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PREFACE

The Federal Coordinator for Meteorological Services and Supporting Research has the responsibility to
maintain and publish Federal Meteorological Handbooks. This series of documents provides standards
and procedures to facilitate the efficient collection, sharing, and use of meteorological information by
agencies of the federal government and private industry.

The original Federal Meteorological Handbook, Number 11 (FMH-11), DOPPLER RADAR
METEOROLOGICAL OBSERVATIONS, was prepared and published under the auspices of the
Office of the Federal Coordinator for Meteorological Services and Supporting Research (OFCM) at the
request of the Next Generation Weather Radar (NEXRAD) Program Council and in coordination with
the federal agencies that are represented on the Interdepartmental Committee for Meteorological
Services and Supporting Research. The purpose of FMH-11 is to standardize, insofar as practical, the
operation of the Weather Surveillance Radar-1988, Doppler (WSR-88D) systems and the procedures
used by personnel of the Departments of Commerce, Defense, and Transportation. By approving
publication of this handbook, those agencies have agreed to operate their WSR-88D systems
accordingly. Some flexibility under certain meteorological, siting, or mission circumstances is
permitted to enhance the quality and utility of some WSR-88D products.

The revision process is dependent on the evolution of WSR-88D subsystems software and products.
Part A has been revised to ensure it provides users current operations guidance. Parts B, C, and D have
been revised in a separate effort principally through the guidance of the Radar Operations Center
(ROC). All revisions are coordinated among the NEXRAD triagencies (Department of Commerce
(DoC), Department of Defense (DoD), and Department of Transportation (DoT)); thus, they possess
the same authority as the initial edition of FMH-11.

The agencies shall review the documents at least annually. The goal is to review and update (as
necessary) the handbooks as part of every WSR-88D software build release. Suggestions for
modifications and additions shall be forwarded through the appropriate channels in each agency for
consideration and issuance, if appropriate. Changes will be issued as a total update of each chapter of
the handbook. The handbook updates will be issued in electronic format and made available on the
OFCM home page (http://www.ofcm.gov). Readers can make copies of the handbook without a
request for approval from the OFCM. A summary of changes made during updates will be annotated
in the preface of each part.

Each major part of the FMH-11 is designed to stand alone, except where cross references are made to
avoid voluminous redundancy. In all, FMH-11 has four parts:

Part A - System Concepts, Responsibilities, and Procedures (April 2006)

Part B - Doppler Radar Theory and Meteorology (December 2005)

Part C - WSR-88D Products and Algorithms (April 2006)

Part D - WSR-88D Systems Description and Operational Applications (February

2006)

APRIL 2006 FMH-11-PART C



Part C provides discussions of products, accompanied by color photographs, to include a description of
each product, and its operational characteristics, potential usage, and operational considerations. It then
describes how meteorological and hydrometeorological algorithms are used to process the Doppler
radar signal and the resulting base data to produce the WSR-88D products. Discussions of the
algorithms include their functional description, the operational default parameters, and operational
considerations as well as the source of the individual meteorological algorithms. Signal processing
algorithms are also briefly described. Finally, discussions of the WSR-88D operational modes and
volume coverage patterns are provided.

Summary of Changes:

This version of Part C replaces the original document, published in February 1991. This version
incorporates the many system changes made since February 1991, updates the document as of Radar
Product Generator Build 6 (released in September 2004), and adds information based on operational
experience gained during the first decade of WSR-88D operational use and case studies.

Samuel P. Williamson
Federal Coordinator for Meteorological
Services and Supporting Research



PREFACE

FEDERAL METEOROLOGICAL HANDBOOK NO. 11
DOPPLER RADAR METEOROLOGICAL OBSERVATIONS

PART C
WSR-88D PRODUCTS AND ALGORITHMS

TABLE OF CONTENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

CHAPTER 1. INTRODUCTION

11
1.2
13

Background
Purpose and Scope
Organization

CHAPTER 2. WSR-88D METEOROLOGICAL PRODUCTS

2.1
2.2
2.3
24
25
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22

APRIL 2006

Introduction

Clutter Filter Control

Clutter Likelihood Reflectivity

Clutter Likelihood Doppler

Combined Shear

Composite Reflectivity

Composite Reflectivity Edited for Anomalous Propagation
Cross Section Reflectivity and Cross Section Mean Radial Velocity
Echo Tops

High Resolution Enhanced Echo Tops

Free Text Message

Hail Index

Hybrid Scan Reflectivity

Digital Hybrid Scan Reflectivity

Layer Composite Reflectivity

User Selectable Layer Composite Reflectivity Maximum
Layer Composite Reflectivity — Anomalous Propagation Removed
Mean Radial Velocity

Base Velocity Data Array

Integrated Terminal Weather System Digital Base Velocity
Mesocyclone

Mesocyclone Rapid Update

Xiii

1-1

1-1

2-1

2-5

2-8
2-11
2-14
2-17
2-23
2-29
2-34
2-37
2-40
2-41
2-44
2-47
2-50
2-55
2-58
2-62
2-70
2-73
2-76
2-80

FMH-11-PART-C



CHAPTER 3.

APRIL 2006

2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40
241
2.42
2.43
2.44
2.45
2.46
2.47
2.48
2.49
2.50
2.51

2.52
2.53

METEOROLOGICAL AND HYDROMETEOROLOGICAL ALGORITHMS

3.1
3.2

3.2.1
3.2.2

3.3

3.3.1
3.3.2
3.3.3
3.34

Mesocyclone Detection

Digital Mesocyclone Detection Data Array
One-Hour Rainfall Accumulation

Hourly Digital Precipitation Array

One-Hour Snow Depth Accumulation

One-Hour Snow Water Equivalent Accumulation
Radar Coded Message

Reflectivity

Base Reflectivity Data Array

Severe Weather Analysis

Severe Weather Probability

Spectrum Width

Storm Relative Mean Radial Velocity (Region and Map)
Storm Structure

Storm Total Rainfall Accumulation

Storm Total Rainfall Accumulation (Digital Storm Product)
Storm Total Snow Depth Accumulation

Storm Total Snow Water Equivalent Accumulation
Storm Tracking Information

SuperOb

Supplemental Precipitation Data

Three-Hour Rainfall Accumulation

Tornado Vortex Signature

Tornado Vortex Signature Rapid Update

User Alert Message

User Selectable Rainfall Accumulation

User Selectable Snow Depth Accumulation

User Selectable Snow Water Equivalent Accumulation
Velocity Azimuth Display and Velocity Azimuth
Display Wind Profile

Vertically Integrated Liquid Water

High Resolution Digital Vertically Integrated Liquid

Introduction
Hydrometeorological Processing Functions

Precipitation Detection
Rain Gauge Data Acquisition

Precipitation Processing Subsystem

Enhanced Precipitation Preprocessing
Precipitation Rate

Precipitation Accumulation
Precipitation Adjustment

Page

2-84

2-90

2-94

2-97
2-102
2-105
2-108
2-119
2-128
2-131
2-135
2-138
2-143
2-148
2-153
2-156
2-159
2-162
2-165
2-169
2-171
2-174
2-177
2-180
2-183
2-187
2-190
2-193
2-196

2-202
2-205

3-1
3-1

3-1
3-3

3-3

3-4

39
311
3-14

FMH-11-PART-C



APRIL 2006

3.35

3.4

34.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6

3.5

351
3.5.2
3.5.3

3.6

3.6.1
3.6.2
3.6.3

3.7

3.7.1
3.7.2
3.7.3
3.74
3.75
3.7.6
3.7.7
3.7.8
3.7.9
3.7.10

3.8

3.8.1
3.8.2
3.8.3
3.84
3.8.5
3.8.6
3.8.7

Precipitation Products
Storm Cell Identification and Tracking

Storm Cell Segments
Storm Centroids

Storm Cell Tracking
Storm Position Forecast
Strengths/Applications
Limitations

Hail

Operational Parameters
Strengths/Applications
Limitations

Legacy Mesocyclone Detection

Operational Parameters
Strengths/Applications
Limitations

Mesocyclone Detection Algorithm

MDA Overview

One-Dimensional (1D) Features

Two-Dimensional (2D) Features
Vertically-Associated 3-Dimensional (3D) Features
Rapid Update

External Interfaces

Adaptable Parameters

Operational Parameters

Strengths/Applications

Limitations

Tornado Detection Algorithm

Pattern Vectors

2D Features

3D Features, TVSs, and ETVSs
Rapid Update

Operational Parameters
Strengths/Applications
Limitations

Vi

Page
3-18
3-23

3-23
3-27
3-32
3-35
3-36
3-39

3-39

3-43
3-44
3-44

3-44

3-45
3-46
3-46

3-47

3-47
3-48
3-49
3-51
3-52
3-53
3-53
3-56
3-61
3-62

3-62

3-63
3-63
3-64
3-66
3-70
3-72
3-73

FMH-11-PART-C



APRIL 2006

3.9

391
3.9.2
3.9.3

3.10

3.10.1
3.10.2
3.10.3
3.11

3111
3.11.2
3.11.3
3.12

3121
3.12.2
3.12.3
3.13

3.131
3.13.2
3.13.3
3.14

3.141
3.14.2
3.14.3
3.15

3.151

3.15.2
3.15.3

Echo Tops

Operational Parameters
Strengths/Applications
Limitations

Vertically Integrated Liquid Water

Operational Parameters
Strengths/Applications
Limitations

Severe Weather Probability
Operational Parameters
Strengths/Applications
Limitations

Velocity Azimuth Display
Operational Parameters
Strengths/Applications
Limitations

Combined Shear
Operational Parameters
Strengths/Applications
Limitations

Radar Echo Classifier
Operational Parameters
Strengths/Applications
Limitations

Snow Accumulation Algorithm
Operational Parameters

Strengths/Applications
Limitations

vii

Page

3-74
3-74
3-74
3-75
3-75
3-76
3-76
3-76
3-77
3-77
3-78
3-78
3-80
3-83
3-83
3-83
3-84
3-84
3-85
3-85
3-85
3-86
3-87
3-87
3-88
3-91

3-92
3-93

FMH-11-PART-C



Page

3.16  Multiple Pulse Repetition Frequency (PRF) Dealiasing Algorithm 3-94

3.16.1 Dealiasing Steps 3-94
3.16.2 Error Mitigation Schemes 3-97
3.16.3 Operational Parameters 3-97
3.16.4 Strengths/Applications 3-97
3.16.5 Limitations 3-99
3.17  Data Quality Assurance Algorithm 3-99
3.17.1 Operational Parameters 3-102
3.17.2 Strengths/Applications 3-102
3.17.3 Limitations 3-102
3.18  High Resolution Enhanced Echo Tops Algorithm 3-102
3.18.1 Operational Parameters 3-104
3.18.2 Strengths 3-104
3.18.3 Limitations 3-105
3.19  Digital High Resolution Vertically Integrated Liquid Water 3-105
3.19.1 Operational Parameters 3-105
3.19.2 Strengths/Applications 3-105
3.19.3 Limitations 3-106

References 3-107

CHAPTER 4. SIGNAL PROCESSING ALGORITHMS

4.1 Introduction 4-1
4.2 Automatic Pulse Repetition Frequency Selection 4-1
4.3 Point Clutter Rejection 4-1
4.4 Analog to Digital Converter Gain and Bias Compensation 4-2
4.5 Automatic Gain Control Prescaling 4-2
4.6 Clutter Filtering 4-2
4.7 Interference Suppression 4-3
4.8 Range Averaging 4-3
4.9 Range Unfolding 4-4
4.10  Velocity Dealiasing 4-4
APRIL 2006 FMH-11-PART-C

viil



CHAPTER 5.

OPERATIONAL MODES AND VOLUME COVERAGE PATTERNS

5.1
5.2

521
5.2.2

5.3
5.3.1
5.3.2
5.3.3
5.34
5.4

54.1

5.4.2.

5.5

551
55.2
5.5.3
5.5.4

Introduction
Operational Modes

Precipitation Mode
Clear Air Mode

Volume Coverage Patterns

Deep Precipitation Convection Group, VCPs 11 and 12
Shallow Precipitation Group, VCP 21

Multiple PRF Dealiasing Algorithm Group, VCP 121
Clear Air Group, VCPs 31 and 32

Mode Selection and Deselection Criteria

Clear Air Mode to Precipitation Mode
Precipitation Mode to Clear Air Mode

Volume Coverage Pattern Adaptable Parameters

Doppler PRF Changes
Velocity Increment Changes
Signal to Noise Ratio Changes
PRF Characteristics

APPENDIX A: ACRONYMS AND ABBREVIATIONS

APPENDIX B: GLOSSARY

APRIL 2006

Page

5-1
5-1

5-1
5-1

5-1
5-9
5-12
5-16
5-22

5-22
5-22

5-22
5-22
5-22
5-23
5-23

A-1

B-1

FMH-11-PART-C



LIST OF FIGURES

Figure

2-2.  Clutter Filter Control Product

2-3.  Clutter Likelihood Reflectivity Product

2-4.  Clutter Likelihood Doppler Product

2-5.  Combined Shear Product

2-6a. Composite Reflectivity Product

2-6b.  Composite Reflectivity Product

2-6¢. Composite Reflectivity Product

2-6d. Composite Reflectivity Product

2-7a.  Composite Reflectivity Edited for Anomalous Propagation Product

2-7b.  Composite Reflectivity Edited for Anomalous Propagation Product

2-7c.  Composite Reflectivity Edited for Anomalous Propagation Product

2-7d. Composite Reflectivity Edited for Anomalous Propagation Product

2-8a.  Cross Section - Reflectivity Product

2-8b.  Cross Section - Velocity Product

2-9.  Echo Tops Product

2-10. High Resolution Enhanced Echo Tops Product

2-12. Hail Index Product

2-13.  Hybrid Scan Reflectivity Product

2-14. Digital Hybrid Scan Reflectivity Product

2-15a. Layer Composite Reflectivity, Low-Level, Product

2-15b. Layer Composite Reflectivity, Mid-Level, Product

2-16. User Selectable Layer Reflectivity Maximum Product

2-17a. Layer Composite Reflectivity - Anomalous Propagation Removed Product

2-17b. Layer Composite Reflectivity Maximum Comparison with Layer Composite
Reflectivity - Anomalous Propagation Removed (Low Level)

2-18a. Mean Radial Velocity Product

2-18b. Mean Radial Velocity Product

2-18c. Mean Radial Velocity Product

2-18d. Mean Radial Velocity Product

2-18e. Mean Radial Velocity Product

2-18f. Mean Radial Velocity Product

2-19. Base Velocity Data Array Product

2-20. Integrated Terminal Weather System Digital Base Velocity Product

2-21.  Mesocyclone Product Overlaid on an SRM Product

2-22. Mesocyclone Rapid Update Product Overlaid on an SRM Product

2-23a. Mesocyclone Detection Product Overlaid on a Mean Radial Velocity Product

2-23b. Mesocyclone Detection Alphanumeric Product

2-24. Digital Mesocyclone Detection Data Array as an Overlay Product

2-25.  One-Hour Rainfall Accumulation Product

2-26a. Hourly Digital Precipitation Array (Part I)

2-26b. Hourly Digital Precipitation Array (Part I1)

2-27.  One-Hour Snow Depth Accumulation Product

APRIL 2006

Page

2-7
2-10
2-13
2-16
2-19
2-20
2-21
2-22
2-25
2-26
2-27
2-28
2-32
2-33
2-36
2-39
2-43

2-46
2-49
2-53
2-54
2-57
2-60
2-61

2-64
2-65
2-66
2-67
2-68
2-69
2-72
2-75
2-79
2-83
2-88
2-89
2-93
2-96
2-100
2-101
2-104

FMH-11-PART-C



Figure

2-28.  One-Hour Snow Water Equivalent Accumulation Product
2-29. Radar Coded Message National Graphic
2-30a. Reflectivity Product
2-30b. Reflectivity Product
2-30c. Reflectivity Product
2-30d. Reflectivity Product
2-30e. Reflectivity Product
2-30f. Reflectivity Product
2-31. Base Reflectivity Data Array Product
2-32. Severe Weather Analysis (Quarter Screen Display) Product
2-33.  Severe Weather Probability Product
2-34a. Spectrum Width Product
2-34b. Spectrum Width Product
2-34c. Spectrum Width Product
2-35a. Storm Relative Mean Radial Velocity (Map) Product
2-35b. Storm Relative Mean Radial Velocity (Region) Product
2-36a. Storm Structure Alphanumeric Tabular Listing
2-36b. Storm Structure Trend Display
2-37.  Storm Total Rainfall Accumulation Product
2-38.  Storm Total Rainfall Accumulation (Digital Storm Product)
2-39. Storm Total Shnow Depth Accumulation Product
2-40.  Storm Total Snow Water Equivalent Product
2-41. Storm Tracking Information Product
2-43.  Supplemental Precipitation Data
2-44.  Three-Hour Rainfall Accumulation Product
2-45.  Tornado Vortex Signature Product
2-46. Tornado Vortex Signature Rapid Update
Product Overlaid on a Reflectivity Product
2-47.  User Alert Message
2-48. User Selectable Rainfall Accumulation Product
2-49.  User Selectable Snow Depth Accumulation Product
2-50.  User Selectable Snow Water Equivalent Accumulation Product
2-51a. Velocity Azimuth Display Wind Profile Product
2-51b. Velocity Azimuth Display Product
2-52.  Vertically Integrated Liquid Water Product
2-53a. High Resolution Digital Vertically Integrated Liquid Product
2-53b. High Resolution Digital and Legacy Product Comparisons (VIL and ET)
3-1.  Reflectivity Product
3-2. Digital Hybrid Scan Reflectivity Product
3-3.  One-Hour Rainfall Accumulation Product
3-4.  Storm Cell Identification and Tracking Algorithm Overview
3-5.  Storm Cell Segments Algorithm
3-6. Component Development within Storm Cell Centroids Processing
3-7.  Storm Cell Centroid Locations
3-8.  Cell-based vs. Grid-based VIL
3-9.  Storm Cell Tracking Process
APRIL 2006

Xi

Page

2-107
2-118
2-122
2-123
2-124
2-125
2-126
2-127
2-130
2-134
2-137
2-140
2-141
2-142
2-146
2-147
2-151
2-152
2-155
2-158
2-161
2-164
2-168
2-173
2-176
2-179
2-182

2-186
2-189
2-192
2-195
2-200
2-201
2-204
2-207
2-208

3-6

3-7
3-19
3-24
3-25
3-28
3-29
3-30
3-34

FMH-11-PART-C



Figure

3-10.  Storm Track Information Product Symbols

3-11.  Storm Track Information Product

3-12.  Hail Detection Algorithm Process

3-13.  Hail Index Product

3-14. Mesocyclone Product Comparison

3-15.  Mesocyclone Detection Product Overlaid on a Reflectivity Product

3-16. Two-Dimensional Features

3-17.  TVS Definition

3-18. ETVS Definition

3-19. TVS Graphic Product

3-20. VIL Values for a Single Storm as a Function of Range and Volume Coverage
Pattern Elevation Samples

3-21. Velocity Azimuth Display Product

3-22.  Velocity Azimuth Display Wind Profile Product

3-23.  Snow Accumulation Algorithm Overview

3-24. Storm-Total Snow Depth Accumulation Product

3-25.  Multiple Pulse Repetition Frequency Dealiasing Algorithm Development

3-26. Multiple Pulse Repetition Frequency Dealiasing Algorithm
Velocity Product Companion

3-27. Reflectivity Factor Signatures

3-28. Radar Product Discriminations

3-29. Enhanced Echo Tops Algorithm

5-1.  VCP11

5-2. VCP12

5-3.  VCP21

5-4,  VCP121

5-5.  VCP31

56. VCP32

APRIL 2006

xii

Page

3-37
3-38
3-41
3-42
3-54
3-55
3-65
3-67
3-68
3-69
3-79

3-81
3-82
3-89
3-90
3-96
3-98

3-100
3-101
3-103

5-5
5-8
5-11
5-15
5-18
5-21

FMH-11-PART-C



LIST OF TABLES

Table

2-1.  WSR-88D Meteorological Products

2-2.  Definitions of Radar Coded Message Components

2-3 Meteorological Phenomena for Alerts

3-1 Minimal Scan Mode Requirements Necessary for Detecting Precipitation
5-1.  VCP 11 Characteristics

5-2.  VCP 12 Characteristics

5-3. VCP 21 Characteristics

5-4. VCP 121 Characteristics

5-5. VCP 31 Characteristics, Long Pulse

5-6. VCP 32 Characteristics, Short Pulse

5-7.  An Example of Typical WSR-88D PRF Characteristics Used Operationally
APRIL 2006

xiil

Page

2-3
2-112
2-185

3-3
5-4

5-10
5-14
5-17
5-20
5-23

FMH-11-PART-C



	covers.pdf
	FCM-ICM.pdf
	PartC_FrontMatter_Rev4.pdf
	PartC_TOC_Rev10.pdf
	PartC_LOF_Rev9.pdf
	PartC_LOT_Rev6.pdf



