
This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


A S C E S T A N D A R D ANSI/ASCE/EWRI 39-15

American Society of Civil Engineers

Guidelines for Operational
Hail Suppression Programs
This document uses both the International System of Units (SI) and customary units.

Published by the American Society of Civil Engineers

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


Library of Congress Cataloging-in-Publication Data

Guidelines for operational hail suppression programs.
pages cm. — (ASCE standard)

“ANSI/ASCE/EWRI 39-15.”
“This document uses both the International System of Units (SI) and customary units.”
ISBN 978-0-7844-1356-2 (print : alk. paper) — ISBN 978-0-7844-7914-8 (ebook)

1. Hail control. 2. Weather control. I. American Society of Civil Engineers.
II. Title: Hail suppression programs.
QC929.H15G85 2015
551.68'787—dc23

2015007868

Published by American Society of Civil Engineers
1801 Alexander Bell Drive
Reston, Virginia 20191-4382
www.asce.org/bookstore | ascelibrary.org

This standard was developed by a consensus standards development process that has been
accredited by the American National Standards Institute (ANSI). Accreditation by ANSI, a
voluntary accreditation body representing public and private sector standards development
organizations in the United States and abroad, signifies that the standards development
process used by ASCE has met the ANSI requirements for openness, balance, consensus, and
due process.

While ASCE’s process is designed to promote standards that reflect a fair and reasoned
consensus among all interested participants, while preserving the public health, safety, and
welfare that is paramount to its mission, it has not made an independent assessment of and
does not warrant the accuracy, completeness, suitability, or utility of any information,
apparatus, product, or process discussed herein. ASCE does not intend, nor should
anyone interpret, ASCE’s standards to replace the sound judgment of a competent
professional, having knowledge and experience in the appropriate field(s) of practice, nor
to substitute for the standard of care required of such professionals in interpreting and
applying the contents of this standard.

ASCE has no authority to enforce compliance with its standards and does not undertake to
certify products for compliance or to render any professional services to any person or entity.

ASCE disclaims any and all liability for any personal injury, property damage, financial loss,
or other damages of any nature whatsoever, including without limitation any direct, indirect,
special, exemplary, or consequential damages resulting from any person’s use of, or reliance
on, this standard. Any individual who relies on this standard assumes full responsibility for
such use.

ASCE and American Society of Civil Engineers—Registered in U.S. Patent and Trademark
Office.

Photocopies and permissions. Permission to photocopy or reproduce material from ASCE
publications can be requested by sending an e-mail to permissions@asce.org or by locating a
title in ASCE’s Civil Engineering Database (http://cedb.asce.org) or ASCE Library (http://
ascelibrary.org) and using the “Permissions” link.

Errata: Errata, if any, can be found at http://dx.doi.org/10.1061/9780784413562.

Copyright © 2015 by the American Society of Civil Engineers.
All Rights Reserved.
ISBN 978-0-7844-1356-2 (print)
ISBN 978-0-7844-7914-8 (PDF)
Manufactured in the United States of America.

22 21 20 19 18 17 16 15 1 2 3 4 5

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

http://www.asce.org/bookstore
http://cedb.asce.org
http://ascelibrary.org
http://ascelibrary.org
http://dx.doi.org/10.1061/9780784413562
https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


ASCE STANDARDS

In 2014, the Board of Direction approved revisions to the ASCE
Rules for Standards Committees to govern the writing and
maintenance of standards developed by ASCE. All such stan-
dards are developed by a consensus standards process managed
by the ASCE Codes and Standards Committee (CSC). The
consensus process includes balloting by a balanced standards
committee and reviewing during a public comment period. All
standards are updated or reaffirmed by the same process every
five to ten years. Requests for formal interpretations shall be
processed in accordance with Section 7 of ASCE Rules for
Standards Committees, which are available at www.asce.org.
Errata, addenda, supplements, and interpretations, if any, for this
standard can also be found at www.asce.org.

The provisions of this document have been written in
permissive language and, as such, offer to the user a series of

options or instructions but do not prescribe a specific course
of action. Significant judgment has been left to the user of
this document.

This standard has been prepared in accordance with recog-
nized engineering principles and should not be used without the
user’s competent knowledge for a given application. The publi-
cation of this standard by ASCE is not intended to warrant that
the information contained therein is suitable for any general or
specific use, and ASCE takes no position respecting the validity
of patent rights. The user is advised that the determination of
patent rights or risk of infringement is entirely his or her own
responsibility.

A complete list of currently available standards is available
in the ASCE Library (http://ascelibrary.org/page/books/
s-standards).

iii

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

http://www.asce.org
http://www.asce.org
http://ascelibrary.org/page/books/s-standards
http://ascelibrary.org/page/books/s-standards
https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


This page intentionally left blank 

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


ACKNOWLEDGMENTS

Many people contributed materially to this document by their
comments, review, illustrations, and photographs. The primary
authors of this document were the members of the Atmospheric
Water Management Standards Committee of the ASCE Envi-
ronmental and Water Resources Institute:

Arie Ben-Zvi
Bruce A. Boe (Past Chair)
George W. Bomar (Representative to the EWRI Standards

Development Council and Immediate Past Chair)
Robert R. Czys
Thomas P. DeFelice (Secretary)
Joseph H. Golden

Don A. Griffith
Mark Ivey
Conrad G. Keyes, Jr. (Vice Chair)
Nathan R. Kuhnert
Darin W. Langerud (Chair)
David A. Matthews
Gary Riley (deceased)
Maurice D. Roos
Sigmund Silber
Paul L. Smith
James Stalker

Guidelines for Operational Hail Suppression Programs v

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


This page intentionally left blank 

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


CONTENTS

ASCE STANDARDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

1 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Applicable Documents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 THE HAIL PROBLEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.1 Historical Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 The Status of Hail Suppression Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2.1 American Society of Civil Engineers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2.2 Weather Modification Association . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2.3 American Meteorological Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2.4 The National Research Council and Weather Modification Association Viewpoints . . . . . . . . 5

3 HAIL CONCEPTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.1 Requirements for Hail Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.2 The Scientific Basis for Hail Suppression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3.2.1 Beneficial Competition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.2.2 Early Rainout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.2.3 Trajectory Lowering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.2.4 Promotion of Coalescence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.2.5 Dynamic Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.2.6 Other Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.3 Concept Visualization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.4 Cloud Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4 THE DESIGN OF HAIL SUPPRESSION OPERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.1 Definition of Project Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.1.1 Historical Hail Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.1.2 Historical Radar Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.1.3 Basic Project Area Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.1.4 Initial Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.1.5 Climatology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.2 Seeding Agent Selection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.2.1 Silver Iodide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
4.2.2 Dry Ice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2.3 Other Ice Nucleants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2.4 Hygroscopic Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2.5 Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.3 Delivery Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.3.1 Airborne Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.3.2 Ground-Based Ice Nucleus Generator Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
4.3.3 Rockets and Artillery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.4 Meteorological Data Collection and Forecasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.4.1 Forecasting and Nowcasting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.4.1.1 Government Forecast Information. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.4.1.2 On-Site Operational Forecasts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.4.2 Remote Sensing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.4.2.1 Meteorological Radar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.4.2.2 Satellite Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.4.2.3 Lightning Location. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Guidelines for Operational Hail Suppression Programs vii

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


4.4.3 Visual Cloud Appearance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.4.4 Updraft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.4.5 Numerical Cloud Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.4.5.1 Predictive Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.4.5.2 Diagnostic Modeling. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.5 Selection and Siting of Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.5.1 Aircraft Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.5.1.1 In Situ Cloud Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.5.1.2 Cloud Ice Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.5.1.3 Cloud Water Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.5.1.4 Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.5.2 Placement of Ground Generators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.5.3 Placement of Rocket Launchers or Artillery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.6 Legal Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.6.1 Potential for Litigation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.6.2 Regulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.7 Environmental Concerns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.7.1 Redistribution of Precipitation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.7.2 Seeding Agent Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

5 CONDUCT OF OPERATIONAL HAIL SUPPRESSION PROJECTS. . . . . . . . . . . . . . . . . . . . . . . . . 29
5.1 The Operations Manual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
5.2 Personnel Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

5.2.1 Meteorological Staff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
5.2.2 Cloud Treatment Pilots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
5.2.3 Support Personnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

5.3 Operational Decision Making . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
5.3.1 Chronology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
5.3.2 Opportunity Recognition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

5.3.2.1 Aircraft Flight Crews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
5.3.2.2 Treatment by Ground-Based Generators . . . . . . . . . . . . . . . . . . . . . . . . . 31
5.3.2.3 Treatment by Rocket or Artillery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

5.4 Communications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
5.5 Safety Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5.5.1 Safety of Field Personnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
5.5.1.1 Radar Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
5.5.1.2 Use, Handling, and Storage of Seeding Agents . . . . . . . . . . . . . . . . . . . . . 32
5.5.1.3 Severe Weather Hazards. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
5.5.1.4 Aircraft Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5.5.2 Seeding Suspension Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
5.6 Public Relations, Information, and Involvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

6 EVALUATION OF HAIL SUPPRESSION EFFORTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.1 Project Area Evaluation Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

6.1.1 Randomized Versus Nonrandomized Programs. . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.1.2 Selection of Target and Control Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

6.1.2.1 Precipitation Patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.1.2.2 Storm Frequency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.1.2.3 Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

6.2 Evaluation Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
6.2.1 Evaluations Using Direct Evidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

6.2.1.1 Hail Pad Networks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
6.2.1.2 Rainfall Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
6.2.1.3 Radar Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

6.2.2 Evaluation through Secondary Evidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
6.2.2.1 Crop-Hail Insurance Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
6.2.2.2 Insurance Property Loss Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
6.2.2.3 Crop Yield Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

6.3 Dissemination of Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

viii STANDARD 39-15

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


7 GLOSSARY OF TERMS AND ACRONYMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

8 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

9 CONVERSION OF UNITS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

INDEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

Guidelines for Operational Hail Suppression Programs ix

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


This page intentionally left blank 

This is a preview of "ANSI/ASCE/EWRI 39-20...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ANSIASCEEWRI392015?source=preview


CHAPTER 1

SCOPE

This document describes a process through which hail suppres-
sion operations should be designed, organized, and conducted.
The information contained herein is intended to be helpful to
those persons wishing to implement operational hail suppression
activities (described interchangeably in this document as pro-
grams and/or projects). The book provides information on the
design, conduct, and evaluation of such efforts. Operational
activities addressed by this standard include airborne, ground-
based, and rocket and artillery delivery systems. Hail cannons,
though used for hail mitigation in some areas, are not included in
this document because there is currently no scientific evidence
that they may affect hail development.

The International System of Units (SI units) is used through-
out, with English equivalents also provided. Exceptions are the
use of the Celsius (°C) temperature scale and, where appropriate,
centimeters (cm) in lieu of meters (m). Chapter 9 provides all
conversion factors used herein. Italics denote special emphasis.

1.1 APPLICABLE DOCUMENTS

Applicable documents (ASCE standards) can be found at ASCE,
1801 Alexander Bell Drive, Reston, VA 20191 (www.pubs.asce.
org).

ASCE/EWRI 39-03, Standard Practice for the Design and
Operation of Hail Suppression Projects, American Society of
Civil Engineers, Reston, VA (2003a).

EWRI/ASCE 40-03, Regulated Riparian Model Water
Code, American Society of Civil Engineers, Reston, VA
(2003b).

EWRI/ASCE 42-04, Standard Practice for the Design and
Operation of Precipitation Enhancement Projects, American
Society of Civil Engineers, Reston, VA (2004).

ASCE 44-13, Standard Practice for the Design and Operation
of Supercooled Fog Dispersal Projects, American Society of
Civil Engineers, Reston, VA (2013).
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