
IESNA LM-61-06

IESNA Approved Guide
for

Identifying Operating
Factors Influencing

Measured Vs.
Predicted Performance 

for
Installed Outdoor

High Intensity
Discharge (HID)

LuminairesIES
The 

LIGHTING 
AUTHORITY

Provided by IHS under license with IESNA
 Licensee=University of Texas Revised Sub Account/5620001114 

Not for Resale, 10/04/2014 04:18:33 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
,
`
,
,
`
`
,
,
`
,
`
`
,
`
`
`
`
,
,
`
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: IES LM-61 2006

http://www.avadocuments.com/doc/ies-lm-61-2006
http://www.avadocuments.com/doc/ies-lm-61-2006


IESNA LM-61-06

IESNA Approved Guide for 
Identifying Operating Factors Influencing Measured Vs.

Predicted Performance for Installed Outdoor High
Intensity Discharge (HID) Luminaires

Publication of this Committee 
Report has been approved 
by the IESNA.  Suggestions for
revisions should be directed 
to the IESNA. 

Prepared by:
The Subcommittee on Photometry of Outdoor Luminaires 
of the IESNA Testing Procedures Committee

Provided by IHS under license with IESNA
 Licensee=University of Texas Revised Sub Account/5620001114 

Not for Resale, 10/04/2014 04:18:33 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
,
`
,
,
`
`
,
,
`
,
`
`
,
`
`
`
`
,
,
`
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: IES LM-61 2006

http://www.avadocuments.com/doc/ies-lm-61-2006
http://www.avadocuments.com/doc/ies-lm-61-2006


IESNA LM-61-06

Copyright 2006  by the Illuminating Engineering Society of North America.

Approved by the IESNA Board of Directors, January 7, 2006, as a Transaction of the Illuminating Engineering
Society of North America.

All rights reserved. No part of this publication may be reproduced in any form, in any electronic retrieval system
or otherwise, without prior written permission of the IESNA.

Published by the Illuminating Engineering Society of North America, 120 Wall Street, New York, New York 10005.

IESNA Standards and Guides are developed through committee consensus and produced by the IESNA Office
in New York.  Careful attention is given to style and accuracy.  If any errors are noted in this document, please for-
ward them to Rita Harrold, Director Educational and Technical Development, at the above address for verification
and correction.  The IESNA welcomes and urges feedback and comments.  

ISBN # 0-87995-212-1
978-0-87995-212-9

Printed in the United States of America.

DISCLAIMER
IESNA publications are developed through the consensus standards development process approved by the
American National Standards Institute.  This process brings together volunteers representing varied view-
points and interests to achieve consensus on lighting recommendations.  While the IESNA administers the
process and establishes policies and procedures to promote fairness in the development of consensus, it
makes no guaranty or warranty as to the accuracy or completeness of any information published herein.  
The IESNA disclaims liability for any injury to persons or property or other damages of any nature whatso-
ever, whether special, indirect, consequential or compensatory, directly or indirectly resulting from the pub-
lication, use of, or reliance on this document

In issuing and making this document available, the IESNA is not undertaking to render professional or other
services for or on behalf of any person or entity.  Nor is the IESNA undertaking to perform any duty owed
by any person or entity to someone else.  Anyone using this document should rely on his or her own inde-
pendent judgment or, as appropriate, seek the advice of a competent professional in determining the exer-
cise of reasonable care in any given circumstances.

The IESNA has no power, nor does it undertake, to police or enforce compliance with the contents of this
document.  Nor does the IESNA list, certify, test or inspect products, designs, or installations for compliance
with this document.  Any certification or statement of compliance with the requirements of this document shall
not be attributable to the IESNA and is solely the responsibility of the certifier or maker of the statement.

Provided by IHS under license with IESNA
 Licensee=University of Texas Revised Sub Account/5620001114 

Not for Resale, 10/04/2014 04:18:33 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
,
`
,
,
`
`
,
,
`
,
`
`
,
`
`
`
`
,
,
`
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: IES LM-61 2006

http://www.avadocuments.com/doc/ies-lm-61-2006
http://www.avadocuments.com/doc/ies-lm-61-2006


IESNA LM-61-06

Prepared by the Subcommittee on Photometry of Outdoor Luminaires of the IESNA Testing
Procedures Committee

Photometry of Outdoor Luminaires Subcommittee

Gary A. Steinberg, Chair

Carl K. Andersen
John B. Arens
Russell C. Dahl*
Richard V. Heinisch* 
Robert E. Horan
Donald E. Husby**
Lorence E. Leetzow*
Samuel W. McKnight* 
Waneta A. Newland
Carla A. Ooyen
Robert C. Speck**
Lloyd Stafford*
Lane Swainston*

IESNA Testing Procedures Committee

Carla A. Ooyen, Chair 2003-05
Michael  Grather, Chair 2005 -

Carl K. Andersen
John B. Arens 
Lawrence M. Ayers
William E. Beakes
Robert C. Berger
Randall P. Bergin
Rolf S. Bergman
Randall Blanchette 
James R. Cyre
Russell C. Dahl* 
Ronald O. Daubach
Kevin J. Dowling*
David Ellis
David B. Goodwin*
Richard V. Heinisch*

Robert E. Horan
Donald E. Husby**
Michael A. Kalkas*
Demetrios Karambelas*
Mihaly Kotrebai
John Lawton*
Lorence E. Leetzow*
Kelly C. Lerbs*
Robert E. Levin*
Ian Lewin
Robert Low*
Joseph P. Marella
Greg McKee
Samuel W. McKnight*
Douglas C. Mertz**
C. Cameron Miller
Bruce Mosher*
Waneta A. Newland

Yoshihiro Ohno*
David W. Parkansky*
Eli M. Puszkar*
David N. Randolph
David Rector
Donald C. Smith*
Robert C. Speck**
Lloyd Stafford*
Gary A. Steinberg
Nick Stuffer**
Theodor G. Yahraus*
John X. Zhang

* Advisory Members
** Honorary

Provided by IHS under license with IESNA
 Licensee=University of Texas Revised Sub Account/5620001114 

Not for Resale, 10/04/2014 04:18:33 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
,
`
,
,
`
`
,
,
`
,
`
`
,
`
`
`
`
,
,
`
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: IES LM-61 2006

http://www.avadocuments.com/doc/ies-lm-61-2006
http://www.avadocuments.com/doc/ies-lm-61-2006


CONTENTS

Foreword  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

l.0 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

2.0 Variables  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1
2.1 Power Supply and Ballast Variations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

2.1.1 Power Supply Voltage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1
2.1.2 Distribution System Impedance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
2.1.3 Wave Shape of Voltage and Current  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
2.1.4 Ballast  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
2.1.4.1 Design Variations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
2.1.4.2 Core and Coil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
2.1.4.3 Capacitor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
2.1.4.4 Starting Aids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
2.1.4.5 Wave Shape of Voltage and/or Current  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
2.1.4.6 Ballast Component Temperatures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

2.2 Lamp Variations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
2.2.1 Light Output of the Lamp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
2.2.1.1 Manufacturing Variations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
2.2.1.2 Light Output at Field Installations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4
2.2.2 Arc Tube Alignment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4
2.2.2.1 Light Center and Arc Length Variations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4
2.2.2.2 Axial Position of Arc Tubes and Lamp Bases  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
2.2.3 Arc Tube Temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
2.2.4 Position Factor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
2.2.5 Special Purpose Lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6

2.3 Luminaire Optical Variations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.3.1 Reflector Materials  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.3.2 Reflector Shape and Position  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.3.3 Refractors and Enclosures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.3.4 Luminaire Assembly Tolerances  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.3.5 Luminaire Configuration and Options  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

2.4 Field Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.4.1 Mounting Height  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
2.4.2 Spacing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
2.4.3 Aiming and Tilt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
2.4.4 Topography and Obstructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
2.4.5 Surface Properties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

2.5 Field Measurements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
2.5.1 Meter Accuracy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
2.5.2 Contaminant Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
2.5.3 Light Meter Positioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
2.5.4 Measurement Grid and Registration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
2.5.5 Humidity and Temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
2.5.6 Atmospheric Transmissivity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
2.5.7 Weather and Site Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

Provided by IHS under license with IESNA
 Licensee=University of Texas Revised Sub Account/5620001114 

Not for Resale, 10/04/2014 04:18:33 MDTNo reproduction or networking permitted without license from IHS

--``,,,`,,``,,`,``,````,,`,`,``,-`-`,,`,,`,`,,`---

Full document details: IES LM-61 2006

http://www.avadocuments.com/doc/ies-lm-61-2006
http://www.avadocuments.com/doc/ies-lm-61-2006


IESNA LM-61-06

3.0 General Considerations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

Bibliography  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Annex A - Measurement and Recording Recommendations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

Annex B - Measured vs. Predicted Performance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14

Performance Checklist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14

Provided by IHS under license with IESNA
 Licensee=University of Texas Revised Sub Account/5620001114 

Not for Resale, 10/04/2014 04:18:33 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
,
`
,
,
`
`
,
,
`
,
`
`
,
`
`
`
`
,
,
`
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: IES LM-61 2006

http://www.avadocuments.com/doc/ies-lm-61-2006
http://www.avadocuments.com/doc/ies-lm-61-2006


IESNA Approved Guide for Identifying
Operating Factors Influencing Measured Vs.
Predicted Performance for Installed Outdoor
High Intensity Discharge (HID) Luminaires

FOREWORD

This guide outlines factors that can cause differences
between calculated and measured illuminance and
luminance values of outdoor High Intensity Discharge
(HID) lamps and luminaires. It does not offer solu-
tions, nor does it quantify all of the possible variables
that might be encountered. The IESNA Lighting
Handbook1 should be consulted for specific design
recommendations. 

1.0 INTRODUCTION

While lighting manufacturers and independent testing
laboratories generally follow IESNA published proce-
dures for testing HID luminaires under controlled lab-
oratory conditions, measurements made in the field to
confirm predicted performance can be influenced by a
variety of factors.  Under laboratory conditions, mea-
surements are made exercising care in the precision
and accuracy of the photometric measurement condi-
tions including luminaire orientation, test distances,
ambient temperature, electrical supply and regulation,
and lamps selected for optimal stability and arctube
geometry. In the field, this level of control and accura-
cy in operating and measurement conditions is sel-
dom possible and measurements made in the field of
installed photometric performance can deviate from
predicted performance levels. This guide identifies
many of the potential factors that apply to outdoor HID
luminaires including mercury (Hg), metal halide (MH),
high pressure sodium (HPS), and low pressure sodi-
um (LPS) lighting equipment utilizing core and coil
ballasts for contemporary lamp wattage designations.
The issues and factors associated with electronic bal-
lasts for HID lamps have not been addressed in this
revision of LM-61 as the technology remains in signif-
icant flux and outdoor use of electronic ballasts is not
yet prevalent on a large scale.

2.0 VARIABLES

This guide lists variables that can affect the results of
an HID lighting design and outlines issues encoun-
tered when comparing field measurements with pre-

dicted calculations using photometric data. It is possi-
ble that the tolerances for all the components could
combine to produce a substantial difference in illumi-
nance or luminance performance between laboratory
and field conditions. The variables can be divided into
five general categories:

* Power Supply and Ballast Variations
* Lamp Variations
* Luminaire Optical Variations
* Field Conditions
* Field Measurement

Each category is reviewed and its significance with
respect to HID luminaire operation is explained.

2.1 Power Supply and Ballast Variations

SAFETY CAUTION: Only persons experienced in
using measurement equipment under high volt-
age conditions should make measurements of
electrical characteristics at the lamp. High prima-
ry and secondary voltages, high-voltage starting
pulses for both HPS and MH lamps (up to 5000 V),
and high-voltage instant re-strike circuits (over
40kV) present a serious shock hazard. Proper
precautions must also be taken to protect instru-
ments from the high voltages and high voltage
starting pulses. 

2.1.1 Power Supply Voltage - In the photometric lab-
oratory, it is standard practice to maintain lamp watts at
a constant value when HID lamps, or luminaires using
them, are being photometered. This is typically accom-
plished by monitoring lamp power via a wattmeter and
adjusting the supply voltage to the ballast until the lamp
is stable at rated lamp watts. This establishes the lumi-
naire performance and efficiency for the photometric
report with a standardized procedure. 

The predicted light output in the field assumes that a
‘nominal’ electrical supply is used. In field installations,
lamps may or may not operate at their rated wattage
even though the ballasts are operated within the
design limits of the electrical distribution system. The
supply voltage at a luminaire is dependent on several
electrical power system characteristics. Factors such
as local time variable power loads, transformer tap
choices, and the length and gauge of the wiring runs
can all influence the supply voltage at a luminaire.
Even under ideal conditions, power system voltage
regulation is limited to 5 percent. Ballasts have a limit-
ed capability to regulate power to the lamp and actual
lamp wattage is influenced by the fixture’s supply volt-
age where installed. There are several basic ballast
types each providing differing regulation capabilities
and differing sensitivities to supply voltage variations.

1
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