echo 
Tops (EET)

Applications• Quickly identify intense convection

• Differentiating non-precip vs. precip echoes

• Possibly detect mid-level echoes before low-
level

Limitations• Circular, stair-stepped appearance

• Underestimated tops near radar
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Lesson 17:  Velocity Azimuth Display Wind Profile (VWP)
ObjectivesAfter completing this lesson, you will be able to:

1. Identify specific characteristics of the Velocity
Azimuth Display Wind Profile (VWP) Product.

2. Identify the limitations of the VWP product.

3. Identify the strengths (applications) of the
VWP product.

Velocity Azimuth 
Display (VAD)

OverviewIn the DLOC Topic 4, you used the Base Velocity
products to infer wind speed and direction at a par-
ticular height (range) by using the zero isodop.
The Velocity Azimuth Display (VAD) algorithm
attempts to do this at several heights. The VAD
Product is a scattering of data points used to com-
pute the wind speed and direction at a given
height. Although only radial velocity (inbound or
outbound) is measured at a given point, the radial
velocities 360 degrees around the radar at a given
height MSL (corresponding to a range) can pro-
duce an estimate of the average wind speed, and
actual wind direction (i.e., the azimuth of the stron-
gest inbound wind approximates the direction the
wind is coming from).

Although the Velocity Azimuth Display (VAD) prod-
uct is not a commonly used product, the VAD
winds are output to two important places -- the
VAD Wind Profile (VWP) product (discussed in this
lesson) and the Environmental Winds Table.
Therefore, we will take a quick look at how the
VAD algorithm works, and then we will look at the
VWP product.
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Process

Slant Range The VAD winds are computed using a single ele-
vation angle at a constant slant range. For each
altitude requested on the VAD Wind Profile, the
VAD Algorithm selects the elevation angle that is
closest to intersecting that altitude at the VAD
range. Slant range is an adaptable parameter at
the RPG with a default of 30 km (16.2 nm). The
actual slant range used will change dependent
upon the altitude for which the VAD wind is being
calculated. (see Fig. 5-67)

Velocity Data Plotted A 250 m resolution base velocity data point is
plotted on a graph at each azimuth. The x-axis
on the graph is azimuth (0°/360° for N, 180° for S
of the RDA), and the z-axis is velocity (positive

Figure 5-67.  Slant Ranges for VCP 11 or 21. Black hash marks are slant ranges at which a certain 
elevation angle beam center point reaches a given altitude (green horizontal lines)
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outbound velocities at the top and negative
inbound velocities at the bottom).

Sine wave fit to the dataIf there are at least 25 data points plotted on the
graph, the algorithm then computes a sine wave
to fit to the data using a least squares fit method
(see Fig. 5-68 on page 5-183). The VAD wind is
computed from this sine wave. The amplitude of
the sine wave is the estimated wind speed. The
strongest inbound portion of the sine wave (clos-
est to the bottom of the graph) becomes the esti-
mated wind direction. 

Symmetry and RMS ErrorTwo additional values are calculated -- Symmetry
and RMS error. Symmetry is the difference in
knots between the zero velocity line on the VAD
coordinate system and the median line of the sine
wave curve. If the symmetry is negative (median
line below the zero line) the inbound winds are
stronger than the outbound indicating convergent
flow at the radar site. Positive symmetry indicates
diverging wind. RMS error (Root Mean Square
error) is a calculation of the variation of the winds
from the plotted sine wave. RMS error can be
used as an indicator of the reliability of the
wind estimate. 

Figure 5-68.  VAD data fit.
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If the symmetry exceeds 13.6 kts, or the RMS
error exceeds 9.7 kts (ROC adaptable parame-
ters), the winds might be determined by the opera-
tor using the plotted sine wave, but will not be
output to the VAD Wind Profile (VWP) product. 

VAD Altitudes The VAD is available only for heights specified at
the RPG. These heights are determined by the
user at the “VAD and RCM Heights” selection
screen at the RPG HCI (URC adaptable). See Fig-
ure 5-69.

Figure 5-69.  VAD Height Selection screen at the RPG HCI.

Figure 5-70.  VAD Adaptable Parameters edit screen at the RPG HCI.
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VAD Adaptable 
Parameters

There are three VAD adaptable parameters that
can by modified at the URC level: slant range,
beginning azimuth, and ending azimuth. They are
edited at the RPG HCI (Fig. 5-70) in the Algo-
rithms window. 

Beginning & Ending 
Azimuths

You would want to edit the beginning and ending
azimuth in order to define a partial circle from
which to collect data, omitting an area that may
have severe residual clutter. 

Slant RangeGuidance from the WSR-88D Operator Handbook
Volume 1, RPG states that editing the slant range
should be done to ensure an adequate number of
velocity samples are collected. 

For example, on a cold, clear, dry day, decrease
the slant range to enable the radar to collect
enough samples to perform the VAD analysis. On
the other hand, on a muggy summer day, increase
the slant range to negate the effects of residual
clutter near the radar. 

It is a good idea to ensure that whatever slant
range you are using as the default routinely
receives enough velocity samples from the heights
above radar level you would most be interested in
examining. Note, if you change the slant range for
temporary conditions, it is important that you
change it back to the default as soon as possible.
The default range will automatically reset back to
30.0 km when there is a software build update.

Output to the 
Environmental Winds 
Table

VAD winds are also output to the Environmental
Winds Table used in the Velocity Dealiasing Algo-
rithm. If the VAD winds are bad, the RPG HCI
operator can turn off Auto Update, and manually
input winds from a RAOB or profiler (Fig. 5-71).
There is also a second option available to update
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the environmental winds table should the VAD
product appear suspect. Turning on model update
from the RPG Environmental Data Editor window
will allow RUC wind profile data to update the envi-
ronmental winds data table every hour, so long as
VAD update is turned off. Fig. 5-72 has an exam-
ple of this configuration. 

Note: Turning both the VAD update and Model
update on will result in the following: Environmen-
tal winds table will be updated by the VAD algo-
rithm, while the 0oC and -20oC heights will be
updated by the RUC.

Figure 5-71.  Environmental Winds Edit screen at the RPG HCI.

Figure 5-72.  Environmental Winds screen at the RPG HCI. In this 
configuration, VAD is off, model update is on. Thus, only 
RUC model data will update the environmental winds 
table.
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Introduction The previous section laid ground work for explain-
ing the VAD Wind Profile (VWP) product. The VAD
Wind Profile (VWP) Product is a vertical profile
of VAD-derived winds at various levels. Winds
are plotted on a grid with volume scan time on the
X-axis and height on the Z-axis in thousands of
feet. As many as 11 profiles (11 volume scans) are
plotted simultaneously in each frame with the most
recent profile at the far right side of the grid (oppo-
site of the Wind Profiler Network time-height pro-
files).

Characteristics

AltitudesA maximum of 30 altitudes can be displayed each
volume scan. The displayed MSL altitudes are
selected at the RPG HCI. There must be a mini-
mum of 1000 feet between levels. The lowest level
selected should be the first altitude above the
radar level (i.e., if the radar is at 2212 feet, then
the lowest altitude selected should be 3 thousand
feet). Though altitudes to 70,000 feet can be
selected, winds estimates above ~45,000 feet are
exceedingly rare.

Wind BarbsWinds are displayed in the standard convention
with the shaft always being the same length:

• Small open circle - < 4 kts

• 1/2 barb - 4-7 kts

• full barb - 8-12 kts

• flag triangle - 50 kts

Data LevelsThe data levels of the VWP represent the RMS
error in kts of the VAD winds. The first data level
represent RMS errors less than 4 kts, the second
data level 4-7 kts, and the third data level 8-11 kts.
Higher data levels will not be seen on the VWP
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since “ND” will be displayed if the RMS error
exceeds 9.7 kts. This means that colors in the
product assigned to the 12 kt RMS bin or higher
will NEVER be displayed in the VWP product,
even though they are shown in the color scale.

No Data (ND) No Data will appear if:

• there are fewer than 25 data points

• RMS error greater than 9.7 kts, or 

• symmetry error is greater than 13.6 kts

See Fig. 5-73 on page 5-188 for an example of the
VWP product.

Legend Description • RPG PRODUCT CODE: VWP (#48)

• RPG ID: kxxx

• PRODUCT NAME: VAD Wind Profile

Figure 5-73.  VAD Wind Profile (VWP) product.
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• UNITS: RMS kts. Recall that on the VAD prod-
uct colors designate reflectivity.

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• HT(MX): Height of the maximum wind from the
most recent volume scan.

• MXWND: Maximum wind direction and speed
from the most recent volume scan.

Adaptation DataThe VWP Adaptation Data can be displayed at the
AWIPS-2 Text Display Window (WSRVWPxxx).
This can be used to determine the adaptable
parameter settings used to generate the product
(See Fig. 5-74 on page 5-189.)

Figure 5-74.  VWP adaptable parameters displayed at the 
AWIPS-2 Text Display Window. 
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Hodographs The VWP can be also be displayed as a hodo-
graph in AWIPS-2 using the following method: 

1. Move a point to very near the location of the
RDA.

2. Open the Volume Browser and choose “VWP”
as the source, “sounding” as the field, and the
point corresponding to the one over the RDA.

3. Select Load. (see Fig. 5-75 on page 5-190).

Plan View and
Perspective Views

Yet another way to plot VWP data incorporates all
available radars nationwide. Plan view single
height displays of VWPs can be used to analyzes
low- and mid-level wind shear for large regions,
updated every 4-10 minutes depending on the

Figure 5-75.  VWP hodograph example in AWIPS-2. 
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VCP. Loading either VWP single height or per-
spective displays in D2D is done by the menu
shown in Fig. 5-76 on page 5-191. 

An example of the VWP plan view display and per-
spective displays are given in Fig. 5-77 and Fig.
5-78 on page 5-192

Limitations

Measurable returns 
needed

At least 25 data points are required on the individ-
ual VAD for data to be encoded at that altitude.

Winds are not encoded if 
RMS error or symmetry 
thresholds are exceeded

ND will be plotted if RMS exceeds 9.7 kts or sym-
metry exceeds 13.6 kts.

Figure 5-76.  VWP perspective and plan view menus. Notice you can 
choose from 2 sets plan view displays - single height in 
mb or km, or the perspective display. 
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Figure 5-77.  VWP single height display, with 3 separate heights (km) overlaid.

Figure 5-78.  VWP perspective display, with VWPs plotted along vertical bars extending up from the 
location of the RDA.
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Generally only 
representative of winds 
within 20 nm of the RDA

Most of the points that will contribute to the VWP
will most likely occur within 20 nm of the RDA. 

Birds can produce 
anomalous wind patterns

The usual scenario is an “explosion” of reflectivity
coverage and strength beginning around sunrise
or sunset as migrating birds take off. Experts claim
that a single sea gull can be detected at a range of
460 km. If it is critical to determine the true upper
winds, the site should release a supplemental bal-
loon sounding.

The VWP perspective 
display can be cluttered 
and hard to read 

This is especially true for sites located close to one
another.

Applications 
(Strengths)

Assistance with 
forecasting and severe 
weather operations

The VAD Wind Profile (VWP) may be of assis-
tance in many forecasting and severe weather
operations, especially with a multiple radars,
multiple heights plan-view display. Severe
Weather operations benefit from displaying VWP
wind barbs from multiple radars at multiple levels
on the same plan view, updated every 4-10 min-
utes. Forecasters can quickly gauge changes in
speed or directional wind shear. Aviation opera-
tions are assisted by keying in on the potential for
low-level wind shear, which may be more visible
on VWP than Profilers. Hydrology and Forecast-
ing may benefit from indications of the change in
the depth of cold air with time, strength of the low-
level jet, etc. 

Creating/Adjusting 
Hodographs

The VWP can be used to create and/or adjust
hodographs to provide the latest information for
forecasting (see Fig. 5-75 on page 5-190).
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Can indicate cloud
depths and/or virga
lowering with time.

The depths of a cloud deck, as well as cloud
bases, can be estimated by using the returns plot-
ted on the VWP, which are estimated winds
derived from reflectivity returns. In addition, the
presence of virga which gradually saturates the
lower levels of the atmosphere over time will often
be depicted by the bases of the VWP returns low-
ering with time.

Can be used to estimate
expected low-level

trajectories for balloon
launches.

This can help those launching balloons to antici-
pate the direction the balloon is expected to go just
off the surface and thus help to locate/track the
balloon more efficiently.
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Lesson 18:  Mesocyclone (MD) and Digital Mesocyclone 
(DMD)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Mesocyclone
Detection (MD) and Digital Mesocyclone
Detection (DMD) products.

2. Identify the limitations of the MD and DMD
products.

3. Identify the applications (strengths) of the MD
and DMD products.

Mesocyclone 
Detection 
Algorithm (MDA) 
Overview

The MD and DMD products are direct outputs of
the Mesocyclone Detection Algorithm (MDA). So,
before we discuss these products, we will take a
look at how the MDA operates. You will only be
tested on the MD and DMD products and not the
MDA.

Operator Defined 
Mesocyclone

A mesocyclone is defined as (modified from
NSSL):

• Small scale rotation associated with a con-
vective updraft and often times a downdraft
as well, that meets or exceeds established
thresholds for:

•• Persistence (Minimum of 2 volume scans)

•• Vertical extent (minimum of 10,000 ft)

•• Shear (see Fig. 5-79 on page 5-196)
••• Distance between max inbound and max

outbound ≤ 5 nm.
••• Rotational velocity = velocity inbound +

velocity outbound divided by 2 (using
mid-range values or cursor readout).

Super-Res & Mesocyclone 
Strength

Recall from previous lessons that super-res veloc-
ity data typically allow for easier identification of
small-scale features such as mesocyclones
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Figure 5-79.  Mesocyclone Recognition Guidelines for a mesocyclone diameter of 
3.5 nm (top) and 1.0 nm (bottom) as a function of range from radar for 
1 degree azimuth velocity data. 
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because of the finer azimuthal resolution. How-
ever, it was first thought that this finer azimuthal
resolution would result in velocity magnitudes
associated with these features to possibly appear
stronger compared to the 1 degree azimuth veloc-
ity. Preliminary studies done at WDTB do not show
this to be the case. Therefore, nomograms for
mesocyclone strength (Fig. 5-79 on page 5-196)
that were developed using 1 degree azimuth
velocity are still valid with super-res velocity. How-
ever, remember that nomograms are not a tool
for warning decision making! Their primary pur-
pose is to help a forecaster develop a good sense
of what is a strong signature versus a weak signa-
ture in a relative sense. Fig. 5-80, shows an exam-
ple of what a mesocyclone signature looks like in
super-res (left) and 1 degree azimuth resolution
(right). Notice how the velocity magnitudes are not
all that different, but the texture of the signatures is
more defined in the super-res image. While utiliz-
ing super-res velocity data, it is wise to check the 1

Figure 5-80.  Super-res (left) and legacy, 1 degree azimuth (right) storm-relative velocity images 
for a mesocyclone at the 0.5 degree tilt.
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degree azimuth data to compare/contrast, espe-
cially if the super-res products have dealiasing
errors. This discussion of course only applies to
human identification of mesocyclones. The Meso-
cyclone Detection Algorithm ingests super-res
velocity data on all the split cuts, and 1 deg azi-
muth data on the rest of the elevation angles.

Process Let’s look at how the MDA uses these operator
defined criteria to produce the MD/DMD products.
The primary difference between the MD and DMD
products is the MD is produced at the end of the
volume scan, and the DMD is produced after each
elevation scan. So, we will take a look at how the
MDA detects circulations on a single elevation
scan and for multiple elevation scans

Processing for a single
elevation

For a particular elevation angle, MDA searches for
shear segments and convergence vectors.

• A shear segment is a string of base velocity
bins at a fixed range, where the values
increase in a clockwise direction. WSR-88D
antennas rotate in a clockwise fashion. This is
why the values must increase to be a cyclonic
feature.

• A convergence vector is a string of base veloc-
ity bins at a fixed azimuth, where the values
decrease in a direction away from the radar. 

Minimum Reflectivity
Threshold

Candidates for shear segments or convergence
vectors must have corresponding reflectivity val-
ues above a threshold. This threshold is a URC
adaptable parameter called the “Minimum Reflec-
tivity”. The default setting is 0 dBZ (Fig. 5-81).
Lowering this threshold would result in many more
false detections.
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2D Shear FeaturesShear segments from a single elevation and con-
stant range are first combined into 2D features.
The 2D feature creation is a complicated process,
whereby numerous parameters are computed and
saved for subsequent use. 

Rotational velocity is calculated using the max
inbound and outbound velocities in all shear seg-
ments (not necessarily from the same shear seg-
ment). Fig. 5-82 on page 5-199 shows how 2-D
mesocyclones are constructed from 1-D shear
segments.

Figure 5-81.  MDA Adaptable Parameters at the RPG HCI. 

Figure 5-82.  Shear segments combined into 2D Features. 
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Once the 2D shear features are computed, the
MDA also builds 1D convergence segments (peak
inbound and outbound velocities along a single
azimuth) that are used to compute average con-
vergence within a 2 km buffer outside the mesocy-
clone base (see Fig. 5-83). No divergence is
calculated, only convergence velocity differences
are calculated.

Unique cores of rotation are extracted from large
areas of rotation to define the 2D features for a

Figure 5-83.  Convergence segments used to calculate conver-
gence velocity differences. 

Figure 5-84.  2D Features are sorted based on size and location relative to one another. On the left the bot-
tom circulation with strength rank 4 is assumed to be greater than 1 km from the top circulations. 
On the right, these two circulations are preserved. The strength rank of 5 is preserved for the top 
feature since it is nearly collocated with the broader circulation.
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given radar tilt. Small features less than 1km (or
less than 4 shear segments) are thrown away (Fig.
5-84, page 5-200). In addition, non-circular fea-
tures (such as shear along linear gust fronts) are
thrown away if the aspect ratio of Dr/Da > 2 (see
Fig. 5-85) 

Processing for Multiple 
Elevations

The 2D features are then vertically correlated and
initially classified as “circulations”. Each circulation
is assigned an ID number, with numbers cycling
from 0 to 999.

Strength RankOne of the foundations of the MDA is the strength
rank. Strength rank is a dimensionless number
from 1 to 25 directly tied to the rotational strength
of a 2-D MDA-identified circulation (see Fig. 5-86).
The 3D strength rank is a measure of the overall
rotation through a certain depth of the storm (see
Fig. 5-87). The 3D feature depth, base, and

Figure 5-85.  To ensure mesocyclones have a circular shape, a 2-
D aspect ratio Dr/Da < 2 is applied to each 2-D circu-
lation. If the criteria is not met, the circulation is dis-
carded from the algorithm. 
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strength are considered for the two different
classes of circulations:

2 Circulation Classes • Traditional mesocyclone (default).

• Low core (L),

Figure 5-86.  Table showing the 2-D strength ranks given delta-V, Vr, and shear values. 

Figure 5-87.  MDA defines a strength rank based on rotation through a certain depth. Here are 4 
examples of how the MDA would rank a collection of 2-D features that make up the 3-
D feature. If minimum displayable strength rank circulation is set to 4 or 5, you would 
not see the 1st example in CAVE (far left example). The three remaining examples on 
the right are assigned Strength Ranks of 5, 9, and 7 respectively, because 3-D 
strength rank is determined from the strongest core of continuous 2-D strength ranks 
that are greater than or equal to a given strength rank for a depth of 3 km.
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The default classification for any circulation that
reaches a 3-D strength rank of 5 or greater is
mesocyclone. When the strength rank of the verti-
cal profile of 2-D features is 5 or greater through a
depth of at least 3 km (~10 kft), and the base of
the lowest 2-D feature is at an altitude of less than
5 km (~16 kft), it is classified as a mesocyclone. To
account for mesocyclones identified only close to
the surface or perhaps for low-topped supercells,
a low core classification is applied to MDA logic.
For a mesocyclone to be labeled “Low Core” three
constraints are applied:

1. total depth of the 3-D feature is 3 km (~10 kft)
ARL or less

2. base height of the 3-D feature is 3 km ARL or
lower

3. depth of the 3-D circulation is at least 25% of
the storm depth as determined by the SCIT
algorithm.

Strength Ranks range from 1 as the weakest pos-
sible to 25 as the strongest. Any circulation with a
Strength Rank of 5 or greater is classified as a
Mesocyclone. Typical strength rank values for
well-defined mesocyclones are between 5 and 9,
and values exceeding 13 are exceptionally rare.
The following thresholds are approximate out to 54
nm (100 km), with thresholds reduced from 54 to
108 nm (100 to 200 km): 

• Strength Rank 3 ~ 20 kt Vr - Weak Shear

• Strength Rank 5 ~ 30 kt Vr - Minimal Meso

• Strength Rank 7 ~ 40 kt Vr - Moderate Meso

• Strength Rank 9 ~ 50 kt Vr - Strong Meso
Mesocyclone Detection Algorithm (MDA) Overview   5 - 203



Distance Learning Operations Course
Final “Sanity” Check In order to cut down on the number of clearly false
detections, which might occur in areas of little or
no significant meteorological echo, a final check is
performed by the MDA. Any identified circulation
that is NOT within 20 km of a SCIT identified cell is
discarded. This final check eliminates MDA detec-
tions in areas of weak signal, not near any SCIT
identified storms, and thus should reduce the num-
ber of false detections.

Adaptable Parameters In addition to the Minimum Reflectivity, there are
two other MDA adaptable parameters that are edit-
able; the minimum display filter rank and overlap
display filter.

Minimum Display Filter
Rank

The Minimum Display Filter Rank (Fig. 5-81 on
page 5-199) identifies which circulations are dis-
played on the end of volume scan MD product.
The default setting is 5, which means that all circu-
lations with a Strength Rank of 5 or greater would
be displayed on the MD product. If this parameter
were set to 5 and the strongest circulation
detected had a Strength Rank of 4, no circulations
would be displayed. However, the DMD product
can display ALL identified circulations regardless
of strength rank, even those with ranks below the
Minimum Display Filter Rank. 

Overlap Display Filter This parameter addresses the possibility of two
circulations being displayed on a graphical product
in the same location, i.e. the circles overlap. If the
“Overlap Display Filter” parameter is set to the
default value of Yes (see Fig. 5-81 on page
5-199), the 3D circulation that is detected over
lower elevation angles is the one displayed. 

Number of Detections vs.
Weaker Circulations

Tornadoes are sometimes produced from small,
weak circulations. The default setting of 5 for the
Minimum Display Filter Rank is based on MDA
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performance with large, deep supercells. For envi-
ronments where mini-supercells are favored, set-
ting the Minimum Display Filter Rank to 3 or 4 is a
consideration. The smaller circulations will be dis-
played on the MD product. However, the total
number of circulations displayed will increase sig-
nificantly as the value of this parameter is lowered.

Tracking FeaturesMDA has a process that attempts to track 3D cir-
culations from one volume scan to the next. At the
end of a volume scan, all 3D features are assigned
an extrapolated position for the subsequent vol-
ume scan based on previous positions. The loca-
tions projected from the previous volume scan are
then used to try to match to 3D features detected
from the current volume scan. 

If There is a MatchIf a 3D feature is matched for more than one vol-
ume scan, the past positions and forecast posi-
tions will be displayed. This is very similar to the
past and forecast positions for a storm centroid
generated by the SCIT algorithm. Past and fore-
cast tracks computed by MDA apply to the 3D fea-
ture. Circulations are tracked for up to 10 previous
volume scans and up to six forecast positions are
computed in 5 minute intervals. The number of
forecast positions will never exceed the number of
past positions. 

Once matched, 3D features will appear on both
the MD and DMD products. 

If There isn’t a MatchA 3D feature from a previous volume scan is
retained until there is a match to the subsequent
volume scan. However, the search to obtain a
match does not persist for the entire volume scan.
For a 3D feature detected from a previous volume
scan, the search persists until the height of the
radar beam is 3 km above the base of the feature.
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Once the radar beam reaches that height, the fea-
ture is removed.

Unmatched features will not be shown on the MD
product. They may appear on some elevations of
the DMD output while the search for a match is
ongoing. 

Enough of the algorithm! The next section will dis-
cuss the MD/DMD products that are produced by
this algorithm.

MD Introduction The MD is displayable from the graphics menu
(see Fig. 5-88 on page 5-207), and can be overlaid
on any plan view radar product. MD products dis-
play information about the past and forecast tracks
of detected mesocyclones, as long as there are
matches from one volume scan to the next. An
example MD display is given in Fig. 5-89, page
5-208.

MD Characteristics

Symbols There are two symbols (or icons) on the MD prod-
uct -- a thin yellow circle is used for circulations
with a strength rank of 1 through 4, and a thick yel-
low circle is for circulations with a strength rank of
5 or above. However, if the Minimum Display Filter
Rank at the RPG is set to the default value of 5,
thin circles will not be seen. 

Given a minimum display filter strength rank of 5, a
circulation with a strength rank of 5 or above
detected on the lowest elevation angle (or a base
is detected at or below 1 km ARL), is shown with
four spikes added to the yellow circle. In Figure
5-89, 3 low-level circulations are depicted on the
MD product. The MDA assigns a 3 digit identifica-
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tion number to each circulation, ranging from 0 to
999. The circulation ID for the feature farthest west
in Figure 5-89 is 342.

Legend Description• RPG PRODUCT CODE: MD (#141)

• RPG ID: kxxx

• PRODUCT NAME: Mesocyclone

• X/Y: This is the page number (X) that you are
currently viewing out of the total number of
pages available (Y).

• DATE: Day of week, time, and date in UTC

Figure 5-88.  Graphics window with entries to display the 
MD, DMD products. 
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Additional
Characteristics

• RANGE: 124 nm

Product Annotations • MD Attribute Table (Figure 5-90), which con-
tains in order from top to bottom, left to right for
each identified mesocyclone:

•• CIR STMID: the MDA identification
number between 0 and 999, and the near-
est SCIT identified storm ID relative to the
circulation. Storm are listed first by strength
rank.

•• SR LLRV: the strength rank and low-
level rotational velocity in kts at the lowest
elevation angle of the 3-D feature (recall
that is delta-V over 2).

•• AZ RAN: the azimuth and range to the
mesocyclone.

Figure 5-89.  MD product overlaid on base reflectivity.
5 - 208    MD Characteristics



Topic 5: Base & Derived Products
•• HGT MXRV: The height in kft at
which maximum rotational velocity occurs,
and the value in kts of that max rotational
velocity.

•• BASE DEPTH: The altitude (in kft ARL) of
the lowest 2-D feature, and the total depth
of the 3-D mesocyclone.

In addition to the attribute table at the top of the
graphical product (see Fig. 5-89 on page 5-208),
MD also has a text version available.

DMD IntroductionThe Digital Mesocyclone Detection (DMD) product
is displayed from the “kxxx” radar menu under the
graphics submenu (see Fig. 5-88 on page 5-207).
Data from the MDA are also displayable in SCAN
and in the form of time-height diagrams in the vol-
ume browser. SCAN and it’s DMD table will not be
discussed in this section, but will be covered in the
DLOC workshop.

DMD 
Characteristics

SymbolsAs with the MD icons, thick circles with DMD indi-
cate a higher strength rank. Four spikes indicate
the circulation extends to the lowest elevation
angle. DMD also has extrapolated positions indi-
cated by dashed circles (see Fig. 5-91 on page
5-210).

Extrapolated PositionsDMD is updated each elevation slice. Extrapolated
circulations of any strength rank are placed down-

Figure 5-90.  MD product attributes table.
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stream from their location on the last volume scan
to their forecasted position based on the average
motion of all circulations. These extrapolated cir-
culations are identified as extrapolated until a
match with a circulation on the current volume
scan is made (see Fig. 5-92 on page 5-211).

Cursor Readout A nice feature of the DMD product is the ability to
utilize cursor readout, which you cannot do with
the MD product. As you move the cursor over the
circulation with sampling turned on you will see
several of the attributes of that feature. The cursor
readout can include various attributes including
radar id, circulation id, closest storm ID, strength
rank, speed/direction of movement, base, depth,
etc. (see Fig. 5-92 on page 5-211).

Figure 5-91.  This DMD example is overlaid on a Reflectivity image.
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Dynamic Progressive 
Disclosure

Display of DMD in the main pane of CAVE has a
very unique zooming feature, termed dynamic pro-
gressive disclosure. That is a fancy term that
essentially means the more you zoom in, the
greater the number of circulations you will see.
Zoomed out as far as possible with a DMD graphic
loaded in the main pane will display only the stron-
gest circulations. Using the middle mouse click will
zoom and re-center on where you click, you will
notice that weaker circulations will display in addi-
tion to the strongest circulations already visible.
Continued middle clicks result in further zooming

Figure 5-92.  This DMD example displays the cursor readout as the cursor was over circulation 390 at the far 
right of the graphic. There are two extrapolated features in this particular DMD product.
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and re-centering, and the appearance of even
more weaker circulations, up to circulations with a
strength rank of 1, if applicable.

Volume Browser Options The Volume Browser is another way to display
DMD data, although this method takes a lot of
practice and can take an appreciable amount of
time to set up. The Volume Browser can display
the following attributes of up to 10 identified meso-
cyclones simultaneously for comparison:

• Feature Strength (Strength Rank)

• Feature Diameter

• Shear Magnitude

• Gate-to-Gate Shear

The Volume browser allows for time-height dis-
plays of those DMD attributes. Loading the data is
not straight forward, so it’s a good idea to practice
the method on the WES machine rather than dur-
ing any live severe event. Loading DMD attributes
using the volume browser must be done based on
one or more meso ID number(s), thus the first step
is to choose a mesocyclone ID of interest. 

• Load the Volume Browser and select “Time
height” from the top left drop down menu. 

• Select “DMD” under the “Sources” heading
from the “Other” menu. 

• In Fields, select from the “Other” menu “Fea-
ture Strength”, ‘Feature Diameter”, “Shear
Mag”, and “Gate2Gate Shr”

• Click the “Tools” Menu and select “Choose by
ID”. Enter next to the letters A through J any
mesocyclone IDs you want to examine. Which
meso ID you associate with which letter is irrel-
evant. If you want the Volume Browser to
remember these meso IDs, click the lock but-
ton next to labelPoints in the top right. You can
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close the “Choose by ID” window before mov-
ing onto the next step.

• Once you have entered your meso ID(s), go
back to the volume browser window and select
the “Tsect” letter from the “Points” drop down
menu under the “Planes” heading. You can
select multiple “Tsects”, and these will corre-
spond to the Meso ID(s) you entered in the
“Choose by ID” window. 

• Click Load and your CAVE window should load
the DMD data.

An example of how your volume browser should
look in order to load time-height plots of DMD is
given in Fig. 5-93, page 5-213. In the graphic,
clicking the “Load” button would result in a time-
height plot of all 4 attributes for mesocyclone IDs

Figure 5-93.  The Volume Browser and Choose by ID windows set 
up to display DMD time-height plots of the mesocy-
clone IDs 904 and 279. All that is left to do is click the 
“Load” button from the Volume Browser window.
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554 and 184, since they were entered in the
“Choose by ID” window as “A” and “D”, and in the
Volume Browser window Tsect A and D were
selected.

SCAN DMD Icons & Table Given the labor intensive nature of using the vol-
ume browser to load DMD, it may be a good idea
to instead utilize the “Storm DMD Icons and Table”
SCAN application available from the main SCAN
menu shown in Fig. 5-94. It too can perform time-
height plots of numerous DMD-related properties,
and is much easier to work with than the volume
browser option. The DLOC workshop will provide
time to become comfortable with this application.

Legend Description • RPG PRODUCT CODE: DMD (#149)

• RPG ID: kxxx

• ELEVATION ANGLE: x.x in degrees

Figure 5-94.  The AWIPS-2 SCAN menu, from which you can load the 
“Storm DMD Icons and Table”.
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• PRODUCT NAME: Digital Mesocyclone

• X/Y: This is the page number (X) you are view-
ing out the total number of pages available (Y)

• DATE: Day of week, time, and date in UTC

Product AnnotationsDMD Attribute Table, which contains in order from
left to right, only the 5 strongest strength ranked
circulations (note that DMD does not have pages
for it’s attributes table):

• rda: The four letter ID of the radar, of the form
kxxx.

• mid: The mesocyclone ID, a three digit number
from 000 to 999.

• range@azm: the azimuth and range to the
lowest 2-D feature.

• base: The height in km ARL of the lowest
identified 2-D feature associated with the cir-
culation.

• depth: The total depth of the 3-D circulation

Figure 5-95.  The DMD product with attributes table. Notice that 
in the top right the display mentions how many fea-
tures are off the screen (20) and how many are not 
shown (16).
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• rank: 3-D strength rank of the mesocyclone

• msi: Mesocyclone Strength Index, a dimen-
sionless number like Strength Rank, but MSI is
related to a vertical integration of the strength
rank, divided by the depth of the circulation to
obtain a density. Basically, MSI values 0-2300
indicate a weak mesocyclone, 2300-3600 indi-
cate moderate strength, and anything greater
than 3600 is a strong mesocyclone.

• llrotv: Low Level Rotational Velocity. This is the
maximum delta-V divided by 2 from the lowest
2-D feature.

• llg2g: Low Level Gate to Gate velocity differ-
ence, in knots from the lowest 2-D feature.

• mxrotv: Maximum Rotational Velocity (kts) of
any 2-D feature associated with the circulation.

• htmxrv: Height in km ARL of Maximum Rota-
tional Velocity in kft.

Limitations

Numerous false
detections and weak,
shallow, insignificant

circulations.

The MDA will often detect false mesocyclones and
weak, shallow, insignificant circulations. This is
partly due to the fact that circulations do not
require a depth of 10,000 feet.

The algorithm only
detects cyclonic

rotations

Recall that the MDA only looks for increasing
velocity values while it searched in a clockwise
direction. This only allows for cyclonic circulations
to be detected, so anticyclonic circulations will not
be displayed by the MD/DMD products.

Identification is
influenced by aspect

ratio

Shallow, weak circulations may be detected near
the radar, but further from the radar it may not due
to beam broadening effects. So, just keep in mind
that the further a mesocyclone is away from the
radar, the stronger the mesocylone needs to be to
be identified by the MDA.
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Improper dealiasing or 
other data quality 
problems may generate 
false mesocyclones

Dealiasing failures can result in gate-to-gate sig-
natures that are not real. However, the MDA does
not know about the dealiasing failure, and thus will
incorrectly identify those gate-to-gate signatures
as mesocyclones.

Default settings are for 
large deep supercells 

Changes to adaptable parameters are required for
smaller, shallower circulations.

Numerous detections of 
circulations may require 
changes in adaptable 
parameters

If too many circulations are being detected by the
MDA, some of the adaptable parameters may
need some adjusting (i.e. Minimum Reflectivity)

Applications 
(Strengths)

Can identify significant 
mesocyclones, even 
those that are shallow 

The operator must examine reflectivity, velocity,
and SRM to verify existence of mesocyclones.
Shallow identifications are important for many
storm types like squall lines and low-topped super-
cells, though allowing shallow detections also
results in more false detections.

Weak circulations 
detected

This may allow more lead time for mesocyclone
detection. Be cognizant of the high numbers of
false detections displayed as weak circulations.

Adaptable parameter 
changes available to 
adjust the output to fit 
the meteorological 
situation

Not all meteorological situations are created equal.
Thus, it may be necessary to tweak either the
algorithm adaptable parameters or the display
parameters to assist warning decision making.

Tracking attempts to 
account for time 
continuity

The tracking component of the MD/DMD products
tries to account for time continuity so spurious cir-
culation detections do not appear.
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Lesson 19:  Tornadic Vortex Signature (TVS)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Tornadic Vor-
tex Signature (TVS) products.

2. Identify the limitations of the TVS products.

3. Identify the applications (strengths) of the TVS
products.

TVS HistoryIn the early 1970s The National Severe Storms
Laboratory (NSSL) embarked on a far ranging
study of supercells storms in central Oklahoma. To
that end, they collected surface mesonet, aircraft,
and spotter data. Doppler radar data were col-
lected but not analyzed in real time because of the
difficulties associated with its display. On May 24,
1973 a tornadic supercell near Union City, OK was
well sampled by all data platforms, including radar.
Doppler radar data had to be processed outside of
NSSL, and were not analyzed until many weeks
after the event occurred. Researchers (Roger
Brown, Les Lemon, and Don Burgess) noted very
strong outbound velocities on adjacent radials next
to very strong inbound velocities. At first they fig-
ured the velocity data were bad in those locations,
but further analysis revealed the signature had
time and height continuity. They initially aptly
named the feature “Gate to Gate Shear”, and
matched it to the known location of the reported
tornado. Satisfied that the gate to gate shear was
associated with the location of the tornado, they
renamed the signature “Tornadic Vortex Signa-
ture”, or TVS. The name has stood the test of time.
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Review of Operator
Identified TVS

Modified NSSL TVS Definition:
An intense gate-to-gate azimuthal shear associ-
ated with tornadic-scale rotation. A human identi-
fied TVS is identified if the gate-to-gate shear is:

• > 90 kts and the range is < 30 nm

• > 70 kts and the range is 30 nm < r < 55 nm 

Gate-to-Gate Shear = Velocity Difference = 
| velocity inbound | + | velocity outbound |

NOTE: This definition was formulated based on
years of research with 1 degree azimuth data.
Super-res (0.5 degree azimuth) velocity is avail-
able on the lowest 2-3 elevation angles, precisely
where you would want to look for TVSs. However,
gate-to-gate shear could possibly have a greater
magnitude in super-res data than indicated in the
modified NSSL TVS definition. Research on the
relationship between super-res gate-to-gate shear
magnitudes and tornadic events will need to iden-
tify new guidelines for human identified TVSs.
However, preliminary results at WDTB have
shown that the magnitudes between super-res and
1 degree azimuth velocity are similar.

Remember that the existing 1 degree azimuth val-
ues and any future values associated with super-
res are merely guidelines. The user will have to
adjust according to the situation and geographic
location.

Tornado Detection
Algorithm (TDA)

Overview

The Tornado Detection Algorithm (TDA) is
designed to detect significant shear regions in the
atmosphere. The TDA uses multiple velocity
thresholds to locate shear regions, and classifies
these regions according to altitude and strength.
As with the Mesocyclone Detection Algorithm, the
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TDA ingests the recombined velocity data at 1
degree azimuth and 250 m (0.25 km, 0.13 nm)
resolutions.

The Mesocyclone and Tornado Detection algo-
rithms process data separately. This means that
an algorithm-identified mesocyclone need not
exist for a TVS or Elevated TVS (ETVS) to be
identified. The TDA is modeled after the SCIT
algorithm and uses a three step process to identify
circulations. 

ProcessFirst, 1-D pattern vectors are identified on each
elevation slice. In the TDA, a pattern vector is a
region of gate-to-gate shear, which means the
velocity difference is calculated between range
bins located on adjacent azimuths at the same
range. A minimum shear value of 11 m/s (22 kts) is
required for a pattern vector to be identified (see
Fig. 5-96 on page 5-222). The TDA searches for
increasing velocity values with increasing azimuth
(clockwise direction), indicating cyclonic rotation. It
does not detect anticyclonic signatures. 

Next, 2-D features are created by combining the
1-D pattern vectors (see Fig. 5-97 on page 5-222).
At least three pattern vectors (default) are needed
to declare a 2-D feature. 

TDA uses six velocity difference thresholds to
identify pattern vectors. This technique allows the
algorithm to isolate core circulations which may be
embedded within regions of long azimuthal shear.
An example would be a radially oriented gust front
or squall line. In (see Fig. 5-98 on page 5-223), a
long segment of shear exceeding 15 m/s has
embedded within it a smaller segment of shear
greater than 20 m/s, and still smaller segments of
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shear greater than 25 m/s. If a 2-D feature passes
a symmetry test (length to width ratio within a
specified limit), it is declared a 2-D circulation. 

Figure 5-96.  All increasing velocities (in m/s), indicating cyclonic 
shear are shaded blue. All TDA Pattern Vectors (>11 m/
s, 22 kts shear) are shaded pink.

Figure 5-97.  2-D Feature outlined in yellow. +21 m/s gate not 
included because it does not fit the pattern of the rest of 
the 1-D pattern vectors.
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Finally, 3-D features are created by vertically cor-
relating the 2-D circulations identified at each ele-
vation (see Fig. 5-99). Processing begins by
correlating the strongest 2-D circulations first, then
moving to progressively weaker circulations. If a
feature contains at least three vertically correlated
2-D circulations, it is declared a 3-D circulation,
and identified as either a TVS or an ETVS. Ideally,
there will be no gaps in elevation angles between
the vertically correlated 2-D circulations. However,
a one elevation angle gap is permitted to account
for base data problems such as range folding and
velocity dealiasing failures.

Adaptable ParametersThere are a number of TDA adaptable parameters.
Six of these parameters are under URC Level of
Change Authority (see Fig. 5-100 on page 5-224).
A more in-depth look at these adaptable parame-
ters is available in the RPG Adaptable Parameters
Handbook Section 7.14. 

Three of the adaptable parameters are changed
as a set. Here are the settings for the “Default
Set”:

Figure 5-98.  2-D Features - Multiple velocity thresholds used to 
identify stronger shear embedded within weaker shear.
Tornado Detection Algorithm (TDA) Overview   5 - 223



Distance Learning Operations Course
• Minimum 3D Feature Depth (1.5 km)

• Minimum Low Level Delta Velocity (25 m/s)

• Minimum TVS Delta Velocity (36 m/s)

Other “Sets” included in the Handbook are those
labeled as tropical, squall line, and minimized. The
other three parameters can be set independently
based on URC preference:

• Minimum Reflectivity (0 dBZ)

• Maximum Pattern Vector Range (100 km)

Figure 5-99.  Vertically correlated 2-D circulations. Must have at 
least 3 vertically correlated 2-D features

Figure 5-100.  TDA adaptable parameters at the RPG, with the default settings.
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• Maximum Number of ETVSs (0) -- this dis-
ables detection of ETVSs. The default setting
is 0, so you will not see ETVSs unless you
change this setting at the RPG. ETVSs were
turned off as the default setting because of the
very high number of detections and subse-
quent false alarms, and a lack of empirical
studies on the use of this parameter. It is rec-
ommended that ETVSs remain turned off until
research provides evidence of usefulness.

Characteristics

TVSA Tornadic Vortex Signature, TVS, is defined as a
3-D circulation with a base located on the 0.5°
slice or below 600 meters ARL (above radar level)
(see Fig. 5-101 on page 5-226). The depth of the
circulation, maximum delta velocity anywhere in
the circulation, and the delta velocity at the base of
the circulation must exceed the adaptable parame-
ters set (see previous section). The TVS symbol is
displayed on the graphic product and overlay as a
red, filled, inverted triangle. TVS symbols are
placed at the azimuth and range of the lowest 2-D
feature.

ETVSThough Elevated Tornadic Vortex Signatures
(ETVSs) are turned off by default, because it can
be turned on at the URC level, it will be briefly cov-
ered here. An ETVS is defined as a 3-D circulation
with a base above the 0.5° slice and above 600
meters ARL (See Fig. 5-102 on page 5-227.). The
depth of the circulation must be at least 1.5 km.
Additionally, the thresholds of depth, max delta
velocity and low level delta velocity must be
exceeded. The ETVS symbol is displayed on the
TVS overlay and the TVS graphic product as a
red, open, inverted triangle as shown in Fig. 5-103
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on page 5-228, and is placed at the azimuth and
range of the lowest 2-D feature

Note that an Elevated TVS may possess a larger
value of maximum shear somewhere in the storm
column as compared to a TVS, but if there is no
circulation on the 0.5° slice or below 600 meters, it
cannot be defined as a TVS, despite possessing
the higher shear. 

Legend Description See Fig. 5-103 for an example of the TVS product. 

• RPG PRODUCT CODE: TVS (#61)

• RPG ID: kxxx

• PRODUCT NAME: Tornadic Vortex Sig

• X/Y: This is the page number (X) of the attri-
bute table you are viewing out of the total num-
ber of pages available (Y).

Figure 5-101.  TVS definition.
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• DATE: Day of week, time and date in UTC

Additional 
Characteristics

• RANGE: 124 nm

Product Annotations• TVS Attribute Table

Figure 5-102.  ETVS definition.
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TVS Attribute Table The TVS Attribute Table is available if any TVSs or
ETVSs are detected. See Figure 5-104. 

Definitions • TYPE: TVS or ETVS. Will only be TVS if you
keep ETVSs off at the RPG

• STID: SCIT identified storm centroid ID that is
nearest to the location of the TVS

Figure 5-103.  Example of TVS graphic product, with super-res 0.5 degree SRM.

Figure 5-104.  TVS Attribute Table which appears at the top of the 
TVS product.
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• AZ RAN: Azimuth and range from radar where
the TVS is located

• LLDV: Low-Level Delta Velocity, in knots
(Greatest velocity difference of lowest 2-D cir-
culation)

• MDV: Maximum Delta Velocity, in knots
(Greatest velocity difference of any 2-D circu-
lation)

• AVGDV: Average Delta Velocity, in knots
(Average weighted velocity difference of all 2-
D circulations)

• BASE: Lowest altitude of the 3-D circulation,
in kft (Altitude of the lowest 2-D circulation)

• DPTH: Depth of the 3-D circulation, in kft
(Height difference between the lowest and
highest 2-D circulation)

If a circulation exists at either 0.5° or 19.5°, then
the depth of the circulation (DPTH) is estimated,
and a > (greater than) symbol will be displayed
with the stated depth. Similarly, if the circulation
exists at 0.5°, the base (BASE) of the circulation is
estimated, and a < (less than) symbol will be used
with the stated base altitude (see Fig. 5-104 on
page 5-228).

TVS Alphanumeric 
Product

The TVS Adaptation Data can be displayed at the
AWIPS-2 Text Display Window (WSRTVSxxx).
This can be used to determine the adaptable
parameter settings used to generate the product
(see Fig. 5-105). 

Radar Display Controls 
(ETVS Display Toggle)

Though it is strongly recommended that ETVSs
are turned off at the RPG, if you decide to allow
display of ETVSs from the RPG, it is possible that
your AWIPS-2 display can become cluttered with
ETVS symbols. For this reason, operators have
been given control over whether or not ETVS sym-
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bols are displayed on the TVS graphic product and
overlay (see Fig. 5-106). This toggle does not
affect the TVS attribute table or the TVS alphanu-
meric product or any other AWIPS-2 workstations.
It is a graphic display function only. Keep in mind
that even if the ETVS symbol is toggled to “off”
from the Radar Display Controls, outside users
would still see ETVSs and thus have to deal with
unscientific and perhaps misleading symbols on
their display systems. Likewise, this is motivation
to keep ETVSs turned off at the RPG.

Operational
Considerations

When a TVS detection occurs, consider the
environmental wind and thermal profile, the
signatures position in relation to the storm
with which it is associated, time continuity,
and the storm's range from the radar. Beyond

Figure 5-105.  TVS adaptable parameters displayed at the AWIPS-2 Text Display Window.
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about 60 km, the TVS will most likely be triggered
by a strong mesocyclone and not all mesocy-
clones produce a tornado. Since the TDA works
independently of the mesocyclone algorithm, the
detection of a mesocyclone coincident with the
TVS may support issuing a tornado warning. If the
TVS is adjacent to a strong reflectivity gradient
especially near the back of a storm, near a notch
on the right rear flank of a storm, or near the tip of
an appendage attached to the right rear flank of a
storm, then the forecaster should give greater con-
sideration to issuing a tornado warning. 

Figure 5-106.  Radar Display Controls Edit Screen.
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Because of its sensitivity, the TDA shows continu-
ity in time and space. TVS detections for the same
storm on two or more consecutive volumes can
suggest the validity of issuing a tornado warning.
The TDA has identified TVSs nearly continuously
on long-lived supercells typical of the Great Plains,
especially ones that cyclically produce tornadoes.
In the South and the Southeast, tornadoes may be
embedded within squall lines. The TDA tends to
identify TVSs near the bend in a line echo wave
pattern along the interface between warm moist
inflow and storm outflow.   While many of the algo-
rithm identified TVSs are not significant, they must
be validated for validity. 

Remember that algorithms serve to provide
users with guidance. Ultimately, the decision
to issue or not to issue a warning is up to the
individual forecaster using all available data,
including spotter reports.

Limitations

Adaptable parameters
need more research

Parameters which work well in one type of meteo-
rological setting may not be as effective in other
situations.

TDA detects all vortices,
not just tornadic ones

The TDA is designed to detect all vortices (basi-
cally any rotation). However, most of the time
these vortices never become tornadic. So, if you
use TDA identified vortices alone in your warning
decision, you will have high false alarm rates. Do
not do this! Use all information available (environ-
ment, storm structure, etc.) when making your
warning decision.
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Little research relating 
the occurrence of 
tornadoes to Elevated 
TVSs 

It is not recommended that forecasters turn on
ETVSs until studies show an understanding of its
utility.

Applications 
(Strengths)

The algorithm searches 
for gate-to-gate shear

This very closely related to tornadic circulations.

Possible to isolate small 
regions of shear within 
broader regions

Multiple velocity-difference thresholds make it pos-
sible to isolate small regions of shear within
broader regions

Information is provided 
about the base and depth 
of circulations

The product annotations table provides you with
the base of the circulation and its depth. This can
be very useful information in discriminating “real”
from “unreal” signatures.

Fine-tuning of adaptable 
parameters allows for 
easy tweaking of output

This results in a higher probability of detecting
operationally important shear regions. For more
information on ways to accomplish this, refer to the
Guidance on Adaptable Parameters available from
the Radar Operations Center (ROC).
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Summary: Velocity Derived Products
IntroductionThe third exam will cover the velocity derived prod-
ucts (VWP, MD/DMD and TVS). The exam ques-
tions are tied directly to the Learning Objectives in
each lesson.

It is recommended that you take this exam before
moving onto subsequent lessons while this mate-
rial is fresh on your mind. To get credit for this
exam, you must take it in the NWS Learning Cen-
ter (http://doc.learn.com/noaa/nws).

To help you with the exam, the applications and
limitations from each lesson to this point are pro-
vided in this summary lesson below.

Velocity Azimuth 
Display Wind 
Profile (VWP)

Applications• Assistance with forecasting and severe
weather operations

• Creating/Adjusting Hodographs

• Can indicate cloud depths and/or virga lower-
ing with time.

• Can be used to estimate expected low-level
trajectories for balloon launches.

Limitations• Measurable returns needed

• Winds are not encoded if RMS error or sym-
metry thresholds are exceeded

• Generally only representative of winds within
20 nm of the RDA

• Birds can produce anomalous wind patterns

• The VWP perspective display can be cluttered
and hard to read
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Mesocyclone (MD)
and Digital

Mesocyclone
(DMD)

Applications • Can identify significant mesocyclones, even
those that are shallow

• Weak circulations detected

• Adaptable parameter changes available to
adjust the output to fit the meteorological situa-
tion

• Tracking attempts to account for time continu-
ity

Limitations • Numerous false detections and weak, shallow,
insignificant circulations.

• The algorithm only detects cyclonic rotations

• Identification is influenced by aspect ratio

• Improper dealiasing or other data quality prob-
lems may generate false mesocyclones

• Default settings are for large deep supercells

• Numerous detections of circulations may
require changes in adaptable parameters

Tornadic Vortex
Signature (TVS)

Applications • The algorithm searches for gate-to-gate shear

• Possible to isolate small regions of shear
within broader regions

• Information is provided about the base and
depth of circulations

• Fine-tuning of adaptable parameters allows for
easy tweaking of output
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Limitations• Adaptable parameters need more research

• TDA detects all vortices, not just tornadic ones

• Little research relating the occurrence of torna-
does to Elevated TVSs
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Lesson 20:  Hydrometeor Classification (HC)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Hydrometeor
Classification (HC) product.

2. Identify the limitations of the HC product.

3. Identify the applications (strengths) of the HC
product.

Hydrometeor 
Classification 
Algorithm (HCA) 
Overview

The purpose of the hydrometeor classification
(HC) algorithm is to determine the most likely echo
type for each radar bin from a list of pre-defined
echo types. The algorithm determines the most
likely echo type using Z, V, ZDR, CC and KDP val-
ues and the quality and reliability of those base
products. The output is called the hydrometeor
classification (HC) product and will be discussed in
this lesson. It is an elevation based product.
Before we discuss the HC product, we will take a
quick look at how the algorithm that produces the
HC product works, the Hydrometeor Classification
Algorithm (HCA)

ProcessThe HCA has four basic steps in identify the most
likely echo type:

1. Determine allowable classifications from input

2. Determine likelihood values from allowable
classifications

3. Assign a classification

4. Determine if classification is unknown

We will take a brief look at these steps in a little
more detail below.

Determine Allowable 
Classifications

The first step in the HCA is to eliminate any classi-
fications which do not make sense based on the
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input (i.e. hail does not make sense if the Reflec-
tivity is 20 dBZ). Additionally, classifications are
eliminated based on the bins location relative to
the melting layer. For example, dry snow is elimi-
nated as a possible classification if the bin location
is below the melting layer. Any classification that is
left over is tagged as an allowable classification
(see Fig. 5-107).

Determine Likelihood
Value for Allowable

Classifications

The next step is to determine the overall likelihood
of each allowable classification. This is a value
from 0 to 1 where 0 is least likely to be that classi-
fication and 1 is most likely to be that classifica-
tion. 

Each classification has a range of values for each
input that is typical of that classification. The algo-
rithm first looks to see how many of the input val-
ues fall within the typical values defined in the
algorithm. The more inputs that fall within the typi-
cal values, the higher the likelihood value based
on the inputs.

Figure 5-107.  Thresholds to determine 
allowable classifications for the 
HCA. Left image is input thresh-
olds. Right image is location rel-
ative to the melting layer 
thresholds.
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Next, the likelihood values are weighted. Not all
inputs are created equal. For example, CC is
much better at discriminating ground clutter than
Z. So, the CC value will be given more weight in
the overall likelihood value than will Z for the
ground clutter classification. 

Next, the inputs are sometimes contaminated by
data quality issues. The HCA attempts to capture
this by reducing the weighting of inputs that are
affected by data quality issues. For example, non-
uniform beam filling (NBF) can reduce CC artifi-
cially. So in bins experiencing NBF will have less
weighting from CC in the determination of their
likelihood value.

Finally, the overall likelihood value for each allow-
able classification is determined by combining all
of the information above. 

Figure 5-108.  The likelihood values determined for each allow-
able classification is a combination of the typical val-
ues for that classification, empirical weighting factors 
and the quality of the dual-pol data used to determine 
its likelihood
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Assigning a Classification The next step in the algorithm is to assign a classi-
fication. This is very straight forward. The classifi-
cation with the highest likelihood value from the
previous step is assigned to that bin. 

Determine if Classification
is Unknown

There will be times when the likelihood values of
two classifications are very close because some
classifications have overlapping characteristics
such as heavy rain and hail. If the difference
between the likelihood values of the top two classi-
fications is less than 0.001, then the bin is classi-
fied as unknown (UK). 

Another situation where the classification will be
unknown is when the maximum likelihood value is
less than 0.4. This typically happens when data
quality is very poor or there are just not enough
inputs to definitively compute a likelihood value.

Adaptable Parameters At this point in the early stages of the HCA, there
are no adaptable parameters. As more research is
done, there will be tweaks to the algorithm to opti-
mize it. For example, the typical range of values
for a classification may need adjusting. 

Characteristics

Classifications There are 10 classifications with the HC product:

1. Biological Scatterers (BI)

2. Clutter (GC)

3. Ice Crystals (IC)

4. Dry Snow (DS)

5. Wet Snow (WS)

6. Rain (RA)

7. Heavy Rain (HR)

8. Big Drops (BD)
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9. Graupel (GR)

10. Hail-Rain (HA)

Here is a short description of what each classifica-
tion is intended to entail:

• (BI) Biological scatters include things such as
birds and/or insects.

• (GC) Ground clutter includes buildings, trees,
cars, etc. that appear normally or as anoma-
lous propagation (AP).

• (IC) Ice crystals are defined here as ice in the
form of columns, needles, plates, etc. 

• (DS) Dry snow includes snow flakes that are
low-density.

• (WS) Wet snow includes snow flakes that have
undergone some melting.

• (RA) Light to moderate rain can be thought of
as rain rates less than 1 inch per hour. 

• (HR) Heavy rain can be thought of as rain
rates greater than 1 inch per hour.

• (BD) “Big Drops” is a special designation that
has been created for large rain drops (at least
3-4 mm in diameter) that appear in low con-
centration and mainly appear along the lead-
ing edge of convective precipitation. 

• (GR) Graupel includes precipitation in the form
of soft ice/snow pellets. 

• (HA) Hail-rain includes pure hail or hail possi-
bly mixed with rain. 

• (UK) Unknown includes bins where the algo-
rithm could not decisively say what category
that bin could fit into, either because the confi-
dence value was too low or two categories
were too close to decide.
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The product will appear on your CAVE screen as
seen in Figure 5-109

Product Resolutions There are two resolutions for the HC product, but
this lesson will only discuss the 8-bit product.

Legend Description • RPG ID: kxxx

• Elevation Angle: x.x in degrees 

• Product Name: Hydrometeor Class 8bit

• Date: Day of week, time in UTC, and date

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31, or 32

• Range Resolution: 0.25 km

Figure 5-109.  Example of the HC product.

Figure 5-110.  Hydrometeor Classification product characteristics available from the RPG

Product Name Units
AWIPS2 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Hydrometeor 
Classification 

Product -- HC HC 164 4-bit (16) 1 km 1 deg 230 km
Hydrometeor 

Classification Data 
Array Product -- HC DHC 165 8-bit (256) 0.25 km 1 deg 230 km
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Cursor ReadoutThe output of the HC product will appear in cursor
readout as shown by the list at the beginning of
this section. Fig. 5-111 shows an example of the
HC cursor readout. In this case, the readout is
indicating biological scatterers.

Menu LocationThe HC product can be found in your dedicated
radar menu (see Fig. 5-112)

Limitations

Overlapping Polarimetric 
Characteristics Between 
Classes

Some hydrometeor classes have very similar pola-
rimetric characteristics. Checks have been put in
place to help mitigate this problem, but the algo-
rithm is not fool proof. Therefore, keep a critical
eye open when viewing the HC output.

Typical Range of Values 
and Weights are 
Subjective

Each typical range of values and weights for each
classification is based off of prior research done
primarily in Central Oklahoma. More research is
needed as dual-pol is deployed nationwide to opti-
mize these numbers.

Figure 5-111.  Example of cursor readout in the HC product (yellow arro
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Uncertainty Not
Portrayed

Some classifications have heavily overlapping
polarimetric characteristics, which can cause the
likelihood values to be close. However, the algo-
rithm is forced to only display the most likely out-
put, and does not tell the forecaster anything about
the likelihood value of other possible classifica-
tions. Therefore, it is imperative that a forecaster
view the HC product with a critical eye. If you were
expecting one output, and the HC gave another, it
could well be that your expected output was “next
in line”. 

Below Beam Effects Even if the classification is based on good data
and looks “right”, it may not represent the type of
precipitation reaching the ground. This scenario is
more likely the farther the echo is away from the
radar where below beam effects are a concern. 

Figure 5-112.  Menu location for the individual elevation products of the HC. 
There are also “HC analysis” 4-panels that can be loaded directly 
from the dedicated radar pull-down just below the “Base Data” 4-
panels.
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Range Folding in Batch 
Cuts

Recall that the dual-pol variables are not com-
puted in range folding in the batch cut elevations.
Batch cut elevations are those elevations that are
from 1.65 to 6.5 degrees. They are called batch
because each radial uses alternating high/low
PRF pulses to construct the base moments. How-
ever, for the dual-pol variables, it uses only the
high PRF pulses which are subject to range fold-
ing. The HC product is still generated because Z
and the height of the 0oC are provided. Therefore,
be cautious when interpreting the HC product in
areas where the dual-pol variables are experienc-
ing range folding.

Applications 
(Strengths)

Safety Net for Base Data 
Analysis

In an operational setting, the HC product will be
most useful for supplementing base data analysis.
Much like the Tornadic Vortex Signature (TVS)
algorithm can alert a forecaster to something pos-
sibly missed in base data analysis, the HC algo-
rithm can do the same thing. However, just like the
TVS algorithm may mis-classify a signature, so
might the HC. Therefore, it is recommended that
the HC product be used in conjunction with the
polarimetric base data, and not as a stand-alone
product.

Input for Precipitation 
Algorithm

The dual-polarization quantitative precipitation
estimation (QPE) algorithm (discussed in a later
lesson) uses the output of the HC algorithm to
determine which precipitation relationship to use
for each bin. This process has the potential to
improve QPE in regions such as clutter and hail.

Provides Quick Look at 
Regions of Interest

The HC product can help a forecaster more
quickly hone in on an area of interest. Three
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examples come to mind where a quick look at
regions of interest might be helpful. First, the base
data may be providing subtle hints that might get
overlooked by a forecaster. The second example
would be during intense operations where multiple
severe storms are occurring and a storm might be
overlooked simply due to workload. The last
example would be for aviation interests concerned
about hail. This product could used to find areas of
possible hail to help focus interrogation.
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Lesson 21:  Melting Layer (ML)
ObjectivesUpon completion of this lesson, you will be able to:

1. Identify the characteristics of the Melting Layer
(ML) product.

2. Identify the limitations of the ML product.

3. Identify the applications (strengths) of the ML
product.

Melting Layer 
Detection 
Algorithm (MLDA) 
Overview

The Melting Layer Detection Algorithm (MLDA)
was designed to automatically determine the
height of the top and bottom of the melting layer. It
utilizes the unique signature that CC and ZDR
exhibit within the melting layer. 

We will begin this lesson with a brief look at how
the MLDA works, and then look at the characteris-
tics, limitations and applications of the product out-
put by the MLDA, the Melting Layer (ML) product.

ProcessThe MLDA has four basic steps to identify the
melting layer top and bottom:

1. Exclude bins not likely to be in melting layer

2. Compute weighted value for remaining bins

3. Compute ML top and bottom

4. Fill in missing radials

We will take a look at these steps in a little more
detail below.

Exclude bins not likely to 
be in melting layer

The first step in the algorithm is to exclude any
bins that are not likely to be in the melting layer.
The criteria for exclusion are:

• Hydrometeor Classification for bin is GC, BI,
ND or UK
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• Signal-to-Noise Ratio (SNR) is less than 5 dB

• Bin height is greater than 6 km’

Note that the algorithm only uses the elevation
angles from 4 degrees through 10 degrees. This is
because below 4 degrees, beam broadening
effects smear the melting layer signature too much
to provide an accurate estimate. Elevations above
10 degrees are not likely to have enough scatter-
ers to contribute significantly to the computation.

Compute weighted value
for remaining bins

Each remaining bin from the first step will be
assigned a weighted value with higher values indi-
cating a higher likelihood that the bin lies within the
melting layer. 

The criteria for a bin to get a non-zero weighted
value are:

• Z between 30 and 47 dBZ

• ZDR between 0.8 and 2.2 dB

• CC between 0.9 and 0.97

This value is weighted by elevation angle. The
higher the elevation angle, the higher the weight.
This is because at lower elevation angles, beam

Figure 5-113.  Conceptual model of which bins are used to compute the melting layer height. Bins where 
HC tagged BI, GC, ND or UK, SNR < 5 dB, or bin height is greater than 6 km (or 19 kft) will not 
be considered when computing the melting layer top and bottom heights.
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broadening effects smear the melting layer signa-
ture resulting in less accuracy. 

The value for each bin is then added to the value
of that bin from the previous volume scans. In pre-
cip mode, it uses the previous 2 volume scans. In
clear-air mode, it uses the previous 5 volume
scans.

Compute ML Top and 
Bottom Heights

For each radial, a melting layer top and bottom
height is computed. It firsts tries to do this using
the weighted values computed for that radial and
each radial 10 degrees either side of the current
radial. If the total of the weighted values for all bins
in those radials is greater than 1500, then the top
and bottom of the melting layer are computed as
follows:

• Bottom = height where sum of the weighted
values is 20% of the total weighted sum

• Top = height where the sum of the weighted
values is 80% of the total weighted sum

The sum is done iteratively by starting with the
bins closest to the radar (i.e lowest height). The
threshold of 1500 was chosen empirically and may
need adjusting in future updates (see Fig. 5-114).
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Fill in missing radials Where the sum of the weighted values is below
1500, a top and bottom height are computed, but it
will not use the polarimetric data. It will use one of
the following:

• Average melting layer top and bottom height
from other valid heights in the current volume
scan, or

Figure 5-114.  Schematic of how the melting layer top and bottom 
heights are computed for a given radial. In the example, 
the radial of interest is 275. Assuming the previous ML 
height was 4 km, the algorithm ignores any heights 
below 3 km or above 5 km, hence the horizontal red 
lines. The algorithm also only looks at radials 10 degrees 
either side of the current radial (hence the vertical red 
lines). Starting from the bottom up, the algorithm sums 
the weighted values. Where the sum equals 20% of the 
total sum, that is the melting layer bottom. Where the 
sum equals 80% of the total sum, that is the melting 
layer top for the 275 deg radial.
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• The default 0 Celsius height defined in the
RPG Environmental Data Entry window.

•• Top = 0 Celsius height

•• Bottom = Top - 500 m

The second option should look familiar. This is the
same window that is used to define the 0 Celsius
height used in the Hail Detection Algorithm (HDA).
Therefore, it is imperative that you make sure the
0 Celsius height is up-to-date. One easy way to do
this is make sure Model Update is turned on so the
hourly RUC model will keep these parameters up-
to-date. 

Adaptable ParametersThere is one adaptable parameter with the MLDA.
It is titled “Use MLDA Heights”. It is a “Yes” or “No”
flag and its default is “Yes”. 

When set to “Yes”, the MLDA will attempt to use
the dual-pol data to determine the melting layer
top and bottom heights (i.e. will follow the steps
outlined above). 

If the parameter is set to “No”, the algorithm will
bypass the steps above, and just use the Environ-
mental Data Entry value to determine the top and
bottom. The top will be set at the 0 Celsius height
and the bottom will be 500 m below that height.
This is useful for cold season events where there

Figure 5-115.  RPG window for the MLDA adaptable parameters. The default setting is “Yes”.
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are multiple melting layers or the melting layer is
near the ground. The algorithm has a tough time
identifying a melting layer using the dual-pol data
in these instances.

Characteristics

Graphic Product The heights of the top and bottom of the melting
layer as determined by the MLDA are used to con-
struct the graphic shown in FIGURE X. 

The inner dotted line indicates where the top of
the beam intersects the height of the bottom of the
melting layer. 

The inner solid line indicates where the center of
the beam intersects the height of the bottom of the
melting layer. 

The outer solid line indicates where the center of
the beam intersects the height of the top of the
melting layer. 

The outer dotted line indicates where the bottom
of the beam intersects the height of the top of the
melting layer. 

So, the majority of the melting layer is within the
solid lines, while any effect of the melting layer, no
matter how small, falls in between the dashed
lines (see Fig. 5-116).

Figure 5-117 helps to better conceptualize the ML
graphic as displayed in AWIPS-2. In this graphic
the radar beam is a thick black line representing
the center of the beam. The thin black lines on
either side represent the beam edges. The two
yellow lines represent the melting layer top and
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bottom as labeled. The dotted and solid vertical
green lines represent the corresponding lines as
displayed in AWIPS-2.

Product Resolutions & 
Range

The ML product is a graphic overlay and not an
image product, so there is no “resolution”. 

The ML product is available out to a range of 124
nm. This should not be a problem as the melting
layer height should never reach the heights at this
range.

Legend Description• RPG Code: ML (#166)

• RPG ID: kxxx

• Elevation Angle: x.x in degrees 

Figure 5-116.  Example of the melting layer product overlaid on Reflectivity.
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• Product Name: Melting Layer

• Date: Day of week and time in UTC

Limitations

Situations with Unlikely
ML Detection

Since the algorithm requires a sufficient amount of
wet snow detections over either a 3 or 6 volume
scan period, there are some situations where the
algorithm will not detect a melting layer via polari-
metric data. 

Fast-Moving Cold Fronts It does not perform well near fast moving cold
fronts because the number of volume scan periods
requirement to accumulate wet snow points makes

Figure 5-117.  A graphical explanation of the melting layer (ML) product in AWIPS-2.
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it difficult for the algorithm to compute an accurate
ML height. 

Small Areas of Stratiform 
Rain

Events with small stratiform rain areas will not
have enough wet snow points to compute a melt-
ing layer from the polarimetric data. 

Majority of Precip Echoes 
Below Freezing

If the majority of the precipitation echoes are
below freezing, the MLDA will use the default 0oC
height in the environmental data at the RPG. 

Isolated StormsAs with small areas of stratiform rain, if there are
just isolated storms around, there probably won’t
be enough wet snow points for the algorithm to
function properly.

Two Melting LevelsIn the event there are two melting levels, the algo-
rithm will only detect one of them. These types of
situations often include sleeting events. It might be
possible to see both in the data itself but only if the
two melting levels are far enough apart for it to be
resolved by the radar. Implications of this are that
the HC product will not show frozen precipitation at
the ground (most likely will be rain). Therefore,
having surface and sounding data available during
these types of events is recommended.

Unrealistic 
Discontinuities

Two situations to look out for when viewing the ML
product are unrealistic discontinuities due to
antenna wobble and algorithm error. 

Antenna wobble This occurs after the radar dish has changed ele-
vation angles and the radar dish does not get to
exactly the defined elevation angle. This causes
the beam to over- and undershoot the defined ele-
vation angle for a few azimuths until it settles.
Once the elevation angle settles, the discontinui-
ties will go away.
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Algorithm Error The algorithm can sometimes just get it wrong for
many reasons. This causes a discontinuity in the
data. Discontinuities caused by algorithm error will
appear spiky and show up on every elevation
angle at the same azimuth. In contrast, the discon-
tinuities caused by antenna wobble will be much
smoother and will only appear on elevation angles
where the antenna wobble occurs.

Performance in
Mountainous Regions

Recall that the MLDA computes the ML product
using data from the 4.0 through 10.0 degree eleva-
tion angles. In mountainous regions, the beam at
these elevation angles might hit the melting layer
very near the radar and be completely above the
melting layer within the precipitation. The graph in
Figure 21-118 illustrates this problem.

Figure 21-118.  Graph of Melting Layer Height vs. Range From Radar based on a 4.0 degree scan. Notice that 
radars at higher elevations may pass through the melting layer very near the radar and be above it 
in the precipitation farther from the radar.
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Applications 
(Strengths)

Updates Every Volume 
Scan

With the ML product, you will have updated ML
heights every volume scan. Even if the number of
wet snow detections needed to compute the melt-
ing layer via the dual-pol data is not met, the algo-
rithm ingests a default 0oC height from the RPG
adaptation data or the latest RUC model run.

Aids in Interpreting Base 
Data

Another advantage is that the ML product can help
in base data interpretation. Overlaying the ML
product can help quickly identify the type of precip-
itation in the area of interest. This is most useful
when the melting level is not uniform or the near-
est sounding isn’t representative of the area of
interest.
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Summary: Dual-Pol Derived Products
IntroductionThe fourth exam will cover the dual-pol derived
products (HC and ML). The exam questions are
tied directly to the Learning Objectives in each les-
son.

It is recommended that you take this exam before
moving onto subsequent lessons while this mate-
rial is fresh on your mind. To get credit for this
exam, you must take it in the NWS Learning Cen-
ter (http://doc.learn.com/noaa/nws).

To help you with the exam, the applications and
limitations from each lesson to this point are pro-
vided in this summary lesson below.

Hydrometeor 
Classification (HC)

Applications• Safety Net for Base Data Analysis

• Input for Precipitation Algorithm

• Provides Quick Look at Regions of Interest

Limitations• Overlapping Polarimetric Characteristics
Between Classes

• Typical Range of Values and Weights are Sub-
jective

• Uncertainty Not Portrayed

• Below Beam Effects

• Range Folding in Batch Cuts

Melting Layer (ML)

Applications• Updates Every Volume Scan

• Aids in Interpreting Base Data
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Limitations • Situations with Unlikely ML Detection

•• Fast-Moving Cold Fronts

•• Small Areas of Stratiform Rain

•• Majority of Precip Echoes Below Freezing

•• Isolated Storms

• Two Melting Levels

• Unrealistic Discontinuities

•• Antenna wobble

•• Algorithm Error

• Performance in Mountainous Regions
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Lesson 22:  PPS Rainfall Products
OverviewThe next three lessons will cover the precipitation
and snowfall products produced by the WSR-88D.

PrecipitationWith dual-pol there is a whole new suite of rainfall
products. However, the legacy rainfall products are
not going away. Many of the new rainfall products
from dual-pol are analogous to the legacy prod-
ucts (i.e. there is a legacy and dual-pol version of
the storm total precipitation). To keep things sim-
ple, this first lesson will only discuss legacy rainfall
products, and the next lesson will discuss the dual-
pol rainfall products.

SnowfallAt this time, there are no new snowfall products
available with dual-pol. Therefore, only legacy
snowfall products will be discussed in the third les-
son. 

PPS vs. QPERecall from Topic 3 that the legacy precipitation
products are output from the Precipitation Pro-
cessing Subsystem (PPS) algorithm, and the dual-
pol precipitation products are output from the
Quantitative Precipitation Estimation (QPE) algo-
rithm. 

We will quickly review the PPS and QPE algo-
rithms in their respective lessons, but will spend
most of those lessons looking at the characteris-
tics, limitations and applications of the legacy and
dual-pol precipitation products output by these
algorithms.

ObjectivesUpon completion of this lesson, you will be able to
identify the characteristics, limitations and applica-
tions (strengths) of the following legacy (PPS)
rainfall products:
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1. Hybrid Scan Reflectivity (HSR)

2. Digital Hybrid Scan Reflectivity (DHR)

3. One Hour Precipitation (OHP)

4. One Hour Digital Precipitation Array (DPA)

5. Three Hour Precipitation (THP)

6. Storm Total Precipitation (STP)

7. Digital Storm Total Precipitation (DSP)

8. User Selectable Precipitation (USP)

9. Supplemental Precipitation Data (SPD)

Before diving into these products, we will review
how the PPS works.

Precipitation
Processing

Subsystem (PPS)
Review

The precipitation algorithms commonly called the
Precipitation Processing Subsystem (PPS) contain
numerous quality control steps (see Fig. 5-119 on
page 5-265). Since radar indirectly measures pre-
cipitation rates, extensive quality control is applied
to get the best possible rainfall estimates.

Because of the quality control steps used in the
PPS, the operator will notice a difference between
the reflectivity data used as input and the corre-
sponding precipitation products. 

Rainfall and snowfall estimates are only provided
out to 124 nm. No estimates are generated
beyond 124 nm because errors increase rapidly
beyond that range.

The algorithms in the PPS are highly flexible with
many adaptable parameters. The process of tailor-
ing adaptable parameters for each radar site
requires research and observations from the field
users of the system. Changes in most adaptable
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parameter settings requires coordination with the
ROC and the Office of Hydrologic Development
(OHD). 

The four algorithms of the PPS discussed in Topic
3 are: (see Fig. 5-119 on page 5-265)

Enhanced Precipitation 
Preprocessing (EPRE)

• Determines start and stop of rainfall accumula-
tions

• Reduces impact of residual clutter

• Constructs the Hybrid Scan Reflectivity (reflec-
tivity to be used to convert to rainfall and
snowfall rate)

Precipitation Rate• Converts reflectivity in the Hybrid Scan to rain-
fall rate using Z-R relationship, and snowfall
rate using a Z-S relationship.

Figure 5-119.   Precipitation Processing Subsystem overview from Topic 3.
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• Depending on the product, the resolution is
reduced to 2 km (1.1 nm) x 1 degree

Precipitation
Accumulation

• Scan to scan accumulations

• Hourly accumulations

• Adjusts for missing data

Precipitation Adjustment
(Rainfall only)

• Compares radar accumulation estimates to
rain gauges.

• Uses multiplicative bias adjustment to account
for non-representative Z-R relationships or
incorrect hardware calibration

Applying Bias to Radar
Rainfall Estimates

Step four of the PPS includes the application of a
bias to rainfall accumulation prior to the generation
of all rainfall accumulation products. At the URC
level of change authority, users can choose to
apply (or not apply) the bias at the RPG by setting
the “Bias Flag” to TRUE from the Hydromet
Adjustment window (see Fig. 5-120). The bias
data that the RPG receives come from the Multi-
sensor Precipitation Estimator (MPE), which is
available in AWIPS-2. MPE utilizes radar, satellite,
and rain gage data to compute a gridded mean
field bias each hour for each available radar
umbrella. There will be events when the bias from
MPE fails to improve rainfall estimates, perhaps
making them worse. Thus it is important to monitor
all available data sources and ensure MPE is pro-

Figure 5-120.   RPG HCI window for adjusting rainfall accumulations. This is accessible from the 
Algorithms submenu. With Bias Flag set to FALSE, no bias will be applied to the rainfall 
accumulation products.
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ducing representative bias numbers if you are
applying the bias.

Alright, enough about the algorithm, let’s look at
the products. Fig. 5-121 is a table listing all the
PPS precipitation products, and their general char-
acteristics, available from the RPG. Fig. 5-121,
page 5-267 is the AWIPS-2 menu where all these
products can be found. We will look at each one in
more depth in the following sections.

Figure 5-121.  Table of PPS precipitation products available at the RPG

Product Name Units
AWIPS 

ID
RPG 
ID

RPG 
Code Data Levels Range Res Az Res Max Range

Hybrid Scan 
Reflectivity dBZ HSR HSR 33 4-bit (16) 1 km 1 deg 230 km

Digital Hybrid Scan 
Reflectivity dBZ DHR DHR 32 8-bit (256) 1 km 1 deg 230 km

Surface Rainfall 
Accumulation (1 hr) in OHP OHP 78 4-bit (16) 2 km 1 deg 230 km
Hourly Digital Precip 

Array in DPA DPA 81 8-bit (256) -- -- --
Surface Rainfall 

Accumulation (3 hr) in THP THP 79 4-bit (16) 2 km 1 deg 230 km
User Selectable 

Storm Total Precip in USP USP 31 4-bit (16) 2 km 1 deg 230 km
Storm Total Rainfall 

Accumulation in STP STP 80 4-bit (16) 2 km 1 deg 230 km
Digital Storm Total 

Rainfall 
Accumulation in DSP DSP 138 8-bit (256) 2 km 1 deg 230 km
Supplemental 

Precipitation Data -- SPD SPD 82 -- -- -- --
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Here is where you can find these products under
the new dual-pol radar menu structure:

Hybrid Scan
Reflectivity (HSR)

The Hybrid Scan Reflectivity (HSR) product is a 4-
bit reflectivity product output from the Enhanced
Precipitation Preprocessing (EPRE) algorithm and
used internally by the RPG for most of the RPG
produced precipitation products (see Fig. 5-123).

Legend Description • RPG ID: kxxx

• PRODUCT NAME: 4 bit Hyb Scan Refl

• UNITS: (dBZ)

• DATE: Day of week, time, and date in UTC

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

Figure 5-122.  Menu location for PPS rainfall products. Located 
under the dedicated radar menu (kxxx)
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Digital Hybrid Scan 
Reflectivity (DHR)

The Digital Hybrid Scan Reflectivity (DHR) product
is the 8-bit equivalent of the HSR. The primary dif-
ference between these two products is the DHR is
used for input into external applications to the
RPG such as Flash Flood Monitoring and Predic-
tion (FFMP) and High-resolution Precipitation Esti-
mator (HPE) (see Fig. 5-124). 

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Hybrid Scan Refl

• UNITS: (dBZ)

• DATE: Day of week, time, and date in UTC

Product Annotation• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Max: Maximum reflectivity values on the prod-
uct (units dBZ), no information on the location
of the maximum.

Figure 5-123.  Hybrid Scan Reflectivity (HSR)
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One Hour
Precipitation (OHP)

Okay, so the first two products were not really pre-
cipitation products, but rather the products that are
used to compute the precipitation products. We
will start with discussing the One Hour Precipita-
tion (OHP) product (see Fig. 5-125).

Product Generation This product displays the accumulations over the
past hour. It is available from the first volume scan
with detected precipitation except for when there is
missing data (radar outage of more than 30 min-
utes). Recall from Topic 3 that these products must
wait until a full hour of data are available to gener-
ate the product. So, after the first sign of precipita-
tion, it will take roughly 54 minutes for the first
OHP product to become available. This also goes
for when there is an outage of data or a manual
reset.

Figure 5-124.  Digital Hybrid Scan Reflectivity (DHR)
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However, OHP is updated every volume scan after
the first product comes in (i.e. a moving one hour
window of precipitation).

Legend Description• RPG ID: kxxx

• PRODUCT NAME: One Hour Precip

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of pre-
cipitation on the product. The location of this
value is unknown.

• BIAS/#G-R: This is the bias that is being
applied to generate this product, and the num-
ber of radar-gage pairs used to compute this
bias

• END: This is the end date and time of the hour
precip product in DD.HHMM.

Figure 5-125.  One Hour Precipitation (OHP)
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OHP Alphanumeric
Product

Additionally, OHP has a paired alphanumeric prod-
uct with it (see Fig. 5-126).

One Hour Digital
Precipitation Array

(DPA)

The One Hour Digital Precipitation Array (DPA) is
the 8-bit version of the one hour product. 

Not Displayable in
AWIPS-2

DPA is not displayable in AWIPS-2. This is
because the primary reason for DPA is for use by
River Forecast Centers (RFCs) to generate precip-
itation input for the NWS River Forecast System
(NWSRFS) and for the AWIPS-2 Multi-sensor Pre-
cipitation Estimator (MPE) bias calculation. There-
fore, there are no legend or product annotations to
discuss.

The general characteristics can be found in the
table at the beginning of this lesson. 

Three Hour
Precipitation (THP)

Product Generation This product displays the amount of rainfall that
has fallen over the past 3 hours. This is not a run-
ning 3 hour total, though. The product is only
updated once per hour at the top of the hour. Plus,
it requires 2 out of the past 3 top of the hour OHP
products to be generated (see Fig. 5-127). 

Legend Description • RPG ID: kxxx

• PRODUCT NAME: Three Hour Precip

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32
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Figure 5-126.  OHP Alphanumeric product
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• MX: This is the maximum accumulation of pre-
cipitation on the product. The location of this
value is unknown.

• BIAS/#G-R: Each hours multiplicative bias is
displayed whether or not the Bias Flag at the
RPG is set to True or False.

• END: This is the ending date/time for the accu-
mulations computed by the PPS for the partic-
ular volume scan (Format - DD.HHMM).

THP Alphanumeric
Product

Additionally, the THP has a paired alphanumeric
product (see Fig. 5-128).

Figure 5-127.  Three Hour Precipitation (THP)
5 - 274    Three Hour Precipitation (THP)



Topic 5: Base & Derived Products
User Selectable 
Precipitation (USP)

The OHP and THP products are great for the stan-
dard length of precip for short-fused warnings (i.e.
Flash Flood Warnings). However, you might want
to look at different durations. This is where the
User Selectable Precipitation (USP) product
comes in handy (see Fig. 5-130).

Product GenerationUSP displays precipitation accumulation for a user
specified period of time using top of the hour accu-
mulations. The past 30 hours of top of the hour
accumulations are available. The user selects time
span (up to 24 hours) and end time (see
Fig. 5-129) in UTC format.

Legend Description• RPG ID: kxxx

• PRODUCT NAME: User Def Total Precip

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Figure 5-128.  THP Alphanumeric Product
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Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

Storm Total
Precipitation (STP)

For the overall “big picture”, take a look at the
Storm Total Precipitation (STP) product. 

Product Generation The STP product is the total accumulation from
when accumulations started to the current (or end)
time (see Fig. 5-131). 

Start Times Recall from Topic 3 that accumulations start when
a defined minimum area of the radar coverage
area exceeds a defined minimum reflectivity.

Figure 5-129.  One Time Request for USP. This request is for rain-
fall accumulation for the 6 hours prior to 12 UTC.
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These minimum thresholds are defined by RAINZ
and RAINA. Also, you can manually reset the
accumulations to set a start time somewhere in the
middle of an event if desired. 

End TimesThe end time of the STP product is the current
time the product is generated, or after one hour of
the RAINZ and RAINA thresholds not being met. 

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Storm Total Precip

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

Figure 5-130.  User Selectable Precipitation (USP)
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• MX: This is the maximum accumulation of pre-
cipitation on the product. The location of this
value is unknown.

• BIAS/#G-R: The most recent multiplicative
bias is displayed whether or not the Bias Flag
at the RPG is set to True or False.

• BEG: Date/time of the first volume scan accu-
mulation began (Format - DD.HHMM).

• END: End date/time for the accumulations dis-
played (Format - DD.HHMM).

Digital Storm Total
Precipitation (DSP)

There is also an 8-bit version of the STP product
called the Digital Storm Total Precipitation (DSP). It
is generated just like the STP product and has the
same legend and product annotations. It is the
preferred product for your RPS list as long as your
communications line with the RDA unit can handle
the 8-bit product (see Fig. 5-132).

Figure 5-131.  Storm Total Precipitation (STP)
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Supplemental 
Precipitation Data 
(SPD)

This product is strictly an alphanumeric product
that is available via your text workstation. You can
access this product by requesting it in your RPS
list or by doing an OTR. It is on the national RPS
list, but will need to be added to the RPS list for
DoD users. The product is updated every volume
scan. The one caveat with this product is it does
not provide any explanation on how the data val-
ues were computed

Accessing the productTo view the product, within a text workstation win-
dow, type the following command:

• WSRSPDXXX

where XXX is the three-letter identifier of your
CWA.

Figure 5-132.  Digital Storm Total Precipitation (DSP)
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Information available The SPD product contains the following informa-
tion:

• current bias value and whether it is applied,

• information on gage-radar pairs,

• information on the number of blockage bins, 

• percent of the hybrid scan bins filled, and

• other output from the PPS.

Adjusting Data
Levels

One of the advantages with the precipitation prod-
ucts, is all the 4-bit products have adjustable data
levels (OHP, THP and STP). By adjusting the data
levels, you can bring out certain ranges of values

Figure 5-133.   Supplemental Precipitation Data (SPD) product.
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so you notice them easier in the products. Please
consult local policy as set by your local Unit Radar
Committee before adjusting these levels.

OHP/THP Data LevelsThe One/Three Hour Precipitation product has 16
accumulation data levels corresponding to each of
the 16 color codes represented on the product. 

The first data level is non-modifiable and has the
acronym ND (No Data) for areas with no accumu-
lation or areas outside the product coverage area.

The second data level is also non-modifiable and
is given a value of > 0.00. This is color code 2 and
displays regions with accumulations greater than
zero but less than the level set for code 3. The
remaining levels, codes 3 to 16, are modifiable by
the operator and range from 0.05 through 12.70
inches in multiples of 0.05 inch.

Editing OHP/THP Data 
Levels at RPG HCI

In the RPG HCI, click on “Products”, then “Select-
able Parameters”, then click the radio button
labeled “OHP/THP Data Levels” (see Fig. 5-134
on page 5-282)

STP Data LevelsThe STP product also allows URC to edit 16 data
levels and is modified the same as the OHP/THP
products. The only difference is the range of the
data levels. When utilizing the DSP product, the
data levels selected will be transferred to that
product as well as the 4-bit STP product.

Once again STP levels 1 and 2 are non-modifi-
able. Levels 3 to 16 are modifiable and range from
0.1 through 25.4 inches in multiples of 0.1 inch. 

Editing STP Data Levels at 
RPG HCI

In the RPG HCI, click on “Products”, then “Select-
able Parameters”, then click the radio button
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labeled “STP Data Levels” (see Fig. 5-135 on
page 5-282). 

Limitations

Non-meteorological echo
converted to rainfall

Sometimes returns from non-meteorological echo
can make it into the HSR/DHR products which
subsequently get converted into rainfall. If you see

Figure 5-134.  Edit screen for the OHP/THP product data levels at the RPG HCI.

Figure 5-135.  Edit screen for the Storm Total Precipitation product data levels on the RPG HCI.
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some areas accumulating precipitation and sus-
pect non-meteorological echo, consult the HSR/
DHR products alongside the base data to see if
some non-meteorological data have contaminated
the HSR/DHR products.

Missing data are 
included

When you view the rainfall products, remember
that missing data may be included in that time
period. This could lead to underestimation of the
rainfall accumulation.

Long/odd generation 
times

The OHP product is only generated after accumu-
lations have begun and there is a full hour worth of
data available. So, in short-fuse situations, the
OHP product may never be available. 

The THP and USP products are generated only at
the top of the hour. If you call up a THP/USP prod-
uct at 30 minutes past the hour, just recall that the
past 30 minutes of rainfall has not been accounted
for in the product.

Data can span multiple 
days

For the STP/DSP product, the accumulations can
span multiple days. If you are needing an accumu-
lation product for a specific event, and the PPS
has not automatically reset the accumulations due
to not meeting the criteria, do a manual reset just
before the event.

To do a manual reset, open up from the RPG HCI
the “RPG Control” window. In the RPG control win-
dow, make sure to enter the URC password.
Select the “Hydromet”, followed by the Activate
button. The Hydromet initialization will reset the
Storm Total Precipitation product, but will not reset
the database used to build the User Selectable
Precipitation product.
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Bias is applied
everywhere

As you will see next, the PPS allows for a radar-
gauge pair bias to be applied so that more accu-
rate rainfall estimates can be determined. How-
ever, a drawback of this bias is that it is applied
everywhere. So, if the bias is applicable in one
area but not another, there is no way to selectively
apply the bias.

Figure 5-136.  RPG Control Window. To reset the rainfall accumula-
tions, click the box next to “Legacy PPS” in the “Reset 
Hydromet” section (yellow rectangle). Next, click the 
“Activate” button. 
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Applications 
(Strengths)

Radar-Gauge pair bias 
applied

A radar-gauge pair bias is applied to the PPS
products, if the bias flag at the RPG is set to “true”.

DHR used as input into 
FFMP/HPE

The DHR product is used as direct input into the
FFMP and HPE products:

• Flash Flood Monitoring and Prediction
(FFMP): FFMP is quite useful for flash flood
warning decision making. The DLOC work-
shop will allow you to become comfortable
using FFMP.

• High-resolution Precipitation Estimator (HPE):
HPE data are available as input into FFMP
and is essentially a mosaic of DHR, specific to
each WFO, made up of the best available data
from all radars.

Assessing flash flooding 
events

The precipitation product time periods (one-hour,
three-hour) were designed to help assist in issuing
flash flood warnings since their typical valid times
are between 3 and 6 hours. The information from
these products can be used in statements/warning
that go out to the public to inform them of the
intensity/severity of the flooding that is occurring.

Flexible time intervalsEven though 1 and 3 hours are the typical flash
flood time intervals, the USP product allows for
flexibility in looking at accumulations. If you are
interested in a portion of an event that spans 2
hours, the THP product will not be available yet
and the OHP product will be incomplete. Lastly,
the STP/DSP product may contain information out-
side the 2 hour window. So, a USP product would
be perfect in this situation.
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Tracking rainfall paths If you loop the rainfall products, this can give you a
good feel for the track of rainfall so you can include
this information in statements and warnings.

Post storm analysis This is probably the biggest advantage of the rain-
fall products. Once an event is over, when you
review the data, the rainfall products (especially
STP/DSP) can be useful in analyzing and better
understanding the event. 
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Topic 5: Base & Derived Products

Lesson 23:  QPE Rainfall Products
OverviewThis lesson will cover the dual-pol precipitation
products that are output by the Quantitative Pre-
cipitation Estimation (QPE) algorithm. We will start
this lesson with a quick overview of how the QPE
algorithm works. The rest of the lesson will be
devoted to looking the characteristics, limitations
and applications of the QPE precipitation products.

ObjectivesUpon completion of this lesson, you will be able to
identify the characteristics, limitations and applica-
tions of the following dual-pol (QPE) rainfall prod-
ucts:

1. Hybrid Hydrometeor Classification (HHC)

2. Digital Precipitation Rate (DPR)

3. One Hour Accumulation (OHA)

4. Digital Accumulation Array (DAA)

5. Storm Total Accumulation (STA)

6. Digital Storm Total Accumulations (DSA)

7. Digital User Selectable Accumulation (DUA)

8. Digital One Hour Difference (DOD)

9. Digital Storm Total Difference (DSD)

Before discussing these products, we will briefly
review the QPE algorithm. 

Quantitative 
Precipitation 
Estimation (QPE) 
Review

The QPE algorithm was covered in detail in Topic
3. We will just quickly review the main points in this
lesson. Please refer to Topic 3 for more details.

OverviewThe QPE algorithm is very complex. It uses 3 dif-
ferent equations (instead of 1) and is dependent
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upon the output of the HCA and MLDA (discussed
earlier). This makes QPE the most complex algo-
rithms in the RPG.

Hydroclass QPE first starts by building the Hybrid Hydroclassi-
fication (HHC) product. This is the building block
for building the precipitation estimation products.
The precipitation equation used is based on the
precip type that is in this product.

Melting Layer Additionally, the height of the melting layer is used
to determine what precip equation is used. For
example, above the melting layer one equation is
used for DS bins, but within the melting layer,
another equation is used for DS bins.

Assigning Rain Rates Assuming accurate HHC and melting layer heights
to determine rain rates, the QPE algorithm effec-
tively prevents any non-meteorological echoes like
ground clutter, birds, insects, etc. from being con-
verted to rainfall. For all other hydrometeor classi-
fications, the QPE chooses the appropriate rain
rate equation to apply. Please see Topic 3 for more
details on these equations. 

Figure 5-137.  Conceptual model showing the flow of data through the QPE. You can see that QPE is 
fairly complex. It takes input from not only the base data (orange box), but also takes input 
from the HCA and MLDA.
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As with the PPS products, here is a table of the
QPE products that are generated at the RPG.

You can find these products in your dedicated
radar menus “Precip” drop down menu (see
Fig. 5-139).

Hybrid 
Hydrometeor 
Classification 
(HHC)

This product is the building block to all the other
QPE products. It is an 8-bit product that is output
from the QPE algorithm that determines which
dual-pol precipitation rate equation to apply to
each bin based on the hydrometeor classification
type. This product is analogous to the HSR/DHR
products in the PPS (see Fig. 5-140).

Figure 5-138.  Table of QPE products available at the RPG

Product Name Units
AWIPS 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

Hybrid Hydrometeor 
Classification Data 

Array Product -- HHC HHC 177 8-bit (256) 0.25 km 1 deg 230 km
Digital Precipitation 

Rate Data in/hr DPR DPR 176 16-bit (65536) 0.25 km 1 deg 230 km
Dual Pol One Hour 

Accumulation in OHA OHA 169 4-bit (16) 2 km 1 deg 230 km
Dual Pol Digital 

Accumulation Array in DAA DAA 170 8-bit (256) 0.25 km 1 deg 230 km
Dual Pol Storm Total 

Accumulation in STA STA 171 4-bit (16) 2 km 1 deg 230 km
Dual Pol Digital 

Storm Total 
Accumulation in DSA DSA 172 8-bit (256) 0.25 km 1 deg 230 km

Dual Pol Digital User 
Selectable 

Accumulation 
Product in DUA DUA 173 8-bit (256) 0.25 km 1 deg 230 km

Dual Pol Digital One-
Hour Difference 

Accum in DOD DOD 174 8-bit (256) 0.25 km 1 deg 230 km
Dual Pol Digital 

Storm Total 
Difference Accum in DSD DSD 175 8-bit (256) 0.25 km 1 deg 230 km
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Legend Description • RPG ID: kxxx

• PRODUCT NAME: Hybrid Hydrometeor Class

• DATE: Day of week, time, and date in UTC

Product Annotation • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range Resolution: 0.25km

• FILTER SIZE: This will always be 9. This filter
is a smoothing function which is run on this
product to remove any “speckles”. 

Figure 5-139.  Menu location for all the QPE precipitation products.
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Digital Precipitation 
Rate (DPR)

This is a new product with dual-pol. It is a 16-bit
product which displays the instantaneous precipi-
tation rate for each range bin. These are the pre-
cipitation rates which are used to compute the
dual-pol rainfall accumulation products (see
Fig. 5-141). Because this is a 16-bit product, if you
start having performance issues, do not generate
this product.

Product GenerationRecall that there are three rain rate equations
used in the QPE. The classification tagged in the
HHC, along with other criteria (i.e. location relative
to the melting layer), determines which rain rate
equation is used for a particular bin. More informa-
tion on these relationships can be found in Topic 3.

Figure 5-140.  Example of the HHC product
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Legend Description • RPG ID: kxxx

• PRODUCT NAME: Dual Pol Inst Precip Rate

• Units: (in/hr)

• DATE: Day of week, time, and date in UTC

Product Annotation • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: The maximum precip rate (in/hr) that is
occurring in the radar coverage area (location
unknown).

Dual Pol One Hour
Accumulation

(OHA)

The One Hour Accumulation (OHA) is a 4-bit prod-
uct that provides the accumulations over the past
hour.

Product Generation The OHA product is available after the second vol-
ume scan once the accumulations start after meet-
ing accumulation criteria in the RPG (see
Fig. 5-142). It is then updated every volume scan.

Figure 5-141.  Example of the DPR product.
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Recall that with the legacy (PPS) OHP product,
the 4-bit 1-hour product was only available after
54-min of accumulations once accumulations
started. So, dual-pol (QPE) 1-hour accumulations
will be available sooner than PPS 1-hour accumu-
lations once accumulations begin. After an hour of
accumulations, both products will be available and
updated every volume scan.

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Dual Pol One Hour Accum

• Units: (in)

• DATE: Day of week, time, and date in UTC

Product Annotation• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: The maximum 1-hr accumulation any-
where in the product (location unknown)

Figure 5-142.  Example of the OHA product.
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• BIAS/#G-R: There is no bias applied to the
QPE products. However, you will still see this
entry on the product annotation. NOTE: if your
PPS has a bias applied, that information will
appear in this product annotation. Please
remember it is not applied to this product.

• END: End time for the 1-hour accumulation
period in DD.HHMM. DD is the current day of
the month, HH is the current hour, and MM is
the current minute.

Dual Pol Digital
Accumulation

Array (DAA)

This is the 8-bit version of the 1-hour accumula-
tion. It is generated just like the OHA product but is
just a higher resolution product (see Fig. 5-143). It
is highly recommended to use this product over
the OHA product unless you are having bandwidth
issues.

Legend Description • RPG ID: kxxx

Figure 5-143.  Example of the DAA product.
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• PRODUCT NAME: Dual Pol Unbiased One
Hour Accum 

• Units: (in)

• DATE: Day of week, time, and date in UTC

Product Annotation• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: The maximum 1-hr accumulation any-
where on the product (location unknown)

• BIAS: There is no bias applied to this product.
However, if a bias is applied to the PPS prod-
ucts, it will appear here.

• END: End time for the 1-hour accumulation
period in DD.HHMM. DD is the current day of
the month, HH is the current hour, and MM is
the current minute.

Dual-Pol Storm 
Total Accumulation 
(STA)

The Dual-Pol Storm Total Accumulation (STA) is a
4-bit product that displays the total accumulation
since accumulations started.

Product GenerationAccumulations begin at the RPG when the area
and minimum rain rate thresholds are met. These
two thresholds are called PAIF Rate and PAIF
Area. PAIF is short for Precipitation Accumulation
Initiation Function. The rate threshold is analogous
to RAINZ (minimum reflectivity threshold), and the
area threshold is identical to RAINA in the PPS.
Accumulations will stop once the PAIF Rate and
Area thresholds have not been met for at least one
hour, and the accumulations will reset if there is a
manual reset at the RPG. 

Accessing STASTA is listed in the precipitation menu in CAVE,
but that actually gives you the 8-bit product (DSA,
discussed next). If you want to add STA to your
RPS list or to a One-Time Request (OTR), then
you must choose 16 for the data levels (see
Dual-Pol Storm Total Accumulation (STA)   5 - 295



Distance Learning Operations Course
Fig. 5-144 on page 5-296) when making the
request instead of 256.

Dual Pol Digital
Storm Total

Accumulation
(DSA)

The Dual-Pol Digital Storm Total Accumulation
(DSA) is the 8-bit version of the STA. It is gener-
ated exactly like the STA product but has a higher
resolution. 

Accessing DSA When you load precip products from the dedicated
radar menu, you will see “Storm Total Accum
(STA)” listed, but this will load the DSA if it is avail-
able. If you are adding DSA to your RPS list, or
accessing it through a One-Time Request (OTR),
you will not find DSA there either. You will need to
request “Storm Tot Accum” and choose “256” for
the data levels, and “0.25” for the resolution.

Figure 5-144.  Adding DSA to the RPS list (or One-Time Request). 
If you want STA (4-bit version), choose 16 levels 
instead.
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Legend Description• RPG ID: kxxx

• PRODUCT NAME: Dual Pol Storm Total
Accum 

• Units: (in)

• DATE: Day of week, time, and date in UTC

Product Annotation• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• Range Resolution: 0.25 km

• MX: The maximum accumulation anywhere on
the product (location unknown)

• BIAS: There is no bias applied to the DSA, but
if the PPS has a bias applied, that factor will
show up in this product. Just know that it is not
applied to the dual-pol precip products.

• BEG: This is the beginning time for the storm
total accumulation in DD.HHMM where DD is
the day of the month, HH is the hour of the day
and MM is the minute of the day.

• END: This the ending time for the storm total
accumulation in the same format as the BEG.

Dual Pol Digital 
User Selectable 
Accumulation 
(DUA)

The Dual Pol Digital User Selectable Accumulation
(DUA) product is an 8-bit product that allows the
forecaster to determine rainfall accumulations for
periods other than 1 hour or storm total. 

Product GenerationThe product is generated when you add it to the
RPS list. You can have anywhere from 15 min up
to 24 hours, in 15 min increments, for your accu-
mulation period. 

Accessing DUA productsThe menu options for DUA are shown in the figure
below. The “User Sel Accum (DUA)” will load any
user selectable product that was requested that
does not match the time period listed in the other
options below it (i.e. 1hr, 2hr, 3hr, 6hr, 12hr or
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24hr). For example, if you request a 30-min DUA,
it will be accessible from the “User Sel Accum
(DUA)” entry. If you request a 3-hr DUA, it will be
accessible from the “User 3hr Accum” entry. 

Multiple Off-Hour
Accumulations

If you request more than one off-hour user accu-
mulation product, you will get all of them, but they
will all be loaded when you select “User Sel
Accum (DUA)” in the CAVE menu. For example, if
you request a 30- and 90-min accumulation, when
you choose “User Sel Accum (DUA)” under the
precip menu, AWIPS-2 will load both. You will

Figure 5-145.  Example of the DSA product.
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need to use the arrow key to toggle between the
two. 

Default User 
Accumulations on 
National RPS List

There are a couple DUA products that are
included in the National RPS list. Here they are:

Figure 5-146.  DUA menu options within your dedicated radar 
menus “Precip” drop down.

Figure 5-147.  Example of the DUA product (3 hour duration)
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• 1-hour DUA

• 3-hour DUA

• 24-hour DUA at 12Z

Note, you can have up to 10 additional DUA prod-
ucts in the RPS list at one time.

Legend Description • RPG ID: kxxx

• PRODUCT NAME: Dual Pol User Sel Accum

• Units: (in)

• DATE: Day of week, time, and date in UTC

Product Annotation • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: The maximum accumulation anywhere on
the product (location unknown)

• BIAS: There is no bias applied to the DSA, but
if the PPS has a bias applied, that factor will
show up in this product. Just know that it is not
applied to the dual-pol precip products.

• END: This the ending time for the storm total
accumulation in the format of DD.HHMM

• DUR: The duration of that was chosen by the
user for that product (i.e. “3 hr” for 3 hours)

Difference
Products (QPE vs.

PPS)

The next two products are difference products
showing the difference between the QPE and PPS
estimates for 1-hour and storm total accumulations
with no biases applied to either accumulation
product. It is a QPE minus PPS calculation, so
positive values mean QPE was higher than PPS,
and negative values mean QPE was less than
PPS. The calculation is not simply a bin-by-bin
subtraction since the resolutions of the two prod-
ucts are different, but the details of the method are
not important. What is important is to know that it
is QPE minus PPS.
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Another important note here is that these products
provide no indication as to which algorithm is more
correct. You must incorporate rain gauge data to
assess the accuracy of each algorithm. The differ-
ence product is designed solely to tell you how
QPE is doing relative to PPS.

There are two difference products generated.
They are:

• Dual Pol Digital One Hour Difference (DOD)

• Dual Pol Digital Storm Total Difference (DSD)

We will discuss each one in the following sections

Dual Pol Digital 
One-Hour 
Difference (DOD)

The Digital One Hour Difference (DOD) product
takes a difference between the DAA and the OHP
products. This product is generated every volume
scan regardless of whether there are accumula-
tions in any of the QPE or PPS products (see
Fig. 5-148). 

Legend Description• RPG ID: kxxx

• PRODUCT NAME: One Hour [Dual Pol-Leg-
acy] 

• Units: (in)

• DATE: Day of week, time, and date in UTC

Product Annotation• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MN: The minimum difference anywhere on the
product (location unknown)

• MX: The maximum difference anywhere on the
product (location unknown)

• END: The end time used to compute the differ-
ence in DD.HHMM where DD is the day of the
month, HH is the hour of the day, and MM is
the minutes of the day
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Dual-Pol Digital
Storm-Total

Difference (DSD)

The Digital Storm-Total Difference (DSD) product
takes a difference between the DSA and the STA
products. This product is generated only when one
of the QPE/PPS products is generating a storm-
total product. If both products are not accumulat-
ing, there is no DSD product (see Fig. 5-149). 

Legend Description • RPG ID: kxxx

• PRODUCT NAME: Storm Total [Dual Pol-Leg-
acy] 

• Units: (in)

• DATE: Day of week, time, and date in UTC

Product Annotation • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MN: The minimum difference anywhere on the
product (location unknown)

• MX: The maximum difference anywhere on the
product (location unknown)

Figure 5-148.  Example of the DOD product
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• BEG: The beginning time used to compute the
difference in DD.HHMM where DD is the day
of the month, HH is the hour of the day, and
MM is the minutes of the day

• END: The end time used to compute the differ-
ence in the same time format as BEG

Limitations

Dependency on HCA 
Output

For dual-pol QPE, remember that there is an
added level of complexity in the dependency of
rain rate on HCA output. In some situations, hydro-
meteors may be misclassified as biological scat-
terers and no rain rate applied. Also, because the
HCA depends on an accurate melting layer detec-
tion, when the MLDA has significant errors, the
HCA will place the transition zone between frozen
and liquid precipitation in the wrong place. This

Figure 5-149.  Example of the DSD product
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can lead to inaccurately applied rain rates in those
areas.

No Biases Applied Currently, no biases are applied to any of the QPE
precipitation products. The plan is for biases to be
applied at some point in the future.

Missing data are
included

When you view the rainfall products, remember
that missing data may be included in that time
period. This could lead to underestimation of the
rainfall accumulation.

Data can span multiple
days

For the STA/DSA product, the accumulations can
span multiple days. If you are needing an accumu-
lation product for a specific event, and the PPS
has not automatically reset the accumulations due
to not meeting the criteria, do a manual reset just
before the event.

Rain rate relationships
are empirically derived

The QPE rain rate relationships were derived
empirically from central Oklahoma events. It is
unknown whether these types of relationships
apply everywhere.

QPE is in its infancy As with any new algorithm, it takes time to fully
develop. The same goes with the QPE. While
there is much promise with the algorithm, and it
has shown to do better than the PPS in some
areas, there is still a lot of room for improvement. 

Standard Radar
Limitations

When interpreting dual-pol QPE products keep in
mind that all the standard radar limitations, such
as below beam effects and beam broadening with
range, still apply.
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Applications 
(Strengths)

Precip estimation is 
hydrometeor based

One of the advantages with dual-pol is better dis-
crimination between precipitation types. The QPE
algorithm attempts to exploit this advantage and
base the rainfall rates and accumulations on the
precipitation type. Basing rainfall and accumula-
tion on precipitation type should result in better
estimation.

Less sensitivity to bright 
banding and hail

Another contribution to improving rainfall estima-
tion with dual-pol is the lower sensitivity to hail or
bright banding. Recall that the dual-pol variables
can detect the bright band and hail much more
easily than the legacy moments (Z, V and SW). By
being able to better detect these phenomenon, the
QPE algorithm can account for them when deter-
mining rainfall amounts.

Non-meteorological 
scatterers don’t 
contribute to 
accumulation

Since the QPE builds its products based off of
hydrometeor type, it never allows bins tagged as
non-meteorological to be converted to rainfall.

Assessing flash flooding 
events

The precipitation product time periods (one-hour,
three-hour) were designed to help assist in issuing
flash flood warnings since their typical valid times
are between 3 and 6 hours. The information from
these products can be used in statements/warning
that go out to the public to inform them of the
intensity/severity of the flooding that is occurring.

Flexible time intervalsEven though 1 and 3 hours are the typical flash
flood time intervals, the DUA product allows for
flexibility in looking at accumulations. If you are
interested in a portion of an event that spans 2
hours, the OHP product will be incomplete, and
the STA/DSA product may contain information out-
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side the 2 hour window. So, a DUA product would
be perfect in this situation.

Tracking rainfall paths If you loop the rainfall products, this can give you a
good feel for the track of rainfall so you can include
this information in statements and warnings. This
is especially helpful with the new DPR product!

Post storm analysis This is probably the biggest advantage of the rain-
fall products. Once an event is over, when you
review the data, the rainfall products (especially
STA/DSA) can be useful in analyzing and better
understanding the event. 

DPR is used as input to
FFMP

The DPR product is used as input into the FFMP
application. Since the precipitation rates are
hydrometeor-based and non-meteorological
echoes are not included, FFMP should improve
with adding DPR as input. Other standard radar
limitations may still affect its accuracy.

Potential for future
improvements to product

accuracy

While research has shown improvement of the
dual-pol QPE algorithm over the legacy PPS, the
QPE algorithm is a work in progress. There is
potential for future improvement to the accuracy of
the dual-pol QPE products. Local research com-
paring dual-pol QPE to gages will need to be done
to verify the degree to which improvements to rain-
fall estimation occur with dual-pol across all cli-
mate regimes.
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Topic 5: Base & Derived Products

Lesson 24:  PPS Snowfall Products
OverviewThis lesson will cover the snowfall products that
are output by the Precipitation Processing Subsys-
tem (PPS) algorithm. The lesson on PPS rainfall
products discussed how the PPS algorithm works.
However, there are a few minor tweaks that are
done to produce the snowfall products. We will dis-
cuss those minor tweaks briefly. The rest of the
lesson will look at the characteristics, limitations
and applications of the snowfall products.

Remember, that there are now new snowfall prod-
ucts that use dual-pol.

ObjectivesUpon completion of this lesson, you will be able to
identify the characteristics, limitations and applica-
tions of the following snowfall products:

1. One-Hour Snow Water Equivalent (OSW)

2. One-Hour Snow Depth (OSD)

3. Storm-Total Snow Water Equivalent (SSW)

4. Storm-Total Snow Depth (SSD)

5. User-Selectable Snow Water Equivalent
(USW)

6. User-Selectable Snow Depth (USD)

PPS and Snowfall 
Products

The snowfall algorithms start with a map of reflec-
tivity output by the PPS that is then converted to
snowfall rates. However, the Z-R relationships are
not used, but rather the Z-S relationships.

Z-S RelationshipsThere are 6 regionally-defined Z-S relationships
used in the snowfall algorithm. The coefficients for
these relationships are editable at the RPG at the
Unit Radar Committee (URC) level just like the Z-
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R relationships. Refer to the Adaptable Parame-
ters handbook for the values used in your region.

Conversion to Snow
Depth & Water

Equivalency

The rates from the Z-S calculations are then con-
verted to snow depth and snow water equivalent.

Snow-To-Liquid Ratio The Z-S relationship determines snow depth first
based on Z. Then, using a snow-to-liquid ratio, the
snow water equivalency is computed. Just like the
Z-S relationships, there are 6 regionally-defined
snow-to-liquid ratios that can be applied and they
are URC editable.

Range Correction The depths and water equivalency calculations are
then corrected using a user-selectable range-
height correction factor. Can you guess how many
different range-height correction factors are avail-
able? You guessed it, 6! This is very similar to the
bias correction in the rainfall accumulations.

Enough on the algorithm! Let’s talk about the prod-
ucts. First, here is a table of all the available prod-
ucts in the RPG. And, here is where you can find
these snowfall products in your AWIPS-2 CAVE
dedicated radar menu:

Figure 5-150.  RPG Algorithms Window for Snowfall Accumulation Adaptable Parameters.
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One-Hour Snow 
Water Equivalent 
(OSW)

Product GenerationThis product tells you the amount of snow water
equivalency that has fallen over the past hour.
These accumulations are updated each volume
scan, beginning one hour after the snowfall accu-
mulation is reset at the RPG.

Legend Description• RPG ID: kxxx

• PRODUCT NAME: One Hour Snow Water Eq

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Figure 5-151.  Table of RPG generated snowfall accumulation products.

Product Name Units
AWIPS 

ID
RPG 

ID
RPG 
Code Data Levels Range Res Az Res Max Range

One-hour Snow 
Accum (Water 

Equiv.) in OSW OSW 144 4-bit (16) 1 km 1 deg 230 km
One-hour Snow 
Accum (Depth) in OSD OSD 145 4-bit (16) 1 km 1 deg 230 km

Storm Total Snow 
Accum (Water 

Equiv.) in SSW SSW 146 4-bit (16) 1 km 1 deg 230 km
Storm Total Snow 

Accum (Depth) in SSD SSD 147 4-bit (16) 1 km 1 deg 230 km
User Selectable 

Snow Accum (Water 
Equiv.) in USW USW 150 4-bit (16) 1 km 1 deg 230 km

User Selectable 
Snow Accum 

(Depth) in USD USD 151 4-bit (16) 1 km 1 deg 230 km
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Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of
snow water equivalent on the product. The
location of this value is unknown.

• END: This is the ending date/time for the accu-
mulations computed by the PPS for the partic-
ular volume scan (Format - DD.HHMM).

One-Hour Snow
Depth (OSD)

Product Generation This product gives you the amount of snow (in
inches) that have fallen over the past hour. Just
like the OSW, these accumulations are updated

Figure 5-152.  CAVE menu option for snowfall products
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each volume scan, beginning one hour after the
snowfall accumulation is reset at the RPG.

Legend Description• RPG ID: kxxx

• PRODUCT NAME: One Hour Snow Depth

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Figure 5-153.  One Hour Snow Water Equivalent (OSW).
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Product Annotation • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of
snow on the product. The location of this value
is unknown.

• END: This is the ending date/time for the accu-
mulations computed by the PPS for the partic-
ular volume scan (Format - DD.HHMM).

Additional
Characteristics

The range of values is from 0 to 5 inches with a
precision of 0.05 inches.

Figure 5-154.  One Hour Snow Depth (OSD).
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Storm-Total Snow 
Water Equivalent 
(SSW)

Product GenerationThe SSW product tells you how much storm-total
snow water equivalent has fallen since the last
RPG snowfall accumulation reset. SSW product
accumulations are updated each volume scan,
and will continue to accumulate until snow accu-
mulations are reset at the RPG.

Figure 5-155.  Storm Total Snow Water Equivalent (SSW).
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Legend Description • RPG ID: kxxx

• PRODUCT NAME: Storm Total Snow Water
Eq

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of
storm total snow water equivalent anywhere in
the radar umbrella. The location of this value is
unknown.

• BEG: Date/time of the first volume scan accu-
mulation began, which occurs after the RPG
snow accumulation is reset (Format -
DD.HHMM).

• END: End date/time for the accumulations dis-
played (Format - DD.HHMM).

Additional
Characteristics

The range of values is from 0 to 2.5 inches in mul-
tiples of 0.05 inch. If a sizable region of accumula-
tion somewhere in the product exceeds 2.5
inches, then the data levels automatically double,
stretching from 0.00 to 5.00 inches.

Storm-Total Snow
Depth (SSD)

Product Generation The SSD product tells you how much snow has
fallen (in inches) since the RPG last reset the
snowfall accumulations. SSD accumulations are
updated each volume scan, and will continue to
accumulate until snow accumulations are reset at
the RPG. It is very important to reset accumula-
tions at the RPG prior to the onset of snowfall for
the storm total accumulation products to be useful.
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Legend Description• RPG ID: kxxx

• PRODUCT NAME: Storm Total Snow Depth

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of
storm total snowfall anywhere in the radar
umbrella. The location is unknown.

Figure 5-156.  Storm Total Snow Depth (SSD).
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• BEG: Date/time of the first volume scan accu-
mulation began, which occurs after the RPG
snow accumulation is reset. (Format -
DD.HHMM)

• END: End date/time for the accumulations dis-
played (Format - DD.HHMM).

Additional
Characteristics

The SSD product has a range of 0.00 to 30.00
inches in multiples of 0.5 inch. If any sizable region
of accumulation somewhere in the product
exceeds 30 inches, then the data levels automati-
cally doubled, stretching from 0.00 to 60.00
inches.

User-Selectable
Snow Water

Equivalent (USW)

Product Generation The USW product is available as a one time
request. User selects duration (up to 24 hours)
and end time. The product displays precipitation
accumulations for a user specified period of time
using top of the hour accumulations. The past 30
hours of top of the hour accumulations are avail-
able.

Legend Description • RPG ID: kxxx

• PRODUCT NAME: User Sel Snow Water Eq

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of
snow water equivalent over the selected time
period anywhere in the radar umbrella. The
location of this value is unknown.

• BEG: Date/time of the first volume scan accu-
mulation began (Format - DD.HHMM).
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• END: End date/time for the accumulations dis-
played (Format - DD.HHMM).

• DUR: The amount of time selected for the
accumulation to be calculated.

Additional 
Characteristics

OSW or SSW range of values are used dependent
upon the magnitude of the values in the USW
product.

Figure 5-157.  User Selectable Snow Water Equivalent (USW).
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User-Selectable
Snow Depth (USD)

Product Generation The USD product is available as a one time
request. The user selects the duration (up to 24
hours) and end time, which makes this product
useful for post-storm analysis. The product dis-
plays snowfall accumulations for a user specified
period of time using top of the hour accumulations.
The past 30 hours of top of the hour accumula-
tions are available.

Figure 5-158.  User Selectable Snow Depth (USD).
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Legend Description• RPG ID: kxxx

• PRODUCT NAME: User Sel Snow Depth

• UNITS: (in)

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum accumulation of
snow depth over the selected time period any-
where in the radar umbrella. The location of
this value is unknown.

• BEG: Date/time of the first volume scan accu-
mulation began (Format - DD.HHMM).

• END: End date/time for the accumulations dis-
played (Format - DD.HHMM).

• DUR: The amount of time selected for the
accumulation to be calculated.

Additional 
Characteristics

OSD or OSW range of values are used dependent
upon the magnitude of the values in the USW
product.

Resetting 
Accumulations

The most notable difference in the PPS for rainfall
versus snowfall is the accumulation reset. Snow-
fall products are never automatically reset.
Instead, URC must manually reset the snowfall
accumulation, preferably prior to the onset of any
snow across the radar umbrella. Manually reset-
ting snowfall accumulation is very similar to reset-
ting rainfall accumulation (see Fig. 5-159 on page
5-320).

Data LevelsOne thing you might have noticed was the varying
data level values with the snowfall products. Recall
that as URC, you can set the values for most of
the 16 data levels for rainfall accumulation prod-
ucts. This is not so with the snowfall accumulation
products. Data levels automatically adjust depend-
ing on maximum accumulation across the radar
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umbrella. Once snowfall accumulation reaches 30
inches somewhere in the radar umbrella, the data
level values automatically double in size, up to a
maximum of 60 inches. For the snow water equiv-
alent, the upward adjustment of the data levels
occurs after a total of 2.5 inches liquid equivalent
accumulates.

Limitations

Assumes dry snow The Z-S relationships assume that the precipita-
tion type at the surface is dry snow. This clearly
causes problems when snow melts or partially

Figure 5-159.  RPG Control Window where URC can reset rain and/or 
snow accumulation.
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melts before reaching the surface. Over-estima-
tion can occur when the reflectivity is due to wet
snow, which has a much higher reflectivity relative
to dry snow. 

Rain is treated same as 
snow

Rain falling somewhere in the radar umbrella is
treated the same as snow. Any reflectivity that is
rain will be accumulated as snow, unless the snow
accumulation is reset. Thus, snow amounts where
the reflectivity is due to rain will be vastly over-esti-
mated.

Accumulation is not 
automatically reset

It is recommended that the user resets the snow
accumulation at the RPG when snow begins accu-
mulating on the ground.

Z-S relations and snow-
to-liquid water ratios 
may not be 
representative

Z-S relationships and snow to liquid water ratios
may not be representative of the present condi-
tions. Winter storms are extremely variable, and
even though geographic default Z-S relationships
and snow to liquid water ratios have been estab-
lished, unrepresentative parameters are still likely.

Numerous data quality 
issues to consider

There are many considerations to consider when
looking at the snowfall products that may lead to
underestimation, overestimation or “getting it right
for the wrong reasons”:

• Melting snow (i.e. bright banding)

• Sublimating snow (i.e. down sloping)

• Warm ground (temp > 32 deg F)

• Beam overshooting (i.e. snowfall at long dis-
tances from radar)

Radar cannot overcome these potential sources of
error, so they must be kept in mind when viewing
snowfall products. A more detailed case study
concerning these limitations will be covered in the
workshop.
Limitations   5 - 321



Distance Learning Operations Course
Applications
(Strengths)

Many Z-S relationships
and snow-to-liquid water

ratios to choose from

If spotter reports or other sources of reliable infor-
mation show that the current products are off, as
URC you can modify the Z-S relationship or snow-
to-liquid water ratio to better depict the current
conditions.
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Summary: Dual-Pol Derived Products
IntroductionThe fifth exam will cover the precipitation products
from both the PPS and QPE. The exam questions
are tied directly to the Learning Objectives in each
lesson.

It is recommended that you take this exam before
moving onto subsequent lessons while this mate-
rial is fresh on your mind. To get credit for this
exam, you must take it in the NWS Learning Cen-
ter (http://doc.learn.com/noaa/nws).

To help you with the exam, the applications and
limitations from each lesson to this point are pro-
vided in this summary lesson below.

PPS Rainfall 
Products

Applications• Radar-Gauge pair bias applied

• DHR used as input into FFMP/HPE

• Tracking rainfall paths

• Post storm analysis

• Assessing flash flooding events

• Flexible time intervals

Limitations• Non-meteorological echo converted to rainfall

• Missing data are included

• Long/odd generation times

• Data can span multiple days

• Bias is applied everywhere
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QPE Rainfall
Products

Applications • Precip estimation is hydrometeor based

• Less sensitivity to bright banding and hail

• Non-meteorological scatterers don’t contrib-
ute to accumulation

• DPR is used as input to FFMP

• Potential for future improvements to product
accuracy

• Assessing flash flooding events

• Flexible time intervals

• Tracking rainfall paths

• Post storm analysis

Limitations • Dependency on HCA Output

• No Biases Applied

• Rain rate relationships are empirically derived

• QPE is in its infancy

• Standard Radar Limitations

• Missing data are included

• Data can span multiple days

PPS Snowfall
Products

Applications • Many Z-S relationships and snow-to-liquid
water ratios to choose from

Limitations • Assumes dry snow

• Rain is treated same as snow

• Accumulation is not automatically reset
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• Z-S relations and snow-to-liquid water ratios
may not be representative

• Numerous data quality issues to consider
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Lesson 25:  Teletraining Session
ObjectivesThere are 2 learning objectives for the teletraining
session:

1. Identify ways to effectively incorporate radar
products into a warning decision

2. Identify the appropriate AWIPS-2 CAVE radar
data displays for analysis during a warning
decision

OverviewThis lesson is the final requirement for completing
the DLOC Topic 5. You should have already com-
pleted the 24 online modules and 5 exams prior to
going through Lesson 26. This is also the only les-
son that is NOT an online recorded module.
Rather, it is a 2.5 hour teletraining session with a
live instructor. You must register for the teletraining
session via the National Weather Service Learning
Center web site (http://doc.learn.com/noaa/nws).
After attending the teletraining session, there is a 5
question exam on the NWS E-learning web site
that will be the final piece of the Topic 5 puzzle.
Lesson 26 in the Student Guide will provide a sum-
mary of what will be presented during the teletrain-
ing and thus be part of what will be expected to be
learned prior to taking the exam.

As implied from the objectives, the instructor will
take you through a few case studies, demonstrat-
ing the effective integration of radar products to
the warning decision process for all short-term
hazards (i.e. hail, tornadoes, flash floods and
wind). This lesson will apply material from lessons
1-24, preparing you for the week-long end-of-
course workshop in Norman, OK where you will be
going through a variety of warning event simula-
tions and exercises. The teletraining will also
Objectives   5 - 327
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cover best practices for setting up a CAVE work-
station for warning operations.
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Supplemental Products
OverviewAs the science and technology of weather have
improved over the past 20 years, so have the
products produced by the RPG. However, some
the original products are still being produced by
the RPG. These products are less likely to be
used, however they are discussed here for your
information.

ObjectivesYou will not be tested on these products. There-
fore, there are no learning objectives. However,
the format of discussing these products will be the
same as all the previous lessons.

The products covered in this lesson include:

• Vertically Integrated Liquid (VIL)

• Layer Reflectivity Maximum (LRM)

• User-Selectable Layer Reflectivity Maximum
(ULR)

• TVS Rapid Update (TRU)

• Reflectivity Cross Sections (RCS)

• Velocity Cross Sections (VCS)

Here is a table of the general characteristics of the
supplemental products

Vertically 
Integrated Liquid 
(VIL)

OverviewVIL values represent reflectivity data con-
verted into equivalent liquid water values.
The original intent of the product was to estimate
liquid water content, though it was clearly unable
to accurately do so. VIL is really nothing more than
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integrated reflectivity, not a storm's precipitable
water content.

VIL Equation The VIL equation is:

M = 3.44 x 10-3 Z 4/7

where M = liquid water content (g m-3)

 Z = radar reflectivity (mm6 m-3)

The values are derived for each 4 x 4 km (2.2 x
2.2 nm) grid box; then vertically integrated. VIL
values are output in units of mass per area 
(kg m-2).

Figure 5-160.  Table of the general characteristics for the products discussed in this lesson

Product Name Units
AWIPS 

ID RPG ID RPG Code Data Levels Range Res Az Res Max Range
Vertically Integrated Liquid kg/m^2 VIL VIL 57 4-bit (16) 4 km x 4 km -- 230 km

Layer Composite Reflectivity 
(Layer 1 Maximum) dBZ LRM LRM 65 3-bit (8) 4 km x 4 km -- 460 km

Layer Composite Reflectivity 
(Layer 2 Maximum) dBZ LRM LRM 66 3-bit (8) 4 km x 4 km -- 460 km

Layer Composite Reflectivity 
(Layer 3 Maximum) dBZ LRM LRM 90 3-bit (8) 4 km x 4 km -- 460 km

User Selectable Layer 
Composite Reflectivity 

(Maximum) dBZ ULR ULR 137 4-bit (16) 1 km 1 deg 230 km
Tornado Detection Rapid 

Update TRU TRU 143 -- -- -- --
Cross Section (Reflectivity) dBZ RCS RCS 85 3-bit (8) 1 km x 0.5 km -- 230 km

Cross Section (Velocity) kts VCS VCS 86 3-bit (8) 1 km x 0.5 km -- 230 km
Cross Section (Reflectivity) dBZ RCS RCS 50 4-bit (16) 1 km X 0.5 km -- 230 km

Cross Section (Velocity) kts VCS VCS 51 4-bit (16) 1 km X 0.5 km -- 230 km
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The algorithm assumes reflectivity returns are
from liquid water, only using reflectivities greater
than 18 dBZ.

As stated previously, VIL was intended to estimate
liquid water content, thus it was designed to
remove any effects of hail from the calculated val-
ues. Reflectivity returns from hail are non-linear &
would result in unrealistically high values, so all
reflectivities greater than 56 dBZ are truncated to
56 dBZ. 

CharacteristicsSee Figure 5-161 for an example of the VIL prod-
uct.

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Vert Integrated Liquid

Figure 5-161.  Vertically Integrated Liquid (VIL) product 
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• DATE: Day of week, time, and date in UTC

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• MX: This is the maximum value in kg/m2. The
location of this value is unknown.

Limitations 1. VIL values are biased by drop size. 

2. Grid VIL values will differ from Cell-Based
VIL values.

Figure 5-162.  Effect of drop size on target reflectivity

Figure 5-163.  Cell-based vs. Grid-based VIL.
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3. VIL values used as warning thresholds
change daily and perhaps across the warn-
ing area on a given day. Values are air mass
dependent.

4. VIL values within 20 nm of radar are under-
estimated. This is due to the cone of silence.

5. VIL values for a strongly tilted or a fast
moving storm will be lower than if the
storm is vertically erect or moving slowly.
The upper portion of the storm may extend into
another grid box.

6. May be contaminated by non-precipitation
echoes.

7. More VIL fluctuation with VCPs 21, 121, and
221 than VCPs 11, 211, 12, or 212. There are
fewer gaps in VCPs 11/211 and 12/212. This is
mainly within 60 nm of the radar. Fig. 5-165 on
page 5-334 shows the results of a study com-
paring VIL values for a single storm from VCPs
11 and 21.

Figure 5-164.  Estimated VIL values needed for severe hail in Oklahoma.
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8. VIL values at distant ranges (> 110 nm) are
unreliable. The reflectivity value at 0.5° is
integrated down to the radar level. At distant
ranges the beam may be cutting through the
highly reflective hail cores in the mid levels of
a storm producing an overestimation of VIL, or
overshooting the convection and underesti-
mating VIL.

Applications (Strengths) 1. Locate storms with more significant reflec-
tivity cores. High VIL values correspond to
deep areas of high reflectivity indicative of
strong updrafts. VIL Density (VIL divided by
Echo Tops - see Amburn and Wolf (1997)1)
has also shown some skill identifying signifi-
cant hailstorms, and can be loaded from the
SCAN menu under the submenu for “Hail

Figure 5-165.  This study is from measurements of a single storm using two different volume cover-
age patterns.  The results of the study show that a storm moving toward or away from 
the RDA will have more fluctuation in VIL values in VCP 21 than in VCP 11.  This is due 
to the fact that there are more gaps in VCP 21 than in VCP 11.  This effect is most 
noticeable within 60 nm of the RDA.
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Diagnosis Grids”(see Fig. 5-166). Limitations
of VIL previously listed (e.g., storm tilt and fast
moving storms) and Echo Tops should always
be considered when using these values. 

2. Can be used to distinguish storms likely to
contain severe hail once meaningful values
have been established. Once meaningful val-
ues have been established (by real-time com-
parison with reflectivity structures and spotter
reports) forecasters can infer that storms in the
same environment will likely have similar char-
acteristics. Issues regarding the impacts of
sampling should always be considered, how-
ever. This should be used only as a reality
check after base data have been analyzed.

Figure 5-166.  AWIPS-2 menu where you can load VIL Density and 
other Hail Diagnosis products. These are produced on 
the fly by the SCAN processor and do not come from the 
RPG.

1Amburn, Steven A., Peter L. Wolf, 1997: VIL Density as a 
Hail Indicator. Weather and Forecasting: Vol. 12, No. 3, pp. 
473––478.
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Layer Reflectivity
Maximum (LRM)

Overview LRM displays the highest reflectivity value of all
elevation angles for each 4 x 4 km (2.2 x 2.2 nm)
grid box in one of three specified layers (Fig.
5-167), independent of choice of VCP. 

Three layers • Low (Layer 1) - Just above radar level to
24,000 ft

• Mid (Layer 2) - 24,000 ft to 33,000 ft

• High (Layer 3) - 33,000 ft to 60,000 ft 

The depths of these products are fixed. If different
layers are desired use the User Selectable Layer
Reflectivity (ULR) product described next.

Purpose LRM was originally developed for CWSU/FAA use.

Figure 5-167.  Layer Composite Reflectivity Default Layers (VCP 11)
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Desired product layers (L,M,H) can be specified
on the RPS list or one time request.

Resolution 4 x 4 km (2.2 x 2.2 nm); Coverage 248
x 248 nm, shown in Figure 5-168. This is quite dif-
ferent from any other radar product, and was done
to ensure easy incorporation into a national
mosaic.

CharacteristicsSee Fig. 5-169 on page 5-338 for an example of
the LRM product.

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Layer 1 (2 or 3) Max Refl

• UNITS: dBZ

• DATE: Day of week, time, and date in UTC

Figure 5-168.  LRM/LRA Product size.
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Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• BOT: Bottom of the layer in kft

• TOP: Top of the layer in kft

• MX: This is the maximum reflectivity (dBZ) on
the product, with the location unknown. This
value will not change when zoomed in on a
feature, as it is the maximum value for the
entire product.

Additional Characteristics • DATA LEVELS: Data level values are fixed at
5, 18, 30, 41, 46, 50, 57 dBZ 

Limitations 1. Mid and Low layer products will use few
elevation angles at long distances.

2. Mid and High layer products are ineffective
at close range due to the cone of silence.

Figure 5-169.  Layer Composite Reflectivity Maximum (LRM) product - low layer with base at 
2,000 ft MSL.
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3. Low layer product susceptible to non-pre-
cipitation echoes.

4. Low resolution and only 8 data levels

Applications (Strengths)1. Mid-High layer products used to estimate
the height and/or trends of higher reflectiv-
ities.

2. Use mid-level product to help differentiate
real echoes from non-precipitation echoes.

User-Selectable 
Layer Reflectivity 
Maximum (ULR)

OverviewThe User Selectable Layer Reflectivity Maximum
(ULR) product allows the user to select a specific,
customized layer of maximum reflectivity. The ULR
offers the capability for the user to select both the
lower and upper levels to design a product which
will meet various forecasting needs such as a bet-
ter understanding of storm structure and potential
levels of icing (Bright Banding).

The minimum thickness of the selected layer is 1
kft and altitudes from 0 to 70 kft may be selected.
The ULR is a polar gridded product (note the LRM
product is rectangularly gridded). The ULR product
resolution is 1 km (.54 nm) x 1° and has a range of
230 km (124 nm). You can select the ULR to be
generated for up to 9 volume scans. (see
Fig. 5-170 on page 5-340) Non-associated users
can only get previously generated products by
doing one-time requests.
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Characteristics A ULR example is Fig. 5-171 on page 5-341

Legend Description • RPG ID: kxxx

• PRODUCT NAME: User Sel Layer Ref

• UNITS: dBZ

• DATE: Day of week, time, and date in UTC

Product Annotations • VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32

• BOT: Bottom of the layer in kft

• TOP: Top of the layer in kft

• MX: This is the maximum reflectivity (dBZ) on
the product, with the location unknown. This

Figure 5-170.  User Selectable Layer Reflectivity
Maximum (ULR) One Time Request Window.
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value will not change when zoomed in on a
feature, as it is the maximum value for the
entire product. 

Limitations1. Height of data within selected layer is
unavailable.

2. Shallow layers will often have concentric
circles (stepped appearance) due to limited
number of slices through layer. 

Applications (Strengths)1. Layer can be selected to meet user needs.
One potential layer deals with hail diagnosis.
Most hail growth occurs primarily between the
-10oC and -30oC temperature layers, so a
ULR can be requested via RMR with the
height of the -10oC at the bottom and -30oC as
the top of the layer.

2. Has higher resolution and more data levels
than LRM products.

Figure 5-171.  User Selectable Layer Reflectivity (ULR) product 
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TVS Rapid Update
(TRU)

Overview The TVS Rapid Update (TRU) product is gener-
ated for each elevation angle (in Precipitation
Mode) throughout a volume scan using output
from the Tornado Detection Algorithm (TDA).

The TRU products closely resemble the format of
the TVS product but with the following differences:

• In the graphic attributes table (see Fig. 5-172)
and the tabular alphanumeric product (see
Fig. 5-173 on page 5-343), the symbol ^ will
appear next to data that are updated with
respect to previous volume scan data.

• The Attributes table for TRU has an additional
entry “STA” known as “status”. This portion of
the table alerts the user of the current proper-
ties of that particular TVS identification, and is
refreshed/updated every elevation angle. This
feature is discussed on following pages.

• The displayed icons will distinguish between
extrapolated and current TVS features.

TRU Graphical Product
Symbols

The TRU graphical product uses traditional TVS
symbols (filled in red triangle) for features that
match those from the previous volume scan. For
extrapolated features (detection from previous vol-
ume scan unmatched to current volume scan), a
filled triangle with a cross in the middle is used.

Matching Features All features (TVS, and ETVS if you have them
turned on at the RPG) identified on the previous

Figure 5-172.  TRU Attributes Table.
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volume scan are projected to move at the average
motion of all MDA features. Until a match is made
with a feature on the current volume scan, the fea-
ture is marked as extrapolated (crossed triangle
on the graphic product; EXT). If a match is not
made within a search radius (default 10 km) by the
end of the volume scan, the EXT feature is
dropped and will not be extrapolated to the follow-
ing volume scan. In the TRU attributes table,
extrapolated features inherit attributes from the

Figure 5-173.  TRU Alphanumeric Product.

Figure 5-174.  TRU Graphic Product. Note the extrapolated (unmatched) detection associated with cell I2 
that is annotated with a cross inside a filled in triangle.
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previous volume scan, except for the azimuth and
range, which are updated based on the extrapo-
lated location of the feature.

If There is a Match If there is a match, the current feature initially
inherits the attributes of the feature from the previ-
ous volume scan. These attributes include:

• associated storm id

• feature type (TVS or ETVS)

• low-level delta velocity (LLDV)

• maximum delta velocity (MDV)

• average delta velocity (AVGDV)

• maximum shear

• height, base and top heights, depth

The position attributes base, azimuth, range and
height are updated to the current detected location
of the feature (i.e. as determined by the current
elevation angle).

Increasing or Persistent A feature on the current volume scan that can be
matched to a feature on the previous volume scan
is categorized as INC (increasing) or PER (persis-
tent) in the TRU attributes table based on whether
there is an increase in any of the following three
“strength attributes”:

• feature type (TVS or ETVS)

• low-level delta velocity (LLDV)

• depth

If none of the “strength attributes” increase, the
feature is assigned the status PER (persistent)
(see Fig. 5-175).

If There is No Match Assume that a TVS signature is identified, mean-
ing the base of the identified feature is on the low-
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Figure 5-175.  A flow chart of TRU logic. There are four types of status designations on the TRU: INC 
(increasing), PER (persistent), NEW (new), and EXT (extrapolated).
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est elevation angle or within 600 m ARL, and
exists on at least 3 out of 4 consecutive elevation
angles. If the TDA cannot match the identified TVS
feature to within the SCIT search radius surround-
ing a TVS from the previous volume scan, the TVS
is labeled NEW. This can happen at any time after
the 4th elevation angle of the volume scan, but will
show up on the elevation angle that follows TVS
identification.

Operational Implications
for TRU Products

Recall from the TVS lesson that a minimum of 3
elevation angles are required to produce a TVS
identification. Because TRU products are pro-
duced at every elevation angle, the lowest 2 eleva-
tion angles, regardless of VCP, will always have
EXT (extrapolated) as a status indicator in the
attributes table and for a symbol. By the 3rd ele-
vation angle, TRU may begin displaying INC,
PER, and NEW as status indicators, although EXT
is still possible for a feature if there is no match,
even until the end of the volume scan (i.e. 19.5
degrees).

Loading TRU in AWIPS-2 Loading TRU in AWIPS-2 must be done form the
kxxx Graphics sub-menu (see Fig. 5-176 on page
5-347). The All-tilts option will load every available
elevation angle and allow you to navigate using
enhanced All-tilts--up/ down in elevation angle and
forward/backward in time. It is strongly recom-
mended that you increase the number of frames to
64 for this. The other TRU display option is “latest
TRU”. This loads the current elevation angle prod-
uct and updates the display as each new elevation
angle, and thus TRU product, comes in. You can
only go forward and backward in time with this
option, even though each new product comes in at
a different elevation angle.
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Requesting TRUAWIPS-2 users can request the TRU product via
RPS list or one-time requests. A request can be
made for one, several, or all elevation angles. The
elevation angle field in the product request mes-
sage can be used to specify an elevation angle
(e.g., send me the TRU at the end of the 1.5
degree cut), or how many of the lowest scans
below a specific angle (e.g., send me all elevations
below 5 degrees elevation), or to provide all eleva-
tion scans (i.e., send me a TRU at the end of each
elevation scan). It is recommended if TRU prod-
ucts are desired, that either all tilts or the lowest 5
elevation angles are requested.

Characteristics

Legend Description• RPG ID: kxxx

• ELEVATION ANGLE: x.x in degrees

• PRODUCT NAME: TVS Rapid Update

Figure 5-176.  The two ways to load TRU products in AWIPS-2: 
The latest TRU product or an All-tilts TRU.
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• X/Y: Current page (X) that you are viewing out
of the total number of pages (Y) available.

• DATE: Day of week, time, and date in UTC

Product Annotations • TRU Attribute Table, with the characteristics
discussed earlier in this lesson

Limitations 1. Classification as increasing (INC) or persis-
tent (PER) may be the result of sampling
issues versus an actual change of the fea-
ture. 

2. The TRU graphical attribute table and
alphanumeric product contain attributes
from both the previous and current volume
scan. 

• Pay particular attention to the ^ symbol that
indicates the attribute is from the current vol-
ume scan.

3. Feature matching ability is dependent on
the motion supplied by the MDA (average
motion of all MDA features). 

• This motion could be very different than the
motion of the TVS feature. 

Applications (Strengths) 1. Intermediate information from the Tornado
Detection Algorithm (TDA) is available
before end of volume scan.

2. TRU tracks features to develop time conti-
nuity.

Reflectivity Cross
Sections (RCS)

Overview The WSR-88D RPG can generate a cross-section
between any two points within a 124 nm range as
long as the points are no greater than 124 nm
apart.
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The RCS product is generated through a one time
request and is considered a volume product. It is
processed by:

1. Linking all elevation scans using 0.54 nm
base data.

2. Interpolating vertically between elevation
angles where no data are collected (vertical
resolution 0.27nm).

3. No extrapolation is performed from highest
or lowest elevation angle. It uses beam cen-
ter point height.

Cross section products are not recommended
for RPS List since endpoints change constantly. 

One Time RequestUsing Interactive Lines, the user places a line
through a storm of interest. Lines are referenced
by the letters assigned to the endpoints, e.g. A &
A’, B & B’, etc. Open up a One Time Request.
Choose the RPG, and select “Ref X-Sect (RCS)”
for the product. Choose “16” for the data levels,
and choose the appropriate letter for the “Base-
line”. Click “Send”. See Fig. 5-177, page 5-350 for
an example of the request screen for the RCS
product. 

Product InterpretationThe user adjusts the endpoints of a baseline
(AZRANS = azimuth and range) which can be up
to 124 nm apart, but within 124 nm of the RDA. On
the cross section product, ENDPT1 is always on
the left side, ENDPT2 is on the right. It doesn't
matter in which order they are picked. ENDPT1 is
defined as the western most point picked, unless
along the same longitude, then ENDPT1 is the
northern point. The RCS is created using data
from the last completed volume scan.
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Graphic dimensions • Height on Z axis is at 10,000 ft intervals
(Above Radar Level (ARL)), which cannot be
changed for the RPG generated product.

• Range along the horizontal axis depends upon
length of cross section. Endpoint AZRANs are
listed in the annotations area and on the bot-
tom of the cross section. 

Figure 5-177.  RCS product request screen 
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ExampleFigure 5-178 is an example of an interactive line
used for the selection of a cross section, and Fig.
5-179 is an example of an RPG generated RCS
product. 

Characteristics

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Refl Xsect

• UNITS: dBZ

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31 or 32 

• ENDPT1: This is the AZRAN of the western-
most point. 

• ENDPT2: This is the AZRAN of the eastern-
most point. 

Figure 5-178.  0.5 degree Base Reflectivity overlaid with the interactive line used to generate the 
cross section in Figure 5-179. 
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• MAX (dBZ), ALT (Kft), (AZ/R): Max reflectivity
in the cross section, its altitude and AZRAN.

Limitations 1. Cross section placement is crucial to an
evaluation of storm structure. It can also be
very time consuming to set up, and in the case
of the RPG RCS, you have to wait until the end
of the volume scan to receive the product.

2. Echo tops and bases are truncated, owing
to a lack of vertical extrapolation on the high-
est or lowest elevation angles.

3. Height vs. range exaggeration. The vertical
extent of the product is 70,000 ft (~11.5 nm),
while maximum range is 124 nm.

4. Interpolation may smooth out or miss fea-
tures. Gaps in the VCP will result in interpola-
tions which may smooth out or enlarge a

Figure 5-179.  Reflectivity cross section (RCS) produced via a one time request. 
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particular feature, especially with VCPs 21,
121, 221, and at ranges closer than 60 nm.

5. Fast moving storms may appear to be
strongly tilted. Because of the time needed to
complete a volume scan.   

Applications (Strengths)1. Detect the vertical extent of convective
clouds, insects, or smoke plumes. Radar
sampling errors and limitations must be taken
into account while interpreting any cross sec-
tion.

2. Verify existence and location of a bright
band. This feature shows up prominently in a
reflectivity cross section.

3. Evaluate storm structure features. Again,
placement is critical in order to see features
such as BWERs, WERs, storm tilt, low echo
centroids, TBSSs. This can be time consuming
in a warning environment.

• For storm structure analysis, use the Volume
Browser RCS and overlay RUC or LAPS
model temperature contours. A procedure can
be set up to automate this process, all you
would have to do is set your baseline location.

4. Estimate echo tops. This product will display
reflectivities down to 5 dBZ in precipitation
mode. 

5. Monitor the formation/dissipation of pre-
cipitation events. 

Velocity Cross 
Section (VCS)

OverviewThe Velocity Cross Section is a cross section
of the Base Velocity data. This product is pro-
duced in a similar manner as the Reflectivity Cross
Section (RCS). Interpolation is used to fill data
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gaps. Although the horizontal resolution of the
product is 0.54nm, the VCS uses the maximum
value of every four 0.13nm range bins. Therefore,
values displayed on the VCS may appear higher
than on the 0.54 nm Base Velocity products.

As with the RCS, the two points picked must be
within 124 nm of the RDA and no more than 124
nm apart.

Orientation of Baselines Since radial base velocity data is used to produce
a VCS, it is strongly suggested that the VCS be
generated using two points either:

• along a radial to see convergent/divergent
signatures and/or updraft/downdraft interface

• over a short distance perpendicular to the
radial to see rotation.

Useful product, but not recommended for RPS
list - Use this as a supplemental product, particu-
larly in a research mode.

Data Levels If the user changes the velocity data levels for the
Base Velocity products at the RPG HCI, this will
also change the data levels for the VCS.

Description of axis values • Height on Z axis is in 10,000 ft intervals.

• Range on x/y axis depends upon length of
cross section (the endpoints are in km).

• Left side of product is western most point cho-
sen (ENDPT1), unless along the same longi-
tude, then the northern point will be on the left
side (ENDPT1).

Example See Fig. 5-180 on page 5-355 for an example of
the RPG-generated VCS Product using the base-
line as seen in Fig. 5-178 on page 351.
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Characteristics

Legend Description• RPG ID: kxxx

• PRODUCT NAME: Vel Xsect

• UNITS: kts

• DATE: Day of week, time, and date in UTC

Product Annotations• VCP: 11, 12, 21, 121, 211, 212, 221, 31, or 32

• ENDPT 1: AZRAN of the western-most point
(nm)

• ENDPT 2: AZRAN of the eastern-most point
(nm)

• MIN (inbound) velocity, ALTitude (ARL in kft),
AZ/R (AZRAN in degrees and nm)

• MAX (outbound) velocity, ALTitude (ARL in
kft), AZ/R (AZRAN in degrees and nm)

Figure 5-180.  Velocity Cross Section (VCS) product.
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Limitations 1. Doppler velocities are relative to the RDA.
As stressed in Velocity Interpretation, you
must always know where the phenomenon is
in relation to the RDA. This increases the
importance of the baseline map in the upper
right of the cross section. 

2. Height exaggerated versus range (70,000 ft
vs. up to 124 nm range). This is the same limi-
tation observed in the RCS product. Features
are not to scale, and appear thinner and taller
than they actually are. 

3. Interpolation may smooth out or miss fea-
tures. Just as with the RCS product, gaps in
the VCP will result in interpolations which may
smooth out or enlarge a particular feature
(especially in VCP 21, 121, and 221).

4. Storm-Relative cross section is NOT avail-
able with the RPG or Volume Browser
options. This may make it difficult to interpret
signatures in especially fast moving storms.
Thus, whenever possible, use FSI to investi-
gate SRM cross sections.

5. Storm top divergence estimates are limited
due to radar viewing angle and data thresh-
olds. Storm top divergence is typically very
strong for deep, moist convection, if the radar
beam samples it well enough in the first place.
With a max inbound/outbound velocity limit of
64 kts, VCS is typically unable to measure the
true strength of the divergence because one or
both of the maximum velocities that make up
the signature could significantly exceed this
limit.

* Remember, a VCS perpendicular to the radial
can be used to see rotation, while a VCS along a
radial can be used to see convergence/diver-
gence. However, the ability to see features with
the cross section products is highly dependent
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upon placement of the cross section. FSI or a 4-
panel velocity or SRM display (or simply use All-
Tilts) should get better, quicker results than either
the RPG-generated. 

Applications (Strengths)1. Can aid in identifying storm structure fea-
tures such as:

• Presence of storm top divergence.

• Strength, depth, and location of convergent
zones. Convergent zones such as Mid-altitude
radial convergent (MARC) signatures and
deep convergence zones (DCZ) can be ana-
lyzed with carefully placed baselines. More on
these storm structure signatures will be pro-
vided in Topic 7: Convective Storm Structure
and Evolution.

2. Has proven valuable for kinematic insights
in a research setting.
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