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Chapter 1:  INTRODUCTION 

 PURPOSE OF THE PROPOSED ACTION 

The County of Maui, Department of Public Works (DPW) is proposing to convert all County-
owned High Pressure Sodium (HPS) streetlights to Light Emitting Diode (LED) streetlights.1  The 
County of Maui consists of four islands (Maui, Lānaʻi, Molokaʻi, and Kahoʻolawe); County-owned 
streets are present on the islands of Maui, Lānaʻi, and Molokaʻi.  The purpose of this Maui County 
Streetlight Conversion Project is to comply with Section 18.20.060 and Chapter 20.35, Maui 
County Code; Chapter 201, MC-15, Street Lighting Standards (MC-15; Appendix A).2  The 
current street lighting standards were approved on January 12, 2018, to, among other things, 
increase roadway safety and visibility while simultaneously reducing energy consumption and 
County of Maui operating expenses.   

The goal of Chapter 201, MC-15, Street Lighting Standards and the Maui County Streetlight 
Conversion Project, is to replace all county-owned HPS streetlights fixtures with LED streetlight 
fixtures in-kind.  There is no intent to increase the existing level(s) of lighting or the existing 
number of streetlights on County-owned streets.  Instead, the intent of the proposed action is to 
use more efficient LED fixtures that produce a better quality of light to provide a comparable level 
of illumination on County-owned streets as is currently provided by existing HPS fixtures.  The 
specific LED fixtures which have been selected for the Maui County Streetlight Conversion 
Project have been assessed to achieve this goal (Section 2.1.1).  The location of all County-owned 
streetlights on Maui is shown in Figure 1.1, their location on Molokaʻi is shown in Figure 1.2, and 
their location on Lānaʻi is shown in Figure 1.3. 

 
1 The County-owned streetlights addressed in this report are restricted to those lights that are within County of Maui rights-of-way 

expressly to provide lighting consistent with Chapter 201, MC-15, Street Lighting Standards and are overseen by the Department 
of Public Works (DPW).  Other County-owned lights, some of which may appear similar to streetlights (e.g., at County parks, 
parking lots, and buildings), exist but are not part of the Proposed Action discussed in this report.   

2 Other entities own and operate streetlights within the County of Maui.  For example, the State of Hawai‘i Department of 
Transportation, Highways Division, owns and operates the streetlights on state highways.   
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Figure 1.1 Locations of County-owned Streetlights on Island of Maui 

 
Source: Planning Solutions, Inc. (2021) 



Draft Environmental Assessment   Maui County Streetlight Conversion Project 
  Introduction 

 Page 1-3 

Figure 1.2 Locations of County-owned Streetlights on Island of Molokaʻi  

 
Source: Planning Solutions, Inc. (2021)  
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Figure 1.3 Locations of County-owned Streetlights on Island of Lānaʻi 

 
Source: Planning Solutions, Inc. (2021) 
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 NEED FOR THE PROPOSED ACTION 

The proposed action is needed in order for the County of Maui to comply with the statutory 
requirements of Section 18.20.060 and Chapter 20.35, Maui County Code and the Street Lighting 
Standards (MC §15-201, Appendix A).  Specifically, MC §15-201-6 Lamp Standards and §15-
207-7 Luminaire Standards require that all technologies considered by DPW meet the following 
criteria:  

MC §15-201-6 Lamp Standards 
(a) High pressure sodium or LED lamps or other fixtures approved by the director 
shall be the only allowed lamp on public and/or private right-of-ways; however, 
existing lamps other than high pressure sodium or LED lamps shall remain until 
they expire at which time they shall be replaced.   
(b) LED lamps shall meet the following requirements:  
 i) [Correlated Color Temperature] CCT of less than 3000K. 
 ii) [Scotopic/Photopic] S/P ratio of <1.2. 
 iii) Blue light power content less than the corresponding blue light power 
content for HPS.   
 iv) Adaptive controls to allow for dimming.   
(c) For roadways within the rural or agricultural areas, the maximum allowable 
wattage shall be 100 W HPS (or equivalent LED wattage) for internal road 
intersections and 150 W HPS (or equivalent LED wattage) for internal road 
intersections and 150 W HPS (or equivalent LED wattage) at intersections from a 
project with a major and/or minor collector road.   
(d) For roadways within the urban areas, the maximum allowable wattage shall be 
150 W HPS (or equivalent LED wattage) for internal road intersections and 250 W 
HPS (or equivalent LED wattage) at intersections with a major or minor collector 
road.   
§15-201-7 Luminaire Standards  
Fully shielded luminaires shall be the only allowed fixture on public and/or private 
right-of-ways.   

 ENVIRONMENTAL ASSESSMENT TRIGGER 

Per Hawaiʻi Revised Statutes (HRS), Chapter 343, specifically §343-5: “Except as otherwise 
provided, an environmental assessment shall be required for actions that: (a) Propose the use of 
state or county lands or the use of state or county funds.”  The proposed action uses county lands 
(the county right-of-way [ROW]) and funds. 

Per the DPW exemption list, the proposed action is eligible for an exemption from HRS Chapter 
343.  Nevertheless, DPW has voluntarily made the decision to prepare this Environmental 
Assessment (EA) to address concerns relating to the potential effects of the proposed action.  This 
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report is intended to fulfill that commitment, providing the detailed information and analysis 
needed to inform relevant agencies, organizations, and individuals regarding the potential 
implementation of the proposed Maui County Streetlight Conversion project.  It is also intended 
to fulfill all the content and process requirements of HRS Chapter 343 and its implementing 
regulations contained in Hawaiʻi Administrative Rules, (HAR) §11-200.1. 

 OVERVIEW OF THE PROPOSED ACTION 

This section provides a brief overview of the proposed action; details are provided in Chapter 2.  
The proposed action involves the replacement of approximately 4,900 County-owned streetlight 
fixtures located along County roadways on the Islands of Maui, Molokaʻi, and Lānaʻi.  These 
fixtures are maintained by Hawaiian Electric Company, Inc. (henceforth, “Hawaiian Electric” or 
“the Company”) on behalf of the County of Maui.3  Work involved in the Maui County Streetlight 
Conversion Project includes the removal and disposal of existing streetlight fixtures and the 
installation of new streetlight fixtures.  The existing fixtures have an HPS light source; the 
proposed light fixtures have an LED light source.   

All project-related work would be completed in the County roadway ROW during normal business 
hours and will not necessitate full closure of any roadways or the diversion of traffic.  The proposed 
action is anticipated to cost approximately $4 million and is expected to begin within six (6) 
months of the completion of the HRS Chapter 343 environmental review process.  The total time 
required for implementation of the Maui County Streetlight Conversion Project is twelve (12) 
months.   

 EARLY CONSULTATION 

A key component of the early planning effort for the proposed action was developing and 
implementing an early consultation program to inform public agencies and other interested parties 
to obtain their input regarding the project’s purpose, scope, potential impacts, and recommended 
mitigation measures.  Pursuant to HAR §11-200.18, DPW sought, at the earliest practicable time, 
the advice and input of the Maui County Planning Department, the agency responsible for 
implementing the County of Maui 2030 General Plan: Countywide Policy Plan (2010), other 
agencies having jurisdiction over resources with the potential to be affected by the proposed action, 
elected officials, and selected conservation organizations.  Consequently, on August 20, 2019, 
DPW sent an early consultation letter to the agencies, organizations, and individuals identified in 
Table 1.1.  The complete text of the scoping letter and all responses are provided in Appendix D.   

 
3 As of January 2020, Maui Electric Company, Inc., or MECO, along with Hawaiʻi Electric Light Company, Inc., or HELCO, have 

been united under the common name of Hawaiian Electric Company, Inc,. owned and operated by Hawaiian Electric Industries, 
Inc.  
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Table 1.1 Early Consultation 
Recipient Addressee Response 

U.S. Fish and Wildlife Service (USFWS) Ms. Michelle Bogardus Yes 
U.S. National Parks Service (USNPS) Mr. Stan Austin, Regional Director No 

U.S. Department of Transportation, Federal 
Highways Division (DOT-Highways) 

Mr. Ralph Rizzo, Division Administrator No 

U.S. Army Corps of Engineers (COE) Mr. Tunis McElwain, Chief No 
U.S. Federal Transit Administration n/a No 

State Department of Education (HDOE) Ms. Heidi Meeker Yes 
State Department of Health (HDOH) Bruce Anderson, Ph. D. No 

HDOH, Environmental Planning Ms. Laura McIntyre, AICP No 
HDOH, Maui Sanitation Branch Ms. Patti Kitkowski Yes 

Board of Land and Natural Resources Ms. Suzanne Case, Chairperson No 
Department of Land and Natural Resources 

(DLNR), State Historic Preservation Division 
(SHPD) 

Alan Downer, Ph.D., Administrator No 

SHPD, History & Culture Branch Hinano Rodriguez, Esq. Branch Chief No 
State Department of Transportation (HDOT) Mr. Jade Butay, Director Yes 

State Department of Defense (HDOD) Ms Doloris Cook, Administrator Yes 
Department of Hawaiian Home Lands (DHHL) Mr. William Aila Jr., Chair No 

State Office of Planning (OP) Ms. Mary Alice Evans, Director Yes 
State Department of Accounting and General 

Services (DAGS) 
Mr. Curt Otaguro, Comptroller No 

Office of Environmental Quality Control 
(OEQC) 

Mr. Scott Glen, Director No 

County of Maui, Environmental Management Mr. Eric Nakagawa, Director Yes 
County of Maui, Fire and Public Safety David Thyne, Fire Chief Yes 
County of Maui, Housing and Human 

Concerns 
Ms. Lori Tsuhako, Director Yes 

County of Maui, Parks and Recreation Ms. Karla Peters, Director Yes 
County of Maui, Planning Ms. Michele McLean Yes 

County of Maui, Police Tivoli Faʻaumu, Police Chief Yes 
County of Maui, Water Mr. Jeffrey Pearson, Director No 

County of Maui, Emergency Management Mr. Herman Andaya, Administrator No 
County of Maui, Office of the Mayor Mr. Michael Victorino, Mayor No 
County of Maui, Office of Economic 

Development (OED) 
Ms. Kay Fukumoto, OED Coordinator No 

Maui County Council Kelly King, Chair No 
Maui County Council Keani Rawlins-Fernandez, Vice Chair No 
Maui County Council Tasha Kama, Presiding Officer Pro Tempore No 
Maui County Council Riki Hokama, Council Member No 
Maui County Council Alice Lee, Council Member No 
Maui County Council Michael Molina, Council Member No 
Maui County Council Tamara Paltin, Council Member No 
Maui County Council Shane Sinenci, Council Member No 
Maui County Council Yuki Lei Sugimura, Council Member No 

Office of Hawaiian Affairs (OHA) Sylvia Hussey, Ed. D., Interim CEO No 
Hawaiian Telecom n/a No 

Maui Electric Co., Inc., Engineering Mr. Michael Grider, Director No 
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Recipient Addressee Response 
Blue Planet Hawaiʻi Mr. Jeff Mikulina No 

Surfrider Foundation, Maui Chapter Mr. Mike Ottman, Chairperson No 
Hawaiʻi Energy Mr. Brian Kealoha, Executive Director No 

Maui Nui Seabird Recovery Project Mr. Jay Penniman Yes 
Maui Tomorrow Mr. Albert Perez, Executive Director No 

Sierra Club Ms. Adriane Raff Corwin, Maui Group 
Coordinator 

No 

University of Hawaiʻi (UH) at Mānoa, Institute 
for Astronomy 

Robert McLaren Yes 

Source: DPW (2019) 

 PERMITS AND APPROVALS 

The proposed action does not require any further land use permitting or review prior to 
implementation.  When Hawaiian Electric conducts the lighting conversion work on behalf of the 
County of Maui it will operate under an existing agreement with the County or obtain a project-
specific Work to Perform Permit (MCC Chapter 12) from the County of Maui, Department of 
Public Works.   

 ORGANIZATION OF THE ENVIRONMENTAL ASSESSMENT 

The remainder of this EA is organized as follows: 

• Chapter 2 describes the proposed action in detail. 

• Chapter 3 describes the existing environment and analyzes the potential impacts on 
natural, cultural, and socioeconomic resources.  It also outlines strategies for 
minimizing and mitigating unavoidable adverse effects.   

• Chapter 4 discusses the consistency of the proposed action with relevant plans, policies, 
and controls at local, regional, state, and federal levels.   

• Chapter 5 provides the justification for the anticipated determination of a Finding of 
No Significant Impact (FONSI) by considering each individual significance criterion 
with respect to the proposed action.   

• Chapter 6 summarize the parties consulted during the preparation of this EA.   
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Chapter 2:  DESCRIPTION OF PROPOSED ACTION 

 DESCRIPTION OF THE PROPOSED ACTION 

The proposed Maui County Streetlight Conversion Project involves the replacement of 
approximately 4,900 County-owned streetlight fixtures located along County roadways on the 
islands of Maui, Molokaʻi, and Lānaʻi.  These fixtures are maintained be Hawaiian Electric 
(formerly Maui Electric Co., Inc. in Maui County) on behalf of the County of Maui.  Work includes 
the removal and disposal of the existing HPS light source(s), and the installation of proposed new 
light fixtures with an LED light source.  The LED lights will replace the existing HPS streetlights 
in the same locations and with the same purpose; no new streetlights will be installed as part of the 
proposed action.   

The Maui County Streetlight Conversion Project is planned for implementation in two distinct 
phases.  The first phase will see retrofitting of lights in the central, urbanized portions of Maui 
Island, and the second phase will complete the remainder of Maui, Molokaʻi, and Lānaʻi.  Table 
2.1 summarizes the proposed phasing.   

Table 2.1 Phasing of Maui County Streetlight Conversion Project 
Phase Location No. of Fixtures 
Phase 1 

(central, urbanized areas) 
Kahakuloa 

Waiehu 
Wailuku 
Kahului 

1,687 

Kailua 
Hana 

49 

Olowalu 
Nāpili 

153 

Phase 1 Subtotal 1,889 
Phase 2 

(all other areas) 
Lahaina 
Nāpili 

369 and 62 decorative 

Māʻalaea 
Mākena 

957 

ʻUlupalakua 
Kula 

Pukalani 
Makawao 

Haʻikū 
Kūʻau 

Spreckelsville 

1,098 

Molokaʻi 365 
Lānaʻi 142 

Phase 2 Subtotal 2,993 
Grand Total 4,882 

Note: all fixtures are cobra head models unless otherwise specified. 
Source: County of Maui (2021) 

The Maui County Streetlight Conversion Project will include the installation of a wireless adaptive 
control system which will allow the County of Maui and Hawaiian Electric to remotely manage 
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the operation of the streetlight infrastructure in real time and at the individual fixture level.  This 
technology allows for dimming and brightening of individual streetlights, or groups of lights, and 
also includes remote system monitoring, providing notification when a fixture has failed or is in 
need of replacement.  The proposed action will also include mapping, using Geographic 
Positioning Systems (GPS) technology, of the precise location of all County-owned streetlights in 
the County of Maui.   

The following subsections provide additional detail regarding the process which the DPW has 
followed to date and will follow in the future as it implements the Maui County Streetlight 
Conversion Project.   

2.1.1 DEMONSTRATION PROJECT AND LED STREETLIGHT SELECTION METHODOLOGY 

In the mid-2010s, when the County of Maui began to consider transitioning from its HPS 
streetlights to LED streetlights, it implemented a demonstration project so that the County and 
stakeholders could assess a range of options in-situ.  The sections below describe the 
demonstration project. 

 Project Design 

Hawaiian Electric (then operating as Maui Electric Co, Inc.) commissioned Johnson Controls 
International (JCI) to prepare an independent product study intended to evaluate the performance 
and characteristics of several LED streetlights.  The goal of the study, conducted between June 
and July, 2016, was to provide an unbiased evaluation of select products along a stretch of the 
Maui Lani Parkway, located in Kahului, Maui, where 150W HPS streetlights were present.  The 
products selected included products from multiple manufacturers and a range of color options.  
The intent of the demonstration project was two-fold: (i) perform a technical product-to-product 
performance evaluation with regard to operating behaviors in comparison to similar products and 
the manufacturers’ published data; and (ii) obtain stakeholder input on street lighting preferences.   

To accomplish the evaluation, six product groups from three manufacturers were installed on 
existing poles along Maui Lani Parkway.  JCI, at the request of Hawaiian Electric, isolated the 
metered fixtures, and collected data for comparative evaluation in regard to color parameters and 
light output above and below the fixtures.  Measurements were taken over three consecutive nights 
under clear conditions to provide the requested measurements under three light level conditions: 
(i) 100 percent lighting or no dimming, (ii) 75 percent lighting or 25 dimmed; and (iii) 50 percent 
lighting or 50 percent dimmed.  An effort was made to take measurements free from transient and 
other outside contributing light sources, as well as tree and foliage obstructions.  JCI’s complete 
lighting study report is provided in Appendix B; the discussion in this Section is limited to 
characterizing factors which shaped the proposed action.   

The following candidate LED fixtures were installed and evaluated: (i) General Electric (GE) 
2700K; (ii) GE 3000K; (iii) Chips & Wafers (C&W) 2400K; (iv) C&W 3000K; (v) C&W 3200K; 
and (vi) Cree 3000K.  All of the fixtures tested were full-cutoff (fully shielded) lights.  Figure 2.1 
provides the location(s) of the fixture test.  The GE 2700K, C&W 2400K, C&W 3200K, and Cree 
3000K products were installed in groups of four (e.g., mounted on four utility poles to create an 
area where they were the dominant source of artificial light on the roadway).  The C&W 3000K 
product was installed in a group of three poles, while only one GE 3000K was installed.  A control 
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group of existing 150W, 2100K HPS fixtures were identified to serve as the baseline for 
comparison against the candidate LED fixtures.  Table 2.2 illustrates each of the candidate fixtures 
evaluated during the demonstration project. 

 Measurement Methods, Results, and Discussion 

Table 2.3 summarizes the results for the candidate and control fixtures at 100 percent power.  The 
100 percent power setting was selected for an in-kind comparison of candidate fixtures with the 
existing HPS fixtures, which are not dimmable.  Additional measurements, including those made 
when the fixtures were dimmed at 50- and 75-percent power, are provided in the complete lighting 
study report by JCI contained in Appendix B. 

Relevant demonstration project observations included the following: 

• All of the candidate LED fixtures used substantially less energy than the 150W HPS 
and produced light levels that exceeded the minimum luminance guidelines for 
roadways established by the American Association of State Highway and 
Transportation Officials (AASHTO), even at 50 percent dimming levels. 

• All of the candidate LED fixtures produced some blue light (as defined in the County 
of Maui Street Lighting Standards – the sum of the energy produced between 405 and 
530 nanometers).  The light produced by most of the LEDs had a higher blue light 
content percent than HPS; at 100 percent power all of the LEDs had a lower blue light 
power content than the 150W HPS (Table 2.3). 

• The HPS fixture had the lowest Correlated Color Temperature (CCT), 
Scotopic/Photopic (S/P) ratio,4 and Color Rendering Index (CRI)5 values while 
producing the highest lux output (Table 2.3). 

• The LED fixtures with the lowest percentage of blue light (the C&W 2400K and the 
C&W 3200K) had the lowest CRI values (64 and 53, respectively), which were below 
what is typically expected from LED light sources (70 to 90).  They also had the lowest 
S/P ratios of the LED fixtures (Table 2.3). 

• All of the fixtures were fully shielded and produced little measurable light 1 meter (3.28 
feet) above the fixture.  The HPS and C&W 3000K fixtures produced 2 and 2.4 lux, 
respectively, above the fixture; all other fixtures produced between 1.6 and 1.8 lux 
above them. 

• All candidate LEDs cast light more directionally downward than the HPS light.  GE’s 
optics performed at a high level, with better control over the lit area. 

A final crucial consideration is that all of the candidate LED fixtures can be dimmed remotely, 
which is referred to as “adaptive lighting.” 

 
4 The S/P ratio is a multiplier that measures how much emitted light is useful to the human eye.  A lamp with a higher S/P ratio, 

provides more visually effective lumens for human eyes to process. 

5 IES defines the CRI of a light source as “A measure of the degree of color shift that objects undergo when illuminated by the light 
source, as compared with the color of those same objects when illuminated by a reference source of comparable color 
temperature.”  It is generally a quantitative measure of the ability of a light source to allow the human eye to accurately identify 
the colors of objects as it would appear under natural light.  The higher the value, the more colors are accurately rendered. 
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Table 2.2 Summary of LED Fixtures Evaluated during Demonstration Project 

Model 
Demonstration 

Deployment Model 
GE 2700K 

 

ERL1 Series 

GE 3000K 

 

ERL1 Series 

C&W 2400K 

 

HIB-SLA-74-1-7-UN-GR-
OR-2V-PC-SS-BT-EL 

C&W 3000K 

 

HIB-SLA-74-1-7-UN-GR-
WW-2V-PC-SS-BT-EL 

C&W 3200K 

 

HIB-SLA-74-1-7-UN-GR-
YL-2V-PC-SS-BT-EL 

Cree 3000K 

 

RSW Series 

Source:  Maui Electric Street Lighting Study (Appendix B).  
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Figure 2.1 Map of Test Location and Fixtures 

 
Source: Maui Electric Street Lighting Study (Appendix B) 
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Table 2.3 Summary and Analysis of Demonstration Project Measurements 

Manufact-
urer, Stated 
CCT, and 

Type 

Manufact-
urer Power 

Rating / 
Measured 

Power Used 
(W) 

Estimated 
Power 

Savings 
Relative to 
150W HPS 

(%) 

Measured 
Color 

Spectrum 
Distribution 

Calculated1 
Blue Light 

Content (%) 

Calculated2 
Blue Light 
Power HPS 
Comparison 

(%) 

Measured 
Luminance 

(Lux) 
Measured 
CCT (K) 

Measured 
S/P Ratio 

Measured 
CRI 

GE 2700K 
LED 

(Selected) 

67 / 65 68 

 

17.6 79 56.3 2789 1.09 71.23 

GE 3000K 
LED 

32 / 31 79 * 

 

22.0 47 * 27.8 3084 1.22 72.45 

C&W 2400K 
LED 

55 / 59 71 

 

5.8 21 30.6 2477 0.81 64.45 

C&W 3000K 
LED 

55 / 60 70 

 

20.8 76 30.6 3104 1.32 76.71 

C&W 3200K 
LED 

55 / 60 70 

 

8.3 30 27.1 3326 1.00 52.64 

Cree 3000K 
LED 

50 / 49 76 

 

21.0 70 19.1 3055 1.44 95.01 
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Manufact-
urer, Stated 
CCT, and 

Type 

Manufact-
urer Power 

Rating / 
Measured 

Power Used 
(W) 

Estimated 
Power 

Savings 
Relative to 
150W HPS 

(%) 

Measured 
Color 

Spectrum 
Distribution 

Calculated1 
Blue Light 

Content (%) 

Calculated2 
Blue Light 
Power HPS 
Comparison 

(%) 

Measured 
Luminance 

(Lux) 
Measured 
CCT (K) 

Measured 
S/P Ratio 

Measured 
CRI 

GE 2100K 
HPS 

(existing) 

150 / 200 
(extra power 

due to ballast) 

n/a 

 

10 100 64.9 2132 0.61 8.28 

Notes: An UPRtek MK350S Advanced Spectrometer was deployed to measure: (i) color spectrum distribution, (ii) luminance measured in lux; (iii) correlated color temperature (CCT), (iv) scotopic-
to-photopic (S/P) ratio, and (v) color rendering index (CRI).  Measurements were performed by taking instantaneous measurements from chest level with the site class pointing 
directly at the light source.   

 The last row, GE 2100K HPS, is the existing HPS streetlight currently in use in Maui County.  It is provided here as a baseline for comparison.  
 Red text indicates a value that does not fully comply with Chapter 201, MC-15, Street Lighting Standards. 
 Estimated power savings was calculated using the measured power used by the LED and HPS fixtures. 
 1. Blue light content is the sum of energy (from UPRtek MK350S Advanced Spectrometer measurements) between 405-530nm divided by the sum of energy from 380-730nm. 
 2. The County of Maui Street Lighting Standards (§15-201-5) defines “blue light power content” as “the sum of energy between 405-530nm divided by the sum of energy from 380-730nm 

times the total power output in watts.  The blue light power content for HPS is 10w for 100w HPS bulb, 15w for a 150w HPS bulb, and 25w for a 250w HPS bulb.”  In this table, 
the blue light power content is the “measured blue light content” times the “manufacturer power rating.” 

 * Indicates this model is comparable to a 100W HPS, not a 150W HPS.  Therefore, the estimated power savings and calculated blue light power comparison provided, which is relative to 
150W HPS, is likely inappropriate. 

Source: DPW (2016) and PSI. 
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 Stakeholder Input 

In addition to the observations discussed in Section 2.1.1.2, as part of the demonstration project, 
selected members of stakeholder agencies and organizations were asked to rate their satisfaction 
with the demonstration lights.  The names and affiliation of each participant is summarized in 
Table 2.4.  Stakeholders, representing government agencies, businesses, and wildlife conservation 
interests were asked to attend the demonstration on the evening of August 11, 2016, and rate their 
satisfaction with the different demonstration light fixtures.  Each of the attendees was provided 
with a questionnaire to complete; a blank sample of the questionnaire is provided in Figure 2.2.  In 
total, 17 stakeholders participated in the process; 15 completed questionnaires were received the 
night of the stakeholder survey, the remaining 2 were submitted via email.   

Table 2.4 Demonstration Project Stakeholder Participants 
Name Affiliation 

Tom Behnke Akolea at Kehalani 
Jack Carter Johnson Controls, Inc. 

Cynthia Catugal County of Maui, Public Works Commission 
Michael Chang Johnson Controls, Inc. 
Jennifer Ferreira Wesco Distribution, Inc. 

Che Frausto Save Our Seabirds 
David Goode County of Maui, Department of Public Works 

Randall Harada Wesco Distribution, Inc. 
Jamie Ho HDOT – Highways Division 

Sgt. Kenneth Kihata Maui Police Department 
Kal Kobayashi County of Maui, Energy Coordinator 
Barbara Kojima Maui Lani Community Association 

Van Kumano Illuminetix, Inc. 
Mike Maberry UH Institute for Astronomy 
Lou Mamuad Johnson Controls, Inc. 

Patrice Matsumoto County of Maui, Public Works Commission 
Eric Miyasato Pacific Electrical Sales Agency 

Officer Justin Muliola Maui Police Department 
Carina Ohara Hawaiian Electric Co., Inc. 

Becca Pederson Save Our Seabirds 
Jay Penniman Save Our Seabirds 

Uvette Sakamoto County of Maui, Public Works Commission 
Emily Severson Save Our Seabirds 

Charlene Shibuya County of Maui, Public Works Commission 
Leslie Shirai Wesco Distribution, Inc. 
Dan Wagoner Silver Spring Networks 

Richard Wainscoat UH Institute for Astronomy 
Source: County of Maui (2016) 
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Figure 2.2 Demonstration Project Questionnaire 
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Source: County of Maui (2016) 

Table 2.5 provides the resulting rankings based on stakeholder input on the JCI demonstration 
project.   
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Table 2.5 Overall Stakeholder Satisfaction Ranking  
Manufacturer and 

Model Light Source 
Overall Community 

Satisfaction Ranking 
GE 2700K LED LED 1st 
GE 3000K LED LED 2nd  

Cree 3000K LED LED 3rd  
C&W 3000K LED LED 4th  
C&W 3200K LED 1 LED 5th  
C&W 2400K LED 1 LED 5th  

GE 2100K HPS2 HPS 7th  
Notes: 1. These two fixtures were tied for 5th per stakeholder ranking according to overall satisfaction with fixture performance. 
 2. The GE 2100K HPS model is the fixture being replaced.   
Source: JCI (2016) 

In considering themes that emerged from the stakeholder’s ratings, it is notable that the top four 
rated LED fixtures all had a blue light content in excess of 15 percent, a S/P ratio greater than 1.05, 
and a CRI above 70.  The two lowest rated LED fixtures had blue light contents of less than 10 
percent, an S/P ratio less than 1.05, and a CRI below 65.  The existing HPS fixtures, which had 
the lowest CCT, S/P ratio, and CRI of any fixture, was ranked last.  This demonstrates that while 
higher CCT LEDs are more efficient, subjectively, participants generally prefer lower (warmer) 
CCT LEDs, provided their output include sufficient blue light to make them appear white.   

2.1.2 PRODUCT SELECTION 

 Cobra Head Streetlights 

The vast majority (99 percent) of County-owned streetlights are “cobra head” style streetlights.  
All the streetlights considered during the demonstration project (Section 2.1.1) were cobra head 
style streetlights.  This section discusses the LED product selected to replace the cobra head style 
HPS streetlight throughout the County of Maui. 

In considering which light fixture to use for the Maui Streetlight Conversion Project, DPW 
considered a broad range of criteria including: (i) compliance with MC §15-201 (Appendix A); 
(ii) applicable health and human safety guidance, including AASHTO recommendations; (iii) the 
performance characteristics observed via the demonstration project (Section 2.1.1.2); and (iv) 
stakeholder satisfaction rankings obtained during the demonstration project (Section 2.1.1.3).  The 
GE 2700K LED fixture was able to successfully meet all of these criteria, including being the 
highest rated by stakeholder participants in the demonstration project.  Therefore, GE’s Evolve® 
Roadway Lighting Single LED Module (ERL1) cobra head model series with a 2700K rating was 
selected as the fixture of choice for the Maui Streetlight Conversion Project.   

The models available in GE’s ERL1 series have been altered since the demonstration project was 
conducted in 2016.  Therefore, the wattages and certain other values associated with the models 
available in the ERL1 series today and those used in the demonstration project are different.6  The 
ERL1 2700K model series continues to provide the same CCT, CRI, and S/P ratio as the model 
tested during the demonstration project; the differences involve the lumens the different models 

 
6 The GE 2700K LED used in the 2016 Demonstration Project (Section 2.1.1) was rated by GE as 67 watts, which is consist with 

model ERL1-0-09 available in 2022. 
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produce and the watts required to produce their light output.  The 2022 model details are provided 
in Appendix C. 

Various wattages of HPS streetlight fixtures are present in the County of Maui.  Roughly 88 
percent of the approximately 4,900 HPS streetlights are 150W with the remainder being nearly 
evenly split between 100W and 250W.  The County proposes to use the GE ERL1 2700K model 
series to replace the HPS fixtures as summarized in Table 2.6.  The LED model utilized in the 
conversion project would be dependent on the roadway type, not the wattage of the HPS it replaces.  
This approach will better align the streetlights with AASHTO lighting guidance.  The ERL1-0-06 
model will be utilized to replace roughly 90 percent of the HPS fixtures, regardless of the HPS 
wattage, because the majority of the County-owned streetlights are on local residential roads and 
minor collectors.  The remainder of the streetlights, which are on major collector roads, will be 
converted using ERL1-0-09 model fixtures. 

Table 2.6: Summary of GE ERL1 Cobra Head LED Models Selected 

Roadway Type 
Existing HPS 
Wattage (W) 

HPS Estimated 
Initial Lumen 

Rating 

GE 2700K LED 
Model and 

Normal 
Operation 

LED 
Manufacturer’s 
Initial Lumen 
Rating when 

Operated at 100% 
Local residential 
roads and minor 
collector roads 

100 and 150 9,500 and 16,000, 
respectively 

ERL1-0-06 operated 
at 100% lighting or 

0% dimmed 

5,700 

Major collector 
roads 

150 and 250 16,000 and 28,000, 
respectively 

ERL1-0-09 operated 
at 100% lighting or 

0% dimmed 

8,000 

Note:  This table presents the “normal” operation of the selected streetlights.  Section 2.1.5 outlines conditions and times during which the 
streetlights will be operated differently or alternative streetlight models may be selected. 

Source:  GE and County of Maui. 

As summarized in Table 2.6, the lumen rating of the selected LED models is substantially lower 
than the lumen ratings of the HPS fixtures they will replace.  It is possible to use an LED that 
produces fewer lumens and still meets AASHTO guidelines because the LED lights produce a 
better quality of light, with a higher S/P ratio and CRI than an HPS light (Table 2.3).  During the 
demonstration project, the County found that the ERL1 2700K model tested met AASHTO 
lighting guidelines even when dimmed 50 percent. 

The ERL1 models available from GE may continue to evolve over the coming years as new 
technology is integrated.  The County of Maui may also choose to utilize streetlights from a 
different manufacturer in the future.  Should this occur, the County of Maui will continue to select 
LED models (i) that are fully shielded; (ii) that have a CCT of 2700K, or lower; (iii) whose lumen 
rating and other qualities are sufficient to meet AASHTO guidelines; and (iv) that comply with the 
County of Maui administrative rules governing at the time. 

Table 2.7 summarizes the selected GE ERL1 LED vis-a-vie the County of Maui code.  The existing 
HPS lights are included in the table for reference and comparison purposes. 
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Table 2.7 Comparison of Proposed GE ERL1 Cobra Head LED Fixtures to the County of 
Maui Lamp and Luminaire Standards 

Attribute 

Street Lighting 
Standards (MC §15-

201-6 and -7) 

Existing High-
Pressure Sodium 

(HPS) 
Proposed Light-

Emitting Diode (LED) 
Correlated color 

temperature (CCT) in 
degrees Kelvin (K) 

<3000 2100 2700 

Scotopic to Photopic 
(S/P) Output Ratio 

<1.2 0.6 1.09 

Blue Light Power Content Less than the 
corresponding power 

content for HPS 

100W bulb = 10W ERL1-0-06 2700K (46W) 
= 8.1W 

150W bulb = 15W ERL1-0-06 2700K (46W) 
= 8.1W 

Or, rarely, ERL1-0-09 
(68W) = 12W 

250W bulb = 25W ERL1-0-09 (68W) = 12W 
Adaptive controls to 

allow dimming 
Required Not available Included 

Maximum allowable 
wattage in rural and 

agricultural areas 

100W HPS (or equivalent 
LED wattage) 

100W or 150W 46W 

Maximum allowable 
wattage in urban areas 
and at major and minor 

collector road 
intersections in rural and 

agricultural areas 

150W HPS (or equivalent 
LED wattage) 

150W or 250W 46W 
Or, rarely (on major 

collectors only), 68W 

Maximum allowable 
wattage at major and 
minor collector road 
intersections in urban 

areas 

250W HPS (or equivalent 
LED wattage) 

250W 68W 

Shielding Fully shielded Fully shielded Fully shielded 
(can be fitted with 
additional shields) 

Note: MC §15-201-5 indicates that “Blue light power content” means the International Dark Sky Association's (IDA) definition of blue light 
content or the sum of energy between 405-530nm divided by the sum of energy from 380-730nm times the total power 
output in watts.  The blue light power content for HPS is 10w for 100w HPS bulb, 15w for a 150w HPS bulb, and 25w for 
a 250w HPS bulb. 

Source: Compiled by PSI from MC §15-201-6 and -7; GE Current 

 Decorative Streetlights 

Decorative streetlights owned by the County are present within the Lahaina Historic District.  
There are a total of 62 decorative streetlights in this area.  The County’s considerations of which 
light fixture to use for the Maui Streetlight Conversion Project in this application are similar to 
those for cobra head streetlights with the additional elements of (i) retaining an appropriately 
traditional, decorative style of streetlight in the historic district; (ii) providing superior illumination 
commensurate with the dense multi-modal mix of use and police presence that occurs throughout 
the night hours in this district; and (iii) recognizing that artificial light is ubiquitous in the historic 
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district and that during most hours the County-owned streetlights likely make up a smaller portion 
of total artificial light than in other areas.  For the purposes of efficient procurement and 
maintenance, the County would also like to use a product from the same supplier and manufacturer 
that provides the selected LED cobra head streetlight.   

The LED streetlight that best addresses these considerations has been determined to be GE’s 
Evolve® Post Top Salem® Traditional (EPST) model series.  The existing HPS, which are 150W 
fixtures, will be removed and replaced with the EPST LED model on a one-for-one basis.  
Specifically, the EPST model that will be used is the one rated by GE to have a voltage of 120-
277v, an output of roughly 7,500 lumen, generate an asymmetric (Type III) distribution of light, 
and have a CCT of 3000K.  This specific model is rated by GE to have a typical system wattage 
of 74W.  The CCT value was selected because it is the lowest CCT value available in this model 
series; should a lower CCT model become available in the future that complies with MC §15-201, 
the County will transition to that color.  The asymmetric (Type III) distribution was selected 
because it directs the bulk of the light toward the sidewalk and roadway instead of the storefronts 
or ocean behind them. 

Table 2.8 summarizes the selected GE EPST LED vis-à-vis the County of Maui code.  The existing 
HPS lights are included in the table for reference and comparison purposes. 

Table 2.8 Comparison of Proposed GE EPST LED Fixture to the County of Maui Lamp 
and Luminaire Standards 

Attribute 

Street Lighting 
Standards (MC §15-

201-6 and -7) 

Existing High-
Pressure Sodium 

(HPS) 
Proposed Light-

Emitting Diode (LED) 
Correlated color 

temperature (CCT) in 
degrees Kelvin (K) 

<3000 2100 3000 

Scotopic to Photopic 
(S/P) Output Ratio 

<1.2 0.6 1.2 (est.) 

Blue Light Power Content Less than the 
corresponding power 

content for HPS 

150W bulb = 15W EPST-0-07 (65W) = 
14.3W (est.) 

Adaptive controls to 
allow dimming 

Required Not available Included 

Maximum allowable 
wattage in urban areas 
and at major and minor 

collector road 
intersections in rural and 

agricultural areas 

150W HPS (or equivalent 
LED wattage) 

150W 65W 

Shielding Fully shielded Fully shielded Fully shielded 
Note: MC §15-201-5 indicates that “Blue light power content” means the International Dark Sky Association's (IDA) definition of blue light 

content or the sum of energy between 405-530nm divided by the sum of energy from 380-730nm times the total power 
output in watts.  The blue light power content for HPS is 10w for 100w HPS bulb, 15w for a 150w HPS bulb, and 25w for 
a 250w HPS bulb. 

Source: Compiled by PSI from MC §15-201-6 and -7; GE Current. 
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2.1.3 REPLACEMENT PROCESS 

The Maui County Streetlight Conversion Project involves the in-kind replacement of all HPS 
streetlight fixtures with new LED fixtures.  All work will occur on the existing poles where the 
streetlights are installed; the project will not involve trenching, excavation, installation of new 
utility poles, or replacement of existing utility poles.7  The streetlight replacement activities will 
typically involve the following at each streetlight location: 

1. Disconnect power from the streetlights to be replaced. 
2. Establish a safe work area on the roadway shoulder. 
3. Assess the condition of the pole on which the streetlight fixture is mounted. 
4. Using a boom truck, access the existing HPS streetlight fixture, confirm its wattage, 

and remove it. 
5. Using a boom truck, install the appropriate new LED streetlight fixture (Table 2.6). 
6. Install components necessary for the wireless adaptive control system. 
7. Collect GPS coordinates for the streetlight. 
8. Demobilize from the site. 
9. Restore power to the streetlights. 

Wastes generated by the process will be properly recycled or disposed of in compliance with all 
federal, state, and local regulations.  Wastes that will require special processing include the HPS 
bulbs, which contain mercury, and the HPS ballast. 

2.1.4 CONVERSION COMPLETED TO DATE 

The proposed action, as characterized in Section 2.1 of this report, was initially declared subject 
to an exemption from the HRS Chapter 343 (Section 1.4).  Consequently, Hawaiian Electric (then 
operating as Maui Electric Co., Inc.) began implementing the Maui County Streetlight Conversion 
Project on November 13, 2018.  Following the filing of a legal challenge to the appropriateness of 
the HRS Chapter 343 exemption declaration for the Maui County Streetlight Conversion Project, 
DPW voluntarily paused work in February 2019, and agreed to prepare an EA to evaluate the 
potential effects of the proposed action on the natural and human environment.   

Prior to pausing work on the Maui County Streetlight Conversion Project, DPW and Hawaiian 
Electric had completed conversion of a portion of Phase 1 (Table 2.1); approximately 1,021 
fixtures were replaced prior to pausing the work, which is roughly 54 percent of the Phase 1 
streetlights.   

2.1.5 IMPLEMENTATION OF ADAPTIVE LIGHTING 

The Maui County Streetlight Conversion Project includes the implementation of several integral 
adaptive lighting measures as part of the proposed action.  The County of Maui will implement 

 
7 If during the streetlight replacement process, existing poles are found to be damaged or degraded, then they will be replaced as 

part of a separate maintenance action prior to installation of the new LED streetlight fixture(s).   
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the measures outlined in this section during the conversion project and then during operation of 
the system for the foreseeable future. 

 Streetlight Dimming 

The entire streetlight system will be dimmed 20 percent during the seabird fledging season, from 
September 15 through December 15, with the exception of areas with relatively high and consistent 
pedestrian volume throughout the night (e.g., hospitals and other service facilities).8   

Additional site-specific dimming may be implemented as outlined in Sections 2.1.5.2 and 2.1.5.3 
and the County may choose to dim portions of the streetlight system during certain times of the 
night for other reasons, including cost savings, as needs are assessed and guidelines are modified. 

When it comes to dimming streetlights, the Federal Highway Administration (FHWA) publication 
No. FHWA HRT-14-050, titled Guidelines for the Implementation of Reduced Lighting on 
Roadways (FHWA, 2014), provides guidance and suggestions.  The guidelines identify several 
factors to consider when designing and implementing adaptive lighting, including: (i) posted speed 
limit, (ii) traffic volume, (iii) traffic composition, (iv) presence of medians, (v) presence of bike 
lanes, (vi) presence of sidewalks and/or potential for pedestrian conflicts, (vii) intersection density, 
(viii) presence of parked vehicles, (ix) the presence of other lights in the area, and (x) roadway 
geometry.  These and other guidelines will be considered as the County implements the dimming 
specified in this document and develops additional dimming protocols in the future. 

 Complaint or Event Driven Street Lighting Assessments 

Throughout the County of Maui, complaint or event driven street lighting assessments will 
continue to be conducted.  The County is periodically contacted by community members with 
requests or concerns related to streetlights.  When this occurs, the County will respond 
appropriately.  In addition, should an event occur where wildlife is documented to be adversely 
affected by artificial lighting, wildlife agencies and specialists will be consulted and a street 
lighting assessment of the area conducted as soon as feasible.  The assessments will consider 
several adaptations to the streetlights in areas where complaints or events are reported.  Those 
adaptations that will be considered include: 

• Shielding.  MC §15-201 requires, and the selected model (i.e., GE ERL1 streetlight) is, 
fully-shielded.  Additional shields, including “house side,” “street side,” and “side 
shields,” can be added to most modern streetlight fixtures to reduce light trespass, 
including the selected GE ERL1 model, without adversely affecting their performance. 

• Redistributing/dimming/eliminating.  If streetlights are found to be too near each other 
or other artificial light sources, creating an area of artificial light that substantially 
exceeds applicable guidelines, the County may consider redistributing its streetlights 
along the roadway, dimming select streetlights, or eliminating individual streetlights to 
more evenly illuminate the roadway. 

 
8 As the streetlight control system is learned and improved, modifications to dimming protocols during the seabird fledging season 

may adapt, including programming that allows for various levels of dimming in coordination with the phase of the moon.  In 
addition, the seabird fledging season period may change over time and will be based on USFWS and/or DLNR definitions of the 
core fledging season on Maui. 
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• Adjusting height.  To address a complaint, the height of the fixture may be adjusted up 
or down, depending on the site conditions; if they are adjusted down, then it may be 
appropriate to dim them to account for a more concentrated light at street level.  In the 
case of wildlife interactions, advantageous height adjustments would likely be 
restricted to increasing the height of the fixture in order to reduce the concentration of 
light reflecting off the ground surface into the sky.9 

 Street Lighting Assessments in Vicinity of Shoreline 

The County of Maui understands that the shoreline is where there is greater potential for artificial 
lights to adversely affect wildlife, including sea turtles and seabirds.  At the same time, adequate 
street lighting along coastal County-owned roads is important for human safety, and a topic of 
community interest, particularly in the vicinity of coastal parks and access points.  Therefore, 
during the proposed conversion project and thereafter, the County of Maui will proactively conduct 
assessments of street lighting in the vicinity of the shoreline.  This effort will focus on areas where 
streetlights are present within 500 feet of a sandy shoreline but include all areas where streetlights 
are present within 500 feet of the shoreline of any kind.  Sandy shorelines will be prioritized 
because they are areas where threatened and endangered sea turtle species may nest; other 
shoreline areas are included because seabirds protected by the Migratory Bird Treaty Act (MBTA) 
are known to nest along rocky shorelines. 

The County of Maui will develop a shoreline street lighting assessment protocol that shall include 
viewing and assessing County-owned streetlights from: (i) the water line; (ii) the highest extent of 
sandy beach; (iii) physical obstacles, such as walls, near the beach; and (iv) areas within the County 
ROW that are frequented by pedestrians, bicycles, and other modes of transportation.  These 
assessments will be made from both a human viewpoint (e.g., standing or sitting) and a wildlife 
viewpoint (e.g., eye level very near the ground).  The assessment would address DLNR’s 
Guidelines for Adjusting Lighting at Facilities in the Kaua‘i Seabird Habitat Conservation Plan 
(KSHCP; currently available in Appendix E of the Draft KSHCP dated August 2019) and USFWS’ 
suggestions in their scoping response letter (Appendix D). 

There are roughly 280 County-owned streetlights within 500 feet of the shoreline (Figure 2.3 and 
Figure 2.4).  All of them will be assessed within two years of restarting the proposed conversion 
project.  Should an event occur where wildlife is documented to be adversely affected by artificial 
lighting, wildlife agencies and specialists will be consulted and a street lighting assessment of the 
area conducted as soon as feasible. 

 
9 The USFWS scoping letter response suggests that to minimize impacts to threatened and endangered species, the streetlight 

fixtures should be positioned “as low to the ground as possible to reduce ambient lighting.” 
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Figure 2.3 County-owned Streetlights within 500 feet of the Shoreline on Maui Island 

 
Source:  PSI. 

The assessments will consider several adaptations to the streetlights in the vicinity of the 
shorelines.  Those adaptations will include: 

• Shielding.  MC §15-201 requires and the selected GE ERL1 streetlights are fully 
shielded.  Additional shields, including “house side,” “street side,” and “side shields,” 
can be added to most modern streetlight fixtures to reduce light trespass and lateral 
visibility, including the ERL1 model, without adversely affecting their performance. 

• Relocating.  For example, if the streetlight is mounted on the makai side of a roadway, 
the County may consider moving it to the mauka side of the road, if existing 
infrastructure makes this feasible, so that it continues to adequately light the roadway 
but is further from the beach.   

• Redistributing/deactivating.  If it is observed that streetlights are too close to each other 
or other artificial light sources, creating an area of artificial light that substantially 
exceeds applicable guidelines, the County may consider redistributing its streetlights 
or eliminating individual streetlights to more evenly illuminate the roadway. 
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Figure 2.4 County-owned Streetlights within 500 feet of the Shoreline on Moloka‘i Island 

 
Source:  PSI. 

• Adjusting height.  The height of the fixture could be adjusted up or down, depending 
on the site conditions.  Height adjustments may be deemed appropriate to (i) take 
advantage of intervening topography, structures, or vegetation in the area that could 
better shield the light when viewed from the shoreline; or (ii) move the light source out 
of the normal view plane of a sea turtle, which is normally achieved by increasing the 
height of the fixture so that is above a 30 degree vertical view plane from the beach. 

• Dimming.  Dimming of individual or groups of streetlights near the shoreline may be 
considered, particularly near known sea turtle nesting beaches during the sea turtle 
nesting and hatching period from May 15 through December 15.10 

• Utilizing alternative model.  In special cases, where other measures are deemed 
insufficient or ineffectual, the County will consider purchasing and installing an 
alternative model of streetlight fixture that only produces light wavelengths of 560 
nanometers (nm) or longer.11 

 
10 This period may change over time and will be based on USFWS and/or DLNR definitions of the core sea turtle nesting and 

hatching season in the County of Maui. 

11 This potential adaptation addresses the 13th item of the Draft KSHCP’s Guidelines for Adjusting Lighting at Facilities (Table 
3.4) and the recommendation in the USFWS scoping response letter (Appendix D) that DPW “Use only bulbs with wavelength 
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 PRELIMINARY SCHEDULE FOR THE PROPOSED ACTION 

The major proposed action tasks, and their preliminary schedule for completion, are presented in 
Table 2.9 below.   

Table 2.9 Preliminary Schedule for the Proposed Action 

Task 
Estimated Start 

Date 
Estimated 

Completion Date 
Pre-Assessment Scoping 8/20/2019 9/20/2019 

Draft Environmental Assessment 6/10/2021 Summer 2022 
Final Environmental Assessment Summer 2022 Fall 2022 

Other Permitting, Construction Bidding, and Contractor Selection Winter 2023 Winter 2023 
Convert Remainder of Phase 1 Streetlights Spring 2023 Spring 2023 

Convert Phase 2 Streetlights Summer 2023 Summer 2024 
Complaint or Event Driven Street Lighting Assessments  

(Section 2.1.5.2) 
As needed 

Street Lighting Assessments in Vicinity of Shoreline  
(Section 2.1.5.3) 

Fall 2023 Fall 2025 

Source:  PSI and Maui County 

 ANTICIPATED ACTION BUDGET 

In 2018 the proposed action was anticipated to cost approximately $4 million.  Roughly half of 
that cost has been incurred through the implementation of the majority of Phase 1 (Section 2.1.4) 
in 2018 and 2019.  The cost to implement the remainder of the of the proposed action in 2023 and 
2024 will likely be greater than the cost estimated in 2018. 

 ALTERNATIVES 

2.4.1 FRAMEWORK FOR THE CONSIDERATION OF ALTERNATIVES 

Title 11, Chapter 200.1, HAR contains the HDOH implementing regulations for environmental 
reviews, pursuant to HRS, Chapter 343.  HAR §11-200.1-8 deals with agency actions such as the 
Maui County Streetlight Conversion Project.  It requires that, for actions not exempt (see Section 
1.2), the agency must consider the environmental factors and available alternatives, and disclose 
those in an EA or Environmental Impact Statement (EIS).  HAR §11-200.1-18 establishes the 
process for the preparation and content of an EA.  Among the requirements listed, HAR §11-200.1-
18(d)(7) requires the identification and analysis of impacts of alternatives considered during the 
project planning.   

In accordance with these requirements, the County of Maui considered a number of alternatives 
before determining that the proposed action described in Section 2.1 is its preferred alternative, 
allowing it to meet its purpose and need as defined in Sections 1.1 and 1.2.  As can be seen from 
that discussion, the County of Maui’s purpose is to comply with its Street Lighting Standards in 

 
of 560 nm or greater (such as LED light bulbs with red, orange, or amber colored diodes; low pressure sodium, red or orange 
internally phosphor-LED fluorescent tubes) in any areas that are near ocean-side shorelines or otherwise contribute to ambient 
lighting that can be seen from the shoreline.”  This guideline/recommendation is primarily aimed at reducing potential effects 
on sea turtles. 
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the County of Maui, contained in MC §15-201 (Appendix A).  To determine the technology that 
would best meet the purpose and intent of these standards, DPW employed the demonstration 
project described in Section 2.1.1, carefully selecting and vetting potential light sources against a 
wide set of criteria, both statutory and industrial (e.g., AASHTO, FCC).  Because these standards 
are statutory requirements which are by their nature binding, DPW has determined that all 
alternatives which are included for consideration in this EA be capable of meeting them before 
they are eligible for full analysis.  However, readers should note that one fixture, the C&W 3200K, 
was included in the 2016 demonstration project but does not meet the latest street lighting 
standards, promulgated in 2018.   

2.4.2 ALTERNATIVES FOR DETAILED CONSIDERATION 

Based on their experience with both the functionality and public response to the technologies 
incorporated into the demonstration project, DPW identified the alternatives characterized in the 
following subsections as meriting full analysis in this EA.   

 Proposed Action 

The “Proposed Action” alternative consists of implementation of the Maui County Streetlight 
Conversion Project, as described in Section 2.1.  DPW’s planning team, via data collected during 
the demonstration project described in Section 2.1.1, has concluded that converting the existing 
stock of cobra head streetlights throughout Maui, Molokaʻi, and Lānaʻi from 2100K HPS fixtures 
to GE 2700K LED fixtures and the small number of decorative streetlights in Lahaina from 2100K 
HPS fixtures to GE 3000K LED fixtures will best address the purpose and need for the project, as 
defined in Sections 1.1and 1.2, including meeting all of the lamp and luminaire standards described 
in MC §15-201-6 and -7 (Table 2.7).  For these reasons, DPW considers this alternative to 
represent the preferred course of action.   

The Proposed Action includes implementation of the adaptive lighting discussed in Section 2.1.5.  
Adaptive lighting is discussed as being an avoidance and minimization measure related to certain 
topics discussed in Chapter 3. 

 No Action 

Under the “No Action” alternative no additional streetlight conversion would occur.  No further 
effort would be made, such as conversion of existing HPS fixtures to LED, or removing those LED 
fixtures which have already been deployed, as discussed in Section 2.1.4.  As existing LED fixtures 
expire, they would be replaced by LED fixtures until the County’s stock of LED fixtures is 
consumed, after which time the LED fixtures would be replaced by HPS fixtures.   

The No Action alternative addresses neither the purpose nor the need for the proposed action.  It 
is considered here pursuant to the content recommendations for EAs contained in HRS Chapter 
343, and to provide a baseline for comparison and contrast with the action alternative.   

2.4.3 ALTERNATIVES CONSIDERED BUT REJECTED 

Pursuant to HAR §11-200.1-24(g)(h), and prior to determining that an EA was the appropriate 
level of environmental review, DPW contemplated a variety of reasonable alternatives, searching 
for ways to address the purpose and need in Sections 1.1 and 1.2, respectfully.  This process 
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included consideration of alternatives of a significantly different nature, including alternative 
designs and/or details that might present different environmental impacts, both positive and 
negative, and alternative locations for the proposed action.  Ultimately, however, these alternatives 
were screened and eliminated from further consideration because they were not able to fully meet 
the purpose and need or where not substantially different from the Proposed Action (Section 
2.4.2.1) or No Action (Section 2.4.2.2) alternatives.  The following subsections provide a brief 
discussion of these alternatives, which are not considered further in this report.   

 Alternative Scale or Location 

An alternative scale project would consist of implementation of the same action at a smaller or 
larger scale.  In this instance, the scale of the project is countywide and cannot be increased in 
scope beyond the jurisdiction of the County of Maui.  Similarly, because the proposed action is 
needed to meet the statutory requirements of the County of Maui’s streetlight standards contained 
in MC §15-201, which applies throughout the County, reducing the scale of the proposed action 
would result in failure to comply with this legal requirement and, as such, is not a practicable 
alternative.  Because the scale and location of the County’s roadways are not subject to 
modification, and due to the need to provide illumination along the ROWs, the County of Maui 
has determined that an alternative scale or location for the proposed action would not adequately 
address the purpose and need for the proposed action as described in Sections 1.1 and 1.2.   

 Alternative Timing 

As discussed in Section 2.1.4, some streetlights have already been converted.  Thus, the Maui 
County Streetlight Conversion Project, as characterized in Section 2.1 is, in effect, already a 
delayed action and DPW cannot further delay the conversion of increasingly aged HPS streetlights 
and remain in compliance with applicable laws, regulations, and standards.  Thus, DPW has 
concluded that an alternative timing, further delaying project implementation, is not a valid 
alternative and does not merit further consideration.   

 Continued Use of HPS Streetlights 

At the request of EarthJustice and the parties they represent, DPW has considered whether it is 
possible to immediately revert to the use of HPS fixture streetlights throughout Maui, Molokaʻi, 
and Lānaʻi.  Under this scenario, the 1,021 fixtures which have already been converted to LED 
would be removed prior to their expiration, and restored to their prior HPS configuration, thus 
distinguishing it from the No Action alternative described in Section 2.4.2.2, and no further 
conversions to LED streetlights would occur.   

Although this potential alternative can be distinguished from the No Action alternative, both this 
potential alternative and the No Action alternative would result in the same long-term condition – 
the entire County of Maui street lighting system consisting of only HPS.  Therefore, this potential 
alternative is not substantially different from the No Action alternative and does not need to be 
considered in detail.  Furthermore, like the No Action alternative, it addresses neither the purpose 
nor the need.   

In addition to the considerations outlined above, GE no longer manufactures HPS streetlights.  
Other companies may continue to manufacturers HPS but their products may not be compatible 
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with the County’s streetlight infrastructure, which is configured for GE products.  Modifying the 
streetlight infrastructure to be compatible with a new HPS product would increase the County’s 
streetlighting costs.  HPS obtained from other manufacturers may have slightly different color and 
light distribution characteristics than the GE HPS fixtures, changing people’s perception of them 
and potentially increasing costs.  Lastly, the reduction in competition within the HPS market as 
this product nears obsolescence is likely to increase material cost without an accompanying energy 
savings. 

 Filtering Selected Streetlights 

Another alternative course of action which the County of Maui considered at the request of litigants 
was the possibility of adding an additional filter to the GE 2700K LED fixtures to reduce the 
quantity of blue light they emit.  However, county-wide implementation of this course of action 
has been determined not to be supported by scientific evidence.  Further, adding a filter to the LED 
streetlights would be considered by GE to be an alteration of the product; such an alternation would 
void the limited warranty provided by GE.  The County and Hawaiian Electric rely on the 
manufacturer’s warranted to control costs and manage liability.  The County is unwilling to void 
the warranty; therefore, this alternative is not considered in detail.  

 Use of Different LED Streetlights 

A final alternative which DPW has evaluated consisted of employing an alternative LED fixture 
in place of the GE 2700K LED fixtures selected by the County.  Some stakeholders believe that 
certain alternative LED fixtures, such as those with a lower blue light content, may better avoid or 
minimize the potential for County streetlights to impact protected wildlife.  However, DPW has 
evaluated this possibility and determined that it is not a viable course of action for reasons bulleted 
below.   

• A lower blue light content alternative would not provide better shielding than the 
Proposed Action, as required by existing and proposed lighting standards. 

• The availability of low blue light content streetlights that reliably provides the adaptive 
controls called for in MC §15-201-5 is unknown because none of the fixtures tested in 
the demonstration project had a blue light content lower than 5.8 percent and none of 
the major manufacturers of cobra head streetlights offer models that produce less than 
2 percent blue light. 

• The potential wildlife impacts associated with an alternative that exclusively utilized a 
fixture that produces light with a low blue light content (e.g., less than 2 percent) would 
likely be similar to the impacts associated with the Proposed Action.  This is partially 
because (i) there is no evidence that seabird light attraction would be dramatically 
reduced using a low blue light content fixture that generated sufficient light to meet 
applicable human safety guidelines; and (ii) the Proposed Action includes the adaptive 
lighting outlined in Section 2.1.5, which could include the use of low blue light content 
fixtures in certain shoreline situations, as discussed in Section 2.1.5.3.   

• The lessons learned from the demonstration project include that residents and agency 
representatives prefer streetlights that have a blue light content in excess of 15 percent, 
a S/P ratio greater than 1.05, and a CRI above 70 (Section 2.1.1.3).  An LED or other 
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type of fixture having a blue light content of less than 2 percent would likely have a 
S/P ratio of less than 0.8 and a CRI of less than 50.  The public and safety agencies 
would find a low blue light content alternative unappealing and  potentially detrimental 
to their safety. 

• The County of Maui Police Department indicated in their scoping letter (Appendix D), 
that LED lighting is recommended in Crime Prevention Through Environmental 
Design practices due to the fact that LEDs allow colors and objects to be more visible 
and appear sharper.  These benefits are only realized when the LED utilized produces 
a broad spectrum of light  A low blue light content alternative would not produce a 
broad spectrum of light and, therefore, would not allow colors and objects to be more 
visible and appear sharper than they do when illuminated by HPS.  A low blue light 
content alternative would be inconsistent with Crime Prevention Through 
Environmental Design practices. 



Draft Environmental Assessment  Maui County Streetlight Conversion Project 
 Existing Environment and Potential Impacts 

 Page 3-25 

Chapter 3:  EXISTING ENVIRONMENT, POTENTIAL 
IMPACTS, AND MITIGATION 

This chapter describes the potential environmental effects of the Maui County Streetlight 
Conversion Project and its alternatives, as described in Chapter 2.  This chapter is organized by 
resource category (e.g., water quality, air quality, noise, etc.).  The discussion under each topic 
includes: (i) an overview of existing conditions on the project site; (ii) the potential environmental 
impacts that may occur as a result of implementation of one or more of the alternatives considered 
in this EA; and, where appropriate (iii) any measures that the County will take to avoid, minimize, 
or mitigate potential adverse effects.  The scale of the discussion and analysis is commensurate 
with the potential for impacts.  Where appropriate, the larger environmental context (e.g., all of 
Maui County) is discussed, and in other cases the focus is narrower.  The discussion of impacts 
also distinguishes between short-term impacts (e.g., those occurring when equipment and 
personnel are actively implementing the streetlight conversion) and those that may result over the 
long-term as a result of the Maui County Streetlight Conversion Project.   

The resource topics covered in this Chapter are divided into the following categories: 
1. Resources that do not have the potential to be measurably or significantly affected by 

Proposed Action or the No Action alternative.  They are briefly summarized in Section 
3.1. 

2. Resource that have the potential to be measurably or significantly affected by the 
Proposed Action or No Action alternative.  These topics are discussed in detail in 
Section 3.2 through 3.4.  In those sections the existing conditions of each resource is 
characterized, followed by a discussion of the potential impacts, and their mechanisms, 
that may result from the alternatives.  Where potential for impacts is assessed, it is 
followed by a discussion of measures to avoid, minimize, or mitigate them.   

3. Cumulative impacts are discussed in Section 3.5. 

 RESOURCE TOPICS EXCLUDED FROM DETAILED ANALYSIS 

The resource topics in this section are those that do not have the potential to be affected by 
Proposed Action or the No Action alternatives.  They are briefly summarized here in the interest 
of completeness and to provide context for readers, but there is no attendant discussion of impacts 
because none of the activities considered as part of the Maui County Streetlight Conversion Project 
have the potential to significantly affect them.   

3.1.1 AIR QUALITY 

As required by the Clean Air Act, each state is required to provide a framework for regulating air 
quality and to develop plans to attain and maintain the National Ambient Air Quality Standards.  
The HDOH Clean Air Branch has adopted State Ambient Air Quality Standards that apply within 
the State of Hawaiʻi, which in some cases are more stringent than national standards.  Air quality 
in the County of Maui is generally characterized as excellent, and is classified as being in 
attainment with regard to both National and State standards.  Aside from minor emissions from 
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Hawaiian Electric vehicles/equipment during the conversion process and subsequent maintenance 
of the streetlighting system, neither of the alternatives will affect air quality.   

3.1.2 HISTORIC RESOURCES 

The scope of activities associated with the Proposed Action and the No Action alternatives is 
limited to converting and/or replacing the streetlight fixtures on existing utility poles located in 
heavily modified County of Maui roadway ROWs.  No grubbing, grading, tunneling, trenching, 
mining, extraction, or any other kind of earthwork will be done.  Therefore, no impacts to 
archaeological or historic resources are anticipated.   

3.1.3 CULTURAL RESOURCES AND PRACTICES 

The Guidelines for Assessing Cultural Impacts, adopted by the Environmental Council of the State 
of Hawaiʻi on November 19, 1997, identify several possible types of cultural practices and beliefs 
that are subject to assessment.  These include subsistence, commercial, residential, agricultural, 
access-related, recreational, and religious and spiritual customs.  The guidelines also identify the 
types of potential cultural resources, associated with cultural practices and beliefs, that are subject 
to assessment.  Essentially, these are natural features of the landscape and historic sites, including 
traditional cultural properties.  None of these features, sites, properties, or practices, if present 
within the County roadway ROW, will be significantly affected by the Proposed Action and No 
Action alternatives because they are limited to short durations of daytime work to convert and/or 
replace the streetlight fixtures on existing utility poles using methods similar to those employed 
for many years to maintain the existing streetlighting system.   

3.1.4 CLIMATE 

The windward, or north through northeast-facing sections if the Hawaiian Islands, including Maui, 
Molokaʻi, and Lānaʻi, generally have a consistent year-round supply of trade winds that bring 
frequent, brief rain showers.  The wetter period of the year in windward areas depends on the 
individual island and the elevation, but generally occurs in the months of spring.  The highest 
peaks, such as Haleakala on Maui, can receive several inches of snowfall.  Conversely, the leeward 
sides of the island(s), which are the southwest through southeast sides of the islands, are more arid.  
Parts of the islands are extremely dry; some southwest locations receive less than 12 inches of 
rainfall per year and support only desert-adapted vegetation.  In general, the wetter season is winter 
and the dryer season is summer.  The Proposed Action and No Action alternatives do not involve 
any tasks which could affect the regional climate or area-specific microclimates.   

3.1.5 GEOLOGY, TOPOGRAPHY, AND SOILS 

Like the other Hawaiian Islands, Maui, Molokaʻi, and Lānaʻi were formed by magma that erupted 
from a submarine hotspot on the earth’s crust.  The islands consist of shield volcanoes that have 
become deeply eroded and partially veneered by much later volcanic activity.  Because the 
Proposed Action and No Action alternatives do not involve any grubbing, grading, tunneling, 
trenching, mining, extraction, or any other kind of earthwork, there is no potential for them to 
adversely impact the existing geology, topography, or soils.   
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3.1.6 HYDROLOGY, GROUNDWATER, AND SURFACE WATER 

All of the Hawaiian Islands, including Maui, Molokaʻi, and Lānaʻi, are a chain of volcanic islands 
in the Pacific Ocean.  The hydrology of each island is a product of their respective climate and 
geomorphology.  Each of these islands has ground water available in some locations depending on 
the age and the geologic structure of the island.  Surface water resources are affected by the size 
of the drainage basin, the groundcover present, and the types of land use(s) present in adjacent 
areas, which can affect the amount of runoff generated.   

Neither the Proposed Action nor No Action alternative involve any activities which would: (i) 
make a withdrawal from any aquifer; (ii) make any contribution to any aquifer; (iii) alter any 
surface waterbody; (iv) make any discharge into any surface waterbody; (v) change the size of a 
drainage basin; (vi) change the groundcover present; or (vii) change the land uses on the islands.  
Therefore, they will not significantly impact hydrology.   

3.1.7 NATURAL HAZARDS AND CLIMATE CHANGE 

None of the activities related to the Proposed Action and No Action alternatives would contribute 
to the prevalence of, or vulnerability to: (i) fire; (ii) earthquakes; (iii) geological hazards; (iv) 
floods; (v) tsunami inundation; or (vi) hurricanes or tropical storms.  In addition, the Maui County 
Streetlight Conversion Project will not contribute to climate change or sea level rise, nor will it 
make the County of Maui more susceptible to impacts related to these processes.  To the extent 
that climate change is related to greenhouse gas emissions, the switch from HPS to more efficient 
LED streetlights will reduce the emissions of greenhouse gases associated with producing energy 
to light the County’s roadways.   

3.1.8 NOISE 

Hawaiʻi Administrative Rules, Title 11, Chapter 46, Section 4 (HAR, §11-46-4) defines the 
maximum permissible community sound levels in A-weighted decibels (dBA).  These limits differ 
according to the kind of land uses that are involved, as defined by zoning district, and time of day 
(i.e., daytime or nighttime).  The maximum permissible sound levels specified in HAR, §11-46-
4(b) apply to any excessive noise source emanating from within the specified zoning district, as 
measured at or beyond the property line the noise is emanating from.  However, mobile sources, 
such as the construction equipment and/or motor vehicles that will be used to conduct the 
streetlight conversions and maintenance per the Proposed Action and No Action alternatives, are 
not governed by these noise limits.  Instead, construction noise levels above the limits in HAR, 
§11-46-4 are regulated using a curfew system whereby noisy construction activities are not 
permitted during nighttime, on Sundays, and on holidays unless the project obtains a “noise 
variance.”  Because all of the conversions and maintenance activities will be conducted during 
normal daytime work hours, no noise variance is required.  Consequently, no significant impacts 
are anticipated.   

3.1.9 PUBLIC INFRASTRUCTURE AND SERVICES 

Because the Proposed Action and No Action alternatives will not involve any excavation and rely 
on existing public infrastructure, without adding an new load or demand, neither of the Proposed 
Action nor the No Action alternative has the potential to adversely affect public infrastructure such 
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as utilities, public schools, parks, hospitals, or roadways.  Neither will they limit or place additional 
burden on public services such as police, fire, and emergency medical services.  Consequently, 
DPW anticipates no adverse impacts to these resources.   

3.1.10 SOLID AND HAZARDOUS WASTE 

The Proposed Action and No Action alternatives considered in this report will generate some solid 
waste as existing and/or expired streetlight fixtures are removed and replaced.  Neither alternative 
will produce substantial quantities of waste.  The alternatives are anticipated to produce similar 
quantities of waste, but the Proposed Action is likely to, over time, produce less waste because 
LED fixtures tend to last longer than HPS fixtures.  To the extent possible, Hawaiian Electric and 
DPW will employ reuse and recycling measures.  Nevertheless, some proportion of the fixtures 
will end up in area landfills on Maui, Molokaʻi, and Lānaʻi; the quantities of material will be small 
relative to other waste streams received by those facilities and the capacity of these facilities.  
Because of the modest quantities of solid waste and absence of hazardous waste involved with the 
alternatives, no significant impacts are anticipated.   

3.1.11 TRAFFIC 

In the county seat of Kahului-Wailuku and other urban areas on Maui, traffic levels are typical of 
urban core areas throughout the islands, experiencing distinct AM and PM peaks associated with 
work and school related travel.  Elsewhere throughout the County of Maui, and in particular on 
the rural islands of Lānaʻi and Molokai, traffic is typically light to moderate.  While 
implementation of either the Proposed Action or the No Action alternative will require periodic 
work in County ROWs, and may include single-lane closures in some instances, these service 
interruptions will be brief and diffuse, occurring at different times and places throughout the 
County as conversion phased work continues (see Table 2.1) and then ongoing maintenance takes 
place.  Because these interruptions will be brief, intermittent, and diffuse, they will not cause 
significant impacts to area roadways.  Hawaiian Electric will obtain any necessary Permit to Work 
on County Highway from the DPW, Development Services Administration (DSA), as needed, 
prior to commencing work.   

 WILDLIFE 

The presence of certain types of nighttime artificial lighting has been shown to adversely affect 
particular nocturnal wildlife species.  This section identifies the wildlife present in the County of 
Maui that are of concern and assesses the potential for the Proposed Action and No Action 
alternatives to adversely affect them.  The analysis presented in this section is informed by the 
Maui County’s LED Street Light Conversion Wildlife Technical Report for an Environmental 
Assessment report prepared by Hamer Environmental LP, and included as Appendix E. 

3.2.1 REGULATORY CONTEXT 

There are several regulations concerning wildlife that are applicable to this assessment; they 
include: 

• Endangered Species Act (ESA).  The purpose of the ESA is to protect and recover 
endangered and threatened species and the ecosystems upon which they depend.  
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Species can be “listed” as threatened or endangered under the ESA.  The ESA prohibits 
the “take” of endangered and threatened species without special exemption.12  The U.S. 
Fish and Wildlife Service (USFWS) and National Oceanic and Atmospheric 
Administration’s (NOAA) National Marine Fisheries Service (NMFS) oversee 
compliance with ESA for terrestrial and marine species, respectively. 

• Federal Migratory Bird Treaty Act (MBTA).  The MBTA of 1918, as amended (16 
USC § 703-712), prohibits the take of migratory birds and makes it unlawful to pursue, 
hunt, take, capture, kill, possess, offer to or sell, barter, purchase, deliver or cause to be 
shipped, exported, imported, transported, carried or received any migratory bird, part, 
nest, egg or product without proper authorization.  The USFWS oversees compliance 
with the MBTA. 

• HRS Chapter 195D.  This state-level regulation has many parallels to the ESA.  State-
listed species include all of those listed federally as well as additional species that the 
state chooses to list as threatened or endangered.  Chapter 195D has similar provisions 
concerning the take of listed species.  The DLNR, Division of Forestry and Wildlife 
(DOFAW) oversees implementation of Chapter 195D. 

3.2.2 EXISTING CONDITIONS 

There are many species present within the County of Maui that are listed as threatened or 
endangered at the state and/or federal level or are protected by the MBTA.  The Proposed Action 
and No Action alternatives represent a potential threat to a small number of those protected species.  
In USFWS’ letter dated September 20, 2019, responding to the EA scoping letter (Appendix D), 
it identified seven species as warranting discussion in this EA.  DOFAW did not respond to the 
EA scoping letter.   

Based on the scoping input for this EA and agency input on similar undertakings in Hawai‘i, the 
eight species listed in Table 3.1 are considered in this EA.  The list includes the seven species 
identified by USFWS plus another seabird, protected by the MBTA, that is known to be affected 
by artificial lighting. 

The following sections provide a brief overview of the status of these species within the County 
of Maui.  Details concerning the status of the Hawaiian Petrel (Pterodroma sandwichensis 
[HAPE]), Newell’s Shearwater (Puffinus newelli [NESH]), Hawksbill sea turtle (Eretmochelys 
imbricata [HAST]), and Green sea turtle (Chelonia mydas [GRST]) are provided in Appendix E. 

 
12 Under the ESA, “take” means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage 

in any such conduct (16 USC § 1532(19)).  Further, “harm” includes significant habitat modification or degradation that results 
in death or injury to a listed species by significantly impairing essential behavioral patterns, including breeding, feeding, or 
sheltering (50 CFR 17.3).  “Incidental take” means take that is incidental to, and not the purpose of, the conduction of an 
otherwise lawful activity. 
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Table 3.1 Protected Species Considered in Detail 
Species (common name; 

Hawaiian name; Latin name) 
ESA and Chapter 

195D Listing Input Provided in USFWS Scoping Letter 
Hawaiian Petrel (HAPE);  

‘Ua‘u;  
Pterodroma sandwichensis 

Endangered Concerned Proposed Action poses an increased 
risk to species 

Newell’s Shearwater (NESH);  
‘A‘o;  

Puffinus newelli 

Threatened Concerned Proposed Action poses an increased 
risk to species 

Band-rumped Storm-Petrel (BSTP);  
ʻAkeʻake;  

Oceanodroma castro 

Endangered Concerned Proposed Action poses an increased 
risk to species 

Wedge-tailed Shearwater (WTSH); 
‘Ua‘u kani 

Ardenna pacifica 

None (MBTA) Not mentioned 

Hawksbill sea turtle (HAST);  
Honuʻea;  

Eretmochelys imbricata 

Endangered Concerned Proposed Action poses an increased 
risk to species 

Green sea turtle (GRST);  
Honu;  

Chelonia mydas 

Threatened Concerned Proposed Action poses an increased 
risk to species 

Blackburn’s sphinx moth;  
Manduca blackburni 

Endangered Risks should be included in EA, designated 
critical habitat is present in the vicinity of the 

Proposed Action 
Hawaiian hoary bat;  

ʻŌpeʻapeʻa;  
Lasiurus cinerus semotus 

Endangered Risks should be included in EA 

Source:  USFWS letter dated September 20, 2019 (Appendix D), compiled by PSI. 

 Seabirds 

3.2.2.1.1 Hawaiian Petrel 

Prior to the arrival of Polynesians, sub-fossil evidence indicates HAPE were common throughout 
the Main Hawaiian Islands.  Currently, HAPE breeding colonies are known to exist on Kaua‘i, 
O‘ahu, Molokaʻi, Lānaʻi, Maui, and the island of Hawai‘i.  It is estimated that one-third of the 
State’s population, or 1,500 adult and subadult birds, are associated with breeding colonies in the 
County of Maui.  The most well-known County of Maui colonies are near the summit of Haleakalā 
among the lava flows, where there is little to no vegetation, and in the hills above Lānaʻi City in 
mesic montane forest. 

The species was federally listed as endangered in 1967; critical habitat for the species has not been 
designated.  HAPE are believed to be in decline in Hawai‘i, with a 78 percent decline estimated 
on Kaua‘i between 1993 and 2013; however, the population in the Haleakalā colony, where 
predator control is conducted, appears to be stable or increasing.   

HAPE are a pelagic gadfly petrel, spending much of their time at sea resting or foraging.  HAPE 
measures 16 inches in length and has a wing span of approximately 36 inches; have dark grayish 
black and white coloration (Figure 3.1); and have a distinctive call that sounds like âoo ah ooâ, as 
well as calls that resembles the yapping of a small dog.  During the breeding season, which varies 
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somewhat by island but generally occurs from March through November, adult HAPE visit their 
colonies on land and, when successful, couples lay a single egg in a burrow.  To access their 
colonies, most adult HAPE fly from the ocean to their inland colonies between 10 and 50 minutes 
after sunset.  In the morning, adult HAPE begin moving to sea in numbers while it is still 
completely dark and most are at sea before sunrise.  After the adults cease attending to their young, 
the chicks fledge from their burrows and make their first flights to the ocean between roughly 
October 15 and December 15.   

Figure 3.1 Photographs of Hawaiian Petrel 

   
Source:  Daniel L. Webster and Andre Raine. 

3.2.2.1.2 Newell’s Shearwater 

Approximately 90 percent of the global population of NESH breeds on Kaua‘i, therefore, what is 
mostly known about this species is based on data collected from that island’s populations.  On 
Kaua‘i, most breeding colonies are in steep and wet areas between 660 and 3,700 feet in elevation.  
The population status of NESH in the County of Maui is not known; based on a 2001 radar study, 
it was estimated that ≥ 140 NESH were coming ashore daily on the island of Maui.  Although 
NESH have been documented on Moloka‘i and Maui, there are no well-known or monitored 
natural NESH colonies in the County of Maui.  A social attraction project referred to as 
Makamaka‘ole has been in operation in West Maui since 2013; in 2019 the project reported that 
NESH visited 22 of the artificial burrows at Makamaka‘ole. 

NESH were first listed as threatened in 1975; critical habitat for the species has not been 
designated.  NESH are believed to be in decline in Hawai‘i, with a 94 percent decline estimate on 
Kaua‘i between 1993 and 2013.   

NESH are a pelagic bird which forages over deep water east and south of Hawaiʻi.  They are 
typically 12 to 14 inches long, have a wingspan of 30 to 35 inches, weighs approximately 14 
ounces, and have a glossy black plumage above, and white below (Figure 3.2).  Like HAPE, NESH 
have a distinctive low, moaning call; the Hawaiian name for the bird, ‘A‘o, is an onomatopoeia of 
the call.  During the breeding season, which on Kaua‘i is known to occur from April through 
November, adult NESH visit their colonies on land and, when successful, couples lay a single egg 
in a burrow.  To access their colonies, most adult NESH fly from the ocean to their inland colonies 
between 30 and 90 minutes after sunset.  In the morning, adult NESH begin moving to sea in 
numbers while it is still completely dark and most are at sea by dawn.  After the adults cease 
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attending to their young, the chicks fledge from their burrows and make their first flights to the 
ocean between roughly October 15 and December 15.   

Figure 3.2 Photographs of Newell’s Shearwater 

   
Source:  Robin W. Baird and Jack Jeffrey Photography. 

3.2.2.1.3 Band-rumped Storm-Petrel 

BSTP occur throughout the tropical and subtropical portions of the Pacific and Atlantic Oceans 
and worldwide likely number between 20,000 and 200,000 breeding pairs.  The population 
breeding in the Hawaiian Islands is thought to be small, possibly only a few hundred pairs.  They 
have been observed on Kaua‘i, Lehua Islet, and the island of Hawai‘i.  It is possible that some 
breeding pairs are present in the County of Maui.  The species was federally listed as endangered 
in 2005; critical habitat for the species has not been designated.   

BSTP are a small seabird about 8 inches long, weighing less than 1.5 ounces.  It is a blackish-
brown bird with an evenly-cut white rump band and uppertail-coverts (Figure 3.3).  During the 
day, adults spend their time foraging on the ocean surface.  Breeding adults visit their nest sites 
after dark, where they can be detected by their distinctive calls.  On Kauaʻi breeding adults arrive 
in late May and fledglings depart the nest in October to mid-November.  Breeding on Kaua‘i and 
Lehua Islet has primarily been observed to occur in steep, sparsely vegetated cliff faces near the 
coast with small numbers breeding in inland vegetated valleys. 

Figure 3.3 Photographs of Band-rumped Storm-Petrel 

   
Source:  Daniel L. Webster and Tracy Anderson. 
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3.2.2.1.4 Wedge-tailed Shearwater 

The WTSH is a burrow-nesting seabird that is found globally in the tropics and subtropics (Figure 
3.4).  WTSH prefer to breed along the coastal shores of the main islands and on offshore islets; 
they can breed in upland volcanic slopes as well.   

Figure 3.4 Photograph of Wedge-tailed Shearwater 

   
Source:  Brian Sullivan. 

The species is not listed as threatened or endangered, but is protected by the MBTA.  Overall 
global populations of this species are either stable or on a downward trend and estimated at over 
five million birds with approximately 40,000 to 60,000 pairs breeding in the main Hawaiian 
Islands.   

Like HAPE and NESH, WTSH fly from the ocean to their colonies after sunset and depart their 
colonies before sunrise.  In the County of Maui, the MNSRP studies and tracks WTSH colonies at 
Kamaʻole III Beach Park (Kīhei, Maui), Waiheʻe (Maui), Hoʻokipa (Maui), Hāwea Point (Maui), 
Molokini Islet, and Moʻomoni (Molokaʻi).  Their breeding period typically begins in March and 
fledglings leave the burrow in late November to late December.   

3.2.2.1.5 Overview of Threats to Seabirds 

Threats to Hawai‘i’s seabirds, including HAPE, NESH, BSTP, and WTSH, are predominately 
anthropogenic.  Briefly, the terrestrial threats include: 

• Predation.  These seabirds exhibit strong natal philopatry (tendency to return to birth 
site to breed) and high nest-site fidelity.  These behavioral traits, along with a protracted 
nesting period and ground nesting habitat, result in great vulnerability of eggs, chicks, 
and adults to predation by introduced mammals (rats, cats, mongoose, dogs, pigs, and 
Barn Owls) at the breeding colonies. 

• Habitat modification.  This factor is especially relevant to HAPE and NESH that nest 
in high elevation forest habitats, but can also affect WTSH.  Habitat loss and 
degradation from invasive plant species or natural catastrophe (e.g., hurricane or 
wildfire) is often compounded with predation as reduction in dense native canopy cover 
can provide access for predators into breeding colonies.  Further, pigs, goats, deer, and 
other mammals modify the habitat by eating and trampling native vegetation and 
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spreading invasive plants (such as guava and ginger) that can then in turn modify the 
habitat to the point of excluding breeding seabirds. 

• Collisions.  This factor is especially relevant to HAPE and NESH that nest in high 
elevation forest habitats and regularly fly near artificial structures at night, but may also 
affect WTSH.  Collision with artificial structures such as utility lines, wind turbans, 
antennas, towers, and buildings can kill seabirds particularly breeding adults moving 
to and from montane breeding colonies in the dark. 

• Light attraction.  Seabirds can be adversely affected by artificial nighttime lights in a 
manner referred to as “light attraction” or “fallout.”  They can become confused around, 
or blinded by, certain bright artificial light sources during nocturnal flights to and from 
the ocean and their breeding colonies.  Should this happen, they may circle the lighted 
area until colliding with structures or becoming exhausted.  In either case, birds that 
“fallout” of the sky and land on the ground are unable to take off, making them 
susceptible to predation, dehydration, starvation, and being hit by cars.  This threat is 
discussed further in Section 3.2.2.1.6. 

It has been suggested that the joint effects of these threats has resulted in the rapid decline in HAPE 
and NESH populations mentioned above.  In addition to human caused terrestrial threats, other 
threats are likely to affect meta-population numbers, including (i) stochastic events, such as storms; 
(ii) at-sea factors, which are poorly known and may include marine pollution, plastic ingestion, 
overfishing, and fisheries bycatch; and (iii) climate change. 

3.2.2.1.6 Existing Effects of Artificial Nighttime Lighting on Seabirds 

The USFWS states in their scoping response letter that, “Biological effects of artificial light to 
animals may include altered behavior and physiological changes such as alternations in cortisol 
production and immune function.”  While this may be true, the only known impact of artificial 
lights on the subject seabird species is light attraction. 

Most of what is known about seabird light attraction and fallout in Hawai‘i comes from 
information collected by the Save Our Shearwaters (SOS) Program on the island of Kaua‘i and the 
Maui Nui Seabird Recovery Project (MNSRP) in the County of Maui.  Both SOS and MNSRP 
recover light attracted seabirds, evaluate them, and assist in their recovery, if warranted (MNSRP 
does this in concert with the Hawai‘i Wildlife Center).  The programs then release them, when 
possible.  Typically, more than half of the recovered grounded fledglings are released; it is not 
known if being grounded and released has a substantial effect on the long-term viability of a 
seabird.   

The information from these programs suggest that it is unusual for adult seabirds to experience 
light attraction fallout.  The adult seabirds makes many trips over or near artificially lighted areas 
each breeding season.  Despite these frequent exposures, rarely are adult seabirds found grounded 
during the breeding period.  Fledglings are more susceptible to light attraction fallout when they 
first take to the sky during each species’ fledging period.  Fledgling fallout is more likely to occur 
on overcast or moonless nights.  On Kaua‘i, the greatest NESH fallout occurs in years when the 
new moon coincides with peak fledging. 
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Over an 11-year period (2009-2019), data indicates that MNSRP recovered more grounded WTSH 
than any other seabird species and did not recover any grounded BSTP.  Over that period, on 
average, MNSRP annually recovered 11 grounded HAPE on the island of Maui, 1.5 grounded 
HAPE on the island of Lānaʻi, and 0.73 grounded NESH fledglings on the island of Maui. 

Data on the number of grounded seabirds from MNSRP and the SOS Program on Kaua‘i are not 
directly comparable because they and their respective island community do not place the same 
level of emphasis on recovering grounded seabirds.  In addition, the populations of the subject 
seabirds are much different on Kaua‘i (90 percent of the NESH population breeds on Kaua‘i) and 
Kaua‘i is a smaller island with fewer human residents.  Nevertheless, for context, on Kaua‘i over 
a five year period (2014 through 2018) the SOS Program annually recovered an average of 9 
HAPE, 177 NESH, less than one BSTP, and 123 WTSH.  Of interest, since the breeding 
populations of NESH and HAPE on Kaua‘i are thought to be similar, the fact that they are 
recovered at a ratio of 20:1 on Kaua‘i suggests that NESH fledglings are more susceptible to light 
attraction than HAPE fledglings.   

 Sea Turtles 

3.2.2.2.1 Hawksbill Sea Turtle 

HAST (Figure 3.5) have been protected under the ESA since 1970.  The Hawaiian Archipelago 
population inhabits waters of the central Pacific and typically remain in offshore waters of the 
archipelago and nearshore waters of the main Hawaiian Islands all their lives.  HAST that breed 
elsewhere inhabit the tropical eastern and western Pacific, Indian, and Atlantic Oceans.  Globally, 
the species is declining throughout its known range.  The adult population in Hawai‘i remains on 
the brink of extirpation due to natural and anthropogenic threats, including historical harvest for 
their shell. 

Figure 3.5 Photograph of Hawksbill Sea Turtle 

 
Source:  NOAA. 
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It is estimated that about 50 to 100 mature females are nesting at 20 beaches around the main 
Hawaiian Islands, primarily on the island of Hawai‘i.  They will utilize both low and high energy 
beach and appear to prefer steep beaches and coarse sand.  The USFWS indicated that “Hawksbill 
sea turtles exhibit a wide tolerance for nesting substrate (ranging from sandy beach to crushed 
coral) with nests typically placed under vegetation.”  Between 1991 and 2014, nine nesting females 
were documented and banded on the island of Maui.  Nesting season can begin as early as mid-
May, with hatching events from July to as late as early January, for a nearly eight-month nesting 
activity window.  Only breeding adult females come ashore at night to nest.   

The known or suspected HAST nesting beaches in the County of Maui include those listed in Table 
3.2.  HAST may utilize other beaches for breeding, especially more remote ones that are not easily 
monitored.  In addition, HAST adults may rest on other beaches and are known to utilize broad 
near-shore and off-shore areas for foraging. 

Table 3.2 Known or Suspected HAST Nesting Beaches in the County of Maui 
Island Coast Hawaiian/Common Beach Name Other Known Names 
Maui South Kealia Beach Sugar Beach 

Kawililīpoa Beach Waipu‘ilani/Uluniu Road 
Kalepolepo Beach  

Pālau‘ea Beach White Rock 
Pu‘u Ōla‘i Little Beach 

Oneloa Beach Mākena/Big Beach 
East Hāna Bay  

Koki Beach  
Hāmoa Bay  

Moloka‘i East Hālawa Beach  
Lāna‘i  North Shipwreck Beach  

Source:  Appendix E. 

3.2.2.2.2 Green Sea Turtle 

In 1978, the Hawaiian subpopulation of GRST (Figure 3.6) was listed as threatened.  Worldwide 
populations of the GRST have seriously declined as a direct result of overharvesting of turtles and 
eggs.  Conversely, the Hawaiian GRST population has increased significantly since being 
protected.  The vast majority of the Hawaiian GRST population (96 percent) nests on the French 
Frigate Shoals; a portion of the remainder nest in the County of Maui.  In the County of Maui, 
GRST begin to mate in March, lay eggs between mid-April and late-August, and hatchlings 
emerge between July and early-December. 
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Figure 3.6 Photograph of Green Sea Turtle 

 
Source:  NOAA. 

The known or suspected GRST nesting beaches in the County of Maui include those listed in Table 
3.3.  GRST may utilize other beaches for breeding, especially more remote ones that are not easily 
monitored.  In addition, GRST adults may rest on other beaches and are known to utilize broad 
near-shore and off-shore areas for foraging. 

Table 3.3 Known or Suspected GRST Nesting Beaches in the County of Maui 
Island Coast Hawaiian/Common Beach Name Other Known Names 
Maui South Kawililīpoa Beach Waipu‘ilani/Uluniu Road 

West Hanaka‘ō‘ō Beach Canoe Beach 
Kamehameha Iki Park 505 Front Street / Shark Pit 
Ka‘anapali Beach Kahekili Beach / Black Rock 

Honokahua Bay Beach Ironwood / D.T. Fleming 
North Waihe‘e Beach Waiehu Beach 

Ka‘ehu Beach Nehe Point 
Kanahā Beach Kite Beach 

Spreckelsville Beach Stable Road 
Baldwin Beach  

Pā‘ia Bay  
Hamakuapoko Beach Maliko Bay 

Ho‘okipa Beach  
East Unnamed black sand beach  

Moloka‘i West Moomomi Preserve  
Kawaaloa Bay  

Lāna‘i  North Polihua Beach  
Source:  Appendix E. 
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3.2.2.2.3 Overview of Threats to Sea Turtles 

Historically, a primary threat to sea turtles was harvesting by humans for their eggs, meat, and 
shells.  This is no longer a threat for the sea turtle populations in Hawai‘i.  Modern threats to 
Hawai‘i’s sea turtles, including HAST and GRST, include: 

• Predation.  Invasive/introduced wildlife like mongooses, cats, and rats dig up and eat 
turtle eggs and prey on hatchlings that emerge from the nest.  Marine predators also 
target hatchlings and adults, but they are the same predators that have existed for 
millennia.   

• Beach activity.  Human activity such as coastal development, beach driving and 
recreation, and campfires on beaches can disrupt nesting activity, damage eggs, and 
adversely affect hatchlings. 

• Artificial nighttime lighting.  Artificial nighttime lighting can adversely affect both 
adult and hatchling HAST, but are more likely to affect hatchlings.  Adult turtles 
coming to shore to nest may be disturbed by lighting and not successfully nest.  Once 
hatchlings emerge from the nest cavity, they tend to orient toward the brightest 
direction; they may orient in the wrong direction when artificial lights are present, 
resulting in them expiring from dehydration, exhaustion, predation, or being runover 
by vehicles.  This threat is discussed further in Section 3.2.2.2.4. 

• Habitat loss.  Invasive plant species like Guinea grass can take over native plant habitat, 
preventing nesting and entangling hatchlings. 

• Fisheries bycatch and entanglement.  Sea turtles of all ages can be caught or 
accidentally entangled in fishing gear.  When this happens, the sea turtle typically 
drowns because it could not come up for air.  A related threat is that sea turtles can 
swallow sharp hooks, which can damage the soft tissue of the throat, stomach, 
intestines, or other vital organs. 

In addition to these threats, other threats are likely to affect meta-population numbers, including 
(i) stochastic events, such as storms; (ii) additional at-sea factors such as marine pollution and 
plastic ingestion; and (iii) climate change and sea level rise, which is leading to beach erosion. 

3.2.2.2.4 Existing Effects of Artificial Nighttime Lighting on Sea Turtles 

As previously described for seabirds in Section 3.2.2.1.6, the USFWS states in their scoping 
response letter that “Biological effects of artificial light to animals may include altered behavior 
and physiological changes such as alternations in cortisol production and immune function.”  
While this may be true, the only known impacts of artificial lights on the subject sea turtle species 
are the behavioral changes associated with light attraction.  The discussion in this EA is limited to 
the behavioral changes, but the County of Maui recognizes that those changes may have knock-on 
effects such as cortisol production and immunity function. 

It is difficult to monitor and establish when artificial lights have an adverse effect on sea turtle 
nesting.  Observations at eight HAST nesting beach on the island of Maui from 1991 to 2014, 
identified 63 “false crawls,” which is when an adult turtle crawls up the beach in a manner 
consistent with egg laying but does not lay any eggs.  Monitors recorded 78 nests over that same 



Draft Environmental Assessment  Maui County Streetlight Conversion Project 
 Existing Environment and Potential Impacts 

 Page 3-39 

period of time.  It is not known to what extent, if any, artificial lighting played a role in the false 
crawls. 

The more easily recognizable artificial light affects occur when sea turtles are clearly light attracted 
and wander beyond their normal terrestrial realm and encounter vehicular traffic.  In 1993, and 
again in 1996, an adult HAST apparently became light attracted and was killed crossing North 
Kīhei Road.  There have been no reports of adult GRST becoming light attracted in the County of 
Maui. 

In the County of Maui, there have been two known incidents of HAST hatchlings being attracted 
to artificial nighttime light sources.  In 2009, near the vicinity of 575 S. Kīhei Road, hatchlings 
from two HAST nests emerged, were immediately attracted to car lights, and were killed crossing 
Kīhei Road.  In a second event that same year, only 16 hatchlings were rescued from an entire 
clutch in an area of Kealia Beach.  No reports of GRST hatchlings being adversely affected by 
artificial lights could be found.   

 Other Species 

3.2.2.3.1 Blackburn’s Sphinx Moth 

The Blackburn’s sphinx moth is listed as an endangered species; critical habitat for the moth was 
designated in 2003, which is shown in Figure 3.7.  It is one of Hawai‘i’s largest native insects with 
a wing span of up to five inches.  The moths are overall gray with black bands across the top of 
their wings and five orange spots on each side of their abdomen (Figure 3.8).  Caterpillars are large 
and can be bright green or purple/gray, both with scattered white speckles across their back and a 
horizontal white stripe on the side of each segment. 

Adult moths feed on nectar from native plants, including beach morning glory (Ipomoea pes-
caprae), ilieʻe (Plumbago zeylanica), and maiapilo (Capparis sandwichiana); larvae feed upon 
non-native tree tobacco (Nicotiana glauca) and native ʻaiea (Nothocestrum sp.).  To pupate, the 
larvae burrow into the soil and can remain in a state of torpor (aestivate) for up to a year (or more) 
before emerging from the soil.  Soil disturbance can result in death of the pupae. 

The Blackburn’s sphinx moth population size is unknown.  It is believed that the largest population 
occur on Maui Island and Hawai‘i Island.  They mostly occur in coastal, lowlands, and dry forests 
in areas receiving less than 50 inches of rain per year.  The designated critical habitat (Figure 3.7) 
in the County of Maui includes large areas on the southern portion of Haleakalā below 5,000 foot 
elevation, the uplands of the island of Kahoʻolawe, an area in East Moloka‘i between 700 and 
1,100 foot elevation, and, in the area of Kahului Airport on Maui, Kanahā Beach Park and Kanahā 
Pond State Wildlife Sanctuary.  At Kanahā Pond, caterpillars have been observed on dune 
restoration plantings. 
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Figure 3.7 Blackburn’s Sphinx Moth Critical Habitat 

 
Source:  Planning Solutions, Inc. (2022) 

Figure 3.8 Photograph of Blackburn’s Sphinx Moth 

 
Source:  Maui Magazine. 
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3.2.2.3.2 Hawaiian Hoary Bat 

Hawaiian hoary bat is an endangered endemic mammal found throughout the main Hawaiian 
Islands, including Kaua‘i, O‘ahu, Lānaʻi, Maui, Molokaʻi, and Hawai‘i.  It has been observed 
visiting the island of Kahoʻolawe.  No critical habitat has been designated for this species.  The 
Hawaiian hoary bat is a distinctively marked bat with long narrow wings (Figure 3.9).  Its forearm 
measures roughly 2 inches and bats weighs 0.7 to 1.3 ounces.   

Figure 3.9 Photograph of Hawaiian Hoary Bat 

 
Source:  United State Geological Survey. 

The bats roost alone or with dependent young in native and nonnative trees, typically more than 
15 feet tall.  The pupping season extends from June to September; adults will leave their young 
unattended in trees and shrubs when they forage.  Hawaiian hoary bat primarily feed on nocturnal 
moths and beetles, which they hunt in flight across a wide array of habitat types and plant 
communities from sea level to at least 11,800 feet above sea level.  Activities related to 
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reproduction and pup rearing tend to take place in the low- to mid-elevations and movement to 
higher elevations occurs after pups fledge. 

In the County of Maui, bat activities has been detected across the islands of Moloka‘i and Maui 
all months of the year.  Bat activities have also been documented on Lānaʻi and Kahoʻolawe in 
August, September, and October, before dropping in December and January.  Most times of the 
year detection have been higher in remnant forests than in the shrubland.  They are known to utilize 
areas of low development, provided food and shelter resources are available. 

The primary anthropogenic threats to the bats are: (i) disturbances, such as tree trimming, during 
the pupping season; (ii) become entangled in barbed wire fences; (iii) being hit by wind turbine 
blades; and (iv) habitat loss due to development and urban sprawl. 

3.2.3 POTENTIAL IMPACTS 

This section discusses the potential short-term (construction phase) and long-term (operational 
phase) impacts of the Proposed Action and No Action alternatives.  The short-term activities will 
be similar under either alternative because streetlights will need to be periodically replaced as they 
expire, regardless of which alternative is implemented.  The construction/maintenance process is 
described in Section 2.1.3 and does not involve unusual activities or equipment.   

Under either alternative, streetlights will produce artificial nighttime light in the County of Maui 
into the foreseeable future.  The long-term impacts can vary by alternative to the extent that the 
wildlife present is affected differently by the HPS and LED generated light.  Operation of the 
streetlights under the Proposed Action is described in Sections 2.1.2 and 2.1.5.  It is important to 
understand that the Proposed Action does not involve the addition of new streetlights or changes 
to the location of existing streetlights, unless a detailed, post-LED-conversion assessment (Section 
2.1.5.3) concludes that a change in location (lateral or vertical) would avoid or minimize potential 
impacts.  Therefore, the potential long-term impact to wildlife, and other resources, is not a 
question of whether streetlights impact wildlife or not.  Instead, the potential long-term impact is 
solely to assess whether any of the subject species will be adversely impacted by the proposed 
change from HPS to the selected LED fixtures. 

 Compliance with Agency Guidelines 

To evaluate whether any of the subject species will be adversely impacted by the proposed change 
from HPS to LED fixtures, this assessment will first consider the extent to which the two 
alternatives comply with agency guidelines to minimize artificial light impacts on wildlife.  The 
primary guidance in Hawai‘i is the Draft KSHCP’s Guidelines for Adjusting Lighting at 
Facilities.13  The recommendations in the USFWS’s scoping response letter (Appendix D) all have 
parallels in the Draft KSHCP’s guidelines.  The guidelines address concerns related to both 
seabirds and sea turtles.  Table 3.4 summarizes each alternative’s compliance with the guidelines. 

 
13 These guidelines were established for a broad range of land uses, including commercial, industrial, resort, and institutional.  Not 

all the guidelines are applicable to streetlights. 
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Table 3.4 Summary of Alternative’s Compliance with the Draft KSHCP’s Guidelines for 
Adjusting Lighting at Facilities 
Guideline Proposed Action (LED) No Action (HPS) 

1. Deactivate non-essential lights 
during seabird fallout season 
(September 15 to December 15) 
and/or turtle nesting season (May 
15 to December 15), as 
appropriate. 

Complies.  The adaptive lighting 
(Section 2.1.5) aspect of the Proposed 
Action addresses this measure.  Briefly, 
streetlights are considered essential, but 
they will be dimmed during seabird 
fallout season and assessments and 
actions will be taken to address potential 
turtle impacts. 

Does not comply.  
Streetlights would not be 
deactivated or dimmed 
during these seasons. 

2. Install full cut-off light fixtures. Complies. Complies, existing fixtures 
have been shielded and 
future fixtures would be 
full cut-off. 

3. Shielding light fixtures. Not applicable.  All fixtures are full cut-
off, no additional shielding necessary. 

4. Angle lights downward. Complies. Complies. 
5. Place lights under eaves. Not applicable. Not applicable. 
6. Shift lighting according to the 

moon phase. 
Can comply.  The adaptive lighting 
(Section 2.1.5) aspect of the Proposed 
Action addresses this measure.   

Cannot comply.  HPS 
streetlights cannot be 
shifted (dimmed). 

7. Install motion sensors for motion-
activated lighting. 

Impractical.  However, as this guideline 
recommends, adaptive lighting (Section 
2.1.5) means streetlights can be dimmed 
when activity levels on the streets 
decreases. 

Impractical and cannot 
comply. 

8. Decrease lighting levels.  
Following guidelines and 
standards established by the 
appropriate agency or 
professional and technical 
organization. 

Complies.  The streetlights were 
designed to comply with applicable 
AASHTO guidelines when they were 
installed. 
The implementation of adaptive lighting 
measures (Section 2.1.5), could result in 
decreased light levels during certain 
periods of the year or times of night. 

Complies, the streetlights 
were designed to comply 
with applicable AASHTO 
guidelines when they were 
installed. 

9. Decrease visibility of interior 
lights. 

Not applicable. Not applicable. 

10. Use light-less technologies. Not applicable. Not applicable. 
11. Plant vegetation around lights to 

reduce light visibility. 
Not applicable. Not applicable. 

12. Lower height of lights. Generally impractical but will be 
considered in coastal settings as 
discussed in Section 2.1.5.3. 

Generally impractical. 

13. Use longer light wavelengths.  In 
coastal areas use LPS; red, 
orange, or amber LEDs; true red 
neon, and other lighting sources 
that produce light wavelengths of 
560 nm or longer. 
Where HPS are used, add a filter 
to exclude transmission of 
wavelengths less than 570nm. 

Does not comply.  However, as 
discussed in Section 2.1.5.3, where 
streetlights are near the coastline and 
other avoidance and minimization 
measures are assessed to be insufficient, 
DPW will consider installing alternative 
lights that produce light wavelengths of 
560 nm or longer. 

Does not comply. 

Source:  Draft KSHCP, Appendix E.  Compiled by PSI. 
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As summarized in Table 3.4, the Proposed Action complies with the guidelines to a greater degree 
than the No Action alternative.  As such, it would be expected that the Proposed Action would 
have less impact on wildlife than the No Action alternative if the intensity and spectrum of light 
produced under the two alternatives was identical.  As outlined in Section 2.1.1.2 and Table 2.3, 
the fixtures are different and do produce different intensities and spectrums of light.  The selected 
LEDs will be operated in a manner that results in them producing less total light energy than the 
HPS they replace.  However, the LEDs emit a greater percentage of their energy in wavelengths 
less than 530 nm (they have a greater blue light content) than HPS (Table 2.3).  To examine this 
further, the EA will consider whether wildlife behavior may be affected by the change in the 
spectral power densities (SPD) of artificial light in the nighttime environment as a result of the 
Maui County Streetlight Conversion Project.   

 Seabirds 

The subject seabirds (HAPE, NESH, BSTP, and WTSH) are not present in the terrestrial 
environment where and when short-term construction and maintenance work will occur during 
implementation of the Proposed Action or No Action alternative.  This is because all construction 
and maintenance work will occur during daytime hours along maintained County roadway ROW.  
Therefore, no short-term impacts to seabirds are anticipated. 

Furthermore, of the seabird threats (Section 3.2.2.1.5), the Proposed Action and No Action 
alternatives could only play a role in the light attraction threat.  Nothing about the alternatives will 
influence seabird predation, seabird collisions, or habitat loss.  Therefore, this section focuses on 
light attraction. 

3.2.3.2.1 Light Intensity and Spectrum Considerations 

Streetlights are usually selected based on their lumen output.  Lumen is a measure of flux, or how 
much light energy a light source emits (per unit time) as perceived by the human eye.  It is based 
on the human response to different wavelengths of light (Figure 3.10).  As discussed in Section 
2.1.2, when converting from HPS to LED, the lumen output is a significant factor in the selection 
of the appropriate product (e.g., LEDs with certain lumen outputs are recommended to replace 
100W, 150W, and 250W HPS).  Provided the recommendations are followed, this results in 
humans perceiving the LED as having a similar brightness as the HPS it replaced.14  The LED 
selected to covert roughly 90 percent of the streetlights is the ERL1-0-06 2700K LED.  That model 
of LED would typically be used to replace a 100W HPS.  Therefore, the discussion of light 
intensity and spectrum considerations in this section focuses on a comparison of a 100W HPS and 
a ERL1-0-06 2700K LED.  However, because roughly 88 percent of the County’s streetlights are 
150W HPS, the most common conversion will be from a 150W HPS to a ERL1-0-06 2700K LED.  
That conversion represents a greater reduction in light energy than a 100W HPS to a ERL1-0-06 
2700K LED conversion. 

 
14 Due to the LED’s better S/P ratio and CRI than HPS, in most cases the LED produces less total light energy visible to humans 

than the HPS it is recommended to replace. 
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Figure 3.10 Human Response Curve 

 
Source:  Curren 2020-06-29. 

Seabirds perceive light differently than humans; this can be seen when comparing the human 
response curve to the NESH response curve (Figure 3.11).15  This shows that the NESH’s response 
is broader than human’s; it peaks in the green and yellow portions of the spectrum, like human’s, 
but is higher in comparison to a human’s in the orange, red, and especial blue portions of the 
spectrum.  Thus, two artificial light sources that humans perceive as having similar brightness may 
appear to be much different to seabirds if a substantial portion of the energy they produce is in the 
red or blue portions of the spectrum.   

 
15 Since HAPE, NESH, BSTP, and WTSH are all nocturnal seabirds, their response curves are thought to be similar.  Because 

NESH appear to be the protected species known to breed in the County of Maui that is most susceptible to light attraction, its 
response curve is used to evaluate impacts to all seabirds considered in this report. 
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Figure 3.11 Human and NESH Response Curves 

 
Source:  Curren 2020-06-29 and Longcore 2018.16 

These response curves can be overlain on the measured energy output of the two fixtures (their 
spectral power densities [SPD]) to assess how humans and seabirds may perceive the lights 
differently.  Figure 3.12 illustrates the unadjusted SPD of the two fixtures, the GE ERL1-0-06 
2700K LED and the GE 100W 2100K HPS.  This shows that the HPS has discrete peaks in the 
blue, yellow, and orange portions of the spectrum with the peaks in the yellow and orange portions 
of the spectrum being dominant.  This is what gives HPS its yellowish color, a low CCT, and poor 
CRI (20.5).  In comparison, the LED has a smoother output across the spectrum with a primary 
hump across the green through red portions of the spectrum and a secondary/lower hump in the 
blue part of the spectrum.  This results in a higher, but still “warm” CCT and a much better CRI 
(72.5).  This graph also extends into the ultra-violet (UV) and infrared (IR) parts of the spectrum.  
Human eyes do not see radiation at those wavelengths.  As shown, although the HPS produces 
more energy in the UV and IR wavelengths than LED, neither source produce substantial energy 
in the UV or IR wavelengths.  Therefore, UV and IR wavelengths are not discussed further. 

 
16 The curve of the “Newell’s Shearwater” response in the Longcore paper was digitized by Curren because the paper does not 

provide the actual data points. 
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Figure 3.12 Comparison of LED and HPS Spectral Power Density 

 
Note:  Both light sources operated at 100 percent power (no dimming of the LED). 
Source:  GE Currents, compiled by PSI. 

Integrated across the spectrum shown in Figure 3.12, the difference in the total amount of energy 
produced by the 100W HPS and LED model that will replace it is negligible; the relative percent 
difference (RPD)17 is 2.1 percent with the LED producing slightly more energy than the HPS.  
With 333 100W HPS in the field, this is a relatively uncommon conversion.  When the ERL1-0-
06 2700K LED replaces a 150W HPS, which it will do in more than 4,000 cases, the LED will 
produce substantially less energy than the HPS; the RPD is 49 percent in this case.  When the 
LEDs are dimmed 20 percent during the seabird fledging season (Section 2.1.5.1), the RPD is 20.1 

 
17 Relative percent difference (RPD) is calculated as follows:  (the difference of two numbers)/(the average of the two numbers) x 

100. 

Parts of the visible light 
spectrum:  blue bar 

represents the “blue light” 
portion of the spectrum 

(405-530 nm), green bar is 
green light portion of the 

spectrum (530-560 nm), etc. 

UV IR 
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and 69 percent with the LED producing less light energy than the 100W and 150W HPS, 
respectively.   

Figure 3.13 and Figure 3.14 show how the human and NESH response curves, respectively, result 
in different perceptions of the same light source.  Human vision, with its peak response in the green 
and yellow portion of the spectrum, accentuates those green and yellow portions of the spectrum 
and flatten the others.  The low response in the blue spectrum essentially flattens the LED fixture’s 
secondary/lower hump in the blue portion of the spectrum.  Shearwater vision has a stronger 
response in the blue potion of the spectrum than humans, but, like humans, the peak shearwater 
response is in the green to orange portion of the spectrum.  Because of the shearwater’s stronger 
blue response, the secondary/low blue hump in the LED output is retained, but muted because the 
LED’s blue hump occurs near a trough in the shearwater’s response. 

When integrated across the spectrum shown in Figure 3.13, it is found that when both fixtures are 
operated at 100 percent power the 100W HPS and the ERL1-0-06 2700K LED fixtures appear 
very similar to the human eye (RPD=8%) in terms of the brightness of the light produced: 33.8 
lumens vs. 31.2 lumens, respectively.  When the ERL1-0-06 2700K LED is operated at 80 percent 
power (20 percent dimming) during the seabird fledging season (Section 2.1.5.1), the RPD is 30.4 
percent with the LED producing fewer lumens than the HPS.18   

When both fixtures are operated at 100 percent power, the shearwater eye perceives the 100W 
HPS and the ERL1-0-06 2700K LED fixtures as nearly identical (RPD=0.2%) in terms of the 
brightness of the light produced:  46.6 vs. 46.5, respectively.  When the ERL1-0-06 2700K LED 
is operated at 80 percent power (20 percent dimming) during the seabird fledging season (Section 
2.1.5.1), the RPD is 22.5 percent with the LED producing less NESH-perceived light than the HPS.   

The more common case will be when a 150W HPS is replaced by a ERL1-0-06 2700K LED 
fixture.  In that case, a NESH would preserve the LED to be substantially dimmer than the HPS 
(RPD = 51.2 percent at 100 percent power and 71.4 percent at 80 percent power). 

Because the HPS and LED fixtures broadcast the light they produce differently, the difference 
between them may appear greater depending on, for example, the angle at which the fixture is 
viewed.  It has been observed that the LED fixture casts its light more evenly where it is intended 
(within the County ROW) and has less light at low angles to the horizon, resulting in less light 
trespass into neighboring areas.   

 
18 The fact that it produces fewer lumens is offset by its superior S/P ratio and CRI so that it provides a similar level of comfort and 

safety for humans as the HPS it replaces. 
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Figure 3.13 LED and HPS Spectral Power Human Response 

 
Source:  PSI 

Figure 3.14 LED and HPS Spectral Power NESH Response 

 
Source:  PSI 
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3.2.3.2.2 Conclusions 

The most relevant considerations when assessing the impact of the Proposed Action on seabirds 
are: 

• Seabirds will not be adversely affected during short-term construction and maintenance 
activities. 

• The selected LED fixture complies with more of the relevant wildlife guidelines than 
the HPS fixture (Section 3.2.3.1).  The selected LED fixture is a full cut-off light, 
resulting in less light trespass than HPS, and would be controlled in a manner intended 
to avoid wildlife impacts. 

• In the vast majority of the conversions (over 4,000 cases), 150W HPS will be converted 
to ERL1-0-06 2700K LED resulting in substantially less light energy being immitted 
(RPD = 49 percent) and seabirds will perceive the light as substantially dimmer (RPD 
= 51.2 percent).  In all other cases, seabirds will perceive the LED to be essentially 
identical to or dimmer than the HPS it replaces.   

• During the seabird fledging season, when the greatest impacts associated with artificial 
light occur, the LEDs will be dimmed 20 percent (Section 2.1.5.1) using the wireless 
adaptive control system which will allow the streetlight infrastructure to be remotely 
controlled in real time.  This will further reduce the amount of artificial light energy in 
the environment. 

• On O‘ahu, where the State of Hawai‘i Department of Transportation converted HPS 
streetlights to LEDs rated at 4000K and 3000K (which have a higher blue light content 
than the 2700K model selected by the County of Maui and were not dimmed), studies 
indicated that WTSH fallout did not change after the conversion. 

Given these important factors, under the Proposed Action alternative the County-owned 
streetlight’s contribution to seabird fallout, if any, would be expected to decline.  The Proposed 
Action would not have a significant adverse effect on the subject seabirds; it would have a 
beneficial effect on them.   

When considering the potential impact of the No Action alternative, it is recognized that to the 
extent that some street lights have already been converted to LED (Section 2.1.4), some of the 
benefits outlined above will be realized until those LED fixtures are returned to HPS.  In the long 
term, the No Action alternative would result in similar artificial light conditions as those that 
existed in 2018.  The County-owned streetlight’s contribution to seabird fallout, if any, would not 
be expected to change. 

 Sea Turtles 

The subject sea turtles (HAST and GRST) are not present in the terrestrial environment where the 
short-term construction and maintenance work will occur during implementation of the Proposed 
Action or No Action alternative.  All construction and maintenance work will occur during daytime 
hours along maintained County roadway ROW.  During those hours, the County roadway ROWs 
near beaches are characterized by regular multi-modal traffic.  The equipment used and activities 
conducted for Proposed Action and No Action construction and maintenance would not generate 
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noise, dust, or other conditions that are substantially different than that normally present along 
roadway ROWs.  Therefore, no short-term impacts to sea turtles are anticipated. 

Furthermore, of the known threats to sea turtles (Section 3.2.2.2.3), the Proposed Action and No 
Action alternatives could only play a role in the light attraction threat.  Nothing about the 
alternatives will influence sea turtle predation, beach activity, or habitat loss.  Therefore, this 
section focuses on light attraction.   

3.2.3.3.1 Light Intensity and Spectrum Considerations 

Like seabirds (Section 3.2.3.2.1), sea turtles perceive light differently than humans.  This can be 
seen when comparing the human response curve to the GRST hatchling response curve (Figure 
3.15).19  This shows that the GRST’s eye response peaks in the blue portion of the spectrum and 
gradual decreases across the green, yellow, and orange portions of the spectrum.  This is 
substantially different that the human response.  Thus, two artificial light sources that humans 
perceive as having similar brightness may appear to be much different to sea turtles.  Specifically, 
lights rich in blue light that appear dim to humans may appear bright to sea turtles. 

Figure 3.15 Human and GRST Hatchling Response Curves 

 
Source:  Curren 2020-06-29 and Longcore 2018.20 

 
19 Since HAST and GRST are both sea turtles with similar breeding and foraging habits, their response curves are thought to be 

similar.  Because hatchlings are most susceptible to light attraction, the GRST hatchling response curve is used to evaluate 
impacts to all sea turtles considered in this report. 

20 The curve of the “Green Turtle Hatchling” response in the Longcore paper was digitized by Curren because the paper does not 
provide the actual data points. 
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These response curves can be overlain on the measured SPD of the two fixtures to assess how 
humans and sea turtles may perceive the lights differently.  Figure 3.12 illustrates the unadjusted 
SPD of the two fixtures, the GE ERL1-0-06 2700K LED and the GE 100W 2100K HPS, which is 
discussed in Section 3.2.3.2.1.   

Figure 3.13 and Figure 3.16 show how the human and GRST response curves, respectively, result 
in different perceptions of the same light source.  With the sea turtle’s peak response in the blue 
portion of the spectrum, the HPS’ blue peaks become much closer to the HPS peaks in the yellow 
and orange portions of the spectrum; it also results in the LED’s secondary/low hump in the blue 
portion of the spectrum having a higher flux value than the primary LED hump in the green to red 
portions of the spectrum. 

Figure 3.16 LED and HPS Spectral Power GRST Hatchling Response 

 
Source:  PSI 

When both fixtures are operated at 100 percent power, the sea turtle eye would perceive the LED 
fixture as being somewhat brighter (RPD=25%) than the 100W HPS:  21.8 vs. 17.0, respectively.  
The 280 County-owned streetlights within 500 feet of the shoreline (Section 2.1.5.3) are the 
primary concern when considering impacts to sea turtles.  That subset of streetlights are almost all 
150W HPS that will be converted to ERL1-0-06 2700K LED.  In those cases, the LED will appear 
dimmer to the turtle than the HPS it replaces (RPD = 27.1 percent).  

Because the HPS and LED fixtures broadcast the light they produce differently, the difference 
between them may appear greater depending on, for example, the angle at which the fixture is 
viewed.  It has been observed that the LED fixture casts its light more evenly where it is intended 
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(e.g., on the roadway) and has less light at low angles to the horizon, resulting in less light trespass 
into neighboring areas, including nearby beaches.   

3.2.3.3.2 Streetlights in Proximity to Shoreline and Identified Sea Turtle Nesting Beaches 

There are a limited number of County of Maui-owned streetlights in close proximity to the beaches 
identified as beaches where sea turtle nest.  There are roughly 280 County-owned streetlights 
within 500 feet of the shoreline (Figure 2.3 and Figure 2.4).  As summarized in Table 3.5, of those 
280 streetlights, only 48 of them are within 500 feet of a beach identified as a sea turtle nesting 
beach.  

Those 48 streetlights near a nesting beach have a greater likelihood of adversely effecting sea 
turtles than other streetlights within 500 feet of the shoreline.  Of those, the streetlights visible 
from the beach on S. Kīhei Road near Kealia Beach and Kalepolepo Beach, where sea turtles have 
been affected by light attraction in the past (Section 3.2.2.2.4), have the greatest likelihood of 
adversely effecting sea turtles.  Those streetlights would be among the first ones assessed for 
additional avoidance and minimization measures as specified in Section 2.1.5.3.  Briefly, those 
avoidance and minimization measures may include: (i) shielding, (ii) relocating, (iii) 
redistributing/deactivating, (iv) adjusting height, (v) dimming, and/or (vii) utilizing alternative 
fixtures.  The utilization of alternative fixtures, which would occur if other measures are deemed 
insufficient or ineffectual, would fully address DLNR’s guideline 13 (Table 3.4) by employing 
streetlights that produce light wavelengths of 560 nm or longer.   
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Table 3.5 Known or Suspected HAST Nesting Beaches in the County of Maui 

Island Coast 
Hawaiian/Common 

Beach Name 

Species 
Associated 
with Beach 

Summary of County-owned Streetlights 
within 500 feet of Beach 

Maui South Kealia Beach HAST The nearest County road is S. Kīhei Road, there 
are 5 streetlights along that stretch of road, there is 
substantial resort development between the road 

and the beach. 
Kalepolepo Beach HAST S. Kīhei Road is immediately adjacent to the 

beach and there are 14 streetlights on this stretch 
of road, all on the mauka side of the road. 

Kawililīpoa Beach HAST and 
GRST 

There are several County roadways with 19 
streetlights within 500 feet of the beach; in almost 
all cases, there is residential, apartment, resort, and 
recreational uses between the road and the beach. 

Pālau‘ea Beach HAST There are no streetlights in the area. 
Pu‘u Ōla‘i HAST There are no streetlights in the area. 

Oneloa Beach HAST There are no streetlights in the area. 
West Kamehameha Iki GRST There are 3 decorative streetlights on the makai 

side of Front Street, which are roughly 300 from 
the beach. 

Hanaka‘ō‘ō Beach GRST There are no streetlights in the area. 
Ka‘anapali Beach GRST There are no streetlights in the area. 

Honokahua Bay Beach GRST There are no streetlights in the area. 
North Waihe‘e Beach GRST The nearest streetlight is over 800 feet away. 

Ka‘ehu Beach GRST The nearest County road is Lower Waiehu Beach 
Road, the streetlights on that road are more than 

500 feet from the beach. 
Kanahā Beach GRST The nearest County road is Amala Place, there are 

4 streetlights on that road. 
Spreckelsville Beach GRST The nearest streetlight is on Paani Place; it is 

roughly 500 feet from the beach. 
Baldwin Beach GRST There are no streetlights in the area. 

Pā‘ia Bay GRST The nearest streetlights are mauka of Hana 
Highway, more than 600 feet from the beach. 

Hoʻokipa Beach GRST There are no streetlights in the area. 
Hamakuapoko Beach GRST There are no streetlights in the area. 

East Unnamed black sand 
beach 

GRST Unknown 

Hāna Bay HAST The nearest County roadway is Uakea Road, there 
are 2 streetlights within 500 feet of the beach. 

Koki Beach HAST There are no streetlights in the region. 
Hāmoa Bay HAST There are no streetlights in the region. 

Moloka‘i East Hālawa Beach HAST There are no streetlights in the region. 
West Moʻomoni Preserve GRST There are no streetlights in the region. 

Kawaʻaloa Bay GRST There are no streetlights in the region. 
Lāna‘i  North Polihua Beach GRST There are no streetlights in the region. 

North Shipwreck Beach HAST There are no streetlights in the region. 
Source:  PSI. 
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3.2.3.3.3 Conclusions 

The most important considerations when assessing the impact of the Proposed Action on sea turtles 
are: 

• Sea turtles will not be adversely affected during short-term construction and 
maintenance activities. 

• The selected LED fixture complies with more of the relevant wildlife guidelines than 
the HPS fixture (Section 3.2.3.1).  The selected LED fixture is a full cut-off light, results 
in less light trespass than HPS, and would be controlled in a manner to avoid wildlife 
impacts. 

• With the selected ERL1-0-06 2700K LED used to replace the 150W HPS near the 
shoreline, sea turtles will perceive the LEDs to be dimmer than the HPS they replace 
(Section 3.2.3.3.1). 

• The County of Maui will conduct street lighting assessments in the vicinity of the 
shoreline (Section 2.1.5.3) as part of the Proposed Action.  Through this assessment, 
additional avoidance and minimization measures will be administered, where 
appropriate, for sea turtles.  Briefly, those measures may include shielding, relocating, 
redistributing/deactivating, adjusting height, dimming, and/or utilizing alternative 
fixtures.  The utilization of alternative fixtures, which would occur if other measures 
are deemed insufficient or ineffectual, would fully address DLNR’s guideline 13 (Table 
3.4), which is primarily related to avoiding adverse effects on sea turtles.   

Given these important factors, under the Proposed Action the County-owned streetlight’s 
contribution to sea turtle light attraction, if any, would be expected to decline.  The Proposed 
Action would not have a significant adverse effect on the subject sea turtles; it would have a 
beneficial effect on them. 

When considering the potential impact of the No Action alternative, over the long term artificial 
light conditions would be similar to those that existing in 2018.  The County-owned streetlight’s 
contribution to sea turtle light attraction, if any, would not be expected to change. 

 Blackburn’s Sphinx Moth 

The Blackburn’s sphinx moth may be present in the vicinity of certain short-term construction and 
maintenance work associated with both the Proposed Action and the No Action alternative.  
However, neither alternative involves the installation of new utility poles or other ground 
disturbing activities.  As described in Section 2.1.3, the equipment required to perform the field 
activities will temporarily park in the County roadway ROW, either on a paved surface or 
landscaped shoulders.  The vast majority of the County roadway ROW where these activities will 
occur is regularly maintained and the plants on which the adult moth and the moth’s larvae feed 
are not present.  The locations with the greatest likelihood of these plants being present and hosting 
the moth in the work area are where the County’s streetlights occur near designated critical moth 
habitat.  The only location where streetlights are in close proximity to critical habitat for the moth 
is near Kanahā Beach Park and Kanahā Pond State Wildlife Sanctuary.  As shown in Figure 3.17, 
as with other County ROW, the area where construction and maintenance vehicles would be 
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situation during implementation of the alternatives near the park and sanctuary is well maintained 
and no plants potentially hosting the moth would be disturbed. 

Figure 3.17 Photographs of Streetlights near Kanahā Beach Park and Kanahā Pond State 
Wildlife Sanctuary 

   
Source:  Google Streetview (photos identified as being captured in 2019). 

Although there is no information regarding the moth’s response to different light wavelengths, it 
is not anticipated that the light produced by the selected LED will affect moth behavior in a manner 
that is substantially different than HPS light.  Given this and the lack of a short-term impact to the 
moth during construction and maintenance, it is assessed that neither the Proposed Action nor the 
No Action alternative will have a significant impact on the Blackburn’s sphinx moth. 

 Hawaiian Hoary Bat 

The Proposed Action and No Action alternatives do not involve (i) trimming trees or shrubs taller 
than 15 feet, or (ii) installing or using barbed wire.  As such, neither alternative is anticipated to 
have an effect on Hawaiian hoary bats. 

 HUMAN HEALTH AND SAFETY 

3.3.1 EXISTING CONDITIONS 

The County of Maui-owned streetlights provide adequate lighting where it is desired.  Where they 
are present, they providing lighting in a manner that is consistent with applicable AASHTO 
guidelines.  As such, they adequately provide for human health and safety within the County ROW. 

The HPS streetlights utilized by the County comply with the guidelines by emitting light with 
discrete peaks in the blue, yellow, and orange portions of the spectrum with the peaks in the yellow 
and orange portions of the spectrum being dominant (Figure 3.12).  This is what gives the HPS 
streetlights their yellowish color, a low CCT, and poor CRI (20.5).  It also results in HPS lighting 
have a moderate blue light content of 10 percent (Table 2.3). 
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3.3.2 POTENTIAL IMPACTS 

There has been some concern expressed that the conversion of streetlights from HPS to LED could 
have unintended adverse effects on human health.  The American Medical Association’s Human 
and Environmental Effects of Light Emitting Diode (LED) Community Lighting paper (AMA 2016) 
indicated that the core concern was the disruption of circadian rhythmicity.  It states that (i) several 
studies implicate bright, short wavelength (blue light) as having a short-term detrimental effects 
on sleep quality, and (ii) that a “white” LED lamp is at least 5 times more powerful in influencing 
circadian physiology than a HPS light based on melatonin suppression.  The report then 
recommends that when communities convert to LED streetlights, they choose fully shielded 
fixtures with lower CCT ratings. 

The County of Maui has selected LED streetlights (Section 2.1.2) that comply with the American 
Medical Association’s recommendations: they are fully shielded and the vast majority of them 
have a low CCT rating of 2700K.   

Many other metropolitan areas, including Honolulu, have converted their streetlights to LED over 
the last 10 years.  Most of those areas have employed LEDs with 4000K and 3000K CCT ratings 
because they provide greater cost savings and better CRI than 2700K LEDs.  Although CCT is not 
always a good predictor of blue light content, as can be seen in Table 2.3, when it comes to mass-
produced LED streetlights, the higher the CCT, the higher the blue light content.  Therefore, the 
bulk of the country has installed streetlights with a higher blue light content than the LED fixtures 
selected by the County of Maui.  Substantial adverse human health effects attributable to changes 
in the artificial lighting in those metropolitan areas have not been reported. 

Based on these considerations, the potential for the proposed Maui County Streetlight Conversion 
Project to have adverse effects on human health is nominal and less than significant. 

 SCENIC AND VISUAL RESOURCES 

3.4.1 EXISTING CONDITIONS AND REGULATORY CONTEXT 

The County of Maui 2030 General Plan: Countywide Policy Plan identifies loss of scenic 
resources as a primary concern, and establishes the protection of scenic resources as a priority, 
stating that (County of Maui 2010): 

The islands of Maui County are world famous for their beautiful scenic resources.  
These resources are diverse and include developed and undeveloped sections of 
shoreline, tropical rainforests, rugged valleys, mountains with jagged peaks, vast 
open spaces, historic towns and settlements surrounded by productive agricultural 
land, and panoramic Pacific Ocean views.  The beauty of these scenic resources 
enriches the quality of life for residents and serves as a primary visitor 
attraction…Protection of valued scenic and natural resources is a priority… 

On behalf of the County of Maui, Long-Range Planning Division, Chris Hart & Partners, Inc. 
prepared the County of Maui 2030 General Plan: Scenic Resources Inventory Report.  This report 
was sanctioned by the County of Maui to support the preparation of the County of Maui 2030 
General Plan; it’s purpose is to identify scenic roadway corridors based on an inventory and 
ranking of public views from major State and County roadways.  The information in that inventory 
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is used to develop policies and tools to better protect Maui’s scenic resources for future 
generations.  The scope of that inventory was limited to the island of Maui and did not include 
Molokai or Lānaʻi.   

To construct the inventory, planners observed the following methodology: (i) document inland and 
coastal scenic resources and open space along major State and County Roadways within each 
region of Maui; (ii) describe and classify a view’s content and character; (iii) document the views 
classified in the Maui Coastal Scenic Resources Study (1990); (iv) evaluate views based on the 
1981 George Park’s Highway, Alaska and 1996 Scenic America methodologies; (v) rate the views 
as exceptional, important, or unimportant; (vi) classify the corridor as urban, rural, agricultural, or 
natural; (vii) rate the corridor as exceptional, high, medium, or low; and (viii) develop maps 
identifying the location and rating of scenic corridors (Figure 3.18).   

Figure 3.18 Maui Island Plan Scenic Corridor Protection Map 

 
Source: County of Maui (2010) 

The scenic resource protection policies of the County of Maui 2030 General Plan and the findings 
of the Scenic Resources Inventory Report were then applied to the Maui Island Plan (MIP), 
Molokaʻi Community Plan (MCP), and Lānaʻi Community Plan (LCP) prepared by the County of 
Maui, Planning Department, Long Range Planning Division.  In addition to depicting scenic 
corridors, these plans also define the threats to scenic resources which it is intended to address: (i) 
degradation of scenic resources; (ii) limited access to scenic resources; (iii) inappropriate building 
and landscape design; and (iv) loss of agricultural and open lands to development (County of Maui 
2012).  Pursuant to that, MIP, §2.5 summarizes the scenic resources issues as follows: 
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GOALS, OBEJCTIVES, POLICIES, AND ACTIONS 
Goal:  
2.5 Maui will continue to be a beautiful islands steeped in coastal, mountain, open 
space, and historically significant views that are preserved to enrich the residents’ 
quality of life, attract visitors, provide a connection to the past, and promote a sense 
of place. 
Objective: 
2.5.1 A greater level of protection for scenic resources. 
Policies: 
2.5.1.a Protect views to include, but not be limited to, Haleakalā, ʻĪao Valley, the 
Mauna Kahalawai (West Maui Mountains), Puʻu Ōlaʻi, Kahoʻolawe, Molokini, 
Molokaʻi, and Lānaʻi, Mauna Kea, Mauna Loa, sea stacks, the Pacific Ocean, and 
significant water features, ridgelines, and landforms.   
2.5.1.b Identify, preserve, and provide ongoing management of important scenic 
vistas and open space resources, including mauka-to-makai and makai-to-mauka 
view planes. 
2.5.1.c Protect “night sky” resources by encouraging the implementation of 
ambient light ordinances and encouraging conversion of all sources that create 
excessive light pollution, affecting our ability to view the stars. 
2.5.1.d Protect ridgelines from development where practicable to facilitate the 
protection of public views. 
2.5.1.e Protect scenic resources along Maui’s scenic roadway corridors. 

The Maui Island Plan goes on to lay out a series of implementing actions intended to achieve the 
objectives cited above, including Implementing Action 8: 

2.5.1-Action 8 Develop and adopt regulations to protect night-sky resources from 
encroachment by the built environment, and limit night-light emissions and light-
intensity levels. 

The statutory requirements of the Street Lighting Standards (MC §15-201, Appendix A) were 
developed with these goals, objectives, policies, and implementing actions as guiding principles.  
The Molokaʻi Island Plan (2018) and Lānaʻi Island Plan (2016) have similar provisions, although 
they lack the same level of specificity, and identify only generalized scenic resources to be 
protected.21   

Table 3.6 summarizes the scenic resources designated for protection in each plan.   

 
21 The Molokaʻi Community Plan, §3.3A notes that, “a photo inventory of Molokaʻi’ s scenic resources was conducted and mapped 

but has not been rated for resource value.  The Maui County General Plan 2030 Scenic & Historic Resources, Inventory & 
Mapping Methodology Reports provide guidance on visual quality ratings based on eleven factors used to evaluate and prioritize 
scenic resources.  In addition, the inventory and mapping work has not yet occurred to develop the Scenic Roadway Corridors 
Management Plan and Design Guidelines.” 
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Table 3.6 Protected Scenic Resources in the County of Maui  
Source Island Resource 

Maui Island Plan, 
§2.5.1a 

Maui Protect views to include, but not be limited to, Haleakalā, ʻĪao Valley, 
the Mauna Kahalawai (West Maui Mountains), Puʻu Ōlaʻi, 
Kahoʻolawe, Molokini, Molokaʻi, and Lānaʻi, Mauna Kea, Mauna 
Loa, sea stacks, the Pacific Ocean, and significant water features, 
ridgelines, and landforms. 

Molokaʻi Community 
Plan, §3.3 

Molokaʻi Scenic views and corridors are abundant and diverse on Molokaʻi.  
They include land, sky, sea, and historic structures at a variety of 
scales and locations: urban, rural, agricultural, and open spaces.  
Views of nature, including ocean, hill slopes, valleys, ridgelines, 
springs, waterfalls, and coastlines can be seen nearly continuously 
from roadways that cross the island or follow the coast. 

Lānaʻi Community 
Plan, §5 

Lānaʻi Scenic views and scenic view corridors are abundant and diverse on 
Lānaʻi.  Scenic views combine land sky sea and historic structures at 
a variety of scales and locations including urban rural agricultural and 
open natural settings.  Views of nature such as the ocean hill slopes 
valleys ridgelines and coastlines are abundant from the roadways that 
cross the island or follow the coast.22   

Source: County of Maui (2010, 2016, 2018) 

In 2018, the County of Maui adopted MC §15-201 Street Lighting Standards.  The purpose of 
these standards, as defined in MC §15-201-3, is stated as follows: 

§15-201-3 Purpose. These rules provide standards for outdoor lighting that, while 
providing a level of safety for vehicular and pedestrian traffic, do not excessively 
interfere with nighttime viewing and avoid glare and light trespass onto private 
property.  These rules also encourage the conservation of electricity. 

This updated policy allows the County of Maui to take advantage of broad spectrum (i.e., white 
light) street lighting technologies, including LED fixtures.  These advanced LED technologies are 
more energy efficient and longer lasting than the HPS fixtures currently in general use around the 
County of Maui.  This new policy also allows the County of Maui to select street lighting that dim 
in the late evening hours when reduced pedestrian and vehicular traffic justify lower light levels.  
The purpose of the following subsections is to discuss the potential impact the introduction of this 
new technology may have on visual and aesthetic resources throughout Maui, Molokaʻi, and 
Lānaʻi.   

3.4.2 LIGHTING SCIENCE AND DEMONSTRATION PROJECT FINDINGS 

For several decades the lighting community has discussed the need to revise the photometric 
practice to recognize that the color content of light has a significant effect on vision, particularly 
peripheral vision, in outdoor, low light conditions such as nighttime drivers and pedestrians 
experience; this is sometimes referred to a mesopic vision.  The International Commission on 
Illumination’s (CIE, from its French acronym) Recommended System of Mesopic Photometry (CIE 

 
22 The Maui County General Plan 2030: Scenic Resources Inventory and Mapping Methodology provides guidance on visual 

quality ratings based on eleven factors.  A partial photo inventory of Lānaʻi scenic resources was conducted and resources were 
mapped but not rated for resource value.  MCC, §2.80B.070(E)(9) requires the community plan to contain a list of scenic sites 
and resources.  This Lānaʻi Community Plan contains policies and actions that focus efforts to complete the inventory and rating 
of Lānaʻi scenic resources 
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2010), summarizes the scientific basis for the recommended system and provides guidelines for 
its use and application.23  Following that, the Illuminating Engineering Society of North America 
(IES) published Technical Memorandum 12 Spectral Effects of Lighting on Visual Performance 
at Mesopic Lighting Levels (IES 2012).  The conclusion of both of these documents is that an HPS 
fixture, which gives off an orange-pink light, can be replaced with a broad spectrum white (i.e., 
LED) streetlight that emits less total light for equal or better visibility.  LED street lighting has 
become an attractive technology because it provides as good or better visibility while emitting less 
total light and requiring less total energy.   

As part of the demonstration project characterized in Section 2.1.1, six different LED light fixtures 
from three manufacturers were installed on existing poles at regular intervals along Maui Lani 
Parkway.  In addition to assessing various parameters such as color content, S/P ratio, etc. it also 
considered the holistic visual effect that each light fixture produced when deployed in the field 
(Table 2.2).  As can be seen from the photographs in that table, some fixtures including the selected 
GE 2700K LED produce a relatively evenly-distributed, broad spectrum white light which allows 
for true to life color recognition.  Conversely, lights which have a more skewed light spectrum 
distribution, like the C&W 2400K and HPS 2100K, produce a light which is predominantly 
composed of red, orange, and yellow light, which tinges the illuminated area accordingly.   

Due of this phenomenon, LED fixtures such as the selected GE 2700K LED streetlight have the 
potential to provide a more accurate color rendition than the existing HPS fixtures, and without 
emitting excessive amounts of potentially harmful blue light.  This understanding has been tested 
and substantiated in numerous conversion projects in the United States and via the Maui 
demonstration project, with confirming photographs provided in Table 2.2.   

3.4.3 POTENTIAL IMPACTS 

Neither the Proposed Action nor the No Action alternative will have any direct adverse impacts 
on the protected scenic or visual resources identified in Maui County, Maui, Molokaʻi, or Lānaʻi 
planning documents and summarized in Table 3.6.  All of these scenic and visual resources would 
continue to appear as they do now; no new visual element that could block or obscure the identified 
views will be installed.  Only the most attentive viewers would notice the difference between an 
HPS streetlights fixture and a LED streetlights fixture while they are inert.  In addition, because 
most of the protected vistas are either invisible or only partially visible during the nighttime, any 
change in street lighting will only have the potential to create a very minor impact.   

The Proposed Action would have modest beneficial impacts to nighttime scenic and visual 
resources, and more generally to County of Maui ROWs on all three islands, during nighttime and 
low light conditions.  These modest benefits would accrue due to several factors: 

• The general consensus of lighting and transportation officials is that an HPS fixture, 
which gives off an orange-pink light, can be replaced with a broad spectrum white (i.e., 
LED) streetlight that provide equal or better visibility, with more faithful color 
rendition (a higher CRI), while emitting fewer lumens.   

 
23 The CIE is an international, independent authority on illumination with member countries spanning the globe.  The CIE provides 

an international forum for the discussion of all matters relating to the science, technology, and art in the fields of light and 
lighting.  It also publishes standards, reports, and other publications concerned with the science, technology, and art of lighting.  
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• The proposed GE 2700K LED fixtures are dimmable, allowing DPW to use only as 
much light as needed, where and when it is needed. 

• The proposed GE 2700K LED fixtures create less light trespass, defined as light 
directed laterally away from the intended area of illumination, and less light pollution, 
defined as upwards directed light that can contribute to nighttime “glow,” reduction in 
night sky visibility, and light attraction by native wildlife.   

For these reasons, DPW has concluded that Proposed Action will have no adverse impacts and 
will provide modest benefits to scenic and visual resources, as identified in County of Maui 
planning documents.   

When considering the potential impact of the No Action alternative, over the long term artificial 
light conditions would be similar to those that existed prior to 2019.  The impact of the County-
owned streetlights on scenic and visual resources would not be expected to change. 

 CUMULATIVE IMPACTS 

This section evaluates whether the Maui County Streetlight Conversion Project, while individually 
limited in scope, might contribute to significant impacts on the natural or human environment 
when considered cumulatively along with other projects in the County of Maui.  A cumulative 
impact is an impact on the environment which results from the incremental impact of the proposed 
action when added to other past, present, and reasonably foreseeable future actions, regardless of 
what agency, organization, or individual undertakes such other actions.  A cumulative impact 
occurs when the incremental environmental effects of the project added to other past, present, and 
reasonably foreseeable future actions result in substantial significant impacts.   

Relevant past actions within the context of the Proposed Action include the development of 
County’s roadway network on which streetlights are now operated.  The present action is the 
Proposed Action, which has a broad geographic extent but is not part of a larger project and does 
not commit the County to any specific future course of action.  Relevant reasonably foreseeable 
future actions include those actions within the County of Maui that have progressed beyond the 
conceptual stage and would involve the installation of streetlights by the County or by another 
entity with the intent of dedicating the street and streetlights to the County (e.g., a new housing 
development).  There are several such reasonably foreseeable future actions, including Waikapu 
Country Town, Wailuku Apartments, Waikapu Development Ventures, Haliimaile Residential 
Subdivision, Waiale Road Extension, Liloa Drive (North-South Collector Road) Extension, 
Kaiaulu o Kukuia, Kaiaulu o Halelea, Kaiaulu o Kupuohi, Kehalani Project District, Hale Kaiola, 
and Kilohana Makai.  The broad impacts of those foreseeable actions are evaluated in project-
specific documents and permit applications.   

The Proposed Action would not meaningful change the character of the urban landscape created 
by past actions.  The Proposed Action would not require foreseeable actions to meaningfully 
modify their plans or resulting in their impacts being substantially different than those disclosed.  
In fact, relative to the No Action alternative, the Proposed Action would avoid and minimize the 
potential impacts of past and future streetlights as outlined in Section 3.2.3.  Furthermore, relative 
to the No Action alternative, the Proposed Action is not anticipated to have a significant impact 
on other resources (Sections 3.1, 3.3, and 3.4).  Consequently, the use of the selected LED 
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streetlights by past, present, and foreseeable actions would not result in a significant cumulative 
effect on any resources. 
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Chapter 4:  CONSISTENCY WITH LAND USE PLANS, 
POLICIES, AND CONTROLS 

This chapter discusses the relationship of the Maui County Streetlight Conversion Project to 
applicable land use plans, policies, and controls at the County, State, and Federal level.  
Compliance with existing regulations and requirements helps ensure that the Proposed Action will 
not result in significant impacts on current land use policies and programs at the local, regional, 
and national level.   

 COUNTY OF MAUI 

4.1.1 COUNTY OF MAUI 2030 GENERAL PLAN: COUNTYWIDE POLICY PLAN (2010) 

The Countywide Policy Plan (CWP) was adopted by Ordinance No. 3732 and took effect on March 
24, 2010 (it superseded the Maui General Plan, which had last been updated on April 23, 1993).  
The CWP provides broad goals, objectives, policies, and implementing actions that indicate the 
desired direction for the future of the County of Maui.  This includes: (i) a vision statement and 
core values; (ii) an explanation of the plan-making process; (iii) a description and background 
information regarding Maui County today; (iv) identification of guiding principles; and (v) a 
comprehensive list of countywide goals, objectives, policies, and implementing actions related to 
a set of core themes.  The core themes of the CPW are: 

• Protect the Natural Environment 

• Preserve Local Cultures and Traditions 

• Improve Education 

• Strengthen Social and Healthcare Services 

• Expand Housing Opportunities for Residents 

• Strengthen the Local Economy 

• Improve Parks and Public Facilities 

• Diversify Transportation Options 

• Improve Physical Infrastructure 

• Promote Sustainable Land Use and Growth Management 

• Strive for Good Governance 

Furthermore, the CWP provides the policy framework for the development of the Maui Island 
Plan and the nine Community Plans.  While the CWP does not provide any specific guidance 
regarding street lighting, it does contain several provisions applicable to the Maui County 
Streetlight Conversion Project, including those related to reducing the County’s carbon footprint 
and protecting the night sky.  The following sections of the CWP contain policies and goals most 
applicable to the Maui County Streetlight Conversion Project, followed by a discussion of their 
relationship to the Proposed Action:   
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Countywide goals, objectives, policies, and actions 
A. Protect the Natural Environment 
Goal: Maui County’s natural environment and distinctive open spaces will be 
preserved, managed, and cared for in perpetuity.   
Objective: 
3. Improve the stewardship of the natural environment. 
a. Preserve and protect natural resources with significant scenic, economic, 
cultural, environmental, or recreational value. 
f. Reduce air, noise, light, land, and water pollution, and reduce Maui County’s 
contribution to global climate change. 

Discussion:  The Maui County Streetlight Conversion Project is consistent with the goal of 
preserving, managing, and caring for the natural environment.  The proposed conversion of 
streetlights in the County of Maui from GE 2100K HPS to GE 2700K LED fixtures will result in 
a reduced expenditure of energy for streetlights and concomitant savings in total cost for street 
lighting.  An HPS 100W fixture requires 150W of power; the additional 50W is consumed by the 
ballast.  The selected LED replacement fixture (model ERL1-0-06 2700K) requires only 47W 
when operated at full power (Appendix C).  This results in a minimum estimated power savings 
between the existing and proposed fixtures of approximately 67 percent, to adequately light the 
ROW.  Further, this figure represents a minimum savings, because the new LED fixtures are 
dimmable and will be operated dimmed at least part of the year.  While there are too many 
confounding factors to determine the exact reduction in greenhouse gas emissions, there is little 
doubt that the substantial reduction in energy required would also result in lower emissions of 
airborne pollutants.   

In addition, the Proposed Action would reduce light pollution in general, including sky glow, and 
reduce the likelihood of light-induced wildlife impacts because: (i) the proposed GE 2700K LED 
fixtures produce less light than the HPS fixtures they would replace, while still meeting applicable 
guidelines; and (ii) The LED fixtures are fully shielded and create less light trespass than the HPS 
fixtures they would replace.  Because the Proposed Action would result in reductions of air and 
light pollution in the County of Maui, it will better protect the natural environment of the County 
of Maui, and be consistent with the goals and objectives of the CPW.   

Additional discussion of the Proposed Action’s consistency with the CPW’s provisions related to 
scenic and visual resources may be found in Section 3.4.1.   

4.1.2 MAUI ISLAND PLAN (2012) 

Discussion of the Proposed Action’s consistency with the MIP’s provisions related to scenic and 
visual resources may be found in Section 3.2.2.1.   

The MIP is intended to assess conditions, trends, and issues specific to the island of Maui.  It 
provides policy direction for the use and development of land, extension and improvement of 
transportation services and infrastructure, development of community facilities, expansion of the 
island’s economic base, provision of housing, and protection of natural and cultural resources.  In 
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addition, it goes on to establish policies to manage change and to direct decisions about future land 
use and development.  Finally, it provides the foundation to set capital improvement priorities, 
revise zoning ordinances, and develop other tools for policy implementation.   

With specific regard to land use and urban development, the MIP notes the following:  
Streets are one of the most basic elements of urban form – they play a significant 
role in shaping the framework and character of neighborhoods.  Inappropriate 
street design can encourage speeding, limit pedestrian mobility, and degrade the 
aesthetic quality of the built environment.  Well-designed streets generally have the 
following characteristics: 
 ● Proper proportion and width; 
 ● Relationship to adjoining buildings and setbacks; 
 ● Shade; 
 ● Sidewalks; 
 ● Street trees; 
 ● Lighting; 

In addition to the recommendation for effective lighting as a part of well-designed streets, the MIP 
specifically advocates for greater energy efficiency and self-sufficiency.  While much of the 
discussion understandably relates to the identification and development of new sources of 
renewable energy, there is considerable emphasis given to energy efficiency on the part of 
consumers, including the County of Maui, in its discussion of energy policy:  

Maintaining a stable energy grid requires regulation and management of energy 
generation and distribution resources to enable diverse, distributed suppliers to 
generate energy in a way that optimizes available supplies while maintaining 
reliable electric service. Multiple factors are involved with maintaining a stable 
energy grid including improving energy generation, transmission and distribution 
infrastructure, providing more options for suppliers and end-users to regulate 
energy generation and consumption, and creating viable means for new energy 
suppliers to feed into the grid. 

This discussion of energy policy is further operationalized in Chapter 6 of the MIP, where it 
establishes the following goal, objective, and policy:  

GOAL, OBJECTIVES, POLICIES, AND ACTIONS 
Goal:6.10  
Maui will meet its energy needs through local sources of clean, renewable energy, 
and through conservation. 
Objective: 
6.10.1 Reduce fossil fuel consumption. Using the 2005 electricity consumption as 
a baseline, reduce by 15 percent in 2015; 20 percent by 2020; and 30 percent by 
2030. 
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Policies: 
6.10.1.a Support energy efficient systems, processes, and methods in public and 
private operations, buildings, and facilities. 
6.10.1-Action 1 Work with the Energy Management Program to: 
(1) Audit County facilities, operations, and equipment; 
(2) Develop programs and projects to achieve greater energy efficiency and 
reduction in fossil fuel use; 

Discussion:  As the above passages of the MIP make clear, it is a policy document oriented towards 
establishing broad goals, objectives, and policies across a wide variety of domains, often with 
significant overlap.  Specific priorities identified in the selected sections above include: (i) well 
designed and well-lit roadways; (ii) a stable electrical grid produced, in part, by more efficient and 
better regulated energy consumption; and (iii) a resultant reduction in the Count of Maui’s 
dependence on imported fossil fuels for power.  The proposed Maui County Streetlight Project is 
consistent with, and upholds, each of these broad purposes by implementing use of more efficient, 
dimmable LED street lighting.  As discussed in Section 1.2, the GE 2700K LED fixtures which 
have been selected are fully compliant with the design guidelines adopted into law as MC §15-201 
Street Lighting Standards in the County of Maui.  In addition, as shown in Table 2.3, the LED 
fixtures consume approximately 67 percent less energy when running at full power when compared 
to the existing GE 2100K HPS fixtures now in use, while providing further energy-savings 
potential via their scalable dimming technology.  Finally, by reducing their demand for energy to 
supply street lighting, the County of Maui can make a significant contribution to the reduction in 
demand for fossil fuel-powered generation.   

4.1.3 MOLOKAʻI COMMUNITY PLAN (2018) 

The Molokaʻi Island Community Plan Update revises the 2001 MCP and maps, adding new 
elements required by MCC §2.80B, while integrating policies from the County of Maui 2030 
General Plan.  The updated MCP consists of a vision statement, goals, policies and actions to 
guide the desired direction of the island’s future.  Technical studies and issue papers provide data 
to support the plan’s policy recommendations.  The final document also includes an 
implementation and monitoring plan.   

In Section 8.6 of the MCP, the report notes that the cost of power in the County of Maui is higher 
than on the U.S. mainland for a variety of reasons, including no economies of scale in Hawaiʻi’s 
market due to the relatively small population base, the use of imported crude oil to fuel the power 
plants, and Hawaiʻi’s consequent vulnerability to fluctuations of the global crude oil market.  With 
these challenges in mind, the MCP establishes goals, policies, and actions intended to address 
them:  

C. GOAL, POLICIES, AND ACTIONS 
Goal Molokaʻi will meet its energy needs through development of local clean 
renewable energy sources and implementation of energy efficiency and 
conservation measures. 
Policies 
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3. Support programs that provide incentives to use more efficient vehicles, 
appliances, lighting, and other energy consuming devices. 

Discussion:  While the Maui County Streetlight Conversion Project will not, in of itself, develop 
any sources of locally-produced power, renewable or otherwise, it will make a substantial positive 
contribution to improving Molokai’s energy efficiency and conservation.  The proposed GE 2700K 
LED fixtures consume approximately 67 percent less energy when running at full power when 
compared to the existing GE 2100K HPS fixtures (and providing further energy-savings potential 
via their dimming technology).  Finally, by reducing their demand for energy to supply street 
lighting, the County of Maui can make a significant contribution to the reduction in demand for 
fossil fuel-powered generation.  Because of the MCP’s stated support for programs that incentivize 
efficient lighting, DPW believes that the Proposed Action is consistent with these goals and 
policies of the MCP.   

4.1.4 LĀNAʻI COMMUNITY PLAN (2015) 

Discussion of the proposed action’s consistency with the LCP’s provisions related to scenic and 
visual resources may be found in Section 3.4.1.   

The LCP was first adopted in 1983 and first updated in 1998.  Between 2004 and 2012, new plan 
elements were imposed by state law, and in 2015 the LCP Update was issued to bring the issues 
and strategies identified in the LCP into the 21st century.  The LCP is organized into thirteen 
chapters, a maps section and an appendices.  The specific domains addressed in the LCP include: 
(i) environment and natural Resources; (ii) hazard mitigation; (iii) cultural-historic resources; (iv) 
scenic resources; (v) economic development; (vi) infrastructure and utilities; (vii) public facilities 
and services; (viii) land use; (ix) urban design; (x) housing; (xi) governance; (xii) implementation; 
and (xiii) monitoring.  While most of the provisions of the LCP do not relate directly to street 
lighting or related issues, substantial emphasis is placed on improving energy efficiency and 
reducing the island’s reliance on electricity produced with fossil fuels:  

B ISSUES AND STRATEGIES 
Issue 1 Lanai has the highest electricity rates in the state 
Strategy 1A Work with MECO and PUC Consumer Advocate to find ways to reduce 
electricity rates for Lanai 
Strategy 1 B Promote conservation and reduction of power usage by residential 
commercial and resort consumers 
Strategy 1C Explore technologies and the integration of information technologies 
and mechanisms that would improve the efficiency and reliability of the electrical 
grid 

Further, in the broader context noted above, the LCP promotes efficiency via adoption of new, 
more efficient lighting technology:  

C GOAL POLICIES AND ACTIONS 
GOAL Increase the proportion of electricity that is generated from renewable 
sources to reduce electricity costs and Lanai dependence on fossil fuels 
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Policies 
1 Support the increased use of renewable energy sources 
2 Maintain and support consumer incentives to promote the installation of 
renewable energy systems 
3 Promote energy conservation and awareness programs including the use of 
compact fluorescent lights CFL solar hot water and conservation behaviors 

Discussion: As with the MIP and MCP, the LCP is a broad planning document that only 
tangentially touches on the topic of lighting, infrastructure, and energy efficiency measures.  
However, in that context, it is clear that the Maui County Streetlight Conversion Project is 
consistent with these common issues, strategies, goals, and policies of the LCP.  Via the adoption 
of 67 percent more efficient GE 2700K LED fixtures, the Proposed Action promotes energy 
conservation and the reduction of power usage for the purposes of street lighting across the County 
of Maui.   

4.1.5 MAUI COUNTY CODE 

The Maui County Streetlight Conversion Project’s consistency with applicable provisions of the 
Maui County Code, specifically the statutory requirements for street lighting contained in MC §15-
201 Street Lighting Standards, is discussed in Section 2.1.2 of this report and summarized in Table 
2.7.   

 STATE OF HAWAIʻI 

4.2.1 HAWAIʻI STATE PLAN, HRS CHAPTER 226 

Adopted in 1978 and last revised in 1991, the Hawaiʻi State Plan is intended to guide the long-
range development of the State by:  

• Identifying goals, objectives, and policies for the State and its residents;  

• Establishing a basis for determining priorities and allocating resources; and 

• Providing a unifying vision to enable coordination between the various counties’ plans, 
programs, policies, projects and regulatory activities to assist them in developing their 
county plans, programs, and projects and the State’s long-range development 
objectives.   

The Hawaiʻi State Plan is a policy document.  It depends on implementing laws and regulations 
to achieve its goals.  While not all sections of the Hawaiʻi State Plan are directly applicable to the 
Maui County Streetlight Conversion Project, the most relevant are identified and discussed below:   

§226-18  Objectives and policies for facility systems--energy.  (a)  Planning for the 
State's facility systems with regard to energy shall be directed toward the 
achievement of the following objectives, giving due consideration to all: 
(2)  Increased energy security and self-sufficiency through the reduction and 
ultimate elimination of Hawaii's dependence on imported fuels for electrical 
generation and ground transportation; 
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 (b)  To achieve the energy objectives, it shall be the policy of this State to 
ensure the short- and long-term provision of adequate, reasonably priced, and 
dependable energy services to accommodate demand. 
 (c)  To further achieve the energy objectives, it shall be the policy of this 
State to: 
(2)  Ensure that the combination of energy supplies and energy-saving systems is 
sufficient to support the demands of growth; 
(4)  Promote all cost-effective conservation of power and fuel supplies through 
measures, including: 
 (A) Development of cost-effective demand-side management programs; 
 (C)  Adoption of energy-efficient practices and technologies; and 
 (D)  Increasing energy efficiency and decreasing energy use in public 
infrastructure; 
(5)  Ensure, to the extent that new supply-side resources are needed, that the 
development or expansion of energy systems uses the least-cost energy supply 
option and maximizes efficient technologies; 
(6)  Support research, development, demonstration, and use of energy efficiency, 
load management, and other demand-side management programs, practices, and 
technologies; 
(8)  Support actions that reduce, avoid, or sequester greenhouse gases in utility, 
transportation, and industrial sector applications; 

Discussion:  These relevant provisions of the Hawaiʻi State Plan, given statutory status as HRS, 
§226, make clear the emphasis the State of Hawaiʻi places on developing energy efficiency and a 
reduction in energy use for public infrastructure.  As noted previously, while the proposed Maui 
County Streetlight Conversion Project will not develop new sources of local, clean energy, it does 
provide an opportunity to significantly reduce the amount of electricity the County of Maui uses 
to meet its street lighting needs, much of which would likely be produced by fossil-fuel fired power 
plants.  Because the Proposed Action of replacing the existing GE 2100K HPS fixtures with new, 
more efficient GE 2700K LED streetlights will offer an estimated 67 percent energy savings when 
operated at full power, DPW has concluded that the Maui County Streetlight Conversion Project 
promotes the adoption of energy efficient technology, will reduce the County’s use of electrical 
power, and is consistent with these objectives and policies of the Hawaiʻi State Plan.   

4.2.2 STATE LAND USE LAW, HRS CHAPTER 205 

Chapter 205, HRS established the State Land Use Commission and gives this body the authority 
to designate all lands in the State as Urban, Rural, Agricultural, or Conservation District.  The 
counties make all land use decisions within the Urban District in accordance with their respective 
county general plans, development plans, and zoning ordinances.  The counties also regulate land 
use in the State Rural and Agricultural Districts, but within the limits specified by HRS, Chapter 
205.  The basic function of each of the districts, briefly summarized, are as follows (see HRS, 
§205-2):  
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• The Urban District establishes the boundaries for areas currently urban use and provide 
a sufficient reserve area for foreseeable future urban growth. 

• The Rural District is comprised of land composed primarily of small farms mixed with 
very low-density residential lots, generally consisting of not more than one house per 
half-acre and a minimum lot size of not less than one-half acre. 

• The Agricultural District gives the greatest possible protection to those lands with a 
high capacity for intensive cultivation of food crops, crops for bioenergy, orchards, 
forage, forestry, animal husbandry, and game or fish propagation.  

• The Conservation District establishes the boundaries of forest and water reserve zones.   

Because the Maui County Streetlight Conversion Project encompasses all of Maui, Molokai, and 
Lanai, work related to it is likely to occur in all four State Land Use Districts.  However, because 
all of the work is limited to the replacement of existing GE 2100K HPS streetlights with new GE 
2700K LED fixtures, no new permitting such as a Conservation District Use Permit, is required.  
Further, this conversion of existing streetlights will not prevent, limit, or otherwise affect 
appropriate uses of these districts.  Thus, DPW has concluded that the proposed action is consistent 
with State of Hawaiʻi land use law, as defined in HRS, §205.   

4.2.3 COASTAL ZONE MANAGEMENT PROGRAM, HRS 205A 

The objectives of the Hawaiʻi Coastal Zone Management (CZM) Program are set forth in Hawaiʻi 
Revised Statutes, Chapter 205A.  The program is intended to promote the protection and 
maintenance of valuable coastal resources.  All lands in Hawaiʻi are classified as valuable coastal 
resources.  The State Office of Planning and Sustainable Development administers Hawaiʻi’s CZM 
Program.  A general discussion of the Proposed Action’s consistency with the objectives and 
policies of Hawaiʻi’s CZM Program follows.   

 Recreational Resources 

Objective: Provide coastal recreational opportunities accessible to the public. 

Policies: 
1. Improve coordination and funding of coastal recreational planning and management; 

and 
2. Provide adequate, accessible, and diverse recreational opportunities in the coastal 

zone management area by: 
3. Protecting coastal resources uniquely suited for recreational activities that cannot be 

provided in other areas; 
4. Requiring replacement of coastal resources having significant recreational value 

including, but not limited to, surfing sites, fishponds, and sand beaches, when such 
resources will be unavoidably damaged by development; or requiring reasonable 
monetary compensation to the State for recreation when replacement is not feasible or 
desirable; 
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5. Providing and managing adequate public access, consistent with conservation of 
natural resources, to and along shorelines with recreational value; 

6. Providing an adequate supply of shoreline parks and other recreational facilities 
suitable for public recreation; 

7. Ensuring public recreational uses of county, state, and federally owned or controlled 
shoreline lands and waters having recreational value consistent with public safety 
standards and conservation of natural resources; 

8. Adopting water quality standards and regulating point and nonpoint sources of 
pollution to protect, and where feasible, restore the recreational value of coastal 
waters; 

9. Developing new shoreline recreational opportunities, where appropriate, such as 
artificial lagoons, artificial beaches, and artificial reefs for surfing and fishing; and 

10. Encouraging reasonable dedication of shoreline areas with recreational value for 
public use as part of discretionary approvals or permits by the land use commission, 
board of land and natural resources, and county authorities; and crediting such 
dedication against the requirements of section 46-6. 

Discussion:  The proposed action will have no effect on coastal recreational resources.  While 
some portion of the conversion process and resulting LED street lighting will be visible from 
nearby portions of the coastline, once complete, the area will be indistinguishable from its current 
state during the daytime, with only minor differences notable at night due the change in lighting.  
No aspect of the project will disrupt any ongoing use of coastal recreational areas or resources.   

 Historic Resources 

Objective: Protect, preserve, and, where desirable, restore those natural and manmade 
historic and prehistoric resources in the coastal zone management area that are significant in 
Hawaiian and American history and culture.   

Policies: 
1. Identify and analyze significant archaeological resources;   
2. Maximize information retention through preservation of remains and artifacts or 

salvage operations; and   
3. Support state goals for protection, restoration, interpretation, and display of historic 

resources.   

Discussion:  The Maui County Streetlight Conversion Project is solely intended to convert existing 
GE 2100K HPS streetlights to new, more efficient GE 2700K LED fixtures.  All of the work related 
to the project will occur on existing poles located in existing County of Maui ROWs and similar 
areas.  No new earthwork of any kind will occur as part of the proposed action.  Section 3.1.2 
discusses the reasons why DPW has concluded that the Proposed Action does not have the 
potential to affect archaeological or historic resources.  SHPD will be provided with a copy of this 
EA for review and their comments, if any, will be reproduced in the Final Environmental 
Assessment (FEA).   
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 Scenic and Open Space Resources 

Objective: Protect, preserve, and, where desirable, restore or improve the quality of coastal 
scenic and open space resources.   

Policies: 
1. Identify valued scenic resources in the coastal zone management area;   
2. Ensure that new developments are compatible with their visual environment by 

designing and locating such developments to minimize the alteration of natural 
landforms and existing public views to and along the shoreline;   

3. Preserve, maintain, and, where desirable, improve and restore shoreline open space 
and scenic resources; and   

4. Encourage those developments that are not coastal dependent to locate in inland areas.   

Discussion:  Coastal open space and scenic resources will not be adversely affected by the Maui 
County Streetlight Conversion Project.  While work related to the proposed conversion of 
streetlights will be visible from some public vantage points, this would be for only a brief time.  
Once converted, the streetlights should be nearly indistinguishable from their existing condition 
during the daytime, with the difference in lighting quality noticeable only at night, with truer colors 
and less light pollution and trespass than is the case at the present time.  The Proposed Action will 
require no modification of natural landforms and will not interfere with public views of, or along, 
the shoreline.   

 Coastal Ecosystems 

Objective: Protect valuable coastal ecosystems, including reefs, from disruption and minimize 
adverse impacts on all coastal ecosystems.   

Policies: 
1. Exercise an overall conservation ethic, and practice stewardship in the protection, use, 

and development of marine and coastal resources;   
2. Improve the technical basis for natural resource management;  
3. Preserve valuable coastal ecosystems, including reefs, of significant biological or 

economic importance;   
4. Minimize disruption or degradation of coastal water ecosystems by effective regulation 

of stream diversions, channelization, and similar land and water uses, recognizing 
competing water needs; and   

5. Promote water quantity and quality planning and management practices that reflect 
the tolerance of fresh water and marine ecosystems and maintain and enhance water 
quality through the development and implementation of point and nonpoint source 
water pollution control measures.   

Discussion:  The Proposed Action will not interact with or effect coastal ecosystems or any other 
waterbody, as described in Section 3.1.6.   
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 Economic Uses 

Objective: Provide public or private facilities and improvements important to the State’s 
economy in suitable locations.   

Policies: 
1. Concentrate coastal dependent development in appropriate areas;   
2. Ensure that coastal dependent development such as harbors and ports, and coastal 

related development such as visitor industry facilities and energy generating facilities, 
are located, designed, and constructed to minimize adverse social, visual, and 
environmental impacts in the coastal zone management area; and   

3. Direct the location and expansion of coastal dependent developments to areas 
presently designated and used for such developments and permit reasonable long-term 
growth at such areas, and permit coastal dependent development outside of presently 
designated areas when:   

i. Use of presently designated locations is not feasible;   
ii. Adverse environmental effects are minimized; and   
iii. The development is important to the State’s economy.   

Discussion:  The Maui County Streetlight Conversion Project is not a coastal development and 
would not lead to any changes in the concentration or location of existing or future coastal 
developments.  The work required to implement the Proposed Action would occur solely on 
existing poles within County ROWs.   

 Coastal Hazards 

Objective: Reduce hazard to life and property from tsunami, storm waves, stream flooding, 
erosion, subsidence, and pollution.   

Policies: 
1. Develop and communicate adequate information about storm wave, tsunami, flood, 

erosion, subsidence, and point and nonpoint source pollution hazards;   
2. Control development in areas subject to storm wave, tsunami, flood, erosion, 

hurricane, wind, subsidence, and point and nonpoint source pollution hazards;   
3. Ensure that developments comply with requirements of the Federal Flood Insurance 

Program; and   
4. Prevent coastal flooding from inland projects.   

Discussion:  None of the activities related to the Proposed Action would contribute to the 
prevalence of, or vulnerability to coastal hazards such as tsunami, storm waves, stream flooding, 
erosion, subsidence, or pollution.  Neither will the Proposed Action encourage or contribute to 
coastal development which might be susceptible to these coastal hazards.   
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 Managing Development 

Objective: Improve the development review process, communication, and public participation 
in the management of coastal resources and hazards.  

Policies: 
1. Use, implement, and enforce existing law effectively to the maximum extent possible in 

managing present and future coastal zone development;   
2. Facilitate timely processing of applications for development permits and resolve 

overlapping or conflicting permit requirements; and   
3. Communicate the potential short and long-term impacts of proposed significant coastal 

developments early in their life cycle and in terms understandable to the public to 
facilitate public participation in the planning and review process. 

Discussion:  The DPW has initiated contact and continues to work cooperatively with all 
government agencies with oversight responsibilities to facilitate efficient processing of permits 
and informed decision making by the responsible parties.  In addition, DPW has, via public 
outreach and this EA, attempted to communicate the potential impacts of the Maui County 
Streetlight Conversion Project to the public in clear and understandable terms.   

 Public Participation 

Objective: Stimulate public awareness, education, and participation in coastal management. 

Policies: 
1. Promote public involvement in coastal zone management processes;   
2. Disseminate information on coastal management issues by means of educational 

materials, published reports, staff contact, and public workshops for persons and 
organizations concerned with coastal issues, developments, and government activities; 
and   

3. Organize workshops, policy dialogues, and site-specific mediations to respond to 
coastal issues and conflicts.   

Discussion:  The public will be provided an opportunity to review and comment on this DEA, 
pursuant to the requirements of HAR, §11-200.1.   

 Beach Protection 

Objective: Protect beaches for public use and recreation.   

Policies: 
1. Locate new structures inland from the shoreline setback to conserve open space, 

minimize interference with natural shoreline processes, and minimize loss of 
improvements due to erosion;   
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2. Prohibit construction of private erosion-protection structures seaward of the shoreline, 
except when they result in improved aesthetic and engineering solutions to erosion at 
the sites and do not interfere with existing recreational and waterline activities; and   

3. Minimize the construction of public erosion-protection structures seaward of the 
shoreline.   

Discussion:  The project poses no risk to beaches.  No structures are planned seaward of the 
shoreline, and no interactions with littoral processes would be involved.   

 Marine Resources 

Objective: Promote the protection, use, and development of marine and coastal resources to 
assure their sustainability.   

Policies: 
1. Ensure that the use and development of marine and coastal resources are ecologically 

and environmentally sound and economically beneficial;   
2. Coordinate the management of marine and coastal resources and activities to improve 

effectiveness and efficiency;   
3. Assert and articulate the interests of the State as a partner with federal agencies in the 

sound management of ocean resources within the United States exclusive economic 
zone;   

4. Promote research, study, and understanding of ocean processes, marine life, and other 
ocean resources in order to acquire and inventory information necessary to understand 
how ocean development activities relate to and impact upon ocean and coastal 
resources; and   

5. Encourage research and development of new, innovative technologies for exploring, 
using, or protecting marine and coastal resources.   

Discussion:  The proposed project does not have the potential to adversely affect marine resources 
relative to the existing situation.   

 FEDERAL LEGISLATION 

4.3.1 NATIONAL HISTORIC PRESERVATION ACT 

The National Historic Preservation Act is not applicable to the proposed project because it is not 
a federal undertaking.   

4.3.2 CLEAN AIR ACT (42 U.S.C. §7506(C)) 

As noted in Section 3.1.1, any emissions from Hawaiian Electric vehicles and equipment 
conducting the streetlight conversion are anticipated to be very minor, temporary, and diffuse.  The 
vehicle and equipment operators will also employ BMPs to control emissions during the streetlight 
conversion process.  Once the conversion is complete and the new GE 2700K LED fixtures are 
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placed into service, they will not produce any direct emissions themselves.  Neither will they alter 
air flow in the area, nor have any measurable effect on the area’s microclimate.   

4.3.3 CLEAN WATER ACT (33 U.S.C. §1251, ET SEQ.) 

The Clean Water Act, formally known as the Federal Water Pollution Control Act (33 U.S.C. 
§1251, et seq.) is the principal law governing pollution control and the water quality of the nation’s 
waterways.  The Maui County Streetlight Conversion Project, as discussed in Section 3.1.6, will 
not result in any impact to nearby surface waters or aquifers.  DPW does not anticipate seeking 
any approvals from the U.S. Army Corps of Engineers or the HDOH Clean Water Branch under 
the Clean Water Act.   

4.3.4 COASTAL ZONE MANAGEMENT ACT (16 U.S.C. §1456(C)(1)) 

Enacted as Chapter 205A, HRS, the Hawaiʻi CZM Program was promulgated in 1977 in response 
to the Federal Coastal Zone Management Act of 1972.  The CZM area encompasses the entire 
State of Hawaiʻi, including all marine waters to the extent of the State’s police power and 
management authority, as well as the 12-mile U.S. territorial sea and all archipelagic waters.  
Section 4.2.3 discusses the consistency of the Maui County Streetlight Conversion Project with 
the CZM Program’s ten policy objectives.   

4.3.5 ENDANGERED SPECIES ACT (16 U.S.C. §§1531-1544) 

The Endangered Species Act of 1973, as amended 1976-1982,1984, and 1988 (16 U.S.C. §§1531-
1544), provides broad protection for species of fish, wildlife, and plants that are listed as threatened 
or endangered in the United States or elsewhere.  The act is not applicable to the proposed project 
because it does not involve a federal action or the taking of a listed species.   

4.3.6 FLOOD PLAIN MANAGEMENT (42 U.S.C. §4321, EXECUTIVE ORDER NO. 11988) 

Executive Order 11988 Floodplain Management directs all Federal agencies to avoid, if possible, 
development and other activities in the 100-year base floodplain.  This Executive Order is not 
applicable to the proposed project because it is not a federal undertaking and does not involve 
development within a flood plain.   
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Chapter 5:  ANTICIPATED DETERMINATION 

 SIGNIFICANCE CRITERA 

Hawaiʻi Administrative Rule §11-200.1-14 establishes procedures for determining if an EIS 
should be prepared or if a Finding of No Significant Impact (FONSI) is warranted.  HAR §11-
200.1-14(d) provides that proposing agencies should issue an environmental impact statement 
preparation notice (EISPN) for actions that it determines may have a significant effect on the 
environment.  HAR §11-200.1-13(b) lists the following criteria to be used in making that 
determination.  

In most instances, an action shall be determined to have a significant effect on the environment if 
it: 

1. Involves an irrevocable commitment to loss or destruction of any natural or cultural 
resource; 

2. Curtails the range of beneficial uses of the environment; 
3. Conflicts with the State’s long-term environmental policies or goals as expressed in 

Chapter 344, HRS, and any revisions thereof and amendments thereto, court decisions, 
or executive orders;  

4. Substantially affects the economic or social welfare of the community or State;  
5. Substantially affects public health;  
6. Involves substantial secondary impacts, such as population changes or effects on public 

facilities;  
7. Involves a substantial degradation of environmental quality;  
8. Is individually limited but cumulatively has considerable effect on the environment or 

involves a commitment for larger actions;  
9. Substantially affects a rare, threatened, or endangered species, or its habitat;  
10. Detrimentally affects air or water quality or ambient noise levels;  
11. Affects or is likely to suffer damage by being located in an environmentally sensitive 

area such as a flood plain, tsunami zone, beach, erosion-prone area, geologically 
hazardous land, estuary, fresh water, or coastal waters; 

12. Substantially affects scenic vistas and viewplanes identified in county or state plans or 
studies; or,  

13. Requires substantial energy consumption.  

 FINDINGS 

The potential effects of the proposed CSO Decommissioning Project and its action alternatives, as 
described in Section 2.1 and Section 2.4.2, respectively, were evaluated relative to these thirteen 
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significance criteria.  DPW’s findings with respect to each criterion are summarized in the 
following subsections.   

5.2.1 IRREVOCABLE LOSS OR DESTRUCTION OF VALUABLE RESOURCE 

The Maui County Streetlight Conversion Project consists of the removal of existing GE 2100K 
HPS fixtures from existing poles and replacing them with new, more efficient GE 2700K LED 
fixtures.  It does not involve the loss of any significant or valuable cultural or natural resources 
and is intended solely to upgrade existing public infrastructure.   

5.2.2 CURTAILS BENEFICIAL USES 

The removal of existing HPS streetlight fixtures and their replacement with more modern and 
efficient LED fixtures is intended to promote beneficial use of existing county ROWs, and will 
not curtail beneficial uses of the ROW or adjacent areas.   

5.2.3 CONFLICTS WITH LONG-TERM ENVIRONMENTAL POLICIES OR GOALS 

The Maui County Streetlight Conversion Project is consistent with all applicable plans, policies, 
and controls, as discussed throughout Chapter 4, including the Hawaiʻi State Plan, the County of 
Maui 2030 General Plan, and other relevant planning documents.  It is consistent with the State’s 
long-term environmental policies and goals as expressed in HRS, Chapter 344 and elsewhere in 
state law.   

5.2.4 SUBSTANTIALLY AFFECTS ECONOMIC OR SOCIAL WELFARE 

The Proposed Action will not have substantial effects on economic or social welfare.  Its purpose 
is solely to allow the County of Maui to transition its existing stock of streetlights on Maui, 
Moloka‘i, and Lāna‘i from obsolete HPS fixtures to modern, more efficient LED streetlights, 
pursuant to the requirements of Street Lighting Standards in the County of Maui, MC §15-201.   

5.2.5 PUBLIC HEALTH EFFECTS 

The Maui County Streetlight Conversion Project will not adversely affect air or water quality, 
including water sources used for drinking or recreation.  Neither will it generate substantial 
emissions that will have an adverse effect on public health.  As discussed in Section 3.3, LED 
conversions have not be shown to be detrimental to human health. 

5.2.6 PRODUCE SUBSTANTIAL SECONDARY IMPACTS 

The Proposed Action will not produce substantial secondary impacts.  The Maui County Streetlight 
Conversion Project will not foster population growth, promote economic development, or stress 
public facilities or services.  Instead, it is intended to allow the County of Maui to responsibly 
update its street lighting per the terms of the Street Lighting Standards, MC §15-201.   

5.2.7 SUBSTANTIALLY DEGRADE THE ENVIRONMENT 

The Proposed Action will not have substantial long-term effects.  The work will temporarily 
elevate noise levels and generate limited vehicle and equipment emissions during the conversion 
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process, but these impacts will be very minor, localized, and of limited duration.  Adequate 
measures will be taken to ensure that the effects of the conversion process are brief and minimal.   

5.2.8 CUMULATIVE EFFECTS OR COMMITMENT TO A LARGER ACTION 

The Maui County Streetlight Conversion Project does not represent a commitment to a larger 
action and is not intended to facilitate substantial economic or population growth.  It is intended 
solely to convert existing GE 2100K HPS fixtures with new and more efficient GE 2700K LED 
fixtures, pursuant to the requirements of the Street Lighting Standards, MC §15-201.   

5.2.9 EFFECTS ON RARE, THREATENED, OR ENDANGERED SPECIES 

No rare, threatened, or endangered species will be affected by the proposed conversion of 
streetlights on Maui, Molokaʻi, and Lānaʻi.  In addition, the Proposed Action will not utilize or 
otherwise affect a resource or habitat needed for the protection of rare, threatened, or endangered 
species.  In fact, as detailed in Section 3.2.3, the Proposed Action will benefit protected species by 
avoiding and minimizing potential light attraction threats to seabirds and sea turtles. 

5.2.10 AFFECTS AIR OR WATER QUALITY OR AMBIENT NOISE LEVELS 

As discussed in Section 3.1.1, Section 3.1.6 and Section 3.1.8, noise levels and airborne emissions 
will briefly increase during the conversion process, but only to a very minor degree localized 
around the pole(s) being converted.  BMPs will be implemented and any effects will be brief, 
relatively minor, and restricted to the immediate vicinity of work.  Once the Maui County 
Streetlight Conversion Project is completed, it will not produce any airborne emissions, 
waterborne pollution, or noise.   

5.2.11 ENVIRONMENTALLY SENSITIVE AREA 

The work related to the Maui County Streetlight Conversion Project will occur throughout Maui, 
Molokaʻi, and Lānaʻi.  While some of these areas may be classified as environmentally sensitive, 
the Proposed Action will not increase the vulnerability to natural hazards of flood plains, tsunami 
zones, beaches, erosion-prone areas, geologically hazardous lands, estuaries, fresh water or coastal 
waters, and will not have any effect on such areas.   

5.2.12 AFFECTS SCENIC VISTAS AND VIEW PLANES 

As discussed in Section 3.4, the new lighting that will be installed as part of the proposed Maui 
County Streetlight Conversion Project will, by intent, be visible from a variety of areas throughout 
the County of Maui.  However, the Proposed Action will generally improve nighttime visibility, 
and will not adversely affect any scenic vistas identified in any county or state plans or studies, 
and will not be detectable during the daytime when street lighting is not in use.   

5.2.13 REQUIRES SUBSTANTIAL ENERGY CONSUMPTION 

The work required to implement the Maui County Streetlight Conversion Project will require the 
use of some energy, mostly by diesel-powered work vehicles and equipment.  However, once these 
relatively brief operations are complete, the Proposed Action would produce a substantial drop in 
the energy requirement needed for street lighting in the County of Maui.   
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 ANTICIPATED DETERMINATION 

In view of the foregoing, DPW has concluded that the Proposed Action will not have a significant 
adverse impact on the environment.  Consequently, DPW anticipates issuing a FONSI for the Maui 
County Streetlight Conversion Project.   
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Chapter 6:  CONSULTATION AND DISTRIBUTION 

 SCOPING PERIOD OUTREACH 

The scoping process commenced on August 20, 2019, is discussed in Section 1.5.  A copy of the 
scoping letter and the responses received are provided in Appendix D.   

 DISTRIBUTION OF THE DEA 

DPW has provided this EA to the parties listed in Table 6.1 and Table 6.3 with a request for review 
and comment.   

Table 6.1 DEA Distribution List  
Federal Agencies County of Maui  
U.S. Army Corps of Engineers, Honolulu District Department of Agriculture 
U.S. Department of Agriculture Department of the Corporation Counsel 
U.S. Department of Commerce Department of Environmental Management 
U.S. Department of Homeland Security Department of Finance 
U.S. Department of Housing and Urban Development Department of Fire and Public Safety 
U.S. Department of Interior, National Park Service Department of Housing & Human Concerns 
U.S. Department of Transportation – Federal Aviation 
Administration 

Department of Management 

U.S. Department of Transportation – Federal Highway 
Administration 

Department of Parks and Recreation 

U.S. Environmental Protection Agency, Region 9 Department of Planning 
U.S. Fish and Wildlife Service, Pacific Islands Field 
Office 

Department of Public Works 

State Agencies Department of Transportation 
Department of Agriculture Department of Water Supply 
Department of Accounting and General Services Emergency Management Agency 
Department of Business, Economic Development, and 
Tourism (DBEDT) 

Office of Climate Change, Resiliency and Sustainability 

DBEDT, Hawaiʻi Housing and Finance Development 
Corporation 

Police Department 

DBEDT, Hawaiʻi State Energy Office Elected Officials 
DBEDT, Office of Planning and Sustainable 
Development 

U.S Senator Brian Schatz 

Department of Defense U.S. Senator Mazie Hirono 
Department of Education U.S. Representative Kaialiʻi Kahele 
Department of Hawaiian Home Lands U.S. Representative Ed Case 
Department of Health (DOH), Clean Air Branch Governor David Ige 
DOH, Clean Water Branch Mayor Michael P. Victorino 
DOH, Environmental Health Services Division State Senator Stanley Chang 
DOH, Wastewater Branch State Representative Mark J. Hashem 
Department of Human Services  
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Department of Labor and Industrial Relations Senator Rosalyn H. Baker  
Department of Land and Natural Resources (DLNR) Senator Lynn DeCoite 
DLNR, Division of Forestry and Wildlife Representative Angus L.K. McKelvey 
Department of Transportation, Long Range Planning 
Branch Representative Justin H. Woodson 

Office of Hawaiian Affairs Representative Linda Clark 
Libraries and Depositories Alice L. Lee, Council Chair 
Hawaiʻi State Library Documents Center Keani Rawlins-Fernandez, Council Vice-Chair 
Kahului Public Library Tasha Kamaʻaina, Presiding Officer Pro Tempore 
Kīhei Public Library Councilmember Gabe Johnson 
Lahaina Public Library Councilmember Kelly Takaya King 
Makawao Public Library Councilmember Mike Molina 
Wailuku Public Library Councilmember Tamara Paltin 
Hana Public and School Library Councilmember Shane Sinenci 
University of Hawaiʻi Maui College Library Councilmember Yuki Lei Sugimura 
Utilities  
Hawaiʻi Gas  
Maui Electric Company  
Hawaiian Telcom  
Media Other 
Honolulu Star Advertiser Earthjustice 

Honolulu Civil Beat Haleakalā Observatory & UH C.E.K. Mees Solar 
Observatory 

The Maui News  
Maui Time Weekly  

Source: Compiled by Planning Solutions, Inc. (2022) 
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Appendix A. Chapter 201, MC-15, Street Lighting Standards 
 
 



TITLE MC-15 

DEPARTMENT OF PUBLIC WORKS 

SUBTITLE02 

STREET LIGHTING STANDARDS 

CHAPTER 201 

STREET LIGHTING STANDARDS 

Subchapter l General Provisions 

§15-201-1 
§15-201-2 
§15-201-3 
§15-201-4 
§15-201-5 
§15-201-6 
§15-201-7 
§15-201-8 
§15-201-9 

§15-201-10 

Title 
Authority 
Purpose 
Construction 
Definitions 
Lamp standards 
Luminaire standards 
Light standards (poles) 
Installation, illumination, removal, and alteration 
guidelines 
Severability 

201-1 



SUBCHAPI'ER 1 

GENERAL PROVISIONS 

§15-201-1 Title. The rules in this chapter shall be lmown as the "Street 
Lighting Standards". [Eff 3/23/00; am and comp 01/27 /18] (Auth: HRS 
§§46-1.5(13), (16)) (Imp: MCC §18.20.060) 

§15-201-2 Authority. The rules herein are established pursuant to 
sections 46-1.5(13} and 46-1.5(16) of the Hawaii Revised Statutes. [Eff 3/23/00; 
am and comp 01/27 /18] (Auth: HRS §§46-1.5(13), {16)) (Imp: MCC §18.20.060) 

§15-201-3 Purpose. These rules provide standards for outdoor lighting 
that, while providing a level of safety for vehicular and pedestrian traffic, do not 
excessively interfere with nighttime viewing and avoid glare and light trespass 
onto private property. These rules also encourage the conservation of electricity. 
[Eff 3/23/00; am and comp 01/27 / 18] (Auth: HRS §§46-1.5(13), (16)) (Imp: MCC 
§18.20.060) · 

§15-201-4 Construction. These rules should be read in conjunction with 
the provisions of Hawaii Revised Statutes, the revised charter of the County of 
Maui (1983), as amended, and the Maui County Code. In any conflict between 
the general provisions herein and any other provision, the more restrictive 
provision shall govern. [Eff 3/23/00; am and comp 01/27 / 18] {Auth: HRS §§46-
1.5(13), (16)) (Imp: MCC §18.20.060) 

§15-201-5 Definitions. For the purpose of these rules, unless it is plainly 
evident from the context that a different meaning is intended, certain words and 
phrases used herein are defined as follows: 

"Agricultural" means areas designated agricultural by the State land use 
commission and/ or zoned agricultural via County ordinance. 

"Blue light power cont~nt" means the International Dark Sky Association's 
(IDA) definition of blue light content or the sum of energy between 405-530nm 
divided by the sum of energy from 380-730nm times the total power output in 
watts. The blue light power content for HPS is 10w for 100w HPS bulb, 15w for 
a 150w HPS bulb, and 25w for a 250w HPS bulb. 

"CCT" is correlated color temperature expressed in degree Kelvin (K). 
"Director" means the director of the department of public works of the 

County of Maui, or a duly authorized designee. 
· "Fully shielded" means that the outdoor light fixture is constructed so that 

all of the light emitted by the fixture is projected below the horizontal plane of 
the lowest point of the fixture. . 

"Glare" means the sensation produced by luminance within the visual field 
that is sufficiently greater than the luminance to which the eyes are adapted to 
cause annoyance, discomfort, or loss in visual performance and visibility. 

"LED" means light emitting diode. 
"Light trespass" is any form of artificial illumination emanating from a 

luminaire that penetrates other property other than its intended use. 
"Luminaire" means the complete lighting assembly, less the support 

assembly. 
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"Partially shielded" means that the outdoor lighting fixture is constructed 
so that at least ninety percent of the light emitted by the fixture is projected 
below the horizontal place of the lowest point of the fixture. 

"Rural" means areas designated rural by the State land use commission 
and/ or zoned rural by County ordinance. 

"S/P ratio" means the proportion of scotopic to photopic output. 
"Urban" means areas designated urban by the State land use commission. 

[Eff 3/23/00; am and comp 01/27 /18] (Auth: HRS §§46-1.5(13), (16)) (Imp: MCC 
§18.20.060) 

§15-201-6 Lamp standards. (a) High pressure sodium or LED lamps or 
other fixtures approved by the director shall be the only allowed lamp on public 
and/ or private right-of-ways; however, existing lamps other than high pressure 
sodium or LED lamps shall remain until they expire at which time they shall be 
replaced. 

(b) LED lamps shall meet the following requirements: 
i) CCT of less than 3000k. 
ii) S/P ratio <1.2. 
iii) Blue light power content less than the corresponding blue 

ligl)t power conten((c;,:r HP§. 
iv) Adaptive controls to allow for dimming. 

(c) For roadways within the rural or agricultural areas, the maximum 
allowable wattage shall be 100W HPS (or equivalent LED wattage) for internal 
road intersections and 150W HPS (or equivalent LED wattage) for intersections 
from a project with a major and/ or minor collector road. 

{d) For roadways within the urban areas, the maximum allowable 
wattage shall be 150W HPS (or equivalent LED wattage) for internal road 
intersections and 250W HPS (or equivalent LED wattage) at intersections with a 
major or minor collector road. [Eff 3/23/00; am and comp 01/27 /18] (Auth: 
HRS §§46-1.5(13), (16)) (Imp: MCC §18.20.060) 

§15-201-7 Luminaire standards. Fully shielded luminaires shall be the 
only allowed fixture on public and/or private right-of-ways. JEff 3/23/00; am 
and comp 01/27 / 18} (Auth: HRS §§46-1.5(13), (16)) (Imp: MCC §18.20.060) 

§ 15-201-8 Light standards (poles}. (a) Free standing aluminum light 
standards and aluminum arms shall continue to be stocked and used for existing 
lighting within major collector roadways. 

(b} Any new subdivision or project that requires street lighting within 
public roadways, shall use light standards that are non-reflective, such as 
anodized bronze or any other light standard accepted by the director. Any 
unusual or project specific requests for non-standard lightin~ standards shall be 
reviewed and approved by the director after consultation with the utilities, the 
public works commission, and applicant. 

{c) The maximum height of the light standard, measured from ground 
level directly below the luminaire to the bottom of the lamp itself, shall be twenty 
feet. Also, light standards are only required at intersecting streets. Any variation 
to this height standard will be reviewed and approved by the director after 
consultation with the public works commission. 

(d) Any unusual or project specific requests for non-standard lighting 
standards shall be reviewed and approved by the director after consultation with 
the utilities, the public works commission, and applicant. [Eff 3/23/00; am and 
comp 01/27 /18} (Auth: HRS §§46-1.5(13), (16)) (Imp: MCC §18.20.060) 
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§15-201-9 Installation, illumination, removal, and alteration 
guidelines. (a) The department may install, illuminate, remove, or alter street 
lights for: 

(1) 

(2} 

(3) 

(4) 

(5) 

(6) 

Locations where the nighttime accident rate exceeds those of the 
daylight hours. 
Intersections, urban or rural, taking into consideration the layout of 
the intersection, traffic volumes, location of the intersection, 
concentration of pedestrians, roadside interferences and that 
channelized intersections and the roadway width may require more 
lighting. 
Any significant change of the roadway alignment, long bridges, 
tunnels, or any structures that may be hazardous, such as curbs, 
piers, abutments, or culverts. 
Locations along the highway where police reports show crimes are 
committed, such as theft, rape, and bodily harm cases. 
Locations of a highway where traffic turning movements to and from 
roadside developments threaten public safety. 
Subdivision streets, provided that the street has been dedicated to 
the County and at least fifty percent of the lots on the street are 
occupied. 

(b) Street lights not needed shall be removed. [Eff 3/23/00; am and 
comp 01/27 / 18] (Auth: HRS §§46-1.5(13). (16), MCC §12.17.030) (Imp: MCC 
§18.20.060} 

§15-201-10 Severability. If any portion of the foregoing rules or the 
applicability thereof to any person, property or circumstance is held invalid for 
any reason, that invalidity shall not affect other provisions or applications which 
can be given effect without the invalid provision or application, and to this end 
these are declared to be severable. [Eff 3/23/00; am and comp 01/27 /18] (Auth: 
HRS §§46-1.5(13), {16)) (Imp: MCC §18.20.060) 
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ADOPTED this 20th day of November , 20.!Z__, at Wailuku, 
Maui, Hawaii. 

APPROVED AS TO FORM 
AND LEGALITY: 

MICHAEL J. HOPPER 
Deputy Corporation Counsel 
County of Maui 

Received this 17th day of 

January , 20....!!_ . 

. MATEO 
Coun Clerk 
County of Maui 

= 

DEPARTMENT OF PUBLIC WORKS 

DAVID C. o/OODE 
Director 

· KEITH A. RE.GA~.J 
~'cttNG MAYOR, COUNTY OF MAUI 

~oved this \ ·2.---rw day of 
· ::-:lt1.v,,,,-,1-:~1 , 20 \1/ . 

201-5 



CERTIFICATION 

I, DAVID C. GOODE, Director, Department of Public Works, County of 
Maui, do hereby certify: 

. 1. That the foregoing is a copy of the amendments to the Rules 
Pertaining to Street Lighting Standards for the County of Maui, drafted in 
Ramseyer format, pursuant to the requirements [to] of Section 91-4.1, Hawaii 
Revised [Statues,] Statutes, which were adopted on the 20th day of 
November , 20 17 , following a public hearing on November 20, 2017, and 
filed with the Office of the County Clerk. 

2. That the notice of public hearing on the foregoing amendments to 
the rules was published in The Maui News on the 19th day of October, 2017. 

2017-0955 
2017-12-07 Amd to T\Ue 15 

J 
f~---, 

DAVID C. ,GOODE, Director 
Departmeht of Public Works 

201-6 



Draft Environmental Assessment  Maui County Streetlight Conversion Project 
 Appendix B 

Page B-1 

Appendix B. Maui Electric Street Lighting Study (Demonstration Project 
Report by Johnson Controls) 
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Section I – Executive Summary  



Executive Summary 

Objective 

Johnson Controls is commissioned by Maui Electric to provide an independent product study to evaluate 
the performance and characteristics for a number of installed light emitting diode (LED) products. The 
study intent is to provide an unbiased evaluation for each manufacturer product along a stretch of the 
Maui Lani Parkway. The intent was not to evaluate the effectiveness of the product under the installed 
application, but rather a product-to-product performance evaluation in regards to operating behaviors 
and characteristics in relation to other “like” products and the manufacturer published data.  

 

Study Subjects 

Maui Electric installed six product groups from three manufacturers along a stretch of Maui Lani 
Parkway in Kahului, on the island of Maui in Hawaii. A control group of existing conditions (previously 
installed High Pressure Sodium) was identified to serve as a base for the proposed fixtures. Johnson 
Controls was requested by Maui Electric representative, Kurt Tsukiyama to isolate the metered fixtures 
and provide the data for evaluation in regards to color parameters, light output above and below the 
fixtures, as well as the measurement of EMF above and below the fixture. With Mr. Tsukiyama’s 
assistance, the measurements were executed over three evenings under clear conditions to provide the 
requested measurements under three light level (dimmed) conditions. Good faith attempts were made 
to provide measurements free from transient and contributing light sources as well as tree and foliage 
obstructions. In several cases measurements were performed for two of the same installed product to 
evaluate variance in the manufacturer’s own LED product. 

The following groups of test fixtures were installed in sets of (4): 

Cree 3000K 
GE 2700K 
Chips & Wafers (C&W) 3200K 
C&W 2400K  

The C&W 3000K were installed in a group of (3), while only one GE 3000K was installed. 

 

Evaluation Criteria and Methodology 

For general lighting measurements, JCI utilized an Extech HD400 Heavy Duty Light Meter to take point 
measurements at ground level in eight major and minor directions in relation to the LED fixture 
orientation at intervals of five, ten, and fifteen meters where possible. The measurement values were 
recorded in lux for precision. Light levels were also measured under dimmed conditions. 

For color parameter measurement, an UPRtek MK350S Advanced Spectrometer was deployed to 
determine illumance (lux), color parameters (correlated color temperature - CCT, color rendering index - 
CRI, C.I.E. chromaticity coordinates), dominate wave length, and the scotopic-to-photopic ratio of the 
tested LED sources during full brightness, and at controlled 75% and 50% light levels. 



For Electromagnetic Field evaluation, JCI utilized an Extech RF EMF Strength Meter model 480836, to 
measure the Electromagnetic Field Strength in the near-field area of each source to help validate the 
personal and environmental safety of the emitting sources during operation. 

 

General Illumination (Light Meter) 

Measurement Method for Light Levels 

Meter Make: Extech 

Meter Model: HD400 

Measurements were performed by taking instantaneous light level measurements at ground level (six 
inches) from five, ten, and fifteen meter intervals in eight major and minor directions in relation to the 
orientation of the studied pole head. In most cases the five, ten, and fifteen meter intervals behind the 
source was inaccessible due to dramatic terrain changes. To reduce and/or minimize the interference or 
skewing of results from other light sources, the surrounding area lights were shut off where possible. 
The moon was waxing and 98% full when readings commenced and 100% full upon conclusion. Every 
effort was made to block the moon contribution with a human body during the measurements at each 
point. 

The measurement values are recorded and expressed in lux. Foot candles are a broader unit of measure 
and did not reflect the degree of accuracy needed during this study. Additionally, scotopic values can be 
arrived at by multiplying the recorded photopic value by the recorded scotopic-to-photopic ratio 
recorded from the spectrometer.  

 

Color Parameter (Spectrometer) 

Measurement Method for Color Parameters 

Meter Make: UPRtek 

Meter Model: MK350S 

Measurements were performed by taking instantaneous measurements from chest level with the site 
class pointing directly at the light source directly under the light source. The meter records the Spectrum 
graph and dominant wavelength, CRI (Ra/R1-R15), CCT, CIE 1931 and 1976 chromaticity, and scotopic-
to-photopic ratio. In addition to operator recorded values, a raw log file is exported for additional 
evaluation. To reduce and/or minimize the interference or skewing of results from other light sources, 
the surrounding area lights were shut off where possible. The moon was waxing and 98% full when 
readings commenced and 100% full upon conclusion. Every effort was made to block the moon 
contribution with a human body during the measurement. An additional readings was provided with the 
use of a bucket truck, one meter above to ensure fixture complied with full cutoff requirements. 
Additional measurements were provided to determine if there was a significant shift in color due to 
dimming operations. 

 

 



Electric Field Strength (RF Meter) 

Measurement Method for Electromagnetic Field Strength 

Meter Make: Extech 

Meter Model: 480836 

Measurements were performed by taking the measurement for 10-15 second instantaneous maximum 
levels from five and ten meter intervals in four major directions in relation to the orientation of the 
studied pole head. In all cases the ten meter interval directly behind the source was inaccessible. To 
reduce and/or minimize the interference or skewing of results from other sources, the meter was 
shielded on all sides by human bodies except from the direction of the target source.  Two additional 
readings were provided, directly under the LED pole head, and with the use of a bucket truck, one meter 
above. 

The measurement values are recorded and expressed in units of volts per meter (V/m). Due to the low 
detection levels the measurements reflected in the study are recorded as milli-volts per meter (mV/m).  

Federal Regulation via the FCC provides safety limits for the general population although its levels are 
highly disputed. Some independent sources report serious individual health and safety risks are possible 
for those who are in continuous and prolonged exposure (several hours a day for several months) to 
EMF levels as low as 10 mV/m. Independent studies have linked exposures to adverse biological effects 
to serious diseases including cancer. To put the tested sources into perspective, the typical mobile 
phone produces 10-150 V/m while a Wi-Fi router produces .1-.2 V/m at a range of 5 meters.  

 

Test Environment 

A Canon EOS Rebel T6i with a Canon EFS 18-55mm image stabilizer lens used with a RF-UVF58 filter was 
used to take photographs.  Pictures were taken from 3:30am – 5:00am in light traffic conditions.  The 
sky was partly cloudy with temperatures averaging 75 degrees.  The moon was 96% full behind the cloud 
cover.  The pavement was partially wet due to timed sprinkler systems. Measurements to be performed 
would be completed under dry pavement conditions. 

 

Fixture Observations 

The baseline lux levels currently meet the AASHTO lux recommendation of 8 with measurement right at 
8.3.  

The Cree 3000K fixtures have the highest CRI at 95 while the C&W 2400K and 3200K have CRIs in the 50 
and 60 range.  The remaining three fixtures have a CRI in the 70s.   

The C&W 2400K and 3200K fixtures seem to have the lowest levels of blue light content compared to 
the other fixtures that were measured. 

AT 100% levels, the GE 2700K had the highest lux readings at 56, while the Cree 3000K had the lowest at 
19.  At the 75% and 50% dimmed levels, the GE 2700K remained to perform the strongest with level 
mirroring one another at 31.5 lux.   



The C&W 3000K fixture seemed to produce the highest above fixture reading (1 meter) at 2.4 lux.  All 
other fixtures were in between 1.6 and 1.8. 

GE’s optics had a high level of performance and control over the lit area as they were specified for the 
application whereas the other manufacturers used general optics for a general application. 

During the dimming test and measurements for the Cree 3000K group, the product had difficulty 
maintaining stable light levels at 75% and 50% and continued to shift. During the 75% test the pole 42 
could not maintain a stable output and had to be lowered to 70%. Additionally pole 42 could not 
maintain a 50% light level and failed the test. 

During the group dimming, it was noted that the GE 2700K seemed to be the least effective with 
meeting the expected light levels when trimmed to 75%.  The C&W 3200K and GE 3000K performed the 
best with variances at 12% or greater, exceeding the expected lux measurements.  In the meantime, the 
C&W 3000K performed the lowest at 50% while the GE 3000K was the most effective at this level.  See 
Appendix C for further details. 

The GE 2700K had the highest variance in EMF strength when compared against the other fixtures.  
Please see Table A-4 in Appendix A for reference.  

The C&W 3200K Pole 23 – EMF readings spiked to 1.5 m/V during the command to pole to dim to 75%. 
This is an independent test, not all poles were measured for RF spikes during control calls, and is not 
intended to demonstrate anything but an increase in strength during command calls that would most 
likely be characteristic of all test subjects. 

All fixtures exceed the AASHTO required levels of 8 lux even at 50% dimming levels.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Section II- Map of Test Location 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Map of Test Location and Fixtures



Section III – AASHTO Recommendations 

  



AASHTO Recommendations for Roadways:



AASHTO Requirements for Measured Area
Roadway Type General Land Use Road Surface – R3* Uniformity Ratio
Local Commercial 0.8 6 to 1
*Road Surface Classification.  Please see Table 3-1.



Section IV – Pole Results 

  



Baseline High Pressure Sodium (HPS) Pole Results: 

 
Not actual photo of metered area.  Example of HPS in the proximity. 

 

Baseline HPS Summary of Results: 

Spectroanalysis 
data* 

HPS Pole 47-50 
(Metered) 

HPS Pole 47-75 
(Metered) 

HPS Pole 47-100 
(Metered) 

HPS (Cut 
sheet) 

Lux N/A N/A 64.9 N/A 

CCT N/A N/A 2132 N/A 

CRI N/A N/A 8.28 N/A 

S/P N/A N/A 0.614036 N/A 

*HPS is not dimmable.  Please see Appendix D for more detailed data. 
 
Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured 
by the MK350 spectrometer was measured at chest level and disregarded due to the improper method 
captured. Lux measurements were performed at six inches with the HD300 light meter.  Values displayed for 
CCT, CRI and S/P are from the raw data logs generated from the MK350 Spectrometer and may vary from the 
field record hand ticket value for the corresponding pole. 
 



 
C&W 3000K Pole Results: 

 
Photo of C&W 3000K LED fixture install 

 

C&W 3000K Summary of Results: 

Spectroanalysis 
data* 

C&W 3000K Pole 33-
50 (Metered) 

C&W 3000K Pole 33-
75 (Metered) 

C&W 3000K Pole 33-
100 (Metered) 

C&W 3000K 
(Cut sheet) 

Lux 15 27.3 30.6 N/A 
CCT 3144 3113 3104 3000 
CRI 78.58713 77.21357 76.71439 N/A 
S/P 1.358703 1.330867 1.324717 N/A 
*Data above is based upon 50%/75%/100% measurements. Please see Appendix D for more detailed data 
regarding the dimmed readings. 
 
Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured 
by the MK350 spectrometer was measured at chest level and disregarded due to the improper method 
captured. Lux measurements were performed at six inches with the HD300 light meter.  Values displayed for 
CCT, CRI and S/P are from the raw data logs generated from the MK350 Spectrometer and may vary from the 
field record hand ticket value for the corresponding pole. 
 



Cree 3000K Pole Results:

Photo of Cree 3000K LED fixture install

Cree 3000K Summary of Results:

Spectroanalysis 
data*

Cree 3000K Pole 44-
50 (Metered)

Cree 3000K Pole 44-
75 (Metered)

Cree 3000K Pole 44-
100 (Metered)

Cree 3000K 
(Cut sheet)

Lux 12.9 20.7 19.1 N/A
CCT 3067 3054 3055 3000 (+/- 175K)
CRI 94.63934 94.89367 95.00991 80
S/P 1.455847 1.442726 1.439812 N/A
* Data above is based upon 50%/75%/100% measurements. Please see Appendix D for more detailed data 
regarding the dimmed readings.

Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured 
by the MK350 spectrometer was measured at chest level and disregarded due to the improper method 
captured. Lux measurements were performed at six inches with the HD300 light meter.  Values displayed for 
CCT, CRI and S/P are from the raw data logs generated from the MK350 Spectrometer and may vary from the 
field record hand ticket value for the corresponding pole.



GE 3000K Pole Results:

Photo of GE 3000K LED fixture install

GE 3000K Summary of Results:

Spectroanalysis 
data*

GE 3000K Pole 38-50 
(Metered)

GE 3000K Pole 38-75 
(Metered)

GE 3000K Pole 38-100 
(Metered)

GE 3000K 
(Cut sheet)

Lux 13.3 21.1 27.8 N/A
CCT 3096 3093 3084 3000
CRI 73.1386 72.7588 72.45164 70
S/P 1.235747 1.228611 1.221511 N/A
* Data above is based upon 50%/75%/100% measurements. Please see Appendix D for more detailed data 
regarding the dimmed readings.

Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured 
by the MK350 spectrometer was measured at chest level and disregarded due to the improper method 
captured. Lux measurements were performed at six inches with the HD300 light meter.  Values displayed for 
CCT, CRI and S/P are from the raw data logs generated from the MK350 Spectrometer and may vary from the 
field record hand ticket value for the corresponding pole.



GE 2700K Pole Results:

Photo of GE 2700K LED fixture install

GE 2700K Summary of Results:

Spectroanalysis 
data*

GE 2700K Pole 39-50 
(Metered)

GE 2700K Pole 39-75 
(Metered)

GE 2700K Pole 39-100 
(Metered)

GE 2700K 
(Cut sheet)

Lux 31.5 31.5 56.3 N/A
CCT 2792 2781 2789 2700
CRI 71.67072 71.19247 71.23451 N/A
S/P 1.101103 1.09006 1.094674 N/A
* Data above is based upon 50%/75%/100% measurements. Please see Appendix D for more detailed data 
regarding the dimmed readings.

Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured 
by the MK350 spectrometer was measured at chest level and disregarded due to the improper method 
captured. Lux measurements were performed at six inches with the HD300 light meter.  Values displayed for 
CCT, CRI and S/P are from the raw data logs generated from the MK350 Spectrometer and may vary from the 
field record hand ticket value for the corresponding pole.



C&W 2400K Pole Results:

Photo of C&W 2400K LED fixture install

C&W 2400K Summary of Results:

Spectroanalysis 
data*

C&W 2400K Pole 28-
50 (Metered)

C&W 2400K Pole 28-
75 (Metered)

C&W 2400K Pole 28-
100 (Metered)

C&W 2400K 
(Cut sheet)

Lux 13.3 20.6 30.6 N/A
CCT 2465 2469 2477 2400
CRI 63.16407 62.77892 64.44673 N/A
S/P 0.797652 0.795536 0.81434 N/A
*Data above is based upon 50%/75%/100% measurements. Please see Appendix D for more detailed data 
regarding the dimmed readings.

Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured by 
the MK350 spectrometer was measured at chest level and disregarded due to the improper method captured. Lux 
measurements were performed at six inches with the HD300 light meter.  Values displayed for CCT, CRI and S/P are 
from the raw data logs generated from the MK350 Spectrometer and may vary from the field record hand ticket 
value for the corresponding pole.



C&W 3200K Pole Results:

Photo of C&W 3200K LED fixture install

C&W 3200K Summary of Results:

Spectroanalysis 
data*

C&W 3200K Pole 23-
50 (Metered)

C&W 3200K Pole 23-
75 (Metered)

C&W 3200K Pole 23-
100 (Metered)

C&W 3200K 
(Cut sheet)

Lux 13.1 19.6 27.1 N/A
CCT 3334 3306 3326 3200
CRI 56.77235 50.72585 52.64069 N/A
S/P 1.018288 0.989286 1.00208 N/A
*Data above is based upon 50%/75%/100% measurements. Please see Appendix A for more detailed data 
regarding the dimmed readings.

Note: The lux values reflect the field record hand ticket values for the corresponding pole. The lux as measured 
by the MK350 spectrometer was measured at chest level and disregarded due to the improper method 
captured. Lux measurements were performed at six inches with the HD300 light meter.  Values displayed for 
CCT, CRI and S/P are from the raw data logs generated from the MK350 Spectrometer and may vary from the 
field record hand ticket value for the corresponding pole.



Section V – Appendix A – Analysis Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix A – Analysis Tables

The following tables compares the lux measurements based off 
of the reading location chart presented to the left. The data 
collected compares the baseline HPS against the (6) metered LED 
fixtures.  Please note the data also references the fixtures when 
dimmed to 50% and 75%.  Baseline HPS data was not available 
for the dimming portion as HPS lamps are not dimmable.  

The EMF strength was also compared across all (7) fixtures in 
Table A-4.

Table A-1: Lux at 100% (not dimmed)

Reading 
Location

Base 
HPS C&W3200 C&W3000 C&W2400 Cree3000 GE2700 GE3000

1 36.1 11.8 18.4 9.4 17.1 11.6 20
2 6 0 0 0 4.9 0.01 0
3 0 0 0 0 0 0 0
4 29 14.9 20.6 16 19.5 38.8 17.3
5 10 4 6.5 1.3 7.9 2 4.3
6 2.1 0 0 0 3.1 0 0
7 21.3 13.7 18.8 14.4 14.9 33.4 6.7
8 11 3.2 4.3 4.4 3.6 10.7 2.3
9 6.4 0 0 0 0 10.6 0

10 16.5 9.1 0 11.3 6.2 12.5 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 4.2 0 4.2 0 0 0
14 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0
16 0 9.1 12.7 11.3 5.6 2.7 0
17 0 0 1.6 0 0 0 0
18 0 0 0 0 0 0 0
19 19.9 13.3 21.4 15.1 13.4 32.5 6.4
20 5.4 2.8 10.2 5.6 2.3 8.8 2.1
21 0 0 1.3 0 9 0
22 31.2 15.5 22 14 26.3 35.9 20.2
23 8.7 0 7.2 2.8 8.4 2.3 0
24 1.6 0 0.2 0 2.1 0 0



Table A-2: Lux at 75% dimmed 

Reading 
Location 

Base 
HPS* C&W3200 C&W3000 C&W2400 Cree3000 GE2700 GE3000 

1 0 9.5 13.9 6.3 14.2 10.3 17.3 
2 0 0 0 0 2.6 0 0 
3 0 0 0 0 0 0 0 
4 0 14 17.3 10.3 19.2 28 14.6 
5 0 3.2 4.8 0 5.2 0.6 2.7 
6 0 0 0 0 1.7 0 0 
7 0 12.2 14.8 10.5 11.4 21.4 6 
8 0 2.2 1.2 1.6 1.9 6 1.3 
9 0 0 0 0 0 5.4 0 

10 0 8.2 0 8.6 6.2 7.8 0 
11 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 
13 0 3.3 0 3.1 1.5 0 0 
14 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 
16 0 7.5 11.3 8.9 6.6 0 0 
17 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 
19 0 13.7 14.4 11.3 11.9 21.1 5.9 
20 0 2.5 5 2.9 2 4.2 1.9 
21 0 0 0 0 0 5 0 
22 0 12.3 15.1 10.4 19.6 27.4 17.6 
23 0 0 3.2 1.5 5.7 2.3 0 
24 0 0 0 0 1.3 0 0 

 *Product is not dimmable  
 

 

 

 

 

 

 

 

 



Table A-3: Lux at 50% dimmed 

Reading 
Location 

Base 
HPS* C&W3200 C&W3000 C&W2400 Cree3000 GE2700 GE3000 

1 0 5.5 7.1 3.2 8.3 6 9.2 
2 0 0 0 0 1.5 0 0 
3 0 0 0 0 0 0 0 
4 0 7.2 10 6.1 10.2 15.6 8.5 
5 0 1.7 2.4 0 1.5 0 1.2 
6 0 0 0 0 0 0 0 
7 0 7 6.6 6.7 5.8 13.8 3.8 
8 0 2.2 0.2 0.8 0 3.5 0 
9 0 0 0 0 0 3 0 

10 0 5.1 0 5.6 2.6 4.1 0 
11 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 
13 0 0 0 1.8 0 0 0 
14 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 
16 0 5.1 5.4 6.1 2.8 0 0 
17 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 
19 0 7.1 7.7 6.7 6.6 14 3.7 
20 0 1.1 2.8 1.6 0 3.5 0 
21 0 0 0 0 0 3 0 
22 0 7.6 10.2 6.8 13.8 16.1 11.4 
23 0 0 2.4 0 4.1 0 0 
24 0 0 0 0 0 0 0 

 *Product is not dimmable  
 

 

 

 

 

 

 

 

 



Table A-4: EMF Strength 

Reading 
Location 

Base 
HPS C&W3200 C&W3000 C&W2400 Cree3000 GE2700 GE3000 

1 207.4 131 179.5 125.4 228 315 210.6 
2 305.6 100.6 215.8 11.1 297.2 305.4 244.9 
3               
4               
5               
6               
7 385.2 104.6 149.2 153.6 129.4 384.3 237.9 
8 171.6 352.6 248.1 160.3 106.6 463.2 267.7 
9               

10               
11               
12               
13 425.1 507.8 106.2 251.5 142.5 757.8 237 
14               
15               
16               
17               
18               
19 203.7 481.8 479.2 250.2 227.8 556.7 298 
20 254.3 488.1 309.3 206.6 117.2 231.3 108.6 
21               
22               
23               
24               

 
        

 

 

 

 

 

 

 

 



Section VI – Group Comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix B – Group Comparison 

The following data represents the variance in lux within each manufacturer group when compared to 
one another.  Please note that a comparison was not available for the GE 3000K fixture. 

C&W3200 
Pole Number 23 25  

Reading Location LUX - 100% Variance 
1 11.8 7.2 5.3 
2 0 0 0.0 
3 0 0 0.0 
4 14.9 13.3 0.6 
5 4 2 1.0 
6 0 0 0.0 
7 13.7 12.2 0.6 
8 3.2 1.9 0.4 
9 0 0 0.0 

10 9.1 9.1 0.0 
11 0 0 0.0 
12 0 0 0.0 
13 4.2 3.3 0.2 
14 0 0 0.0 
15 0 0 0.0 
16 9.1 11.5 1.4 
17 0 0 0.0 
18 0 0 0.0 
19 13.3 14.3 0.3 
20 2.8 2.7 0.0 
21 0 0 0.0 
22 15.5 8.7 11.6 
23 0 0 0.0 
24 0 0 0.0 

 

   
 
 
 
 
 
 
 
 



C&W3000 
Pole Number 33 31  

Reading Location 
LUX - 
100% Variance 

1 18.4 14.7 3.4 
2 0 0.6 0.1 
3 0 0 0.0 
4 20.6 17.8 2.0 
5 6.5 5.6 0.2 
6 0 0 0.0 
7 18.8 14.7 4.2 
8 4.3 3.3 0.2 
9 0 0 0.0 

10 0 8.7 18.9 
11 0 0 0.0 
12 0 0 0.0 
13 0 4 4.0 
14 0 0 0.0 
15 0 0 0.0 
16 12.7 11.4 0.4 
17 1.6 0 0.6 
18   0 0.0 
19 21.4 16.7 5.5 
20 10.2 4.8 7.3 
21 1.3 0 0.4 
22 22 17.8 4.4 
23 7.2 3.1 4.2 
24 0.2 0 0.0 

 

   
 

 

 

 

 

 

 



C&W2400 
Pole Number 28 29  

Reading Location 
LUX - 
100% Variance 

1 9.4 10.4 0.3 
2 0 0 0.0 
3 0 0 0.0 
4 16 13.7 1.3 
5 1.3 3.2 0.9 
6 0 0 0.0 
7 14.4 12.2 1.2 
8 4.4 3.1 0.4 
9 0 0 0.0 

10 11.3 8.9 1.4 
11 0 0 0.0 
12   0 0.0 
13 4.2 4 0.0 
14   0 0.0 
15   0 0.0 
16 11.3 11.6 0.0 
17 0 0 0.0 
18   0 0.0 
19 15.1 14.1 0.3 
20 5.6 1.9 3.4 
21 0 0 0.0 
22 14 15.2 0.4 
23 2.8 2.7 0.0 
24 0 0 0.0 

 

   
 

 

 

 

 

 

 



Cree 3000 
Pole Number 44 42  

Reading Location 
LUX - 
100% Variance 

1 17.1 17.6 0.1 
2 4.9 1.7 2.6 
3 0 0 0.0 
4 19.5 26.3 11.6 
5 7.9 6.9 0.3 
6 3.1 2.5 0.1 
7 14.9 12.3 1.7 
8 3.6 2.1 0.6 
9 0 0 0.0 

10 6.2 6.7 0.1 
11 0 0 0.0 
12   0 0.0 
13 0 4.2 4.4 
14   0 0.0 
15   0 0.0 
16 5.6 8.6 2.3 
17 0 0 0.0 
18   0 0.0 
19 13.4 15.7 1.3 
20 2.3 2.3 0.0 
21   0 0.0 
22 26.3 20.7 7.8 
23 8.4 6.3 1.1 
24 2.1 1.4 0.1 

 

   
 

 

 

 

 

 

 



GE 2700 
Pole Number 39 35  

Reading Location 
LUX - 
100% Variance 

1 11.6 15.3 3.4 
2 0.01 0 0.0 
3 0 0 0.0 
4 38.8 31.9 11.9 
5 2 0.6 0.5 
6 0 0 0.0 
7 33.4 32.9 0.1 
8 10.7 9.7 0.3 
9 10.6 8.4 1.2 

10 12.5 3.2 21.6 
11   0 0.0 
12   0 0.0 
13 0 0 0.0 
14   0 0.0 
15   0 0.0 
16 2.7 2.5 0.0 
17   0 0.0 
18   0 0.0 
19 32.5 28.6 3.8 
20 8.8 10.5 0.7 
21 9 7.4 0.6 
22 35.9 37.6 0.7 
23 2.3 1.4 0.2 
24 0 0 0.0 

 

   
 

 

 

 

 

 

 



Section VII – Group Dimming 

  



Appendix C – Group Dimming Evaluation  

Effectual dimming is the expression of how well the product achieved the conceptual light levels when 
the user selected to dim the controller to 75% and 50% respectively.  The following tables outlines the 
variance between the metered and conceptual data.  

C&W3200  
100% 

Metered 
75% 

Metered 
75% 

Conceptual Variance 50% 
Metered 

50% 
Conceptual Variance 

11.8 9.5 8.85 7% 5.5 5.9 -7% 
0 0 0   0 0   
0 0 0   0 0   

14.9 14 11.175 20% 7.2 7.45 -3% 
4 3.2 3 6% 1.7 2 -18% 
0 0 0   0 0   

13.7 12.2 10.275 16% 7 6.85 2% 
3.2 2.2 2.4 -9% 2.2 1.6 27% 

0 0 0   0 0   
9.1 8.2 6.825 17% 5.1 4.55 11% 

0 0 0   0 0   
0 0 0   0 0   

4.2 3.3 3.15 5% 0 2.1   
0 0 0   0 0   
0 0 0   0 0   

9.1 7.5 6.825 9% 5.1 4.55 11% 
0 0 0   0 0   
0 0 0   0 0   

13.3 13.7 9.975 27% 7.1 6.65 6% 
2.8 2.5 2.1 16% 1.1 1.4 -27% 

0 0 0   0 0   
15.5 12.3 11.625 5% 7.6 7.75 -2% 

0 0 0   0 0   
0 0 0   0 0   

 

Effectual 
Dimming@ 

75% : 14%  

Effectual 
Dimming@ 

50% : -2% 
 

 

 

 

 



C&W3000  
100% 

Metered 
75% 

Metered 
75% 

Conceptual Variance 50% 
Metered 

50% 
Conceptual Variance 

18.4 13.9 13.8 1% 7.1 9.2 -30% 
0 0 0   0 0   
0 0 0   0 0   

20.6 17.3 15.45 11% 10 10.3 -3% 
6.5 4.8 4.875 -2% 2.4 3.25 -35% 

0 0 0   0 0   
18.8 14.8 14.1 5% 6.6 9.4 -42% 

4.3 1.2 3.225 -169% 0.2 2.15 -975% 
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   

12.7 11.3 9.525 16% 5.4 6.35 -18% 
1.6 0 1.2   0 0.8   

0 0 0   0 0   
21.4 14.4 16.05 -11% 7.7 10.7 -39% 
10.2 5 7.65 -53% 2.8 5.1 -82% 

1.3 0 0.975   0 0.65   
22 15.1 16.5 -9% 10.2 11 -8% 

7.2 3.2 5.4 -69% 2.4 3.6 -50% 
0.2 0 0.15   0 0.1   

 

Effectual 
Dimming@ 

75% : -8%  

Effectual 
Dimming@ 

50% : -32% 
 

 

 

 

 

 

 

 



C&W2400  
100% 

Metered 
75% 

Metered 
75% 

Conceptual Variance 50% 
Metered 

50% 
Conceptual Variance 

9.4 6.3 7.05 -12% 3.2 4.7 -47% 
0 0 0   0 0   
0 0 0   0 0   

16 10.3 12 -17% 6.1 8 -31% 
1.3 0 0.975   0 0.65   

0 0 0   0 0   
14.4 10.5 10.8 -3% 6.7 7.2 -7% 

4.4 1.6 3.3 -106% 0.8 2.2 -175% 
0 0 0   0 0   

11.3 8.6 8.475 1% 5.6 5.65 -1% 
0 0 0   0 0   
0 0 0   0 0   

4.2 3.1 3.15 -2% 1.8 2.1 -17% 
0 0 0   0 0   
0 0 0   0 0   

11.3 8.9 8.475 5% 6.1 5.65 7% 
0 0 0   0 0   
0 0 0   0 0   

15.1 11.3 11.325 0% 6.7 7.55 -13% 
5.6 2.9 4.2 -45% 1.6 2.8 -75% 

0 0 0   0 0   
14 10.4 10.5 -1% 6.8 7 -3% 

2.8 1.5 2.1 -40% 0 1.4   
0 0 0   0 0   

 

Effectual 
Dimming@ 

75% : -9%  

Effectual 
Dimming@ 

50% : -21% 
 

 

 

 

 

 

 

 



Cree3000  
100% 

Metered 
75% 

Metered 
75% 

Conceptual Variance 50% 
Metered 

50% 
Conceptual Variance 

17.1 14.2 12.825 10% 8.3 8.55 -3% 
4.9 2.6 3.675 -41% 1.5 2.45 -63% 

0 0 0   0 0   
19.5 19.2 14.625 24% 10.2 9.75 4% 

7.9 5.2 5.925 -14% 1.5 3.95 -163% 
3.1 1.7 2.325 -37% 0 1.55   

14.9 11.4 11.175 2% 5.8 7.45 -28% 
3.6 1.9 2.7 -42% 0 1.8   

0 0 0   0 0   
6.2 6.2 4.65 25% 2.6 3.1 -19% 

0 0 0   0 0   
0 0 0   0 0   
0 1.5 0 100% 0 0   
0 0 0   0 0   
0 0 0   0 0   

5.6 6.6 4.2 36% 2.8 2.8 0% 
0 0 0   0 0   
0 0 0   0 0   

13.4 11.9 10.05 16% 6.6 6.7 -2% 
2.3 2 1.725 14% 0 1.15   

  0 0   0 0   
26.3 19.6 19.725 -1% 13.8 13.15 5% 

8.4 5.7 6.3 -11% 4.1 4.2 -2% 
2.1 1.3 1.575 -21% 0 1.05   

 

Effectual 
Dimming@ 

75% : 9%  

Effectual 
Dimming@ 

50% : -18% 
 

 

 

 

 

 

 

 



GE2700  

100% 
Metered 

75% 
Metered 

75% 
Conceptual Variance 50% 

Metered 
50% 

Conceptual Variance 

11.6 10.3 8.7 16% 6 5.8 3% 
0.01 0 0.0075   0 0.005   

0 0 0   0 0   
38.8 28 29.1 -4% 15.6 19.4 -24% 

2 0.6 1.5 -150% 0 1   
0 0 0   0 0   

33.4 21.4 25.05 -17% 13.8 16.7 -21% 
10.7 6 8.025 -34% 3.5 5.35 -53% 
10.6 5.4 7.95 -47% 3 5.3 -77% 
12.5 7.8 9.375 -20% 4.1 6.25 -52% 

0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   

2.7 0 2.025   0 1.35   
0 0 0   0 0   
0 0 0   0 0   

32.5 21.1 24.375 -16% 14 16.25 -16% 
8.8 4.2 6.6 -57% 3.5 4.4 -26% 

9 5 6.75 -35% 3 4.5 -50% 
35.9 27.4 26.925 2% 16.1 17.95 -11% 

2.3 2.3 1.725 25% 0 1.15   
0 0 0   0 0   

 

Effectual 
Dimming@ 

75% : -13%  

Effectual 
Dimming@ 

50% : -28% 
 

 

 

 

 

 

 

 



GE3000  

100% 
Metered 

75% 
Metered 

75% 
Conceptual Variance 50% 

Metered 
50% 

Conceptual Variance 

20 17.3 15 13% 9.2 10 -9% 
0 0 0   0 0   
0 0 0   0 0   

17.3 14.6 12.975 11% 8.5 8.65 -2% 
4.3 2.7 3.225 -19% 1.2 2.15 -79% 

0 0 0   0 0   
6.7 6 5.025 16% 3.8 3.35 12% 
2.3 1.3 1.725 -33% 0 1.15   

0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   
0 0 0   0 0   

6.4 5.9 4.8 19% 3.7 3.2 14% 
2.1 1.9 1.575 17% 0 1.05   

0 0 0   0 0   
20.2 17.6 15.15 14% 11.4 10.1 11% 

0 0 0   0 0   
0 0 0   0 0   

 

Effectual 
Dimming@ 

75% : 12%  

Effectual 
Dimming@ 

50% : -5% 
 

 

 

 

 

 

 



Section VIII – Color Space/Wavelength Charts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix D – Color Space/Wavelength Charts and Spectroanalysis Data 

 

Baseline HPS Pole 47   Baseline HPS Pole 47  Baseline HPS Pole 47 
Spectrum Chart 

 

 CIE 1931 

 

 CIE 1976 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Baseline HPS Pole 47 – Spectroanalysis Data  

 

 

 

 

 

 

 

 

 

 

 

 

 



C&W 3000K Pole 33-50  C&W 3000K Pole 33-75   C&W 3000K Pole 33-100 
Spectrum Chart 
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CIE 1976 

 

  

 

  

 
 

 

 

 



C&W 3000K Pole 33 Spectroanalysis Detail 

 

 

 

 

 

 

 

 

 

 

 

 



Cree 3000K Pole 44-50  Cree 3000K Pole 44-75   Cree 3000K Pole 44-100 
Spectrum Chart 
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Cree 3000K Pole 44 Spectroanalysis Data 

 

 

 

 

 

 

 

 

 

 

 

 

 



GE 3000K Pole 38-50   GE 3000K Pole 38-75   GE 3000K Pole 38-100 
Spectrum Chart 
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GE 3000K Pole 38 Spectroanalysis Data 

 

 

 

 

 

 

 

 

 

 

 

 



GE 2700K Pole 39-50 GE 2700K Pole 39-75 GE 2700K Pole 39-100
Spectrum Chart

CIE 1931

CIE 1976



GE 2700K Pole 39 Spectroanalysis Data 

 

 

The 50% values for the readings below the fixture for this field record hand ticket appears to duplicate the values 
recorded for 75% and should be disregarded. The evaluation of CCT, CRI, Lambda P value, and R9 should be 
reviewed from the MK350 spectrometer log. 

 

 

 

 

 

 

 

 

 

 



C&W 2400K Pole 28-50 C&W 2400K Pole 28-75 C&W 2400K Pole 28-100
Spectrum Chart

CIE 1931

CIE 1976



C&W 2400K Pole 28 Spectroanalysis Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



C&W 3200K Pole 23-50   C&W 3200K Pole 23-75   C&W 3200K Pole 23-100 
Spectrum Chart 
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C&W 3200K Pole 23 Spectroanalysis Data 

 

 

 

 

 

 

 

 

 

 

 

 

 



Section IX – Cut sheets 

 

  



2 C&W ENERGY SOLUTIONS

Average LED Life (L-70): >50,000 Hours

LED Source: Nichia NS9W383

Light Engine Power (W): 24

Ingress Protection: IP67

Cover Lens: 2V - Star Friendly™ - SF7
Polycarbonate

Safety: CE, UR, RoHS Compliant

X:Y Value: OR:  X=0.522; 
Y=0.470 - Orange -

(2400K)

System Watts: 55
(dimmable 0-10V)

System Efficacy (L/W) @ 
700mA:

80

Blue Light Content: < 1%

Optical Distribution: IESNA Type II

Input AC Voltage: 90-305

Lumen Output: 4200

Operating Temperature: -20°C - 50°C

Operating Humidity: 10% - 85%

System Warranty: 10 Years

Weight: 8 lbs

E.P.A.: 0.45

HIB-SLA-74-1-7-UN-GR-OR-2V-PC-SS-BT-EL

Data Sheet for LED Luminaires
Meets County of Hawaii City Ordnance

1. L-70: Refers to the estimated time for the LED to reach 70% of the initial lumens. 90,000 hour L-70 is determined by LM80 data
from Nachia on the NS9W383 single package at 55°C ambient.

2. X:Y Value: The HIB SLA series luminaire with the SF7 option offers a custom filtered light output that is reference as “Blue
Light Content and Traffic Color Compliant”. Blue Light Content is defined as the ratio of the amount of energy emitted by the
outdoor light fixture Σ400 – 500 nm / Σ400 – 700 nm ≤ 1.0%, where measurements are taken in one nanometer increments and
power measured in mW. “Traffic Color Compliant” means the 1931 CIE X:Y color coordinated of the HIB SLA series luminaire
with SF7 option is outside of any of the automotive color boxes as defined by SAE J578.

3. See CWES General Terms and Conditions.

5234 East Hatcher Rd    Paradise Valley, Arizona U.S.A
p:480-998-1694   |   WWW.CWENERGYUSA.COM

INDIVIDUAL LIGHT ENGINE SPECIFICATIONS

LUMINAIRE SPECIFICATIONS

NOTES: 



2 C&W ENERGY SOLUTIONS

Average LED Life (L-70): >50,000 Hours

LED Source: Nichia NS9W383

Light Engine Power (W): 24

Ingress Protection: IP67

Cover Lens: 2V - Clear 
Polycarbonate

Safety: CE, UR, RoHS Compliant

X:Y Value: WW: X=0.437 
Y=0.405 - Warm 
White (3000K)

System Watts: 55
(dimmable 0-10V)

System Efficacy (L/W) @ 
700mA:

100

Blue Light Content: < 1%

Optical Distribution: IESNA Type II

Input AC Voltage: 90-305

Lumen Output: >5000

Operating Temperature: -20°C - 50°C

Operating Humidity: 10% - 85%

System Warranty: 10 Years

Weight: 8 lbs

E.P.A.: 0.45

HIB-SLA-74-1-7-UN-GR-WW-2V-PC-SS-BT-EL

Data Sheet for LED Luminaires
Meets County of Hawaii City Ordnance

1. L-70: Refers to the estimated time for the LED to reach 70% of the initial lumens. 90,000 hour L-70 is determined by LM80 data
from Nachia on the NS9W383 single package at 55°C ambient.

2. X:Y Value: The HIB SLA series luminaire with the SF7 option offers a custom filtered light output that is reference as “Blue
Light Content and Traffic Color Compliant”. Blue Light Content is defined as the ratio of the amount of energy emitted by the
outdoor light fixture Σ400 – 500 nm / Σ400 – 700 nm ≤ 1.0%, where measurements are taken in one nanometer increments and
power measured in mW. “Traffic Color Compliant” means the 1931 CIE X:Y color coordinated of the HIB SLA series luminaire
with SF7 option is outside of any of the automotive color boxes as defined by SAE J578.

3. See CWES General Terms and Conditions.

5234 East Hatcher Rd    Paradise Valley, Arizona U.S.A
p:480-998-1694   |   WWW.CWENERGYUSA.COM

INDIVIDUAL LIGHT ENGINE SPECIFICATIONS

LUMINAIRE SPECIFICATIONS

NOTES: 



2 C&W ENERGY SOLUTIONS

Average LED Life (L-70): >50,000 Hours

LED Source: Nichia NS9W383

Light Engine Power (W): 24

Ingress Protection: IP67

Cover Lens: 2V - Star Friendly™ - SF7
Polycarbonate

Safety: CE, UR, RoHS Compliant

X:Y Value: YL:  X=0.473; 
Y=0.518 - Yellow-

(3200K)

System Watts: 55
(dimmable 0-10V)

System Efficacy (L/W) @ 
700mA:

90

Blue Light Content: < 1%

Optical Distribution: IESNA Type II

Input AC Voltage: 90-305

Lumen Output: >4500

Operating Temperature: -20°C - 50°C

Operating Humidity: 10% - 85%

System Warranty: 10 Years

Weight: 8 lbs

E.P.A.: 0.45

HIB-SLA-74-1-7-UN-GR-YL-2V-PC-SS-BT-EL

Data Sheet for LED Luminaires
Meets County of Hawaii City Ordnance

1. L-70: Refers to the estimated time for the LED to reach 70% of the initial lumens. 90,000 hour L-70 is determined by LM80 data 
from Nachia on the NS9W383 single package at 55°C ambient.  

2. X:Y Value: The HIB SLA series luminaire with the SF7 option offers a custom filtered light output that is reference as “Blue 
Light Content and Traffic Color Compliant”. Blue Light Content is defined as the ratio of the amount of energy emitted by the 
outdoor light fixture Σ400 – 500 nm / Σ400 – 700 nm ≤ 1.0%, where measurements are taken in one nanometer increments and 
power measured in mW. “Traffic Color Compliant” means the 1931 CIE X:Y color coordinated of the HIB SLA series luminaire 
with SF7 option is outside of any of the automotive color boxes as defined by SAE J578. 

3. See CWES General Terms and Conditions.  

5234 East Hatcher Rd    Paradise Valley, Arizona U.S.A
p:480-998-1694   |   WWW.CWENERGYUSA.COM

INDIVIDUAL LIGHT ENGINE SPECIFICATIONS

LUMINAIRE SPECIFICATIONS

NOTES: 



Cree® RSW Series
LED Street Luminaire

HELLO, MEET THE 
WARMER SIDE OF COOL

Unrivaled Performance
Featuring WaveMax™ Technology, expect unmatched visual comfort and high-quality lighting without sacrificing 
performance. The RSW Series delivers both optimized target illumination and industry-leading efficacy to improve overall 
energy efficiency. Finally, an LED street light that delivers warmer color temperatures and significant reduction in energy 
costs.

Unexpected Value
No one likes wasting money. Least of all cities and utilities who are charged with being the highest stewards of taxpayer 
dollars. That's why we created the RSW Series to be an economic solution that delivers a surprisingly rapid payback 
upfront. And with significantly reduced maintenance cycles and annual energy savings up to 70 percent compared to 
incumbent technology, the RSW Series can deliver returns for years to come.

Exceptional Reliability
Virtually maintenance-free, the RSW™ LED Street Luminaire is designed to last up to 100,000 hours to L70 — eliminating 
unnecessary truck rolls. The RSW™ luminaire is constructed of high strength, yet lightweight bulk molding compound 
for long weathering and durability, which is just one of the reasons why we can offer our industry-leading 10-year 
limited warranty. 



REDEFINING THE EXPECTATIONS OF STREET LIGHTING  
From uptown to downtown, the RSW Series utilizes WaveMax™ Technology and newly optimized materials to outperform 

incumbent technology by providing superior illumination, durability, and economic performance for municipalities and utilities, 

resulting in expedient payback with less than half the wattage and one-third the typical weight of comparable traditional solutions.

info@cree.com  |  800.236.6800
© 2016 Cree, Inc. All rights reserved. For informational purposes only. Not a warranty or specification. See www.cree.com/lighting 
for warranty and specifications. Cree® is a registered trademark, and RSW™ and the Cree logo are trademarks of Cree, Inc. NEMA® 
is a registered trademark of the National Electrical Manufacturers Association.     CAT/SSHT-CO39   Rev. Date: 01/26/16 

Visit www.cree.com/lighting or contact a Cree lighting representative to learn more

PERFORMANCE SUMMARY

Input Power: 30W or 50W

Efficacy: Up to 115 Lumens per Watt (LPW)

CRI: 80 CRI

CCT: 3000K (+/- 175K); 4000K (+/- 300K)

Input Voltage: 120-277V, 50/60Hz

Weight: 6.5 lbs (2.9kg)

Dimensions: 20.7"L x 9.8"W x 4.7"H  
(includes NEMA® Receptacle)

Limited Warranty†: 10 years on luminaire

APPLICATIONS

Street Lighting   
Virtually maintenance-free, the 

RSW™ LED Street Luminaire is 

designed to last 100,000 hours. 

Now, maintenance crews can focus 

on more important projects, rather 

than replacing burnt out lamps.

Campus Street Lighting    
Welcome visitors to your site with

either a warm 3000K CCT that is 

comfortable and inviting or choose

a cooler, more crisp 4000K CCT 

that brings out the beauty of the 

architecture and surrounding 

areas. 

Residential Street Lighting      
The RSW Series' 3000K option 

combined with beautiful light quality 

helps ensure the transition to LED 

is a seamless one for residents. 

Its color is comfortable and familiar 

while the 115 lumens per watt 

achieved is too great to ignore. 

Intersections  
WaveMax™ Technology provides

exceptional light quality and dis-

tribution to help improve roadway 

visibility. Improving visibility means 

drivers see other vehicles and 

nearby areas better to help avoid 

unsafe situations, even at busy 

intersections.   



GE
Lighting

LED Roadway Luminaire (ERL1-ERLH-ERS1-ERS2)

Evolve™ LED Roadway Lighting

imagination at work



Applications 

•  Designed to meet recommended luminance and  
 illuminance requirements for local, collector and  
 major roadway/street classifications.

Housing 

•  The modern design incorporates Casting-integral
 heatsink for maximum heat transfer.
•  Meets 3G vibration per ANSI C136.31-2010.  
•  Die Cast Enclosure.
 

LED & Optical Assembly 

• Evolve™ light engine consisting of reflective technology 
 designed to optimize application efficiency and 
 minimize glare. 
• Utilizes high  brightness LEDs, 70 CRI at 3000K  
 and 4000K typical.   
• LM-79 tests and reports in accordance with IESNA  
 standards. 

Lumen Maintenance 

• Lumen Maintenance per TM21. 

Ratings

•        listed, suitable for wet locations per UL 1598. 
•  Std. Optical enclosure rated per ANSI C136.25-2009:  
 ERL1 = IP65, ERS1-2 = IP66, ERLH = IP65.
•  Upward Light Output Ratio (ULOR) = 0.
•  Compliant with the material restriction  
 requirements of RoHS.

The Evolve™ LED Roadway Luminaire is optimized for customers requiring a LED solution for local, collector and major 
roadways. GE’s unique reflective optics are designed to optimize application efficiency and minimize glare. The modern 
design incorporates the heat sink directly into the unit for heat transfer to prolong LED life. This reliable unit has a 
100,000 hour design life, significantly reducing maintenance needs and expense over the life of the fixture. This efficient 
solution lowers energy consumption compared to traditional HID fixture for additional operating cost savings.

Product Features

 /

Mounting

• Slipfitter with +/- 5 degree of adjustment for leveling. 
• Integral die cast mounting pipe stop.  
• Adjustable for 1.25 in. or 2 in. mounting pipe.

Finish 

• Corrosion resistant polyester powder paint,    
 minimum 2.0 mil. thickness.  
• Standard colors: Black, Gray and Dark Bronze.
•  RAL & custom colors available.  
• Optional coastal finish available.

Electrical 

• 120-277 VAC and 347-480 VAC.
•   System power factor is >90% and THD <20%.*
•   Class “A” Sound rating.
• 0-10V dimming standard or DALI dimming available 
 upon request for 120V-277V.
•   Surge Protection per ANSI C136.2-2015:
 –  Standard: 6kV/3kA “Basic: (120 Strikes)” 
 – Optional Secondary: 10kV/5kA “Enhanced: (40 Strikes)”
•   EMI: Title 47 CFR Part 15 Class A 
•   Photo electric sensors (PE) available.
*  System power factor and THD is tested and specified at 120V input   
and maximum load conditions. THD<26% for 347/480V supply with  
03 power level.

Warranty

• 5 Year Standard
• 10 Year Optional

Suggested HID Replacement  Lumen Levels

• ~4,000–5,000 lumens to replace 100W HPS Cobra-head
• ~7,000–8,800 lumens to replace 150W HPS Cobra-head
• ~8,500–11,500 lumens to replace 200W HPS Cobra-head
• ~11,500–14,000 lumens to replace 250W HPS Cobra-head
• ~21,000–28,000 lumens to replace 400W HPS Cobra-head
Note: Actual replacement lumens may vary based upon mounting height,  
pole spacing, design criteria, etc.

ERL1 02-09 -40°C to 50°C

ERLH 10-11 -40°C to 50°C

ERLH 13-15 -40°C to 40°C

ERS1 10-15 -40°C to 50°C

ERS2 16-23 -40°C to 50°C

ERS2 25-28 -40°C to 40°C

Product 
ID 

Lumen
Output

Ambient 
Rating

Delayed start may be experienced <-35°C.



E  R  L  1                                                                                                _  _  _  _                _              _ _               _ _              _ _                     _                    _ _ _ _                       _ _ _   

PROD. ID VOLTAGE
LUMEN
OUTPUT 

0  =  120-277*
1  =  120
2  =  208
3  =  240
4  =  277
5  =  480
D =  347
H =  347-480*
* Not available 
with Fusing.  
Must choose  
a descreet  
voltage with  
F option.

30 = 3000K
40 = 4000K

OPTIONSCOLORCONTROLS

A  = 4 Bolt Slipfitter †
F  =  Fusing
G  =  Internal Bubble Level
I   =  IP66 Optical
L  =  Tool-Less Entry
R  =  Optional Secondary Enhanced Surge  
  Protection (10kV/5kA)
U  =  Universal DALI Programmable +^
X  =  Single Package #
Y  =  Coastal Finish *
XXX  =  Special Options

†  Contact manufacturer for Lead-Time. 
# Std Packaging = 20 units per container.
*  Recommended for installations within
 1 mile from the coast. Contact Factory  
 for Lead-Time.
+ Compatible with LightGrid 2.0 nodes.
^ Not available in 347V, 480V or 347-480V  
 for Lumen Level 07 and 08.

GRAY  =  Gray
BLCK  =  Black
DKBZ =  Dark
  Bronze

A = ANSI C136.41 7-pin
D  =  ANSI C136.41 7-pin   
  receptacle with Shorting  
  Cap
E  =  ANSI C136.41 7-pin
  Receptacle with non-  
  Dimming PE Control.*  

* PE Control Only available for  
 120-277V or 480V Discrete.   
 Not available for 347-480V  
 or 347V Discrete.  

NOTE: Dimming controls wired 
for 0-10V standard unless DALI 
option “U” requested. 

CCTDISTRIBUTION

E = Evolve
R = Roadway
L = Local
1 = Single Module

A1 = Extra Narrow  
  Asymmetric  
B1 = Narrow 
  Asymmetric  
  (Medium)
C1 = Asymmetric 
  (Short)
D1 = Asymmetric 
  Forward
E1 = Asymmetric 
  (Medium)
F1 = Asymmetric 
  (Wide)
G1 = Asymmetric 
  (Extra Wide)

See Data Table for  
more information

Ordering Number Logic
Evolve™ LED Streetlight (ERL1)

02*
03
04
05
06
07
08
09

See Data  
Table for  
more
information.

*120V only, not 
compatible with 
0-10V dimming.

 

PRODUCT
ID

LUMEN
OUTPUT DISTRIBUTION

4000K 3000K 120-277V 347-480V

TYPICAL INITIAL 
LUMENS

TYPICAL SYSTEM 
WATTAGE

120-277V 120-277V4000K 3000K 347-480V 347-480V

IES FILE NUMBER
4000K

IES FILE NUMBER
3000K

BUG RATING 

 ERL1  A1 1900 1800   B1-U0-G1 B1-U0-G1 ERL1_02A140_____-120V.IES  N/A ERL1_02A130_____-120V.IES N/A
 ERL1  B1 1900 1800   B1-U0-G0 B1-U0-G0 ERL1_02B140_____-120V.IES  N/A ERL1_02B130_____-120V.IES N/A
 ERL1  C1 2000 1900   B1-U0-G1 B1-U0-G1 ERL1_02C140_____-120V.IES  N/A ERL1_02C130_____-120V.IES N/A
 ERL1 02 D1 1900 1800 15 N/A B1-U0-G0 B1-U0-G0 ERL1_02D140_____-120V.IES  N/A ERL1_02D130_____-120V.IES N/A
 ERL1  E1 2000 1900   B1-U0-G0 B1-U0-G0 ERL1_02E140_____-120V.IES  N/A ERL1_02E130_____-120V.IES N/A
 ERL1  F1 2000 1900   B1-U0-G1 B1-U0-G1 ERL1_02F140_____-120V.IES  N/A ERL1_02F130_____-120V.IES N/A
 ERL1  G1 2000 1900   B1-U0-G1 B1-U0-G1 ERL1_02G140_____-120V.IES  N/A ERL1_02G130_____-120V.IES N/A
 ERL1  A1 2800 2700   B1-U0-G1 B1-U0-G1 ERL1_03A140_____-120-277V.IES ERL1_03A140_____-347-480V.IES ERL1_03A130_____-120-277V.IES ERL1_03A130_____-347-480V.IES
 ERL1  B1 2900 2800   B1-U0-G1 B1-U0-G1 ERL1_03B140_____-120-277V.IES ERL1_03B140_____-347-480V.IES ERL1_03B130_____-120-277V.IES ERL1_03B130_____-347-480V.IES
 ERL1  C1 3000 2900   B1-U0-G1 B1-U0-G1 ERL1_03C140_____-120-277V.IES ERL1_03C140_____-347-480V.IES ERL1_03C130_____-120-277V.IES ERL1_03C130_____-347-480V.IES
 ERL1 03 D1 2900 2800 25 28 B1-U0-G1 B1-U0-G1 ERL1_03D140_____-120-277V.IES ERL1_03D140_____-347-480V.IES ERL1_03D130_____-120-277V.IES ERL1_03D130_____-347-480V.IES
 ERL1  E1 3000 2900   B1-U0-G1 B1-U0-G1 ERL1_03E140_____-120-277V.IES ERL1_03E140_____-347-480V.IES ERL1_03E130_____-120-277V.IES ERL1_03E130_____-347-480V.IES
 ERL1  F1 3000 2900   B1-U0-G1 B1-U0-G1 ERL1_03F140_____-120-277V.IES ERL1_03F140_____-347-480V.IES ERL1_03F130_____-120-277V.IES ERL1_03F130_____-347-480V.IES
 ERL1  G1 3000 2900   B1-U0-G1 B1-U0-G1 ERL1_03G140_____-120-277V.IES ERL1_03G140_____-347-480V.IES ERL1_03G130_____-120-277V.IES ERL1_03G130_____-347-480V.IES
 ERL1  A1 3800 3700   B1-U0-G1 B1-U0-G1 ERL1_04A140_____-120-277V.IES ERL1_04A140_____-347-480V.IES ERL1_04A130_____-120-277V.IES ERL1_04A130_____-347-480V.IES
 ERL1  B1 3900 3800   B1-U0-G1 B1-U0-G1 ERL1_04B140_____-120-277V.IES ERL1_04B140_____-347-480V.IES ERL1_04B130_____-120-277V.IES ERL1_04B130_____-347-480V.IES
 ERL1  C1 4000 3900   B1-U0-G1 B1-U0-G1 ERL1_04C140_____-120-277V.IES ERL1_04C140_____-347-480V.IES ERL1_04C130_____-120-277V.IES ERL1_04C130_____-347-480V.IES
 ERL1 04 D1 3900 3800 32 35 B1-U0-G1 B1-U0-G1 ERL1_04D140_____-120-277V.IES ERL1_04D140_____-347-480V.IES ERL1_04D130_____-120-277V.IES ERL1_04D130_____-347-480V.IES
 ERL1  E1 4000 3900   B1-U0-G1 B1-U0-G1 ERL1_04E140_____-120-277V.IES ERL1_04E140_____-347-480V.IES ERL1_04E130_____-120-277V.IES ERL1_04E130_____-347-480V.IES
 ERL1  F1 4000 3900   B1-U0-G1 B1-U0-G1 ERL1_04F140_____-120-277V.IES ERL1_04F140_____-347-480V.IES ERL1_04F130_____-120-277V.IES ERL1_04F130_____-347-480V.IES
 ERL1  G1 4000 3900   B1-U0-G1 B1-U0-G1 ERL1_04G140_____-120-277V.IES ERL1_04G140_____-347-480V.IES ERL1_04G130_____-120-277V.IES ERL1_04G130_____-347-480V.IES
 ERL1  A1 4800 4600   B2-U0-G1 B2-U0-G1 ERL1_05A140_____-120-277V.IES ERL1_05A140_____-347-480V.IES ERL1_05A130_____-120-277V.IES ERL1_05A130_____-347-480V.IES
 ERL1  B1 4800 4600   B2-U0-G1 B2-U0-G1 ERL1_05B140_____-120-277V.IES ERL1_05B140_____-347-480V.IES ERL1_05B130_____-120-277V.IES ERL1_05B130_____-347-480V.IES
 ERL1  C1 5000 4800   B2-U0-G1 B2-U0-G1 ERL1_05C140_____-120-277V.IES ERL1_05C140_____-347-480V.IES ERL1_05C130_____-120-277V.IES ERL1_05C130_____-347-480V.IES
 ERL1 05 D1 4800 4600 41 45 B1-U0-G1 B1-U0-G1 ERL1_05D140_____-120-277V.IES ERL1_05D140_____-347-480V.IES ERL1_05D130_____-120-277V.IES ERL1_05D130_____-347-480V.IES
 ERL1  E1 5000 4800   B2-U0-G1 B2-U0-G1 ERL1_05E140_____-120-277V.IES ERL1_05E140_____-347-480V.IES ERL1_05E130_____-120-277V.IES ERL1_05E130_____-347-480V.IES
 ERL1  F1 5000 4800   B2-U0-G1 B2-U0-G1 ERL1_05F140_____-120-277V.IES ERL1_05F140_____-347-480V.IES ERL1_05F130_____-120-277V.IES ERL1_05F130_____-347-480V.IES
 ERL1  G1 5000 4800   B2-U0-G1 B2-U0-G1 ERL1_05G140_____-120-277V.IES ERL1_05G140_____-347-480V.IES ERL1_05G130_____-120-277V.IES ERL1_05G130_____-347-480V.IES
 ERL1  A1 5700 5500   B2-U0-G1 B2-U0-G1 ERL1_06A140_____-120-277V.IES ERL1_06A140_____-347-480V.IES ERL1_06A130_____-120-277V.IES ERL1_06A130_____-347-480V.IES
 ERL1  B1 5800 5600   B2-U0-G1 B2-U0-G1 ERL1_06B140_____-120-277V.IES ERL1_06B140_____-347-480V.IES ERL1_06B130_____-120-277V.IES ERL1_06B130_____-347-480V.IES
 ERL1  C1 6000 5800   B2-U0-G1 B2-U0-G1 ERL1_06C140_____-120-277V.IES ERL1_06C140_____-347-480V.IES ERL1_06C130_____-120-277V.IES ERL1_06C130_____-347-480V.IES
 ERL1 06 D1 5800 5600 53 58 B1-U0-G1 B1-U0-G1 ERL1_06D140_____-120-277V.IES ERL1_06D140_____-347-480V.IES ERL1_06D130_____-120-277V.IES ERL1_06D130_____-347-480V.IES
 ERL1  E1 6000 5800   B2-U0-G1 B2-U0-G1 ERL1_06E140_____-120-277V.IES ERL1_06E140_____-347-480V.IES ERL1_06E130_____-120-277V.IES ERL1_06E130_____-347-480V.IES
 ERL1  F1 6000 5800   B2-U0-G1 B2-U0-G1 ERL1_06F140_____-120-277V.IES ERL1_06F140_____-347-480V.IES ERL1_06F130_____-120-277V.IES ERL1_06F130_____-347-480V.IES
 ERL1  G1 6000 5800   B2-U0-G1 B2-U0-G1 ERL1_06G140_____-120-277V.IES ERL1_06G140_____-347-480V.IES ERL1_06G130_____-120-277V.IES ERL1_06G130_____-347-480V.IES
 ERL1  A1 6700 6500   B2-U0-G2 B2-U0-G2 ERL1_07A140_____.IES  ERL1_07A130_____.IES 
 ERL1  B1 6800 6600   B2-U0-G1 B2-U0-G1 ERL1_07B140_____.IES  ERL1_07B130_____.IES 
 ERL1  C1 7000 6800   B2-U0-G1 B2-U0-G1 ERL1_07C140_____.IES  ERL1_07C130_____.IES 
 ERL1 07 D1 6800 6600 67  B2-U0-G1 B2-U0-G1 ERL1_07D140_____.IES  ERL1_07D130_____.IES 
 ERL1  E1 7000 6800   B2-U0-G1 B2-U0-G1 ERL1_07E140_____.IES  ERL1_07E130_____.IES 
 ERL1  F1 7000 6800   B2-U0-G2 B2-U0-G2 ERL1_07F140_____.IES  ERL1_07F130_____.IES 
 ERL1  G1 7000 6800   B2-U0-G2 B2-U0-G2 ERL1_07G140_____.IES  ERL1_07G130_____.IES 
 ERL1  A1 8200 8000   B2-U0-G2 B2-U0-G2 ERL1_08A140_____.IES  ERL1_08A130_____.IES 
 ERL1  B1 8300 8100   B2-U0-G1 B2-U0-G1 ERL1_08B140_____.IES  ERL1_08B130_____.IES 
 ERL1  C1 8500 8200   B2-U0-G1 B2-U0-G1 ERL1_08C140_____.IES  ERL1_08C130_____.IES 
 ERL1 08 D1 8300 8100 88  B2-U0-G1 B2-U0-G1 ERL1_08D140_____.IES  ERL1_08D130_____.IES 
 ERL1  E1 8500 8200   B2-U0-G1 B2-U0-G1 ERL1_08E140_____.IES  ERL1_08E130_____.IES 
 ERL1  F1 8500 8200   B2-U0-G2 B2-U0-G2 ERL1_08F140_____.IES  ERL1_08F130_____.IES 
 ERL1  G1 8500 8200   B2-U0-G2 B2-U0-G2 ERL1_08G140_____..IES  ERL1_08G130_____.IES 
 ERL1  A1 8400 8100    B2-U0-G2 B2-U0-G2 ERL1_09A140_____.IES  ERL1_09A130_____.IES 
 ERL1  B1 8500 8200   B2-U0-G1 B2-U0-G1 ERL1_09B140_____.IES  ERL1_09B130_____.IES 
 ERL1  C1 8800 8400   B2-U0-G1 B2-U0-G1 ERL1_09C140_____.IES  ERL1_09C130_____.IES 
 ERL1 09 D1 8500 8200 90  B2-U0-G2 B2-U0-G1 ERL1_09D140_____.IES  ERL1_09D130_____.IES 
 ERL1  E1 8800 8400   B2-U0-G1 B2-U0-G1 ERL1_09E140_____.IES  ERL1_09E130_____.IES 
 ERL1  F1 8800 8400   B2-U0-G2 B2-U0-G2 ERL1_09F140_____.IES  ERL1_09F130_____.IES 
 ERL1  G1 8800 8400   B2-U0-G2 B2-U0-G2 ERL1_09G140_____.IES  ERL1_09G130_____.IES 



Photometrics
Evolve™ LED Streetlight (ERL1)
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ERL1
Extra Narrow Asymmetric
(08A1)

8,200 Lumens
4000K 
ERL1_08A140_____.IES

ERL1
Narrow Asymmetric Medium
(08B1)

8,300 Lumens
4000K 
ERL1_08B140_____.IES

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Vertical plane through horizontal angle  
of maximum candlepower at 85°

Vertical plane through horizontal angle of 70°

Vertical plane through horizontal angle  
of maximum candlepower at 80°
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Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

ERL1
Asymmetric Short
(08C1)

8,500 Lumens
4000K 
ERL1_08C140_____.IES

ERL1
Asymmetric Forward
(08D1)

8,300 Lumens
4000K 
ERL1_08D140_____.IES
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Photometrics
Evolve™ LED Streetlight (ERL1)
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ERL1
Asymmetric Medium
(08E1)

8,500 Lumens
4000K 
ERL1_08E140_____.IES

ERL1
Asymmetric Wide
(08F1)

8,500 Lumens
4000K 
ERL1_08F140_____.IES

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Vertical plane through horizontal angle  
of maximum candlepower at 80°

Vertical plane through horizontal angle of 69°

Vertical plane through horizontal angle  
of maximum candlepower at 60°

Vertical plane through horizontal angle of 73°
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Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

ERL1
Asymmetric Extra Wide
(08G1)

8,500 Lumens
4000K 
ERL1_08G140_____.IES
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E  R  L  H                                                                                                _  _  _  _                _              _ _             _ _               _ _                      _                    _ _ _ _                       _ _ _  

PROD. ID VOLTAGE
LUMEN
OUTPUT 

0  =  120-277*
1  =  120
2  =  208
3  =  240
4  =  277
5  =  480
D =  347
H =  347-480*
* Not available 
with Fusing.  
Must choose  
a descreet  
voltage with  
F option.

30 = 3000K
40 = 4000K

OPTIONSCOLORCONTROLS

A  = 4 Bolt Slipfitter †
F  =  Fusing
G  =  Internal Bubble Level
I   =  IP66 Optical
L  =  Tool-Less Entry
R  =  Optional Secondary Enhanced Surge  
  Protection (10kV/5kA)
U  =  Universal DALI Programmable +^
X  =  Single Package #
Y  =  Coastal Finish *
XXX  =  Special Options

†  Contact manufacturer for Lead-Time. 
# Std Packaging = 20 units per container.
*  Recommended for installations within
 1 mile from the coast. Contact Factory  
 for Lead-Time.
+ Compatible with LightGrid 2.0 nodes.
^ Not available at 347V, 480V or 347-480V.

GRAY  =  Gray
BLCK  =  Black
DKBZ =  Dark
  Bronze

A = ANSI C136.41 7-pin
D  =  ANSI C136.41 7-pin   
  receptacle with Shorting  
  Cap
E  =  ANSI C136.41  7-pin
  Receptacle with non-  
  Dimming PE Control.*  

* PE Control Only available for  
 120-277V or 480V Discrete.   
 Not available for 347-480V  
 or 347V Discrete.  

NOTE: Dimming controls wired 
for 0-10V standard unless DALI 
option “U” requested. 

CCTDISTRIBUTION

E = Evolve
R = Roadway
L = Local
H = High Output

A1 = Extra Narrow  
  Asymmetric  
B1 = Narrow 
  Asymmetric  
  (Medium)
C1 = Asymmetric 
  (Short)
D1 = Asymmetric 
  Forward
E1 = Asymmetric 
  (Medium)
F1 = Asymmetric 
  (Wide)
G1 = Asymmetric 
  (Extra Wide)
See Data Table for  
more information

Ordering Number Logic
Evolve™ LED Streetlight (ERLH)

10
11
13
14
15

See Data  
Table for  
more
information.

PRODUCT
ID

LUMEN
OUTPUT DISTRIBUTION

4000K 3000K

TYPICAL INITIAL 
LUMENS

TYPICAL SYSTEM 
WATTAGE

4000K4000K 3000K 3000K

IES FILE NUMBERBUG RATING 

 ERLH  A1 9500 9100    B3-U0-G2 B3-U0-G2 ERLH_10A140_____.IES ERLH_10A130_____.IES
 ERLH  B1 9800 9500    B3-U0-G1 B2-U0-G1 ERLH_10B140_____.IES ERLH_10B130_____.IES
 ERLH  C1 10000 9600    B2-U0-G1 B2-U0-G1 ERLH_10C140_____.IES ERLH_10C130_____.IES
 ERLH 10 D1 9800 9500 90   B2-U0-G2 B2-U0-G2 ERLH_10D140_____.IES ERLH_10D130_____.IES
 ERLH  E1 10000 9600    B2-U0-G2 B2-U0-G2 ERLH_10E140_____.IES ERLH_10E130_____.IES
 ERLH  F1 10000 9600    B2-U0-G2 B2-U0-G2 ERLH_10F140_____.IES ERLH_10F130_____.IES
 ERLH  G1 10000 9600    B2-U0-G2 B2-U0-G2 ERLH_10G140_____.IES ERLH_10G130_____.IES
 ERLH  A1 10900 10500    B3-U0-G2 B3-U0-G2 ERLH_11A140_____.IES ERLH_11A130_____.IES
 ERLH  B1 11200 10800    B3-U0-G2 B3-U0-G1 ERLH_11B140_____.IES ERLH_11B130_____.IES
 ERLH  C1 11500 11100    B3-U0-G2 B3-U0-G2 ERLH_11C140_____.IES ERLH_11C130_____.IES
 ERLH 11 D1 11200 10800 108   B2-U0-G2 B2-U0-G2 ERLH_11D140_____.IES ERLH_11D130_____.IES
 ERLH  E1 11500 11100    B3-U0-G2 B3-U0-G2 ERLH_11E140_____.IES ERLH_11E130_____.IES
 ERLH  F1 11500 11100    B3-U0-G2 B3-U0-G2 ERLH_11F140_____.IES ERLH_11F130_____.IES
 ERLH  G1 11500 11100    B3-U0-G2 B3-U0-G2 ERLH_11G140_____.IES ERLH_11G130_____.IES
 ERLH  A1 12300 11900    B3-U0-G2 B3-U0-G2 ERLH_13A140_____.IES ERLH_13A130_____.IES
 ERLH  B1 12700 12200    B3-U0-G2 B3-U0-G2 ERLH_13B140_____.IES ERLH_13B130_____.IES
 ERLH  C1 13000 12500    B3-U0-G2 B3-U0-G2 ERLH_13C140_____.IES ERLH_13C130_____.IES
 ERLH 13 D1 12700 12200 125   B3-U0-G2 B2-U0-G2 ERLH_13D140_____.IES ERLH_13D130_____.IES
 ERLH  E1 13000 12500    B3-U0-G2 B3-U0-G2 ERLH_13E140_____.IES ERLH_13E130_____.IES
 ERLH  F1 13000 12500    B3-U0-G2 B3-U0-G2 ERLH_13F140_____.IES ERLH_13F130_____.IES
 ERLH  G1 13000 12500    B3-U0-G2 B3-U0-G2 ERLH_13G140_____.IES ERLH_13G130_____.IES
 ERLH  A1 13300 12800    B3-U0-G3 B3-U0-G3 ERLH_14A140_____.IES ERLH_14A130_____.IES
 ERLH  B1 13700 13200    B3-U0-G2 B3-U0-G2 ERLH_14B140_____.IES ERLH_14B130_____.IES
 ERLH  C1 14000 13500    B3-U0-G2 B3-U0-G2 ERLH_14C140_____.IES ERLH_14C130_____.IES
 ERLH 14 D1 13700 13200 139   B3-U0-G2 B3-U0-G2 ERLH_14D140_____.IES ERLH_14D130_____.IES
 ERLH  E1 14000 13500    B3-U0-G2 B3-U0-G2 ERLH_14E140_____.IES ERLH_14E130_____.IES
 ERLH  F1 14000 13500    B3-U0-G2 B3-U0-G2 ERLH_14F140_____.IES ERLH_14F130_____.IES
 ERLH  G1 14000 13500    B3-U0-G2 B3-U0-G2 ERLH_14G140_____.IES ERLH_14G130_____.IES
 ERLH  A1 14200 13700    B3-U0-G3 B3-U0-G3 ERLH_15A140_____.IES ERLH_15A130_____.IES
 ERLH  B1 14700 14200    B3-U0-G2 B3-U0-G2 ERLH_15B140_____.IES ERLH_15B130_____.IES
 ERLH  C1 15000 14500    B3-U0-G2 B3-U0-G2 ERLH_15C140_____.IES ERLH_15C130_____.IES
 ERLH 15 D1 14700 14200 161   B3-U0-G2 B3-U0-G2 ERLH_15D140_____.IES ERLH_15D130_____.IES
 ERLH  E1 15000 14500    B3-U0-G2 B3-U0-G2 ERLH_15E140_____.IES ERLH_15E130_____.IES
 ERLH  F1 15000 14500    B3-U0-G2 B3-U0-G2 ERLH_15F140_____.IES ERLH_15F130_____.IES
 ERLH  G1 15000 14500    B3-U0-G2 B3-U0-G2 ERLH_15G140_____.IES ERLH_15G130_____.IES



E  R  S  1                                                                                                        _  _  _  _                _              _ _             _ _                  _           _ _                    _                 _ _ _ _                  _ _ _  

PROD. ID VOLTAGE
LUMEN
OUTPUT 

DRIVE
CURRENT 

0  =  120-277*
1  =  120
2  =  208
3  =  240
4  =  277
5  =  480
D =  347
H =  347-480*
* Not available 
with Fusing.  
Must choose  
a descreet  
voltage with  
F option.

30 = 3000K 
40 = 4000K

X =  Not 
  Applicable

OPTIONSCOLORCONTROLS

F  =  Fusing
G  =  Internal Bubble Level
L  =  Tool-Less Entry
R  =  Optional Secondary Enhanced   
  Surge Protection (10kV/5kA)
T  =  20kV/10kA Surge Protection
  per IEEE/ANSI C62.41.2-2002 †
U  =  Universal DALI Programmable+^
Y  =  Coastal Finish*
XXX  =  Special Options

* Recommended for installations within
 1 mile from the coast. Contact Factory   
 for Lead-Time.
+ Compatible with LightGrid 2.0 nodes.
^Not available at 347V, 480V or 347-480V.

GRAY  =  Gray
BLCK  =  Black
DKBZ =  Dark
  Bronze

A = ANSI C136.41 7-pin
D  =  ANSI C136.41 7-pin   
  receptacle with 
  Shorting Cap
E  =  ANSI C136.41  7-pin
  Receptacle with non-  
  Dimming PE Control.*  

* PE Control Only available for  
 120-277V or 480V Discrete.   
 Not available for 347-480V  
 or 347V Discrete. 

NOTE: Dimming controls wired 
for 0-10V standard unless DALI 
option “U” requested.   

CCTDISTRIBUTION

E = Evolve
R = Roadway
S = Scalable
1 = Single Module

A1 = Extra Narrow  
  Asymmetric  
B1 = Narrow 
  Asymmetric  
  (Medium)
C1 = Asymmetric 
  (Short)
D1 = Asymmetric 
  Forward
E1 = Asymmetric 
  (Medium)
F1 = Asymmetric 
  (Wide)
G1 = Asymmetric 
  (Extra Wide)
See Data Table for  
more information

Ordering Number Logic
Evolve™ LED Streetlight (ERS1)

10
11
13
14
15

See Data  
Table for  
more
information.

PRODUCT
ID

LUMEN
OUTPUT DISTRIBUTION

4000K 3000K

TYPICAL INITIAL 
LUMENS

TYPICAL SYSTEM 
WATTAGE

4000K4000K 3000K 3000K

IES FILE NUMBERBUG RATING 

 ERS1  A1 9500 9200    B3-U0-G2 B3-U0-G2 ERS1_10A1X40_____.IES ERS1_10A1X30_____.IES
 ERS1  B1 9800 9500    B3-U0-G1 B2-U0-G1 ERS1_10B1X40_____.IES ERS1_10B1X30_____.IES
 ERS1  C1 10000 9600    B2-U0-G1 B2-U0-G1 ERS1_10C1X40_____.IES ERS1_10C1X30_____.IES
 ERS1 10 D1 9800 9500 90   B2-U0-G2 B2-U0-G2 ERS1_10D1X40_____.IES ERS1_10D1X30_____.IES
 ERS1  E1 10000 9600    B2-U0-G2 B2-U0-G2 ERS1_10E1X40_____.IES ERS1_10E1X30_____.IES
 ERS1  F1 10000 9600    B2-U0-G2 B2-U0-G2 ERS1_10F1X40_____.IES ERS1_10F1X30_____.IES
 ERS1  G1 10000 9600    B2-U0-G2 B2-U0-G2 ERS1_10G1X40_____.IES ERS1_10G1X30_____.IES
 ERS1  A1 10900 10500    B3-U0-G2 B3-U0-G2 ERS1_11A1X40_____.IES ERS1_11A1X30_____.IES
 ERS1  B1 11200 10800    B3-U0-G2 B3-U0-G1 ERS1_11B1X40_____.IES ERS1_11B1X30_____.IES
 ERS1  C1 11500 11100    B3-U0-G2 B3-U0-G2 ERS1_11C1X40_____.IES ERS1_11C1X30_____.IES
 ERS1 11 D1 11200 10800 108   B2-U0-G2 B2-U0-G2 ERS1_11D1X40_____.IES ERS1_11D1X30_____.IES
 ERS1  E1 11500 11100    B3-U0-G2 B3-U0-G2 ERS1_11E1X40_____.IES ERS1_11E1X30_____.IES
 ERS1  F1 11500 11100    B3-U0-G2 B3-U0-G2 ERS1_11F1X40_____.IES ERS1_11F1X30_____.IES
 ERS1  G1 11500 11100    B3-U0-G2 B3-U0-G2 ERS1_11G1X40_____.IES ERS1_11G1X30_____.IES
 ERS1  A1 12300 11900    B3-U0-G2 B3-U0-G2 ERS1_13A1X40_____.IES ERS1_13A1X30_____.IES
 ERS1  B1 12700 12200    B3-U0-G2 B3-U0-G2 ERS1_13B1X40_____.IES ERS1_13B1X30_____.IES
 ERS1  C1 13000 12500    B3-U0-G2 B3-U0-G2 ERS1_13C1X40_____.IES ERS1_13C1X30_____.IES
 ERS1 13 D1 12700 12200 125   B3-U0-G2 B2-U0-G2 ERS1_13D1X40_____.IES ERS1_13D1X30_____.IES
 ERS1  E1 13000 12500    B3-U0-G2 B3-U0-G2 ERS1_13E1X40_____.IES ERS1_13E1X30_____.IES
 ERS1  F1 13000 12500    B3-U0-G2 B3-U0-G2 ERS1_13F1X40_____.IES ERS1_13F1X30_____.IES
 ERS1  G1 13000 12500    B3-U0-G2 B3-U0-G2 ERS1_13G1X40_____.IES ERS1_13G1X30_____.IES
 ERS1  A1 13300 12800    B3-U0-G3 B3-U0-G3 ERS1_14A1X40_____.IES ERS1_14A1X30_____.IES
 ERS1  B1 13700 13200    B3-U0-G2 B3-U0-G2 ERS1_14B1X40_____.IES ERS1_14B1X30_____.IES
 ERS1  C1 14000 13500    B3-U0-G2 B3-U0-G2 ERS1_14C1X40_____.IES ERS1_14C1X30_____.IES
 ERS1 14 D1 13700 13200 139   B3-U0-G2 B3-U0-G2 ERS1_14D1X40_____.IES ERS1_14D1X30_____.IES
 ERS1  E1 14000 13500    B3-U0-G2 B3-U0-G2 ERS1_14E1X40_____.IES ERS1_14E1X30_____.IES
 ERS1  F1 14000 13500    B3-U0-G2 B3-U0-G2 ERS1_14F1X40_____.IES ERS1_14F1X30_____.IES
 ERS1  G1 14000 13500    B3-U0-G2 B3-U0-G2 ERS1_14G1X40_____.IES ERS1_14G1X30_____.IES
 ERS1  A1 14200 13700    B3-U0-G3 B3-U0-G3 ERS1_15A1X40_____.IES ERS1_15A1X30_____.IES
 ERS1  B1 14700 14200    B3-U0-G2 B3-U0-G2 ERS1_15B1X40_____.IES ERS1_15B1X30_____.IES
 ERS1  C1 15000 14500    B3-U0-G2 B3-U0-G2 ERS1_15C1X40_____.IES ERS1_15C1X30_____.IES
 ERS1 15 D1 14700 14200 161   B3-U0-G2 B3-U0-G2 ERS1_15D1X40_____.IES ERS1_15D1X30_____.IES
 ERS1  E1 15000 14500    B3-U0-G2 B3-U0-G2 ERS1_15E1X40_____.IES ERS1_15E1X30_____.IES
 ERS1  F1 15000 14500    B3-U0-G2 B3-U0-G2 ERS1_15F1X40_____.IES ERS1_15F1X30_____.IES
 ERS1  G1 15000 14500    B3-U0-G2 B3-U0-G2 ERS1_15G1X40_____.IES ERS1_15G1X30_____.IES



Photometrics
Evolve™ LED Streetlight (ERLH and ERS1)
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ERLH and ERS1
Extra Narrow Asymmetric
(15A1)

14,200 Lumens
4000K 

ERLH and ERS1
Narrow Asymmetric (Medium)
(15B1)

14,700 Lumens
4000K 

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Vertical plane through horizontal angle  
of maximum candlepower at 85°

Vertical plane through horizontal angle of 71°

Vertical plane through horizontal angle  
of maximum candlepower at 85°

Vertical plane through horizontal angle of 71°
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Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

ERLH and ERS1
Asymmetric Short
(15C1)

15,000 Lumens
4000K 

ERLH and ERS1
Asymmetric Forward
(15D1)

14,700 Lumens
4000K 

SS

SS

HS

HS

1.0

0.9

0.8

0.7

0.6 

0.5

0.4

0.3

0.2

0.1

0.0

1.0

0.9

0.8

0.7

0.6 

0.5

0.4

0.3

0.2

0.1

0.0

0 1 2 3 4 5

0 1 2 3 4 5

SS

SS

HS

HS

Vertical plane through horizontal angle 
of maximum candlepower at 0°

Vertical plane through horizontal angle of 38°

Vertical plane through horizontal angle 
of maximum candlepower at 5°

Vertical plane through horizontal angle of 41°

Street Width/Mounting Height

Street Width/Mounting Height

8416

6312

4208

2104

1

1

.5

.1

.2

8490

6368

4245

2123

2

.1
.2

2

.1
.2
.5

8959

2986

1

2

11946

5973

8657

6493

4329

3902

1

2164

.5

.1
.2

.5



Photometrics
Evolve™ LED Streetlight (ERLH and ERS1)
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ERLH and ERS1
Asymmetric Medium
(15E1)

15,000 Lumens
4000K 

ERLH and ERS1
Asymmetric Wide
(15F1)

15,000 Lumens
4000K 

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Vertical plane through horizontal angle  
of maximum candlepower at 75°

Vertical plane through horizontal angle of 70°

Vertical plane through horizontal angle  
of maximum candlepower at 60°

Vertical plane through horizontal angle of 75°
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Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

ERLH and ERS1
Asymmetric Extra Wide
(15G1)

15,000 Lumens
4000K SSHS
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A1 = Extra Narrow  
  Asymmetric  
B1 = Narrow 
  Asymmetric  
  (Medium)
C1 = Asymmetric 
  (Short)
D1 = Asymmetric 
  Forward
E1 = Asymmetric 
  (Medium)
F1 = Asymmetric 
  (Wide)
G1 = Asymmetric 
  (Extra Wide)
See Data Table for  
more information

E  R  S  2                                       _  _  _  _               _              _ _              _ _                  _           _ _                  _                 _ _ _ _                    _ _ 

PROD. ID VOLTAGE
LUMEN
OUTPUT 

0  =  120-277*
1  =  120
2  =  208
3  =  240
4  =  277
5  =  480
D =  347
H =  347-480*
* Not available 
with Fusing.  
Must choose  
a descreet  
voltage with  
F option.

30 = 3000K
40 = 4000K

OPTIONSCOLORCONTROLS

A  = 4 Bolt Slipfitter †
F  =  Fusing
G  =  Internal Bubble Level
L  =  Tool-Less Entry
R  =  Optional Secondary Enhanced   
 Surge Protection (10kV/5kA)
T  =  20kV/10kA Surge Protection
  per IEEE/ANSI C62.41.2-2002 †
U  =  Universal DALI Programmable +^
Y  =  Coastal Finish*
XXX  =  Special Options
† Contact manufacturer for Lead-Time. 
* Recommended for installations within
 1 mile from the coast. Contact Factory 
 for Lead-Time.
+ Compatible with LightGrid 2.0 nodes.
^ Not available at 347V, 480V or 347-480V.

GRAY  =  Gray
BLCK  =  Black
DKBZ =  Dark
  Bronze

A = ANSI C136.41 7-pin
D  =  ANSI C136.41 7-pin   
  receptacle with 
  Shorting Cap
E  =  ANSI C136.41  7-pin
  Receptacle with non-  
  Dimming PE Control.*  

* PE Control Only available for  
 120-277V or 480V Discrete.   
 Not available for 347-480V  
 or 347V Discrete.

NOTE: Dimming controls wired 
for 0-10V standard unless DALI 
option “U” requested.   

CCTDISTRIBUTION

E = Evolve
R = Roadway
S = Scalable
2 = Double   
  Module

Ordering Number Logic
Evolve™ LED Streetlight (ERS2)

16
18
19
21
23
25
27 
28

See Data  
Table for  
more
information.

DRIVE
CURRENT 

X =  Not 
  Applicable

PRODUCT
ID

LUMEN
OUTPUT DISTRIBUTION

4000K 3000K

TYPICAL INITIAL 
LUMENS

TYPICAL SYSTEM 
WATTAGE

4000K4000K 3000K 3000K

IES FILE NUMBERBUG RATING 

 ERS2  A1 15200 14700    B3-U0-G3 B3-U0-G3 ERS2_16A1X40_____.IES ERS2_16A1X30_____.IES
 ERS2  B1 15700 15100    B3-U0-G2 B3-U0-G2 ERS2_16B1X40_____.IES ERS2_16B1X30_____.IES
 ERS2  C1 16000 15400    B3-U0-G2 B3-U0-G2 ERS2_16C1X40_____.IES ERS2_16C1X30_____.IES
 ERS2 16 D1 15700 15100 132   B3-U0-G2 B3-U0-G2 ERS2_16D1X40_____.IES ERS2_16D1X30_____.IES
 ERS2  E1 16000 15400    B3-U0-G2 B3-U0-G2 ERS2_16E1X40_____.IES ERS2_16E1X30_____.IES
 ERS2  F1 16000 15400    B3-U0-G2 B3-U0-G2 ERS2_16F1X40_____.IES ERS2_16F1X30_____.IES
 ERS2  G1 16000 15400    B3-U0-G2 B3-U0-G2 ERS2_16G1X40_____.IES ERS2_16G1X30_____.IES
 ERS2  A1 17100 16500    B3-U0-G3 B3-U0-G3 ERS2_18A1X40_____.IES ERS2_18A1X30_____.IES
 ERS2  B1 17600 17000    B3-U0-G2 B3-U0-G2 ERS2_18B1X40_____.IES ERS2_18B1X30_____.IES
 ERS2  C1 18000 17400    B3-U0-G2 B3-U0-G2 ERS2_18C1X40_____.IES ERS2_18C1X30_____.IES
 ERS2 18 D1 17600 17000 157   B3-U0-G2 B3-U0-G2 ERS2_18D1X40_____.IES ERS2_18D1X30_____.IES
 ERS2  E1 18000 17400    B3-U0-G2 B3-U0-G2 ERS2_18E1X40_____.IES ERS2_18E1X30_____.IES
 ERS2  F1 18000 17400    B3-U0-G3 B3-U0-G2 ERS2_18F1X40_____.IES ERS2_18F1X30_____.IES
 ERS2  G1 18000 17400    B3-U0-G2 B3-U0-G2 ERS2_18G1X40_____.IES ERS2_18G1X30_____.IES
 ERS2  A1 18000 17400    B3-U0-G3 B3-U0-G3 ERS2_19A1X40_____.IES ERS2_19A1X30_____.IES
 ERS2  B1 18600 17900    B3-U0-G2 B3-U0-G2 ERS2_19B1X40_____.IES ERS2_19B1X30_____.IES
 ERS2  C1 19000 18300    B3-U0-G2 B3-U0-G2 ERS2_19C1X40_____.IES ERS2_19C1X30_____.IES
 ERS2 19 D1 18600 17900 162   B3-U0-G2 B3-U0-G2 ERS2_19D1X40_____.IES ERS2_19D1X30_____.IES
 ERS2  E1 19000 18300    B3-U0-G2 B3-U0-G2 ERS2_19E1X40_____.IES ERS2_19E1X30_____.IES
 ERS2  F1 19000 18300    B3-U0-G3 B3-U0-G3 ERS2_19F1X40_____.IES ERS2_19F1X30_____.IES
 ERS2  G1 19000 18300    B3-U0-G3 B3-U0-G2 ERS2_19G1X40_____.IES ERS2_19G1X30_____.IES
 ERS2  A1 20000 19300    B3-U0-G3 B3-U0-G3 ERS2_21A1X40_____.IES ERS2_21A1X30_____.IES
 ERS2  B1 20600 19900    B3-U0-G2 B3-U0-G2 ERS2_21B1X40_____.IES ERS2_21B1X30_____.IES
 ERS2  C1 21000 20300    B3-U0-G2 B3-U0-G2 ERS2_21C1X40_____.IES ERS2_21C1X30_____.IES
 ERS2 21 D1 20600 19900 193   B3-U0-G2 B3-U0-G2 ERS2_21D1X40_____.IES ERS2_21D1X30_____.IES
 ERS2  E1 21000 20300    B3-U0-G2 B3-U0-G2 ERS2_21E1X40_____.IES ERS2_21E1X30_____.IES
 ERS2  F1 21000 20300    B3-U0-G3 B3-U0-G3 ERS2_21F1X40_____.IES ERS2_21F1X30_____.IES
 ERS2  G1 21000 20300    B3-U0-G3 B3-U0-G3 ERS2_21G1X40_____.IES ERS2_21G1X30_____.IES
 ERS2  A1 21900 21100    B4-U0-G3 B3-U0-G3 ERS2_23A1X40_____.IES ERS2_23A1X30_____.IES
 ERS2  B1 22500 21700    B3-U0-G3 B3-U0-G2 ERS2_23B1X40_____.IES ERS2_23B1X30_____.IES
 ERS2  C1 23000 22200    B3-U0-G2 B3-U0-G2 ERS2_23C1X40_____.IES ERS2_23C1X30_____.IES
 ERS2 23 D1 22500 21700 219   B3-U0-G2 B3-U0-G2 ERS2_23D1X40_____.IES ERS2_23D1X30_____.IES
 ERS2  E1 23000 22200    B3-U0-G2 B3-U0-G2 ERS2_23E1X40_____.IES ERS2_23E1X30_____.IES
 ERS2  F1 23000 22200    B3-U0-G3 B3-U0-G3 ERS2_23F1X40_____.IES ERS2_23F1X30_____.IES
 ERS2  G1 23000 22200    B3-U0-G3 B3-U0-G3 ERS2_23G1X40_____.IES ERS2_23G1X30_____.IES
 ERS2  A1 23800 23000    B4-U0-G3 B4-U0-G3 ERS2_25A1X40_____.IES ERS2_25A1X30_____.IES
 ERS2  B1 24500 23600    B4-U0-G3 B3-U0-G3 ERS2_25B1X40_____.IES ERS2_25B1X30_____.IES
 ERS2  C1 25000 24100    B3-U0-G2 B3-U0-G2 ERS2_25C1X40_____.IES ERS2_25C1X30_____.IES
 ERS2 25 D1 24500 23600 243   B3-U0-G3 B3-U0-G3 ERS2_25D1X40_____.IES ERS2_25D1X30_____.IES
 ERS2  E1 25000 24100    B3-U0-G3 B3-U0-G3 ERS2_25E1X40_____.IES ERS2_25E1X30_____.IES
 ERS2  F1 25000 24100    B3-U0-G3 B3-U0-G3 ERS2_25F1X40_____.IES ERS2_25F1X30_____.IES
 ERS2  G1 25000 24100    B3-U0-G3 B3-U0-G3 ERS2_25G1X40_____.IES ERS2_25G1X30_____.IES
 ERS2  A1 25700 24800    B4-U0-G3 B4-U0-G3 ERS2_27A1X40_____.IES ERS2_27A1X30_____.IES
 ERS2  B1 26500 25600    B4-U0-G3 B4-U0-G3 ERS2_27B1X40_____.IES ERS2_27B1X30_____.IES
 ERS2  C1 27000 26000    B4-U0-G3 B4-U0-G3 ERS2_27C1X40_____.IES ERS2_27C1X30_____.IES
 ERS2 27 D1 26500 25600 275   B3-U0-G3 B3-U0-G3 ERS2_27D1X40_____.IES ERS2_27D1X30_____.IES
 ERS2  E1 27000 26000    B4-U0-G3 B4-U0-G3 ERS2_27E1X40_____.IES ERS2_27E1X30_____.IES
 ERS2  F1 27000 26000    B4-U0-G4 B4-U0-G3 ERS2_27F1X40_____.IES ERS2_27F1X30_____.IES
 ERS2  G1 27000 26000    B4-U0-G3 B4-U0-G3 ERS2_27G1X40_____.IES ERS2_27G1X30_____.IES
 ERS2  A1 26600 25600    B4-U0-G3 B4-U0-G3 ERS2_28A1X40_____.IES ERS2_28A1X30_____.IES
 ERS2  B1 27400 26400    B4-U0-G3 B4-U0-G3 ERS2_28B1X40_____.IES ERS2_28B1X30_____.IES
 ERS2  C1 28000 26900    B4-U0-G3 B4-U0-G3 ERS2_28C1X40_____.IES ERS2_28C1X30_____.IES
 ERS2 28 D1 27400 26400 280   B3-U0-G3 B3-U0-G3 ERS2_28D1X40_____.IES ERS2_28D1X30_____.IES
 ERS2  E1 28000 26900    B4-U0-G3 B4-U0-G3 ERS2_28E1X40_____.IES ERS2_28E1X30_____.IES
 ERS2  F1 28000 26900    B4-U0-G4 B4-U0-G3 ERS2_28F1X40_____.IES ERS2_28F1X30_____.IES
 ERS2  G1 28000 26900    B4-U0-G4 B4-U0-G3 ERS2_28G1X40_____.IES ERS2_28G1X30_____.IES



Photometrics
Evolve™ LED Streetlight (ERS2)
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ERS2
Asymmetric Medium
(27E1)

27,000 Lumens
4000K 
ERS2_27E1X40____.IES

ERS2
Asymmetric Wide
(27F1)

27,000 Lumens
4000K 
ERS2_27F1X40____.IES

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Vertical plane through horizontal angle  
of maximum candlepower at 75°

Vertical plane through horizontal angle of 70°

Vertical plane through horizontal angle  
of maximum candlepower at 60°

Vertical plane through horizontal angle of 75°

SSHS

SSHS
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Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

ERS2
Asymmetric Extra Wide
(27G1)

27,000 Lumens
4000K 
ERS2_27G1X40____.IES

SSHS
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0.9
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0.7

0.6 

0.5

0.4
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Vertical plane through horizontal angle 
of maximum candlepower at 75°

Vertical plane through horizontal angle of 68°

Street Width/Mounting Height
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Photometrics
Evolve™ LED Streetlight (ERS2)
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ERS2
Extra Narrow Asymmetric
(27A1)

25,700 Lumens
4000K 
ERS2_27A1X40____.IES

ERS2
Narrow Asymmetric (Medium)
(27B1)

26,500 Lumens
4000K 
ERS2_27B1X40____.IES

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Vertical plane through horizontal angle  
of maximum candlepower at 85°

Vertical plane through horizontal angle of 71°

Vertical plane through horizontal angle  
of maximum candlepower at 85°

Vertical plane through horizontal angle of 71°

SSHS

SSHS
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Street Width/Mounting Height
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Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

Grid Distance in Units of  
Mounting Height at 30’ Initial  
Footcandle Values at Grade

ERS2
Asymmetric Short
(27C1)

27,000 Lumens
4000K 
ERS2_27C1X40____.IES

ERS2
Asymmetric Forward
(27D1)

26,500 Lumens
4000K 
ERS2_27D1X40____.IES

SS

SS

HS

HS
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Vertical plane through horizontal angle 
of maximum candlepower at 0°

Vertical plane through horizontal angle of 38°

Vertical plane through horizontal angle 
of maximum candlepower at 5°

Vertical plane through horizontal angle of 41°

Street Width/Mounting Height

Street Width/Mounting Height
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Product Dimensions 
Evolve™ LED Streetlight (ERL1)

ADJUSTABLE FOR 1-1/4 to 2 inch PIPE 
(1.660 to 2.375 inch OD)

[42 to 60 mm OD]

22.1 in.
[561 mm]

13.5 in.
[344 mm]

14.7 in. R
[373 mm R]

5.4 in.
[137 mm]

9.6 in.
[243 mm]

Optional LightGrid 
Node

6.4 in.
[162 mm]4.2 in.

[107 mm]

5.0 in.
[127 mm]

SIDE VIEWBACK VIEW FRONT VIEW

•  Approximate net weight: 12.4 lbs (5.6 kgs) - Without XFMR 
• Approximate net weight: 15.5 lbs (7 kgs) - With XFMR
• Effective Projected Area (EPA): 0.5 sq ft max (0.046 sq m)D

A
TA



ADJUSTABLE FOR 1-1/4 to 2 inch PIPE 
(1.660 to 2.375 inch OD)
[42 to 60 mm OD]

22.1 in.
[561 mm]

13.5 in.
[344 mm]

14.7 in. R
[373 mm R]

9.6 in.
[243 mm]

5.4 in.
[137 mm]

Optional 
LightGrid 

Node

6.4 in.
[162 mm]4.2 in.

[107 mm]

14.2 in.
[360 mm]

Product Dimensions 
Evolve™ LED Streetlight (ERLH)

SIDE VIEW

•  Approximate net weight: 15.15 lbs (6.9 kgs) - 2 Bolt Slipfitter 
• Approximate net weight: 15.85 lbs (7.2 kgs) - 4 Bolt Slipfitter
• Effective Projected Area (EPA): 0.5 sq ft max (0.046 sq m)D

A
TA

BACK VIEW FRONT VIEW



Product Dimensions

SIDE VIEW

BACK VIEW

FRONT VIEW

Evolve™ LED Streetlight (ERS1)

7.0 in.
[177mm] 5.4 in.

[136 mm]

14.5 in.
[368 mm]

21.3 in.
[542 mm]

11.8 in. R
[300 mm R]

4.5 in.
[114 mm]

Adjustable for 1-1/4 to 2 in. mounting pipe
(1.660 to 2.375 inch OD)
[42 to 60 mm OD]

21.3 in.
[542 mm]

14.5 in.
[368 mm]

9.9 in.
[251.46 mm]

Optional LightGrid 
Node

•  Approximate net weight: 20 lbs (9.1 kgs) to 25 lbs (11.4 kgs)

• Effective Projected Area (EPA): 0.5 sq ft max (0.046 sq m)D
A

TA



www.gelighting.com
GE and the GE Monogram are trademarks of the General Electric Company. All other trademarks are the property 
of their respective owners. Information provided is subject to change without notice. All values are design or typical 
values when measured under laboratory conditions. GE Lighting is a business of the General Electric Company. 
© 2016 GE.

OLP3105 (Rev 04/22/16)

Evolve™ LED Streetlight (ERS2)

•  Approximate net weight: 25 lbs (11.4 kgs) to 29 lbs (13.2 kgs)

• Effective Projected Area (EPA): 0.7 sq ft max (0.065 sq m)D
A

TA

Product Dimensions

SIDE VIEW

BACK VIEW

FRONT VIEW

14.5 in.
[368 mm]

7.0 in.
[177mm]

14.5 in.
[368 mm]

25.9 in.
[659 mm]

11.8 in. R
[300 mm R]

4.5 in.
[114 mm]

Adjustable for 1-1/4 to 2 in. mounting pipe
(1.660 to 2.375 inch OD)
[42 to 60 mm OD]

5.4 in.
[136 mm]

25.9 in.
[659 mm]

Optional LightGrid 
Node

9.9 in.
[251.46 mm]



Section X – Glossary of Terms 

  



Glossary of Terms

Illuminance: a measure of how much the incident light illuminates the surface that is typically measured 
in lux or footcandles.

Electro Magnetic Field (EMF): a physical field produced by electrically charged objects.[1] It affects the 
behavior of charged objects in the vicinity of the field. The electromagnetic field extends indefinitely 
throughout space and describes the electromagnetic interaction. It is one of the four fundamental forces
of nature (the others are gravitation, weak interaction and strong interaction).

Radio Frequency radiation: any of the electromagnetic wave frequencies that lie in the range extending 
from around 3 kHz to 300 GHz, which include those frequencies used for communications or radar 
signals

Correlated Color Temperature (CCT): a specification of the color appearance of the light emitted by a 
lamp, relating its color to the color of light from a reference source when heated to a 
particular temperature, measured in degrees Kelvin (K).

Color Rendering Index (CRI):  a scale from 0 to 100 percent indicating how accurate a "given" light 
source is at rendering color when compared to a "reference" light source. The higher the CRI, the better 
the color rendering ability.

Scotopic:  the vision of the eye under low light conditions. In the human eye cone cells are 
nonfunctional in low light – scotopic vision is produced exclusively through rod cells which are most 
sensitive to wavelengths of light around 498 nm (green-blue) and are insensitive to wavelengths longer 
than about 640 nm (red).

Photopic: the vision of the eye under well-lit conditions (luminance level 10 to 108 cd/m²). In humans 
and many other animals, photopic vision allows color perception, mediated by cone cells, and a 
significantly higher visual acuity and temporal resolution than available with scotopic vision. The human 
eye uses three types of cones to sense light in three bands of color. The biological pigments of the cones 
have maximum absorption values at wavelengths of about 420 nm (blue), 534 nm (Bluish-Green), resp. 
564 nm (Yellowish-Green). Their sensitivity ranges overlap to provide vision throughout the visible 
spectrum. The maximum efficiency is 683 lm/W at a wavelength of 555 nm (green).

CIE 1931: the first defined quantitative links between physical 
pure colors (i.e. wavelengths) in the electromagnetic visible 
spectrum, and physiological perceived colors in human color 
vision. The CIE 1931 color space chromaticity diagram 
rendered in terms of the colors of lower saturation and value 
than those displayed in the diagram above that can be 
produced by pigments. The colors are in the scale are from 
the Munsell color system. This color system is a color 
space that specifies colors based on three color 
dimensions: hue, value (lightness), and chroma (color purity).

CIE 1976: a color space adopted by the International Commission on Illumination (CIE) in 1976, as a 
simple-to-compute transformation of the 1931 CIE XYZ color space.
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ERLC-ERL1-ERL2

Evolve®

LED Roadway Lighting



Project Name
Date                        Type
Notes

The Evolve® LED Roadway ERL1 Luminaire 
is optimized utilizing advanced LED 

and major roadways. The modern design 
incorporates the heat sink directly into the 

ELECTRICAL

Input  Voltage: 120-277V or 347-480V
Input Frequency: 50/60Hz

Power Factor: 

Total Harmonic 
Distortion: 

Lumens:
Distribution:

and Type II Enhanced Backlight
E cacy: 111-140 LPW

CCT:

CRI:

OPTICAL SYSTEM

CONSTRUCTION

Housing: Aluminum die cast enclosure casting integral 

Lens: Impact resistant tempered glass

Paint: (RAL & custom colors available)

Optional = Coastal Finish

Weight:

Evolve® LED Roadway 
Lighting
Cobra Head (ERL1)

Operating Temp:
Vibration: 

LM-79: Testing in accordance with IES Standards

EMI: Title 47 CFR Part 15 Class A

RoHS:

RATINGS

SURGE PROTECTION*

Standard Optional

10kV/5kA
Secondary 10kV/5kA (R Option) or 
Secondary 20kV/10kA (T Option)

*Per ANSI C136.2-2018

CONTROLS

Dimming: Standard-0-10V                        
Optional-DALI (Option U)

Sensors: Photo Electric Sensors (PE)

WARRANTY

5 Year (Standard)                                        10 Year (Optional)

Cobra Head (ERL1)

LUMEN MAINTENANCE

Lumen 
Codes Distributions

LXX(10K) @ Hours

25,000 HR 50,000 HR 60,000 HR

10 L87 L84

11 L85 L82

12

13

14

15 L88 L86

16 L85 L83

Note:



Project Name
Date                        Type
Notes

E R L 1_  _  _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
PROD. ID VOLTAGE LUMENS DISTRIBUTION3 CCT CONTROLS PER ANSI C136.41 COLOR OPTIONS

E = Evolve 0 = 120-277  022 A5 = Type II Narrow 27  = 2700K4 A = 7-Pin Receptacle 5

R = Roadway H = 347-4801 03 B5 = Type II 30 = 3000K4 D = 7-Pin Receptacle with
Shorting Cap

BLCK = Black B = Tether

L = Local 1 = 120 04 C5 = Type III 40 = 4000K E = 7-Pin Receptacle with DKBZ = Dark 
Bronze

F = Fusing

1 = Single      
Module

2 = 208 05 D5 = Type IV 50 = 5000K Note: 0-10V standard WHTE = White

3 = 240 06 E5 = Type II Enhanced 
Back Light

I = Optional IP66 Optical Enclosure

4 =277 07 L = Tool-Less Entry

8 = 120-240 08 R = Secondary 10kV/5kA SPD 

5 = 480 T = Secondary 20kV/10kA SPD

D = 347 10  

11 10

12 X = Single Pack8

13 Y = Coastal Finish

14 XXX = Special Options

15

16

1  Fusing requires discrete voltage.
2

3

4

5

6

7

 8

10

11

SUGGESTED HID REPLACEMENT

Note:

Catalog Logic

Evolve® LED Roadway
Lighting
Cobra Head (ERL1)



Project Name
Date                        Type
Notes

NOTE: * 120-240V only

LUMEN
OUTPUT DIST.

TYPICAL INITIAL LUMENS WATTAGE BUG RATINGS
5000K/
4000K 3000K 2700K 120V

277V
347V
480V 5000K/4000K 3000K 2700K

02

A5

2000 15* N/A
B5
C5
D5
E5

03

A5

3000 2800 22 26
B5
C5
D5
E5

04

A5

4000 3800 33
B5
C5
D5
E5

05

A5

5000 4700 37
B5
C5
D5
E5

06

A5

6000 5800 5700 46
B5
C5
D5
E5

07

A5

7000 6700 6200 50 51
B5
C5
D5
E5

08

A5

8000 7600 7100
B5
C5
D5
E5

09

A5

8600 8000 68
B5
C5
D5
E5

Spec Tables

Evolve® LED Roadway
Lighting
Cobra Head (ERL1)

Non-Shielded Shielded



Project Name
Date                        Type
Notes

LUMEN
OUTPUT DIST.

TYPICAL INITIAL LUMENS WATTAGE BUG RATINGS
5000K/
4000K 3000K 2700K 120V

277V
347V
480V 5000K/4000K 3000K 2700K

10

A5

10000 76

B5

C5

D5

E5

11

A5

11000 10500 87

B5

C5

D5

E5

12

A5

12000 11500 11100

B5

C5

D5

E5

13

A5

13000 12400 12000 102

B5

C5

D5

E5

14

A5

14000 13400 13000 110

B5

C5

D5

E5

15

A5

15000 14400 121

B5

C5

D5

E5

16

A5

15700 15000 14600
B5
C5
D5
E5

Spec Tables

Evolve® LED Roadway
Lighting
Cobra Head (ERL1)

Non-Shielded Shielded



Project Name
Date                        Type
Notes

ERL1
Type II Narrow

15700 Lumens
5000K

ERL1_16A550___.IES

—
— 

• 
• 

ERL1
Type III

15700 Lumens
5000K

ERL1_16C550___.IES

ERL1
Type IV Short

15700 Lumens
5000K

ERL1_16D550___.IES

ERL1
Type II Medium

15700 Lumens
5000K

ERL1_16E550___.IES

• 
• 

• 
• 

• 
• 

—
— 

—
— 

—
— 

.1
.2

.5

10611

1

2

5306

2653

.1

.2

.5

14563

7282

3641

2

1

ERL1
Type II Wide

15700 Lumens
5000K

ERL1_16B550___.IES

• 
• 

—
— 

.1

.2

.5

12871

6435

3218

2

1

.1
.2
.5

.1
.2

.5

1

2

9851

7389

4926

2463

9590

6393

3197

12787

1

2

Photometric Plots

Evolve® LED Roadway 
Lighting
Cobra Head (ERL1)



Project Name
Date                        Type
Notes

MOUNTING

• 
(1.660 to 2.375 inch OD)

• Integral diecast mounting pipe stop
•

NETWORK LIGHTING CONTROLS

Current's LightGridTM Outdoor Lighting Control 

WEIGHT

•  

EFFECTIVE PROJECTED AREA

•  

ACCESSORIES

14.7 in. R

4.2 in.

SIDE VIEWBACK VIEW FRONT VIEW

22.1 in.
[561 mm]

13.5 in.
[344 mm]

[373 mm R]

5.4 in.
[137 mm]

6.4 in.
[162 mm]

[107mm]

ADJUSTABLE FOR 1-1/4 to 2 inch PIPE
(1.660 to 2.375 inch OD)

[42 to 60 mm OD]

SAP Number Part  Number Description

PED-347-LED-7

PED-480-LED-7

PEC0TL

PECHTL

73251 SCCL-PECTL Shorting Cap

Mounting & Accessories

Evolve® LED Roadway 
Lighting
Cobra Head (ERL1)



Project Name
Date                        Type
Notes

ERLC SHIELDS

Product 
Code: Description: ELSHS-ERLC-BLCK

Product 
Code: Description:

ERL1 SHIELDS

Product 
Code: Description: ELSHS-ERL1-BLCK

Product 
Code: Description:

Product 
Code: Description: ELSHS-ERL1-DKBZ

ERL2 SHIELDS

Product 
Code: Description: ELSHS-ERL2-BLCK

Product 
Code: Description:

Product 
Code: Description: ELSHS-ERL2-DKBZ

ERLC SHIELDS

Product 
Code: Description: ELSFS-ERLC-BLCK-10

Product 
Code: Description: ELSFS-ERLC-BLCK-15

Product 
Code: Description: ELSFS-ERLC-BLCK-20

ERL1 SHIELDS

Product 
Code: Description: ELSFS-ERL1-BLCK-10

Product 
Code: Description:

Product 
Code: Description: ELSFS-ERL1-BLCK-15

Product 
Code: Description:

Product 
Code: Description: ELSFS-ERL1-BLCK-20

Product 
Code: Description:

ERL2 SHIELDS

Product 
Code: Description: ELSFS-ERL2-BLCK-20

Product 
Code: Description:

HOUSE SIDE SHIELDS STREET SIDE SHIELDS

Evolve® LED Cobra Head
Shield Guide



www.gecurrent.com

OLP3187  (Rev 04/12/22)

Project Name
Date                        Type
Notes

FOOTNOTES:
1)  10 = 1" Shield Depth; 15 = 1.5" Shield Depth; 20 = 2" Shield Depth
2)  Black is recommended to reduce potential for glare coming off of the shield
3)  Use "House Side" Shield to block light trespass behind the pole
4)  Use "Street Side" / Front Shield to block light light trespass across the street

ERLC SHIELDS

Product 
Code: Description:

ELS-ERLC-

BLCK-10

SIDE SHIELDS (L&R)

ERL1 SHIELDS

Product 
Code: Description:

ELS-ERL1H-

BLCK-10

ERL2 SHIELDS

Product 
Code: Description:

ELS-ERL2-

BLCK-10

Shipped as a kit - L & R can be used independently

Evolve® LED Cobra Head
Shield Guide
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GE Evolve EPST Salem 
Post Top www.currentbyge.com

Features: Applications:

GE Evolve™ LED Salem™ Post Top 

GE Evolve™

™

Evolve™



Typical Specifications: EPST
LED & Optical Assembly 

Output Range:
Photometric Options:

System Efficacy:
CCT:

Lumen Maintenance Table

Note:

Electrical 
Input Voltage:
Input Frequency:
Power Factor (PF)*:
Total Harmonic Distortion (THD)*:

System PF and THD specified at rated watts

Ratings 
Safety:

Intrusion Protection (IP):

Sound:
Surge Protection:

(Driver Internal):

(Additional Secondary SPD):

Environmental:

EMI:
Vibration:

Operating Temperature:

Construction & Finish 
Housing:

Lensing:
Paint:

Weight:

Warranty 
System Warranty: 

Controls

Dimming:

Sensors:

Mounting 

EPST

SKU 25,000 hr 50,000 hr 100,000 hr
Lxx (10k) @ Hours

10

20

25

30

40

Ambient Temp (°C ) Initial Flux Factor

Lumen Ambient Temperature Factors:

GE Evolve™

™



GE Evolve™

™

E P S T        0 2                                                                       _ _ _ _         _ _             _           _ _            _            _ _ _             _               _ _ _ _ _ _ _ 

PROD. ID VOLTAGE CCTDISTRIBUTIONGENERATION
(VERSION)

0
5
D
H

A 

B 

03
04
05
06
07
08
09

02

OPTIONSCOLORTOP TYPE

R 
U 
XXX

BLCK
DKBZ

1
A
D

E

A

LUMEN 
OUTPUT

30
40

CONTROLS
 ANSI C136.41 

7 PIN PE RECEPTACLE
E

P

S

T

Ordering Number Logic

OPTICAL 
CODE 

DISTRIBUTION 
CODE 

4000K 4000K3000K 3000K
4000K

TYPICAL INITIAL 
LUMENS

IES FILE NUMBERS
BUG RATINGS

120-277V & 347-480V
3000K

120-277V 120-277V347-480V 347-480V

TYPICAL SYSTEM 
WATTAGE

03
04
05
06
07
08
09
03
04
05
06
07
08
09



GE Evolve™

™

Photometrics 

EPST02***A40 – Symmetric (Type V)
8,900 Lumens, 4000K

EPST02***B40 – Asymmetric (Type III)
8,900 Lumens, 4000K
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Product Dimensions

D
A

TA

27.733 in.
(704mm)

16.750 in.
(425mm)

3.000 in. (76mm)
MAX DIA POLE OD

2.375 in. (60mm)
MIN DIA POLE OD

2.500 in. (64mm)
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Appendix D. Scoping Letter and Responses 
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In Reply Refer To: September 20, 2019
01EPIF00-2019-TA-0468

Ms. Rowena M. Dagdag-Andaya
Director of Public Works
County of Maui
200 South High Street, Room 434
Wailuku, Maui, Hawaii 96793

Subject:  Technical Assistance for Maui County LED Streetlight Conversion Project, Maui 
County, Hawaii   

Dear Ms. Dagdag-Andaya:

Thank you for your August 20, 2019, letter requesting our recommendations as you develop an 
environmental assessment for the replacement of existing high-pressure sodium streetlights with 
LED light bulbs. Approximately 4,800 LED lights with warm (2,700 kelvin) color would be 
installed on existing Maui County streetlights. We reviewed the proposed project pursuant to the 
Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531 et seq.). Based on 
information you provided, and information in our files including data compiled by the Hawai‘i 
Biodiversity and Mapping project, we are concerned the proposed streetlights change poses a 
increased risk to Hawaiian seabirds, including the endangered Hawaiian petrel (Pterodroma 
sandwichensis), band-rumped petrel (Oceanodroma castro) and the threatened Newell’s 
shearwater (Puffinus newelli), and sea turtles, including the endangered Hawksbill sea turtle 
(Eretmochelys imbricata), and the threatened Green sea turtle (Chelonia mydas). In addition, 
project risks to the following endangered species should be included in your environmental 
assessment: Blackburn’s sphinx moth (Manduca blackburni) and Hawaiian hoary bat (Lasiurus 
cinerus semotus). Designated critical habitat for the Blackburn’s sphinx moth is in the vicinity of 
the project areas.

Biological effects of artificial light to animals may include altered behavior and physiological 
changes such as alterations in cortisol production and immune function. The following general 
measures, in addition to the species-specific measures detailed below, should be implemented 
island-wide to minimize impacts of outdoor lighting to threatened and endangered species:

Install lights and use lighting only when and where necessary for human safety; 
use the lowest lumens necessary;
Fully shield all outdoor lights so the bulb, lamp, and glowing lens can only be seen 
from below bulb height and ensure light does not spill horizontally into areas where it 
is not needed;
Position lights as low to the ground as possible to reduce ambient lighting; 

United States Department of the Interior
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Pacific Islands Fish and Wildlife Office
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Honolulu, Hawaii  96850
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 Position light so they do not shine on water, where the reflected light may increase 
light pollution;  

 Ensure that direct lighting is not visible from any ocean-side shoreline and limit 
overall ambient lighting along shorelines; 

 All lighting changes should continue to fulfill all requirements outlined in the Maui 
County Outdoor Lighting Ordinance (Chapter 20.35; http://mauico-
hi.elaws.us/code/coor_title20_ch20.35);  

 Implement the use of automatic motion-sensor switches and controls on all lights or 
otherwise ensure all light fixtures are turned off when the lit area is not occupied by a 
vehicle or pedestrian. 

 
Hawaiian seabirds (Hawaiian petrel, Newell’s shearwater and band-rumped storm petrel) 
Hawaiian seabirds traverse the project areas at night during the breeding, nesting and fledging 
seasons (March 1 to December 15). Outdoor lighting, including fully-shielded LED lighting, is 
known to result in seabird disorientation, fallout, and injury or mortality. These night-flying 
seabirds are attracted to artificially lighted areas and after circling the lights they become 
exhausted and collide with nearby wires, buildings, or other structures or they may land on the 
ground. Downed seabirds are vulnerable to being struck by vehicles, starvation, and predation by 
dogs, cats, and other predators. Young birds (fledglings) traversing the project areas between 
September 15 and December 15, are the most vulnerable to light attraction. 
 
Sea turtles (hawksbill sea turtle and green sea turtle) 
Green sea turtles may nest on any sandy beach area in the Pacific Islands. Hawksbill sea turtles 
exhibit a wide tolerance for nesting substrate (ranging from sandy beach to crushed coral) with 
nests typically placed under vegetation. Green sea turtle nests have been documented across 
multiple beaches across Maui, and the highest concentration of hawksbill nests is known to occur 
along the south shore beaches from Maalaea to Makena Beach. Both species exhibit strong 
nesting site fidelity. Nesting occurs on beaches from May through September, peaking in June 
and July, with hatchlings emerging through November and December.  
 
Optimal sea turtle nesting habitat is a dark beach. Direct and ambient light pollution is known to 
disorient hatchlings or deter female turtles from nesting. Nesting turtles may be deterred from 
approaching or laying eggs on lighted beaches. Nesting females may become disoriented by 
artificial lighting, leading to exhaustion and placement of a nest in an inappropriate location 
(such as at or below the high tide line). Hatchlings that emerge from nests may be attracted onto 
also be disoriented by artificial lighting. Inland areas visible from the beach should be 
sufficiently dark to allow for successful navigation to the ocean.  
 
In addition to the general measures outlined above, we recommend you implement the following 
measures to minimize impacts to sea turtles: 
 

 Use only bulbs with wavelength of 560 nm or greater (such as LED light bulbs with 
red, orange, or amber colored diodes; low pressure sodium, red or orange internally 
phosphor-LED fluorescent tubes) in any areas that are near ocean-side shorelines or 
otherwise contribute to ambient lighting that can be seen from the shoreline; 
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 To further reduce light impacts to beaches, we recommend you replace lights on poles 
with low-profile, low-level lamps, and plant or improve vegetation buffers between 
the light source and the beach to screen light from the beach.  
 

We recommend you include a comprehensive analysis of project risks to sea turtles in your 
biological assessment.  
 
Blackburn’s sphinx moth 
The Blackburn’s sphinx moth may be in the vicinity of the proposed project area. Adult moths 
feed on nectar from native plants, including beach morning glory (Ipomoea pes-caprae), iliee 
(Plumbago zeylanica), and maiapilo (Capparis sandwichiana); larvae feed upon non-native tree 
tobacco (Nicotiana glauca) and native aiea (Nothocestrum sp.). To pupate, the larvae burrow into 
the soil and can remain in a state of torpor for up to a year (or more) before emerging from the 
soil. Soil disturbance can result in death of the pupae.  
 
If the project will involve the installation of new poles or any associated ground disturbance, we 
offer the following survey recommendations to assess whether the Blackburn’s sphinx moth is 
within the project area:  

 A biologist familiar with the species should survey areas of proposed activities for 
Blackburn’s sphinx moth and its larval host plants prior to work initiation.  

o Surveys should be conducted during the wettest portion of the year (usually 
November-April or several weeks after a significant rain) and within 4-6 weeks 
prior to construction.  

o Surveys should include searches for eggs, larvae, and signs of larval feeding 
(chewed stems, frass, or leaf damage).  

o If moths or the native aiea or tree tobacco over 3 feet tall are found during the 
survey, please contact the Service for additional guidance to avoid take. 

 
If no Blackburn’s sphinx moth, aiea, or tree tobacco are found during surveys, it is imperative 
that measures be taken to avoid attraction of Blackburn’s sphinx moth to the project location and 
prohibit tree tobacco from entering the site. Tree tobacco can grow greater than 3 feet tall in 
approximately 6 weeks. If it grows over 3 feet, the plants may become a host plant for 
Blackburn’s sphinx moth. We therefore recommend that you: 

 Remove any tree tobacco less than 3 feet tall. 
 Monitor the site every 4-6 weeks for new tree tobacco growth before, during and after the 

proposed ground-disturbing activity.  
o Monitoring for tree tobacco can be completed by any staff, such as groundskeeper 

or regular maintenance crew, provided with picture placards of tree tobacco at 
different life stages.  
 

Hawaiian hoary bat 
The Hawaiian hoary bat roosts in both exotic and native woody vegetation across all islands and 
will leave young unattended in trees and shrubs when they forage. If trees or shrubs 15 feet or 
taller are cleared during the pupping season, there is a risk that young bats could inadvertently be 
harmed or killed since they are too young to fly or may not move away. Additionally, Hawaiian 
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hoary bats forage for insects from as low as 3 feet to higher than 500 feet above the ground and 
can become entangled in barbed wire used for fencing. 
 
If the project will involve the installation of new poles or any associated ground disturbance, we 
recommend you incorporate the following applicable measures into your project description:  

 Do not disturb, remove, or trim woody plants greater than 15 feet tall during the bat 
birthing and pup rearing season (June 1 through September 15).  

 Do not use barbed wire for fencing.  
 
 
Compliance with the Endangered Species Act 
Although implementation of light minimization measures is known to significantly reduce the 
likelihood of impacts to endangered species, existing Maui County streetlights and facilities have 
previously resulted in documented take of listed seabirds and sea turtles. The ESA and Hawaii 
Revised Statutes (HRS) §195D prohibit the “take”, including “harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect” of all endangered species. If take of endangered species 
cannot be fully avoided, we recommend Maui County would need to obtain an incidental take 
permit pursuant to 10(a)(1)(B) of the ESA. In addition, an incidental take license would be 
required from the State of Hawaii DLNR pursuant to HRS §195D. An application for incidental 
take permit requires the preparation of a Habitat Conservation Plan (HCP) outlining the 
measures you will implement to minimize and mitigate take of endangered species. The draft EA 
should include an analysis of existing streetlight impacts to endangered species on Maui, as well 
as an analysis of the likely change in impacts associated with project implementation. U.S. Fish 
and Wildlife Service and the Hawaii Department of Land and Natural Resources (DLNR) 
Division of Forestry and Wildlife (DOFAW) staff are available to provide additional technical 
assistance.   
 
Thank you for participating with us in the protection of our endangered species. If you have any 
further questions, please contact John Vetter, Fish and Wildlife Biologist, 808-792-9400, e-mail: 
John_Vetter@fws.gov. Official correspondence relating to this project or future projects can be 
sent directly to pifwo_admin@fws.gov. When referring to this project, please include these 
reference numbers: 01EPIF00-2019-SL-0468. 
 

Sincerely, 
 
 
 
        
       Michelle Bogardus 
       Island Team Manager 

Maui Nui and Hawaii Islands 
 
 
CC:   Keith Swindle, Resident Agent in Charge, USFWS Office of Law Enforcement 
 David G. Smilth, DLNR-DOFAW Administrator 
 Scott Fretz, DLNR - DOFAW Maui Branch Manager 
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1. Introduction 

The County of Maui, for purposes of this report, encompasses the islands of Maui, Moloka'i, and Lāna'i. 
All three islands contain streetlight infrastructure owned by the County of Maui. The Maui County 
Streetlight Conversion Project (hereafter, project) proposes to replace all existing County-owned High-
Pressure Sodium (HPS) streetlight fixtures with Light Emitting Diode (LED) fixtures. The project involves 
the replacement of a total of 4,820 streetlight fixtures located along County of Maui roadways on the 
island of Maui (4,313), the island of Moloka'i (365), and the island of Lāna'i (142). The purpose of the 
project is to increase roadway safety and visibility while simultaneously reducing energy consumption and 
County of Maui operating expenses.  

Hawai'i Wildlife Fund (HWF) and the Conservation Council for Hawai'i represented by the organization 
Earthjustice filed a lawsuit in February 2019 contending that the County of Maui (County) did not fully 
comply with HRS Chapter 343 prior to proceeding with the project (Earth Justice 2020). Representatives 
from these groups have stated the project would disorient sea turtles and seabirds among other nocturnal 
species. Specifically, four species federally protected under the Endangered Species Act (ESA) could be 
potentially impacted: threatened Newell’s Shearwater (Puffinus newelli [NESH]), endangered Hawaiian 
Petrel (Pterodroma sandwichensis [HAPE]), endangered Hawksbill Sea Turtle (Eretmochelys imbricata 
[HAST]) and the threatened Distinct Population Segment of the Hawaiian Green Sea Turtle (Chelonia 
mydas, [GRST]). Negative impacts caused to federally protected species or critical habitats constitutes 
“take” under the ESA. 

1.1 SCOPE 

The scope of this Technical Report is to provide technical information in support of an Environmental 
Assessment (EA). This report focuses on comparing aspects of HPS and LED lighting fixtures and evaluating 
available information to assess potential impacts to the four ESA-listed species resulting from the project 
and to propose measures to reduce and/or avoid those impacts. This report considers the: 

• Regulatory framework for streetlights and light emittance standards: Federal, State, and County; 
• Biological, ecological, physiological, behavioral and population aspects unique to the four ESA 

species (NESH, HAPE, HAST, and GRST) among the islands of the County of Maui; 
• General description of the County of Maui nighttime environment in terms of artificial light; 
• Nation-wide streetlight conversion projects in several states including Hawai'i; and 
• Differences between the existing streetlight fixture type (GE 2100 Kelvin (K) HPS) and the 

proposed light fixture type (GE 2700K LED). 

1.2 REGULATORY FRAMEWORK 

Regulatory compliance is appliable to the project on federal, state and county levels. The following 
regulations referenced in this technical report are listed and briefly summarized. 
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1.2.1 ENDANGERED SPECIES ACT (ESA) 
The purpose of the ESA is to protect and recover endangered and threatened species and the ecosystems 
upon which they depend. Section 9 of the ESA and Federal regulation pursuant to Section 4(d) of the ESA 
prohibit the “take” of endangered and threatened species without special exemption. Under the ESA, 
“take” means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to 
engage in any such conduct (16 USC § 1532(19)). Further, “harm” includes significant habitat modification 
or degradation that results in death or injury to a listed species by significantly impairing essential 
behavioral patterns, including breeding, feeding, or sheltering (50 CFR 17.3). “Incidental take” means take 
that is incidental to, and not the purpose of, the conduction of an otherwise lawful activity. Section 7(a)(2) 
of the ESA requires Federal agencies to ensure that actions, including the issuance of permits, do not 
jeopardize the continued existence of listed species or destroy or adversely modify designated critical 
habitat. “Jeopardize the continued existence of…” pursuant to 50 CFR 402.2, means to engage in an action 
that would be expected, directly or indirectly, to appreciably reduce the likelihood of the survival and 
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution of that 
species. 

1.2.2 FEDERAL MIGRATORY BIRD TREATY ACT (MBTA) 
The MBTA of 1918, as amended (16 USC § 703-712), prohibits the take of migratory birds and makes it 
unlawful to pursue, hunt, take, capture, kill, possess, offer to or sell, barter, purchase, deliver or cause to 
be shipped, exported, imported, transported, carried or received any migratory bird, part, nest, egg or 
product without proper authorization. Pursuant to U. S. Fish and Wildlife (USFWS) policy, an Incidental 
Take Permit (ITP) also constitutes a Special Purpose Permit under 50 CFR § 21.27 for the take of ESA-listed 
migratory bird species so long as the permit holder maintains compliance with the ITP terms and 
conditions. Under those circumstances, the take of ESA-listed migratory birds would not be considered a 
violation of the MBTA. 

1.2.3 HRS CHAPTER 343, THE “HAWAI'I ENVIRONMENTAL POLICY ACT” AND HAR CHAPTER 200.1 
The origin of the National Environmental Protection Act provided a model for the development of HRS 
Chapter 343 in 1974; it is commonly referred to as the “Hawai‘i Environmental Policy Act” or HEPA. HEPA’s 
implementing regulations are contained in Hawai‘i Administrative Rule (HAR) Title 11, Chapter 200.1. 
HEPA established environmental policies and guidelines for state and county agencies. HEPA mandated 
environmental assessments for all state and county projects and some private projects. State and county 
projects may comply with HEPA via an exemption, an EA and Finding of No Significant Impact (FONSI), or 
an Environmental Impact Statement (EIS). The EA will contain: a "general description of the action's 
technical, economic, social, cultural, historical and environmental characteristics," "identification and 
analysis of impacts and alternatives considered," and "proposed mitigation measures," among other 
minimum contents. 

1.2.4 HRS CHAPTER 195D  
Chapter 195D of the HRS defines the State’s responsibilities, with respect to species listed as endangered 
or threatened, to protect and conserve native wildlife and their habitats including species federally listed 
as endangered or threatened. Under the provisions of HRS Chapter 195D, species listed as endangered or 
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threatened pursuant to the ESA are also listed as endangered or threatened by the State of Hawai'i law 
(HRS §195D-4). Section 195D-2 defines “take” similarly to the Federal ESA. Section 195D-3 expressly 
prohibits, except as permitted by rules, any person to take, possess, transport, transplant, export, process, 
sell, offer for sale, or ship any species that the Department of Land and Natural Resources (DLNR) has 
deemed in need of protection (see also §195D-4(e)). 

The ESA and Hawai'i Revised Statutes (HRS) §195D prohibit take of endangered species. If take is 
unavoidable, the County would need to obtain an incidental take permit pursuant to 10(a)(1)(B) of the 
ESA and an incidental take license from the State of Hawai'i DLNR pursuant to HRS §195D. The latter 
requires a Habitat Conservation Plan (HCP) be completed outlining mitigation measures to implement to 
minimize and mitigate take of endangered species. 

1.2.5 HAWAI'I STATE HOUSE BILL HB 155 CD1 
The State lighting ordinance H.B. 155 (State of Hawai'i 2007) went into effect in July 2007, and requires 
most light sources to be fully shielded, such that light is directed downward only, emitting no uplight (light 
placed or designed to throw illumination upward above the horizon). The regulations “focus on requiring 
streetlights and some commercial lighting to be “shielded,” preventing glare from shining into the night 
sky.” 

1.2.6 COUNTY OF MAUI ORDINANCE 3430 
Chapter 20.35 Outdoor Lighting of Maui County Ordinance 3430 establishes standards for the type and 
use of outdoor lights to protect against excess light capable of degrading “the night visual environment.” 
In 2015, the County’s Outdoor Lighting Standards Committee amended regulations to set deadlines for 
bringing all county lights installed prior to January 2007 into compliance with current shielding 
requirements and usage restrictions (Council of the County of Maui 2015). 

 

2. Methods 

A desktop analysis was performed of available online sources for information relevant to the project with 
an emphasis on the four federally listed species and their populations on each of the County’s islands. 
Data was gathered on each species to provide pertinent details on population status and trends, breeding 
behaviors, breeding locations, differences among age classes, and habitat use. A fifth species, a seabird 
that is a Migratory Bird Treaty Act (MBTA) protected species, is briefly addressed (see Section 2.1). Data 
was also gathered on nighttime light sources, aspects of light pollution and impact to wildlife (specifically 
seabirds and sea turtles), and aspects related to the vision of these nocturnal animals. Lighting information 
was received from the County regarding fixtures and product specification sheets provided by the lighting 
company from which the existing HPS and new LED lights were purchased. Documents from federal, state, 
and county agencies pertaining to outdoor lighting requirements, endangered species protection 
measures, and regulatory codes were incorporated into the report. Articles and reports citing case studies 
of metropolitan cities and residential neighborhoods that have undergone light conversions were included 
along with conservation efforts and measures taken to reduce light-induced adverse effects on nocturnal 
species (specifically seabirds and sea turtles). 
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Information and data were compiled and organized based on the technical scope of work outlined in the 
Statement of Work for the project. Methods for analyzing level of potential project impact considered: 

• the four ESA-listed species potentially affected, 
• characteristics and differences in visual capabilities between humans and these four species, 
• County of Maui nighttime environment, and 
• the differences between the existing county light sources (HPS) and the proposed light sources 

(LED). 

2.1 SEABIRDS 

Sources for both NESH and HAPE regarding population status, flyway use, flight behaviors, breeding 
colony locations, post-fledging behavior, and tracking population trends comes from research involving 
ornithological radar throughout the Main Hawaiian Islands (MHI) (Brandt et al. 1995; Cooper and Day 
1995, 1998, 2003; Day and Cooper 1995, 2002; Day et al. 2003a; Day et al. 2003b; Day et al. 2005; Deringer 
2009; Deringer et al. in prep-a; Deringer et al. 2011a; Gall and Obritschkewitsch 2019).  

Additional information was provided during scoping of the Kaua'i Seabird Habitat Conservation Plan, 
habitat conservation plans with a seabird component on Maui, and published or publicly available studies 
assessing the effect of different light spectra on nocturnal seabirds, vision in nocturnal birds, and 
migratory navigation cues (magnetic, olfactory, visual, etc.) used by nocturnal seabirds (Bastos et al. 2020; 
Bingman and MacDougall-Shackleton 2017; Bonadonna and Gagliardo 2021; Brandt et al. 1995; Cruz and 
Lindner 2011; Griesemer and Holmes 2011; Hu et al. 2001; Martin and Osorio 2010; Nevitt et al. 1995; 
Penniman and Duffy 2021; Pollonara et al. 2015; Syposz et al. 2021a; Syposz et al. 2021b; Taylor et al. 
2020; Telfer et al. 1987; Troy et al. 2013; Tyagi and Bhardwaj 2021; USFWS 2005; Van Doren et al. 2017). 

Sources for NESH are primarily from Kaua'i where nesting numbers are the highest in the world. 
Information on population status and long-term trend tracking has been conducted using direct and 
indirect measures of breeding activity. Direct measures, such as physically monitoring nest success within 
a known colony, are difficult to obtain given the bird’s discrete breeding activity and remote colony 
locations. Therefore, indirect measures of breeding activity are also used, including ornithological radar, 
audio, and visual survey methods; compiling seabird salvage data (recovery of birds found on the ground); 
and conducting spatial auditory and visual surveying techniques at known colonies. 

Information for this report included direct observations during a cross-fostering experiment (1980-1984) 
where 90 eggs were taken from a colony and raised by Wedge-tailed Shearwaters (Byrd et al. 1984; Telfer 
1986), a breeding study (1993-1994) (Ainley et al. 1997b), and detailed observations of two pairs (likely 
cross-foster progeny) at Kilauea Point National Wildlife Refuge since 1997 and 2001 (Zaun 2009). Timing 
of fledging was determined from island-wide ‘fallout’ of fledglings, birds fallen victim to light attraction or 
collision with artificial structures (Telfer et al. 1987) and collected by members of the public as part of 
Save Our Shearwaters (SOS) program (n=29,359; 1979-2008) (State of Hawai‘i 2009). Further, information 
on salvaged birds that were subsequently rehabilitated, banded, and released was used (Raine et al. 
2020), along with research on the post dispersal of fledglings (Joyce et al. 2010; Raine et al. 2018). 
Additional sources included auditory monitoring at Moalepe, a site located in the Makaleha Mountains 
approximately 1.2 km from a known breeding colony (Deringer 2009; KESRP 2009b), at-sea observations 
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of bird density (1984-1994) (Spear et al. 1995; Spear et al. 1999), intra-seasonal variation in radar passage 
rates (Day and Cooper 1995, 2008; Deringer 2009; King and Gould 1967; Sincock and Swedberg 1969), and 
historical observations (King and Gould 1967; Sincock and Swedberg 1969). Relevant research regarding 
population status, breeding colony locations, and known effects of light pollution were also used 
(Griesemer and Holmes 2011; Holmes et al. 2011; Holmes et al. 2009; Newell's Shearwater Working Group 
2005; Podolsky et al. 1998; Reed 1987; Reed et al. 1986; USFWS 2009b; Vanzandt et al. 2014). 

For HAPE, phenology described from studies and monitoring efforts in the Haleakalā National Park colony 
on east Maui remains the most detailed information available. Richardson and Woodside (1954) provided 
initial observations, with greater detail from Simons (1985) during breeding studies (1979-1981), and later 
updated within the Birds of North America species account (Simons and Natividad Hodges 1998). Further 
information was from predator trapping efforts, assessing conservation fencing of colonies (1981-1994) 
(Hodges and Nagata 2001), visual and auditory surveys in 2005 (Natividad Bailey 2009b), and records of 
island-wide fallout as a proxy for fledging between 1996-2007 (n=99 east, n=12 west) (Natividad Bailey 
2009a). 

Sources for HAPE on remaining islands were less detailed. From Kaua'i, direct breeding observations were 
used from Upper Limahuli Preserve (north shore, 2006-2009) (Holmes 2006; Holmes and Joyce 2009), 
observations of island-wide fallout and visual surveys of birds on the north shore (1993-1994) (Ainley et 
al. 1997a; Ainley et al. 1997b; State of Hawai‘i 2009), and intra-seasonal variation in radar passage rates 
(north and east shores, 2008) (Day and Cooper 1995; Deringer 2009), with timing of fledging determined 
from island-wide fallout (n=282, 1979-2008, (State of Hawai‘i 2009)). On Lāna'i, where population 
information is limited, phenology is estimated from evidence of breeding activity (2006-2007) observed 
by Penniman and Duval (2008) within a colony discovered in 2006 (MNSRP 2022) and further investigated 
by VanZandt et al. (2014) and auditory detections in 1976 and 1977 (Hirai 1978). Genetic information and 
fossil evidence supporting population structure was also incorporated (Burg and Martin 2012; Olson and 
James 1982a, 1982b; Olson and James 1991). Background and conservation information for HAPE came 
from management, habitat, and mitigation plans (Holmes et al. 2011; USFWS 2009a; USFWS and State of 
Hawai‘i 2011). 

The Wedge-tailed Shearwater (WTSH) (Ardenna pacifica) is listed under the MBTA of 1918 and not 
addressed in this report along with the ESA-listed NESH and HAPE. The WTSH is a burrow-nesting seabird 
that is found globally in the tropics and subtropics (Warham 1996). Overall global populations of this 
species are either stable or on a downward trend and estimated at over 5 million birds with approximately 
40,000 to 60,000 pairs breeding in the MHI (HDLNR 2015). The WTSH differs from NESH and HAPE in some 
respects. WTSH utilizes different nesting habitats, preferring coastal shores and offshore islets, the latter 
providing predator-proof security, but can use upland volcanic slopes as well. The fledglings of coastal-
nesting WTSH would not have to traverse over inland artificial lights but could be affected by coastal 
lighting. The timing of the synchronous breeding cycle is similar to NESH and HAPE in that nesting can 
extend from colony arrival in March to fledging in late November to mid-to-late December; this fledging 
period coincides with WTSH fallout on Maui Island (Penniman 2022). Limited studies on WTSH in a region 
of O’ahu provide evidence that the species would not be affected by the proposed LED streetlight 
conversion project (no change in impact) (Urmston et al. 2020; Friswold et al. 2020; Idle et al. 2021; 
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Hyrenbach et al. 2022). That WTSH is the most prevalent species of all fallout species collected on Maui 
Island would suggest this species colonizes there in higher numbers than either NESH or HAPE. Avoidance 
and minimization measures presented in Chapter 7, especially those for coastal areas (sea turtles), would 
also benefit WTSH. 

2.2 SEA TURTLES 

Sources were used to describe population status, breeding behaviors, location of nesting beaches, 
locations of resting and foraging areas, and tracking population trends in the MHI (Arthur and Balazs 2008; 
Balazs 1980, 1994; Balazs et al. 1987; Balazs et al. 1994; Balazs et al. 2015a; Balazs et al. 2015b; Bowen et 
al. 1992; Brunson et al. 2017; Katahira et al. 1994; King 2015; King et al. 2004; NOAA Fisheries 2011a, 
2011b, 2017; Nurzia-Humburg and Hargrove 2008; Owens 1980; USFWS 2015, 2016; Whittow and Balazs 
1982). 

Sea Turtle Recovery Plans, Habitat Conservation Plans, and agency reports with information on nesting 
success trends, stock assessments, salvage/stranding numbers, and conservation management issues 
were used, including impacts from artificial nighttime light pollution (Balazs et al. 1992; Brei et al. 2019; 
Cutt and Martin 2019, 2020; NMFS and USFWS 1998a, 1998c, 1998b, 2007; NOAA Fisheries 2017; Salmon 
2003). 

Since 2010, the Pacific Islands Region Marine Turtle Management and Conservation Program has 
supported monitoring and conservation activities of the Hawai'i Hawksbill Recovery Project in Maui via 
the non-governmental organization, HWF. The Hawksbill Recovery Project monitors nesting activity, tags 
nesting females, collects data on foraging (individuals, relative threats, and foraging substrate) by 
swimming transects, and direct observations (Seitz et al. 2012; Van Houtan and Kittinger 2014). Further, 
the project mitigates threats to turtles, nests and hatchlings through invasive predator and exotic 
vegetation removal, protects nesting habitats by promoting no driving of vehicles on beaches, promotes 
light impact reduction from hotels and residences, coordinates marine debris beach cleanup efforts, and 
provides extensive community outreach and education to support. 

2.3 ASSESSMENT 

Assessing impacts to rare and endangered species is often difficult given their low numbers, low detection 
probability and the difficulties in making direct observations. Information gathered on each of the 
potentially affected species (Chapter 3) was pooled and evaluated in tandem with nighttime lighting 
attributes. Assessing light attributes incorporated information such as product specification sheets, 
applicable government regulations, aspects of large-scale streetlight conversion projects, characteristics 
and properties of light, various ways to reduce light pollution, and vision in humans and the four 
potentially affected species. 

Individual pieces of information that were reviewed were represented in varying formats (text, maps, 
graphs, etc.). Further, the metrics presented in reports and studies also varied. Assessment of the diversity 
of information gathered accounted for this heterogeneity in data.  

3. Potentially Affected Species 
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3.1 SEABIRDS 

Two federally protected seabird species potentially affected are the Hawaiian Petrel (HAPE) and Newell’s 
Shearwater (NESH). Adults of both species only come ashore each year to breed, laying a single egg in an 
underground burrow or within rock crevices, and cooperatively raise a single chick to fledging. They have 
synchronized flight patterns during the breeding season and are nocturnal when coming ashore. Adults 
fly ashore after sunset and fly seaward pre-sunrise. The young of both species fledge from their burrow 
and fly to the ocean in complete darkness; during this maiden flight they are susceptible to negative 
impacts associated with artificial lights. 

Both NESH and HAPE nest exclusively in the MHI. For NESH, breeding occurs primarily on Kaua'i with 
smaller populations on Maui, Hawai'i and possibly Moloka'i (Cluett Pactol 2018) and O'ahu (Young et al. 
2019). HAPE, once found on all the MHIs, primarily nest near the summit of Haleakalā Crater on Maui, the 
higher slopes of Lāna‘ihale on Lāna'i, and remote areas of Kaua'i, with smaller numbers on Moloka'i and 
Hawai'i. Both HAPE and NESH share similar and specific behaviors during their breeding cycle and 
throughout their nesting range. However, differences exist between the species and by island. For 
example, the breeding cycle between HAPE and NESH differ slightly in timing, and HAPE exhibit both inter- 
and intra-island differences in synchronous colony behavior. 

During nocturnal flights, these seabirds can become confused around, or blinded by, certain bright 
artificial light sources and, should this happen, may circle the lighted area until colliding with structures 
or becoming exhausted (Ainley et al. 1997a; Ainley et al. 1997b; Podolsky et al. 1998). In either case, birds 
that “fallout” of the sky and land on the ground are unable to take off, making them susceptible to 
predation, dehydration, starvation, and being hit by cars. 

3.1.1 NEWELL’S SHEARWATER 
The NESH is a medium-sized shearwater, endemic to Hawai'i and listed as threatened under the 
Endangered Species Act of 1973 (Harrison 1990; USFWS 2009b). The International Union for Conservation 
of Nature (IUCN) Red List consider NESH as endangered (IUCN 2017). Approximately 90% of the global 
population of the species breeds on Kaua'i, therefore, what is mostly known about this species in Hawai'i 
is based on data collected from that island’s populations. Information on NESH from Kaua’i has come from 
long-term (37 years), large-scale (island-wide), and multiple studies using different methods of data 
collection. 

3.1.1.1. POPULATION STATUS AND DISTRIBUTION 
The population of NESH throughout the State of Hawai'i was estimated to be 84,000 birds including 14,600 
breeding pairs in the 1990’s (Ainley et al. 1997b; Cooper and Day 1995; Spear et al. 1995). Population 
estimates in 2014 were 27,011 birds, including 16,000-19,000 breeding pairs (BirdLife International 2021). 
Based on population monitoring on Kaua'i there was a drastic decline in NESH numbers between 1993 
and 2013. Radar surveys from 1993 to 2013 and the number of SOS salvaged fledglings from 1979 to 2015 
indicate a 94% decline (Else 2018; KESRP 2009a, 2009b; Raine et al. 2017), occurring at an average rate of 
approximately 13% per year during the period analyzed (Raine et al. 2017). Researchers believe NESH 
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numbers are likely being underestimated and eminent population collapse is predicted without 
intervention and management (Griesemer and Holmes 2011; Raine et al. 2017). 

The population status of NESH in the County of Maui, specifically Maui, Lāna'i and Moloka'i Islands is not 
known. An estimate by Cooper and Day (2003) using ornithological radar put the number of NESH coming 
ashore on the island of Maui during June 2001 at > 140 birds (> 51 in the west; > 89 in the east). 

3.1.1.2. BREEDING PHENOLOGY 
These are extremely discrete, burrow-nesting birds; chicks are raised by both parents and remain below 
ground with their first flight out of the colony each fall occurring in the dark of night. While juvenile birds 
remain at sea for years after fledging, individuals that have reached sexual maturity (adult breeders and 
sub-adult pre-breeding birds) come ashore to attempt to nest April through November. The yearly 
breeding cycle of NESH on Kaua'i is about 30 to 32 weeks (Figure 1), from colony arrival in April until the 
fledging of chicks in October to November. On Kaua'i, arrival of individuals begins in the first two weeks 
of April, when birds return to prospect for nest sites. A pre-laying exodus from the colony by females 
follows in late April and May and flyway activity decreases noticeably. A highly synchronized egg-laying, 
where pairs produce one egg, occurs in early and June continues through the early part of July; the peak 
of fledging occurs late October into early November. 

 

Figure 1. Breeding phenology for NESH on Kaua'i Island where the species primarily nests and has been 
extensively studied during the breeding season (Deringer et al. in prep-b). Sources also listed in Methods 
2.1 Seabirds. 
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3.1.1.3. BREEDING COLONIES 
NESH are a colonial nesting seabird (Warham 1990). Most colonies on Kaua'i occur between 160 and 1,200 
m (525–3,936 ft) elevation on steep, densely vegetated terrain. However, birds also nest on the dry, 
sparsely vegetated cliffs of the Nā Pali coast and on Lehua Islet (Wood and Biley 2008). 

On Maui Island, NESH occurrence studied in June 2001 using ornithological radar showed a higher 
proportion of NESH-like targets in west Maui than in east Maui (Cooper and Day 2003). One NESH nest 
was discovered in the mountains of east Maui in 2004 at 1,950 m (6,397 ft.) elevation (Figure 2) (Wood 
and Biley 2008). In 2019, the ongoing Makamaka'ole NESH social attraction project in west Maui (H.T. 
Harvey & Associates 2022) reported visitation by NESH in 22 nest boxes (Spencer et al. 2020). 

 

 
Figure 2. Known NESH nests on Maui Island; a social attraction project in the west mountains with 
artificial burrows (left) and a single nest found in the east (right) (Spencer et al. 2020; Wood and Biley 
2008). 

Nests have also been documented on Moloka'i (Cooper and Day 2003; Day et al. 2003a; VanderWerf et 
al. 2007); Day and Cooper (Day and Cooper 2002) detected radar targets that were considered NESH 
because of the timing of movement after sunset at Wai'ale'ia Valley, Kalaupapa Pali, and Waikolu/ 
Wai'ale'ia Valleys (Figure 3). The authors suspect that NESH may occur in all eight of the main valleys 
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surveyed in northeastern Moloka'i with the Pelekunu and Wailau valleys having the greatest potential for 
nesting birds. The status of NESH breeding on Lāna'i Island is unknown but suspected (KIUC 2011). 

 

Figure 3. Moloka'i Island (bottom, left) and a close up of its eight major valleys in the northeast (top) 
surveyed with ornithological radar in June 2002 (Day and Cooper 2002). 

3.1.1.4. TIMING OF ACTIVITY 
On Kaua'i, NESH were found to exhibit almost no movement until after complete darkness, whereupon 
they moved inland in a wave that peaked from 40 to 60 minutes after sunset (Day and Cooper 1995; 
Deringer 2009). After that peak, the rate of movement decreases steadily until 90 minutes after sunset, 
after which few NESH are detected (Figure 4). In the morning, NESH begin moving to sea approximately 
40 minutes before the first measurable light and movement rates increase rapidly, peaking just before 
measurable light at dawn (Day and Cooper 1995). Interpreting the timing of movement rates regardless 
of the type of data (visual observations, radar target, auditory calls) must account for the location of the 
study, for example measuring when birds come ashore at the coast will differ from those measured at 
high elevation inland colonies. 
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Figure 4. Timing of evening calling activity of Newell's shearwaters at the Moalepe colony, Kaua'i, during 
incubation based on auditory surveys (Deringer 2009). 

3.1.1.5.  ARTIFICIAL LIGHT FALLOUT 
Fallout data collected over the years by SOS on Kaua'i has revealed many aspects of the NESH fledging 
period. For example, the duration of the fledging period has been defined. While the annual peak of 
fledging on Kaua'i is normally during the last 2 weeks of October and the first week of November, a few 
fledglings begin to depart colonies around the last week of September and usually less than a dozen or 
fewer stragglers are downed by bright lights in early December (State of Hawai‘i 2009; Telfer 1979; Telfer 
et al. 1987). 

There is a significant effect of moon phase on peak fallout (State of Hawai‘i 2009; Telfer et al. 1987).  
Fallout for NESH fledglings is lowest when the annual peak occurs around the full moon and highest when 
the annual peak occurs around the new moon. Further, the moon cycle shapes the temporal distribution; 
only a single fallout peak is observed in years when the new moon coincides with the annual peak fledging 
period, but two separate fallout peaks occur in years when a full moon coincides with the peak of fledging 
(Telfer et al. 1987). Overall, fewer groundings are reported when the full moon coincides with the period 
of peak fledging (Ainley et al. 2001). 

Long-term trend analysis shows annual changes in fallout numbers. These changes show negative and 
positive impacts on the species in relation to urban nighttime lighting; negative impact (increase fallout 
with increase urban development and artificial lighting), and positive impact (light shielding decreases 
fallout numbers) (Joyce et al. 2010; Troy et al. 2011; Troy et al. 2013). Additionally, from a management 
perspective, the extremely high number of fledgling mortalities caused by fallout alone makes the threat 
from artificial nighttime light extremely important to manage for the species to stay extant (Griesemer 
and Holmes 2011). 
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In the County of Maui, 8 NESH fledgling fallout have been collected over an 11-year period (2009-2019). 
Unlike on Kaua’i, the fallout data on Maui does not have other data giving insight on populations to 
compare with, such as radar data from the same time period, and therefore has little context to make 
determinations on how these small numbers of NESH fallout affects population numbers in Maui County 
overall. 

3.1.2 HAWAIIAN PETREL 
The HAPE is a large gadfly petrel endemic to Hawai'i. Prior to the arrival of Polynesians, sub-fossil evidence 
indicates the Hawaiian Petrel was common throughout the MHIs (Olson and James 1982b). The species 
was federally listed as endangered in 1967 (USFWS 1983). Like NESH, this species is a pelagic seabird and 
highly adapted to ocean environments. Populations of HAPE on Kaua'i between 2010 and 2015 are 
estimated to have declined by 78% (at an average rate of ~6% per year); fallout numbers have been 
relatively constant, however, since the year 2000 (Raine et al. 2017). 

3.1.2.1. POPULATION STATUS AND DISTRIBUTION 
State-wide population estimates of HAPE over the years have ranged broadly from 3,000 to 34,000 birds 
based on at-sea observations, inland counts of birds on Kaua'i, and estimates from known colonies on 
Maui and Hawai'i Islands (Sources listed in Chapter 2.1). In the early 1990s, the State’s estimate was 
approximately 20,000 individuals, including 4,500 breeding pairs (KESRP 2019). A population estimate by 
Cooper and Day (2003) using ornithological radar put the number of HAPE coming ashore on Maui Island 
during the June 2001 incubation period at > 1,038 breeding birds (> 79 Hawaiian Petrels in the west; > 959 
in the east). The County of Maui harbors approximately one-third of the HAPE population known to breed 
in the State of Hawai’i (HPR 2022) or approximately 1,500 adult and subadult birds. Approximately 450 to 
600 breeding pairs exist on Maui Island (MNSRP 2022).  

Genetically, HAPE of O'ahu, Moloka'i, and Lāna'i have an unusual degree of similarity (Welch et al. 2011). 
The proposed hypothesis is that HAPE moved from O'ahu and Moloka'i to Lāna'i around 100-200 years 
ago as their breeding sites on O'ahu and Moloka'i became threatened (Casey 2020; Welch et al. 2010; 
Welch et al. 2012; Welch et al. 2011). Study results by Morra et al. (2018) further indicate that each HAPE 
breeding colony among the different Hawaiian Islands are ecologically distinct. The authors base their 
results on feather isotope analyses to suggest that different but consistently used foraging areas among 
colonies and even among individuals in a single colony, allow for the coexistence of colonies and may aid 
in keeping the species extant. 

3.1.2.2. BREEDING PHENOLOGY 
This species nests in colonies and will excavate underground burrows in high elevation rock crevices or 
wet, dense forests for nesting. Breeding phenology of HAPE varies among colonies in the MHIs and among 
colonies of the same island, for example between east and west Maui Island populations. This variation is 
evident from direct observations of breeders and from indirect evidence of the timing and duration of the 
fledging period (Figure 5). 

In east Maui, birds in the Haleakalā colonies begin breeding four to six weeks prior to birds in west Maui 
(based on salvage data), as well as those on Lāna'i (based on direct observations), Kaua'i, and Hawai'i 
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Islands (Volcanoes National Park populations). In east Maui HAPE arrive to colonies beginning in late 
February; in west Maui arrival is approximately mid-March and early April. Females are absent from the 
colonies during the 3- to 4-week pre-laying exodus and return for egg-laying. Incubation is 8 weeks and at 
about 16 weeks chicks fledge (MNSRP 2022; Simons 1985). Most of the non-breeding birds abandon the 
Haleakalā colony in late July, leaving only breeding adults making flights to and from their nest (Simons 
1985).
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Figure 5. Breeding phenology for HAPE in Maui County. Note the difference in timing of breeding of Maui Island colonies between east and west 
populations (Deringer et al. in prep-b). Sources also listed in Methods, 2.1. Seabirds.
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The difference in the commencement of breeding may be a consequence of nesting elevation; east Maui 
nesting areas are located between elevations of 2,500 and 3,000 m (8,202-9,842 ft.), making Haleakalā 
one of the highest colonies of nesting seabirds in the world. Breeders of high-elevation colonies may need 
to lay eggs earlier, thereby fledging earlier to avoid winter conditions in December (Figure 6). Further, the 
duration of each breeding stage (i.e., arrival, courtship, egg laying, fledging) on other islands in the County 
of Maui is only presumed to match that of east Maui Island populations (Simons 1985), but inter-island 
differences are likely. For example, incubation durations in east Maui may be influenced by adaptations 
of the egg to high-altitude nesting, (Simons and Natividad Hodges 1998; Warham 1990, 1996; Whittow 
2002). The synchrony of breeding tasks of HAPE on Lāna'i appears to match Kohala Mountain populations 
of northeast Hawai'i Island (Deringer 2009) but are not consistent with that seen on Kauai'i (Deringer 
2013; Deringer et al. in prep-a; Deringer et al. 2011a; Deringer et al. in prep-b; Judge 2011). 

Based on fledgling fallout (Figure 6) and burrow monitoring on Kaua'i, it is estimated that fledging peaks 
there in November. Fledging from monitored burrows on Lāna'i Island, where breeding occurs at a similar 
elevation as Kaua'i, is also known to peak in November (Deringer 2009). Based on burrow monitoring on 
Maui, it is known that fledging from high altitude burrows peaks in October (Figure 5). On Kaua'i, fledgling 
fallout has occurred as early as the third week of October, indicating that some portion of the fledglings 
originated from high elevation colony sites, most likely from east Maui (Deringer 2009).  

 

Figure 6. Primary fledging season for HAPE on Kaua'i based on fallout from 1979 to 2008 (Deringer 2009).  

3.1.2.3. BREEDING COLONIES 
Known breeding colonies exist on Maui and Lāna'i, and auditory and radar data suggest HAPE may still 
breed on the island of Moloka'i (Day and Cooper 2002; Simons and Natividad Hodges 1998). On Kaua'i, 
HAPE colonize steep slopes of interior forests and on Hawai'i Island, Kohala populations colonize areas 
similar to that found on Kaua’i, but HVNP populations primarily use rock crevices on lava rock habitat 
(Deringer 2013; Deringer et al. 2011a; Deringer et al. 2011b; Judge 2010; University of Hawai‘i 2019). 
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On Maui, the colonies of Haleakalā are known to exist in the crater (Day et al. 2005; Hu et al. 2001; 
Natividad Bailey 2009b, 2009a, 2011) and near its summit (Gall and Obritschkewitsch 2019; MNSRP 2022); 
these latter colonies are known as Nakula/Kahikinui (Figure 7).  

 
Figure 7. HAPE burrows located near summit of Haleakalā on Maui Island (Gall and Obritschkewitsch 
2019). 

The locations where fallout occurs combined with results from radar studies indicate the west side of 
Maui Island harbors some colonies of HAPE, primarily on the northeast slopes of the West Maui 
Mountains and specifically concentrated in the upper 'Iao and Waihe'e Valleys (Figure 8) (Natividad Bailey 
2009a; Penniman and Duvall 2008). 

The HAPE in east Maui appear to use multiple routes to and from their colonies (Gall and Obritschkewitsch 
2019). Access to the crater bowl is through the Ke’anae Valley if birds followed the valley upward and 
crossed through the Ko’olau Gap; HAPE at Hana appear to access the crater summit directly; birds at 
Waiho’i Valley appear to fly directly up that valley; and birds at Ohe’o Gulch appear to fly directly up the 
Kipahulu Valley. However, birds at Nu’u Bay, Mokuia Point, and to some extent, Kaupo, primarily headed 
westward, rather than northwestward toward the crater summit. 
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Figure 8. Direct observations of HAPE at coastal points occurred at all nine radar/visual study sites in 
east Maui, and at radar/visual sites at Kahakuloa and Waihe'e in the West Maui Mountains (Day et al. 
2005) 

On Lāna'i, over 80 nests are being directly observed within the Lāna'ihale colony discovered in 2006 and 
located in a valley of the island’s windward side (Figure 9) (Penniman and Duvall 2008; Vanzandt et al. 
2014). The colony location is near Lanai City (~2-3 miles flight line). Based on increases in auditory 
detections during annual surveys (HPR 2022) and indirect measurements using new technology and 
equipment (unmanned all-terrain vehicle and satellite imagery), the colony population appears to be 
growing (MNSRP 2022). 
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Figure 9. Known colony of HAPE nesting on Lāna'i (Vanzandt et al. 2014). 

Ornithological radar surveys on Moloka'i (Day and Cooper 2002), indicate that HAPE are likely breeding 
on the island in most, if not all, of the eight major valleys on the northeast shore (Figure 3).  

3.1.2.4. TIMING OF ACTIVITY 
Visual observations of HAPE on Kaua'i detected inland flights beginning 10 minutes after sunset, when 
there is still light in the western sky (Figure 10). This early movement indicates some individuals are 
crepuscular, heading inland with enough light to be detected by predators but typically flying at extremely 
high altitudes as they come ashore (Deringer 2009). Individuals continued inland flights to, and past the 
point of complete darkness (about 30 min after sunset). Radar movements detected peak activity of radar 
targets occurs just before the point of complete darkness which occurs at 20 minutes after sunset, but a 
substantial number of radar targets also fly inland at 30–50 min after sunset, with some movement 
occurring even later (Cooper and Day 2003). Following this peak, the rate of movement decreases 
drastically. 

In the morning, HAPE begin moving to sea in numbers while it is still completely dark, increasing in 
numbers rapidly and peaking just after the point of complete darkness had been crossed. After sunrise, 
only a few HAPE are headed offshore as late as 30 min after sunrise (Day and Cooper 1995). 
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Figure 10. Visual observations recorded per minute after sunset of HAPE in at Waipa (Kaua'i Island) 
during synchronous evening inland flights from June to mid-July 2008. Point of complete darkness 
(lux=0) occurred around 20 minutes after sunset (Deringer 2009). 

3.1.2.5. ARTIFICIAL LIGHT FALLOUT 
As with NESH, HAPE fledglings are most susceptible to impact from artificial nighttime light when they 
make their first flight from the burrow to the ocean, primarily between 15-September and 15-December 
each year. For HAPE, fallout is more likely to occur on overcast or moonless nights (Deringer 2009; Telfer 
et al. 1987). Over 11 years (2009-2019), MNSRP documented fallout of 220 HAPE on the island of Maui 
and an additional 16 on the island of Lāna'i (Penniman 2020). Two HAPE were salvaged in Kahului within 
the first 3 weeks of the 2020 fledging period in locations where new LED lights have been installed 
(Penniman 2020). While this is notable, HAPE fallout occurred in this area when the streetlights were HPS 
and, furthermore, there are many other artificial light sources in the area. 

3.2. SEA TURTLES 

Two federally protected sea turtle species that occur in the project area that are potentially affected are 
the Hawksbill Sea Turtle and the Distinct Population Segment (DPS) of Hawaiian Green Sea Turtle. The 
National Oceanic and Atmospheric Administration’s (NOAA) National Marine Fisheries Service (NMFS) and 
the USFWS share responsibility for management and recovery of sea turtle species listed under the ESA 
that are found in waters and on lands under U.S. jurisdiction. NMFS is responsible for addressing activities 
that affect sea turtles in the marine environment, while USFWS is responsible for addressing activities that 
affect sea turtles in the terrestrial environment (NMFS and USFWS 1998a, 1998c, 1998b, 2007; NOAA 
Fisheries 2011a, 2011b, 2017; USFWS 2017). 

Adults of both species come ashore over multiple nights each year during the nesting season. They crawl 
up the beach past the high tide line to dig a cavity in beach sand where they deposit their eggs. After 
laying, they cover the nest with their hind flippers and then crawl back to the water. Multiple nests are 
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laid during a breeding season; in between laying stints, turtles remain in nearshore waters during the day. 
The GRST population has increased significantly in past decades in the MHI and in the Northwestern 
Hawaiian Islands (NWHI) while HAST numbers remain precariously low for unknown reasons. 

3.2.1. HAWKSBILL SEA TURTLE 
Hawksbill sea turtles (Eretmochelys imbricata) have been protected under the ESA since 1970 and became 
listed as critically endangered globally by IUCN in 1996 (Brunson et al. 2017). This species inhabits waters 
of the East and West Pacific and of the Central Pacific, the latter solely composed of the Hawaiian 
Archipelago population. The HAST population found in the MHIs is a candidate for DPS listing; there is no 
evident genetic connectivity to other HAST in the Pacific Ocean (Gaos et al. 2020). With little to no post-
hatching dispersal behavior exhibited, juveniles in this population typically migrate between islands, 
remain in offshore waters of the island archipelago, and utilize nearshore waters of the MHIs all their 
lives. 

3.2.1.1 POPULATION STATUS 
Globally, the species is declining throughout its known range. The adult population in Hawai'i remains on 
the brink of extirpation due to natural and anthropogenic threats, including historical harvest for their 
shell. Nesting observations, foraging studies, and satellite tracking have shown that the Hawaiian HAST 
population is confined to short interisland migrations. 

Monitoring the number of females that come ashore to nest is the most logistically and economically 
feasible method to evaluate sea turtle populations (Balazs and Chaloupka 2004). Estimated counts from 
various sources suggest only about 50 to 100 mature females are nesting at 20 beaches around the State, 
primarily on Hawai’i Island (Brunson et al. 2017). Between 1991-2014 nine nesting females had been 
documented and banded on Maui Island. Long-term data collection on nesting HAST on Maui Island for 
the last 21 years indicates nesting numbers remain precariously low despite continual research and 
conservation efforts (Brunson et al. 2017; NOAA Fisheries 2017; Van Houtan et al. 2012). While it appears 
that only a small number of HAST currently nest in Hawai'i, it is unclear whether the species has suffered 
a major decline compared to historical numbers, or if it has always persisted at relatively low levels in the 
region (but perhaps higher than current levels) (Brunson et al. 2017). 

3.2.1.2. NESTING SEASON 
Nesting season can begin as early as mid-May, with hatching events from July to as late as early January, 
for a nearly eight-month nesting activity window (King 2015). Only breeding adult females come ashore 
at night to nest. Nesting success depends upon several factors including human-related impacts such as 
pedestrian traffic on beaches, campfires, vehicle headlights, and flashlights, and stochastic events such as 
storms, high/king tides, and chronic beach erosion. 

3.2.1.3. NESTING BEACHES 
HAST nest mainly along the Ka'ū Coast (southeast shoreline) of Hawai'i Island, as well as on Maui and the 
eastern coast of Moloka'i (i.e., Halawa beach). There is speculation that occasional nesting may occur on 
the northern coast of Lāna'i (e.g., Shipwreck Beach) but no nests have been documented to date on the 
island (Nurzia-Humburg and Hargrove 2008). 
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Throughout the tropical oceans of the world, HAST utilize both low- and high-energy nesting beaches. 
They appear to prefer nesting sites with steep beaches and coarse sand (NOAA Fisheries 2011b). Not all 
sites are active every year and the annual level of nesting activity for each site can fluctuate substantially 
(Seitz et al. 2012). For example, in the 27 years of monitoring, no HAST nests were documented on Maui 
Island in 2003, 2007, 2013, and 2019 (HWF 2020). Most importantly, nesting beaches that are dark and 
quiet are preferred by HAST adults and nests on those beaches tend to have higher nest success 
(Sundquist and Bernard 2018; Sundquist et al. 2017). 

On Maui Island, from 1991 to 2014 a total of 78 nests and 63 false crawls1 were recorded on eight different 
beaches: Kealia, Kalepolepo, Kawililipoa, Oneloa, Little Beach, Hāna Bay, Koki, and Hāmoa (Table 1). 
Annually, from June 1st through September 30th, a community group of volunteers organized by the 
USFWS and carried out by HWF staff document nesting activity along Maui’s four known southern nesting 
beaches (Kealia, Kalepolepo, Kawililipoa, and Oneloa) and have initiated monitoring at beaches in the 
south (Oneloa and Little Beach), and on the north shores of the island’s isthmus where the species is 
known to nest; although there have been sporadic nesting events in Hāna, there is no organized 
monitoring there (Figure 11). 

Table 1. Known Maui Island beaches used by HAST (HWF 2020). 

 

 
1 A false crawl is when an adult turtle crawls up the beach in a manner consistent with egg laying but does not lay 
any eggs. 

Coast Hawaiian/Main Beach Name Other Known Name

Kealia Beach Sugar Beach

Kawililīpoa Beach Waipu'ilani/Uluniu Road

Kalepolepo Beach

Pālau'ea Beach White Rock

Pu'u Ōla'i Little Beach

Oneloa Beach Mākena/Big Beach

Hāna Bay

Koki Beach

Hāmoa Bay

South (Mā'alaea to 
Mākena)

East (Hāna area)
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Figure 11. Nesting locations of HAST on Maui Island (King et al. 2004). 

The HWF is aware of HAST nesting activity on Moloka'i but does not currently monitor nesting activity 
there or on Lāna'i (Penniman 2020). There is limited nesting along the eastern coast of Moloka'i (i.e., 
Halawa beach) and speculation that occasional nesting occurs on north Lāna'i (e.g., Shipwreck Beach) but 
no nests have been documented to date on the island. Not all sites are active every year and the annual 
level of nesting activity for each site can fluctuate substantially (Seitz et al. 2012). 

Maui Island’s beaches are the most erosional of the three islands based on average rates and percent of 
eroding transects (77%, long-term). All regions of Maui are dominantly erosional in the long and short-
term (Romine et al. 2013). The HAST nesting beaches along Maui’s southwest shores are prone to erosion, 
especially near the isthmus between west and east Maui. Nesting beaches include: 

• Oneloa Beach is a wide, sandy beach in a state park, separated from car traffic and closed to the public 
at night, with no commercial development and minimal artificial light; 

• Kawililipoa Beach runs along the center of the town of Kihei, where the coastline has been developed 
for residential, tourist and recreational uses during the day and night with artificial light; 

• Kealia Beach is a narrow beach running along the highway north of Kihei, with heavy traffic. HAST 
females appear to heavily favor Kealia for nesting but hatching success at this beach is extremely rare. 
Since HAST activity was first documented at Kealia in 1991, it has remained the most frequently 
utilized beach on Maui, with 28 nests by over 4 turtles over 13 seasons (King 2015). 

• Hana Bay is located on the northeastern windward coast. It differs from the above three beaches in 
its location on Maui. In 2001 only, hatchlings were reported but no nest cavity was found when the 
beach was searched. Due to Hana Bay’s remote location, limited resources and the isolated report of 
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hatchlings, this beach was not regularly checked by HWF volunteers during turtle nesting seasons 
(1996 to 2003). Although it is not currently considered primary HAST nesting habitat, the community 
has been provided with contact instructions on what to do if there are any future indications of 
nesting. In 2004, light pollution was considered a major threat at this beach (King et al. 2004). 

3.2.1.4. NESTING SUCCESS 
Nest success for HAST depends upon, among other important factors, beach habitat being dark and quiet 
at night. Distant point sources of light and urban glow are more likely to affect hatchlings but can impact 
adult females (Salmon et al. 1992). When coming ashore to nest, adult females use a “straight ahead” 
method to select a nest site and tend to be affected by bright lights in front of them upon emerging from 
the sea (Salmon 2003; Witherington 1992a). Artificial lights can cause HAST females to abandon nesting 
efforts, resulting in a false crawl or a nesting attempt where the female fails to deposit eggs (Witherington 
1992a) or returns to water and inadvertently sheds her eggs at sea (Witherington and Martin 2000). In 
addition, light pollution may cause some turtles to use sub-optimal nesting habitat causing a reduced 
number of hatchlings to be produced, hatchling survivorship compromised, and hatchling sex ratios 
altered.  
 
Once hatchlings emerge from the nest cavity, they are highly sensitive to disorientation by artificial lights. 
Hatchlings are equipped with rudimentary essentials to survive; regardless of the nesting beach, their 
crawls seldom deviate more than ± 20˚ from a heading directly toward the sea (Salmon 2003). Emerging 
from the nest, hatchlings tend to orient toward the brightest direction. When attracted to artificial lights, 
they wander in directions counter to their natural behavior – out to sea (Salmon 2003; Witherington and 
Martin 2000). Those that are disoriented may either travel along a consistent course away from the ocean 
and toward an artificial light source or are unable to establish a particular course and wander aimlessly. 

3.2.1.5. FORAGING AND RESTING BEHAVIOR AND HABITATS 
In Hawai’i, HAST are specialist sponge carnivores (Vicente 1994). Coral reef habitat supplies HAST with 
many food items including sponges, which need solid substrates for attachment. The ledges and caves of 
the reef provides turtles shelter for resting both during the day and at night. The HAST is also found around 
rocky outcrops and high energy shoals that are optimum sites for sponge growth (Meylan and Redlow 
2006; Seitz et al. 2012; Vicente 1994). 

The tendency of HAST in Hawai’i to use foraging habitats in the vicinity of their natal nesting colony (i.e., 
natal foraging philopatry (NFP), implies that mortality at foraging habitats would have a direct impact on 
local nesting populations and similarly, threats at nesting beaches would have direct impacts on nearby 
foraging habitats (Brunson et al. 2017; Gaos et al. 2020)). Numerous sightings have been reported at 
foraging habitats along west Maui due in large part to efforts by conservation organizations and 
collaborators in the area (King 2015). The potential impacts for HAST around the Hawaiian Islands are 
heightened given the isolation of the archipelago and that it represents the only significant and genetically 
distinct HAST nesting colony in the Central Pacific Ocean.  

3.2.1.6. MORTALITY 
There have been two known occurrences of HAST hatchling mortality events from artificial nighttime light 
sources on Maui Island (Rick 2012). In 2009 near the vicinity of 575 S. Kihei Road, two unmarked nests of 
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HAST hatchlings emerged, were immediately attracted to car lights, and were killed crossing Kihei Road. 
In a second event that same year, only 16 hatchlings were rescued from an entire clutch in an area of 
Kealia Beach; hatchling deaths at Kealia Beach has initiated HWF to implement measures such as fencing 
and education to minimize future mortality (Cerizo 2021). 

Adults disoriented by lights can get stuck on land and succumb to dehydration and exhaustion easily, 
especially since they are gravid when coming ashore. In 1993 and again in 1996 adult HAST became light 
attracted and were killed crossing North Kihei Road (Bernard 2020). 

3.2.2. GREEN SEA TURTLE 
In 1978, the Hawaiian subpopulation of GRST was listed as threatened under the ESA (NOAA Fisheries 
2011a; NMFS and USFWS 2007; USFWS 2016). Additional protective regulations are enforced throughout 
all areas within U.S. jurisdiction to conserve and restore marine turtle populations to their former levels 
of abundance (NMFS and USFWS 2007; NOAA Fisheries 2011a; USFWS 2016). Inclusion of GRST into the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), made it illegal 
to trade any products made from this species in the U.S. and 130 other countries. 

Of the five species of sea turtles that are known to occur in the Hawaiian Archipelago, the GRST is the 
most abundant year-round resident (Balazs and Chaloupka 2004; Chaloupka and Balazs 2007; Chaloupka 
et al. 2008). Their reproductive lifespan is uncertain, but some individuals have been observed nesting for 
at least 38 years (NOAA Fisheries 2011a). 

3.2.2.1. POPULATION STATUS 
Worldwide populations of the GRST have seriously declined as a direct result of overharvesting of turtles 
and eggs (Parsons 1962; Van Houtan and Kittinger 2014). Conversely, the DPS Hawaiian GRST population 
has increased significantly since being protected (Balazs et al. 2015a; Balazs et al. 2015b). Within the 
Hawaiian archipelago, this species nests almost exclusively in the NWHI, mainly at French Frigate Shoals 
(FFS), however, GRST nests have been observed on the MHI (Balazs 1994; Balazs and Chaloupka 2004; 
Balazs et al. 1987). 

A study by Frey et al. (2013) was able to reconstruct genotypes for nesting females from hatchling profiles 
and estimated that 15 different females were responsible for all nesting on the MHI. Further, their study’s 
results suggest that the nesting population at the MHI may be the result of a few founders that originated 
from the FFS breeding population, facilitated by captive rearing and release of FFS juveniles locally from 
O'ahu. In terms of population status, due to the loss of significant nesting habitat in FFS in 2018 from 
Hurricane Walaka, the nesting habitat of the MHI may be even more important for this species in Hawai'i. 

3.2.2.2. NESTING SEASON 
The GRST in Maui begin to mate in March and lay eggs on sandy beaches between April and September. 
One turtle will lay about 100 eggs in a clutch that incubates in the sand for about 60 days. The hatchlings 
dig out of the sand at night. In FFS, where 96% of the GRST population nests, a single female may deposit 
as many as six clutches during one season, but the mean in the MHI is 1.8 (NOAA Fisheries 2011a; Tanji 
2021a). The interval between oviposition in turtles that nest more than once averages 13 days and ranging 
from II to 18 days (Balazs et al. 1994). 



County of Maui -Technical Report   

Hamer Environmental, L.P.  31 | P a g e  
 

3.2.2.3. NESTING BEACHES 
In the County of Maui, nesting occurs on all three islands. On Maui Island, nesting is primarily on west and 
north coast beaches (Table 2). The primary threat to GRST nesting beaches on Maui is human presence 
and coastal infrastructure (HWF 2020). 

Table 2. Maui Island Beaches used by GRST (HWF 2020). 

Coast Hawaiian/Main Beach Name Other Known Name 

South (Mā'alaea to Mākena) Kawililīpoa Beach Waipu'ilani/Uluniu Road 

West (Mā'alaea to Kapalua) Hanaka'ō'ō Beach Canoe Beach 

  Kamehameha Iki Park 505 Front Street/ Shark Pit 

  Ka'anapali Beach Kahekili Beach/ Black Rock 

  Oneloa Beach Ironwood/ D.T. Fleming 

North (Waihe'e to Ho'okipa) Waihe'e Beach Wai'ehu Beach 

  Ka'ehu Beach Nehe Point Nehe Point 

  Kanahā Beach Kite Beach 

  Spreckelsville Beach Stable Road 

  Baldwin Beach   

  Pā'ia Bay   

  Hāmākuapoko Beach Maliko Bay 

  Ho'okipa Beach   

East (Hāna area) unnamed black sand beach   

 
 
On Moloka'i, the Mo'omomi Preserve is the most intact coastal sand dune ecosystem in the MHI. 
Protected since 1988, it provides significant GRST nesting habitat along the island’s NW coast (TNC 2012). 
From May to November annually, GRST nests are monitored by volunteers along Kawa'aloa Bay, which is 
located just outside the preserve’s western boundary. Turtle protection measures put in place include a 
pass-key system for restricted access (by people/by season) from the Preserve to the Kaiehu Point area 
above Kawa'aloa Bay where most turtles nest (TNC 2012). Mostly, restrictions are in place to specifically 
“prevent artificial lights from disorienting or disturbing the turtles while in the water or nesting on shore” 
(TNC 2012). There are no County streetlights within three miles of the preserve or Kawa'aloa Bay. 

Polihua beach on the northwest shore of Lāna'i was once a prolific GRST nesting site (Balazs 1976, 1985). 
In 2008, a GRST nest was documented on the southwestern end of Polihua beach. This was the first 
confirmed marine turtle nest at this location in several decades (Nurzia-Humburg and Hargrove 2008). 
Due to limited access to many of the coastal areas of Lāna'i and fewer people utilizing the coast, there is 
little current information available on marine turtle activity on Lāna'i. A lack of information, however, 
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does not necessarily indicate a lack of marine turtle activity. There are no County streetlights within four 
miles of any shoreline on Lāna‘i. 

3.2.2.4. NESTING SUCCESS 
Like HAST, nesting success depends upon several factors including human-related impacts and stochastic 
events. Nesting by GRST is highly variable on Maui Island’s north shore. In 2019, only 5 nests from one 
female were observed and monitored at Ho'okipa Beach Park (HWF 2020). Typically, in the area, 0-3 
females will lay 0-5 nests per year. Ho'okipa Beach Park continues to have high nest success and adequate 
beach habitat where nests can be deposited at least 100 m (33 ft.) from the surf and tidal effects; in 2019, 
all four nests hatched successfully (HWF 2020). On Moloka'i, results from the 2020 nesting season at 
Kawa'aloa Bay suggest that only two adults attempted to nest multiple times and only three of nineteen 
nests likely hatched (Powell 2020). 

3.2.2.5. FORAGING AND RESTING BEHAVIOR AND HABITATS 
Foraging and resting habitat exist on each of the three islands (Cutt and Martin 2020). GRST that reside in 
shallow benthic habitats are primarily post-pelagic juveniles (sub-adults) and adults (Balazs 1994). 
Subadult and adult turtles in nearshore benthic environments are almost completely herbivorous; feeding 
primarily on macroalgae and seagrasses (HDLNR 2015; Mitchell et al. 2005). Resting/feeding areas 
typically have a “cleaning station” and food sources (Losey et al. 1994; Nurzia-Humburg and Hargrove 
2008), as well as other aspects like protected or semi-protected waters around coral reefs and coastal 
areas (Balazs 1985; Balazs 1994), shelter from predators such as tiger sharks, and clean waters (Balazs 
1994). Key foraging habitat can be found around most of the MHI, but this species often returns to the 
same foraging areas after the breeding season. 

The GRST utilizes beaches on all shores of Maui Island (Table 3) (Cutt and Martin 2020). Marine tourism 
offers tourists regular sightings of GRST that emerge from the ocean to rest on the sand at Ho'okipa Beach 
Park. In no other location in Hawai'i do the GRST rest so consistently and in the highest numbers as they 
do at Ho'okipa Beach, drawing many tourists (Black 2018). At the south end of Ka'anapali Beach just south 
of the Hyatt Regency hotel, many turtles swim around rocks close to shore at Hanakao'o Beach Park. 
Foraging habitat for GRST is degraded at Ma'alaea Bay, Kihei, and Lahaina (HDLNR 2015; Mitchell et al. 
2005). The GRST also forages at Maluaka Beach and at Turtle Town – the name given to the general area 
between Makena’s One'uli Black Sand Beach and Nahuna Point. Olowalu Reef in Lahaina is a popular 
snorkel destination where GRST occur at a known cleaning station (Black 2018). In Kahului Bay, the 
nearshore waters of Hobron Point, where warmwater discharges from the power plant built in 1947, GRST 
congregating at the outfall showed no aversion to the plant’s shoreline lighting (floodlights) suggesting 
the turtles preferred the thermal advantage over other, darker areas in the bay (Balazs 1985; Balazs et al. 
1987). 
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Table 3. GRST basking reports by region and age class during (Jan-Dec) 2020 on Maui Island (Cutt and 
Martin 2020). 

 

On Moloka'i, the area of Pala'au is a coastal reef along the island’s south-central shoreline where GRST 
forage and rest (Balazs et al. 1987; Zardus and Balazs 2007). 

On Lāna'i, no basking activity has been reported on Polihua beach; however, basking is known to occur on 
the northeast shore of the island. However, Polihua beach is suitable substrate for basking and relatively 
close to known basking areas (Nurzia-Humburg and Hargrove 2008).  

3.2.2.6. MORTALITY 
No data was found regarding GRST hatchling disorientation and subsequent mortality on beaches in the 
County of Maui. One incident reported on O'ahu at the James Campbell Wildlife Refuge where a light 
source far inland and high on a ridgeline was responsible for the disorientation and mortality of hatchling 
GRSTs on the coast (HPR 2021). This points to the necessity to assess lighting characteristics other than 
solely proximity of light sources to nesting beaches. 

 

4. How and Why Artificial Light Can Adversely Affect Nocturnal Species 

Describing and measuring light is difficult partly because of the many parameters associated with different 
types of light sources but also due to discrepancies in how light value is presented (Bretschneider 2018). 
Artificial light sources are usually evaluated based on their lumen output. Lumen is a measure of flux, or 
how much light energy a light source emits (per unit time). The lumen measure does not include all the 
energy the light source emits but only the energy with wavelengths capable of affecting the human eye 
(Cruz and Lindner 2011; Longcore and Rich 2004; Longcore et al. 2018). Therefore, the lumen metric is 
defined in such a way as to be weighted by the (bright adapted) human eye spectral sensitivity. 

LED lighting products can be designed to emit almost any spectrum of light visible to the human eye. This 
versatility makes LEDs widely useful in myriad applications, especially for producing white light. White 
light of equal appearance to the human eye can be created with different spectral power distributions, 
with the brightest, purest white light created when all wavelengths are represented in equal parts across 
the spectrum of visible light. A spectral power distribution describes the energy emitted by a power 
source. Visible light are those wavelengths between ultraviolet and infrared (Figure 12). 

Region Juvenile Sub-adult Adult Unknown
North 1 7 26 0

Central 1 1 9 0
South 3 12 56 2
West 2 10 35 1
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Figure 12. The spectral distribution of light energy: Ultraviolet < 380 nm, visible light (to humans) 380-
700 nm, and infrared (> 700 nm) wavelengths in nanometers (nm). 

 

The spectral power distributions for four different light sources, including phosphor coated and red-green-
blue color-mixed LED products, can be created to all produce white light (perceived white to the human 
eye) (USDOE 2016). Conversely, two different sources of LED light with the same nominal Correlated Color 
Temperature (CCT) (for example, 3000 K) can appear very dissimilar due to spectral power distribution 
differences. In this way, the source’s CCT rating does not directly correlate to how much of each color light 
is emitted. LEDs that produce “white” light can emit various amounts of spectral wavelengths between 
approximately 380 nm and 500 nm (range of wavelengths considered “blue”); the CCT only provides a 
proxy for this blue light content (described in Section 4.1). Therefore, consideration should be given to 
the spectral characteristics (spectral power distribution curve) of the lighting source. 

4.1. VISION, WILDLIFE, AND ARTIFICIAL LIGHT 

Vision is critical for survival in most species of wildlife by providing cues animals use to orient themselves 
in their environment, find food, avoid predation, communicate, and mate (Nelson and Herron Baird 2002). 
Understanding wildlife sensitivity to different light wavelengths is critical to assessing potential effects 
from artificial lights. To manage light appropriately for wildlife, it is critical to consider how the 
characteristics of different artificial light-producing products are perceived by wildlife (Bretschneider 
2018; Lima et al. 2016; Longcore and Rich 2004; Longcore et al. 2018; Workforce Services 2019). 

In any light source producing a “white” light, even daylight, the color spectrum being perceived by humans 
is composed of various wavelengths, from short (in the human visible range of indigo and blue) to long 
(what humans perceive as yellow and red). Short wavelengths scatter more readily than long. Also, most 
nocturnal wildlife species are more sensitive to short wavelength light (including blue light) than humans 
(Figure 13) (Commonwealth of Australia 2020).  
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Figure 13. Ability to perceive different wavelengths of light – humans and wildlife – shown with 
horizontal black lines and dots representing peak sensitivities (Commonwealth of Australia 2020). 

Understanding photopic and scotopic vision is important when selecting the color (spectral wavelength 
composition) and intensity (spectral power distribution) of a light source. Both humans and wildlife detect 
light using photoreceptor cells in the eye called cones and rods. Color differentiation occurs under bright 
light conditions (daylight) because bright light activates the cones. Cones allow the eye to see color; this 
is known as photopic vision. Under low light conditions (dark adapted vision), light is detected by cells in 
the eye called rods. Rods only perceive light in shades of grey (i.e., no color); this is known as scotopic 
vision, and it is more sensitive to shorter wavelengths of light than photopic vision. The variation in the 
number and types of cells in the retina means wildlife and humans do not perceive light, and hence color, 
in the same way. In wildlife, being ‘sensitive’ to light means the animal is acutely perceiving light within 
that spectral wavelength composition (Tosini et al. 2016). 

4.2. VISION IN NOCTURNAL SPECIES 

Species like sea turtles and seabirds can detect and process the same type of light (identical in spectral 
power distribution, CCT, and wavelength composition) differently, despite their shared nocturnal habits 
when coming ashore. Marine turtles view light on the horizon between 0° and 30° vertically and integrate 
across 180° horizontally, so it is important to consider light in this part of the sky when monitoring for the 
effects on hatchling orientation during sea-finding (Salmon 2003; Salmon et al. 1992; Witherington 1992a, 
1992b; Witherington and Martin 2000). In contrast, fledging shearwaters on their first flight view light in 
three planes (vertically (at right angles from the horizon), from below, and above) as they ascend into the 
sky. Overhead sky glow (zenith) measurements are important when trying to avoid glare contamination 
by point sources of light low on the horizon (Commonwealth of Australia 2020). Quantifying the whole of 
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sky glow is important when measuring the effects of cloud cover, which can reflect light back to illuminate 
an entire beach or wetland (Aubé et al. 2018; Commonwealth of Australia 2020). 

4.2.1. VISION IN NOCTURNAL SEABIRDS 
The design of a nocturnal seabird’s eye is to provide good vision in darkness, daylight, under water, and 
in flight. For NESH and HAPE, tasks like ocean foraging and finding their nesting burrows are likely done 
visually in combination with olfactory cues, as shown for similar species like the Manx Shearwater 
(Puffinus puffinus) and Leach’s Storm-petrel (Oceanodroma leucorhoa) (Martin and Brooke 1991; Sin et 
al. 2021). Manx Shearwaters and NESH were formerly considered conspecific (Brooke 1990; King and 
Gould 1967; Perrins et al. 1973; Sincock and Swedberg 1969). Both species delay coming ashore during 
the breeding season until well after sunset and point of complete darkness. The eyes and vision 
capabilities of Manx Shearwaters have been studied (Martin and Brooke 1991) and this information is 
here used to make inferences about NESH. 

Manx Shearwaters have eyes adapted for high sensitivity which allows for improved nocturnal vision at 
the cost of high-resolution diurnal vision. Further, the retina in their eyes resembles a cat’s retina, 
whereby a uniquely structured and arranged area of neural cells exists and, depending upon the field of 
view being visually sampled, can become highly activated (i.e., triggers higher sensitivity) (Hayes et al. 
1991). For Manx, it is this area of their retina that interprets images when they use binocular view that is 
focused below the bill (Martin 2007), such as during foraging and chick rearing. This retinal area is not 
fully understood but “it may function in the detection of objects on the sea surface and/or be concerned 
with the detection of the actual sea surface as a bird flies low over it” (Hayes et al. 1991). 

It is unknown if the nocturnal vision capabilities are similar between adult NESH transiting low over coastal 
points and of fledglings leaving burrows on maiden ocean-bound flights. Both can be negatively impacted 
over brightly lit areas like dense urban areas but without knowing the differences among age classes in 
eye design and optical capabilities it is impossible to pinpoint the mechanism(s) causing the difference in 
impact. Some difference must exist based on the higher fallout occurrence of fledglings compared to 
adults (State of Hawai‘i 2009). 

4.2.2. VISION IN SEA TURTLES 
Sea turtle vision is most acute under water and shortsighted otherwise (Salmon 2003). Sea turtles and 
humans perceive light quite differently (Figure 13). Like seabirds, a sea turtle’s eyes contain oil droplets 
dispersed in both the rods and cones that help to filter incoming spectral wavelengths. The type and 
distribution of pigments, or lack of pigmentation, within the numerous oil droplets of each eye is likely 
what allows for vision in the ultraviolet spectrum of GRST (Liebman and Granda 1971; Mathger et al. 
2007). While the vision of sea turtles operates in near-ultraviolet, violet, blue-green, and yellow light 
wavelengths there is less sensitivity to light in the orange to red range of the (human) visible spectrum 
(Witherington 1992a). The high sensitivity of sea turtles to short wavelengths would be expected since 
they live in a medium (ocean water) that selectively filters out long wavelength colors (Salmon 2003). 

Hatchling sea turtles can be attracted to long wavelength red light at very high intensities. For example, a 
light source emitting a single wavelength yellow light is unattractive or only weakly attractive to hatchlings 
whereas another source that also appears yellow to humans but contains both green and red spectral 
components can be attractive to hatchlings (Witherington 1992a; Witherington and Martin 2000). Studies 
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have shown that hatchling sea turtles use primarily visual cues to find the ocean post hatching (Van Rhijn 
1979; Witherington and Martin 2000) with other factors such as beach slope having less of an influence 
(Witherington 1992b). Both color (wavelength) and brightness of light sources can influence sea-finding 
capabilities (Salmon et al. 1992; Witherington 1992b; Witherington and Martin 2000), but light has other 
properties like directivity, motion, shape, and periodicity that can affect hatchling orientation 
(Witherington 1992b). 

In addition to their spectral sensitivity, hatchling sea turtles also are sensitive to the directional 
component of light. The way hatchlings appear to integrate light stimulus implies that information is 
gathered from a broad, cone-like view (Ecological Associates 1998; Ehrenfeld 1968). Whereas adult sea 
turtles coming ashore to nest are most negatively impacted by light sources in direct line of sight, 
hatchlings combine visual cues from various directions which can lead to confusion when other light 
sources are present; such sources can include streetlights, beach campfires, or vehicle headlights. 
Hatchlings have been observed to respond to artificial light up to 18 km (11 mi.) away during sea finding 
(Commonwealth of Australia 2020). At the James Campbell National Wildlife Refuge on O'ahu Island a 
hatchling mortality event was caused by lights far from the nesting beach atop an inland ridgeline (HPR 
2021). 

4.2.3. NEWELL’S SHEARWATER AND GREEN SEA TURTLE RESPONSE TO BLUE LIGHT 
The International Dark Sky Association (IDSA) defines blue light content (as a percentage) as the sum of 
energy between 405-530 nm divided by the sum total of energy from 380-730 nm. Using the IDSA 
definition, a “blue light calculation” would include spectral wavelengths that would appear green to the 
human eye (495-570 nm). 

All lights that make light which appears white emit blue light, including the LED streetlight selected by the 
County of Maui. HPS, which generally appear yellowish, also emit blue light (Figure 14). One way to assess 
whether the spectral content of a light source is appropriate for use near sensitive wildlife is to consider 
the light’s spectral output and the species’ response curve (Figures 14-15). 
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Figure 14. Relative spectral curves plotted for the 100-watt HPS streetlight used by the County of Maui 
and the LED streetlight selected by the County of Maui to replace the 100-watt HPS, both operated at 
100-percent power output. Source: PSI/Maui County Data (Longcore et al. 2018). 
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Figure 15. Response curves of NESH (fledgling, left graph) and GRST (hatchling, right graph) to spectral 
wavelengths (x-axis) (Longcore et al. 2018). 

 

For NESH, response to spectral wavelengths occurs in the UV range and decreases to around 425 nm. 
Response then increases through the blue and green portions of the spectrum until approximately 570 
nm (in the yellow portion of the spectrum, similar to where human eye response peaks) before gradually 
declining to around 620 nm (near the start of the red portion of the spectrum) and then drastically 
declining to about 690 nm. For GRST, the response to spectral wavelengths begins in the UV range 
increasing to about 450 nm (in the blue portion of the spectrum) before declining steadily through the 
blue, green, and yellow portions of the spectrum until bottoming out at about 615 nm in the orange 
portion of the spectrum; a response is also evident in the red spectral wavelengths > 660 nm. 

 

5. Light Environment 

The IDSA defines light pollution as “any adverse effect of artificial light, including sky glow, glare, light 
trespass, light clutter, and over illumination” (Lima et al. 2016). Most types of light pollution can be broken 
down into one of five types: 

• Skyglow is any illumination of the night sky or parts of it; skyglow can be light pollution from 
artificial light accumulating into a vast glow that can be seen from miles away and from high in 
the sky. Light is refracted into the surrounding atmosphere and scattered due to a phenomenon 
known as Rayleigh Scattering. Skyglow is generally greater where unshielded exterior lights are 
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prevalent and reduced when shielded exterior lights are employed. Shielded lights also 
contributes to skyglow by reflecting off low clouds, and surfaces like buildings, windows, and 
pavement. However, Luginbuhl et al. (2009) found that even a small fraction of direct upward 
emission from non-shielded fixtures on dark skies exerts greater impact on skyglow than 
reflection off the ground. 

• Glare occurs when stray light is introduced to the human eye. If intense enough, disability glare 
can occur, which reduces the ability of the eye to resolve spatial detail and impairs visual 
performance. Intraocular (in the eye) light scatter blankets the retina with a luminance (called 
Veiling Luminance) that effectively reduces the contrast of images formed on the retina, greatly 
impairing a person’s nighttime driving visibility (Poot et al. 2008). Glare can be dangerous for 
drivers, cyclists and pedestrians and can also affect human health. 

• Light trespass occurs when light shines outside of the area it is intended to illuminate. A common 
light trespass problem occurs when a strong light enters the window of one's home from outside, 
causing problems such as sleep deprivation or the blocking of an evening view. Several U.S. cities 
and elsewhere in the world have developed and implemented outdoor lighting standards to 
protect the rights of their citizens against light trespass (Pace 2000). 

• Light clutter is the grouping of lights that can collectively generate too much light. While this may 
pertain to individual homes or business properties, mostly it relates to municipal lighting, 
especially streetlights (Gibbons et al. 2014; Hiscocks and Guðmundsson 2010). Bright and 
excessive groupings of lights can distract drivers and others like cyclists and pedestrians. Roadway 
lighting guidelines have been established that many agencies use to inform their streetlight 
design, avoid light clutter, and not distract or confuse drivers. 

• Over illumination includes first, the “more is better” attitude of lighting spaces and second, is 
having lights turned on that don’t need to be. Both aspects waste energy and money. Streetlights 
turning on too early or using bulb types and/or lighting fixtures that create too much light for the 
space needing illumination are light pollution. Further, the wasted light output produced from 
over illumination of night lights can create glare. 

5.1. MAUI COUNTY NIGHTTIME ENVIRONMENT 

Maui County’s light infrastructure encompasses three inhabited islands in the MHI: Maui, Moloka'i, and 
Lāna'i. Urban areas tend to be the primary contributors to most significant sources of light pollution and 
skyglow that affects sensitive natural areas and dark sky reserves (Lima et al. 2016; State of Hawai‘i 2011). 
On Maui Island, a high percentage of nighttime light visibility coincides with urban cities and coastal 
stretches of condominiums, resorts, and neighborhoods (red color, Figure 16). The topography and 
prominent land features of the island affect light visibility levels in areas of both west and east Maui 
(orange and yellow colors, Figure 16). The west Maui mountains (height ~1,764 m (5,787 ft.)) and in the 
east Haleakalā (height ~3,055 m (10,023 ft.)) create sufficient barriers that protect inland high elevation 
areas of the island from artificial light sources that exist on their flanks (black areas of Figure 16). The east 
and west mountains of Maui are connected by a flat isthmus known as the Central Valley. 
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Figure 16. Light visibility on Maui Island. Coloring denotes intensity of nighttime light emittance on a 
scale from 0 (black) to 100 (red) (Young et al. 2021). 

 
On Moloka'i Island (Figure 17), nighttime light emittance that occurs coastally is primarily along a portion 
of the south-central shoreline (Kaunakakai), with a small portion of northwest shoreline (Kepuhi Beach), 
and even smaller portions scattered on shorelines of the eastern half of the island (northshore, Kalaupapa; 
southeast shore, Ualapue). Non-coastal lighting is centrally located on the island (Kualapuu and Hoolehua) 
and present in the southwest (Maunaloa). For L āna'i, nighttime light visibility maps were not available, 
but light emittance is likely associated with populated interior areas of Lāna'i City, the Airport, and the 
south coast (Hulopoe Bay). 
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Figure 17. Light visibility on Moloka'i Island. Coloring denotes intensity of nighttime light emittance on 
a scale from 0 (black) to 100 (red) (Young et al. 2021). 

 

5.2. STREET LIGHTING CHARACTERISTICS 

As mentioned above, streetlighting is generally designed to comply with guidelines that have been 
established by IDSA or other entities to avoid light clutter, create evenly lit areas, and provide a safe 
vehicle and pedestrian environment. Nevertheless, street lighting can easily become excessive or 
cluttered whereby groupings of light sources create a bright and confusing environment for both humans 
and wildlife. Best Management Practices to eliminate or reduce light pollution include the use of lighting 
only where it is needed, when it is needed, and as bright as needed (Workforce Services 2019). 
Management of light sources can include use of timers, motion sensors and dimmer switches and turning 
lights off when not in use. Using LED light sources can alleviate some light pollution problems. An LED is a 
semiconductor light source that is highly efficient at converting electricity into visible light, with a high 
optical efficiency (how much light reaches target areas compared to how much light is produced by the 
fixture), and a versatile range of CCTs. 

Before LED-type lights, measuring a bulb’s brightness was by wattage. The higher the wattage, the 
brighter the light. To specify a bulb’s brightness now, reference is made to its output in lumens. Lumen is 
simply the unit of measurement for the light’s brightness as perceived by the human eye. Watts measure 
the amount of energy required to light products, whereas lumens measure the amount of light produced. 
The more lumens in a light source, the brighter the light to humans. 

The color wavelengths in a light source produce heat, measured in Kelvins (K) and referred to as CCT. The 
lower range of CCT produces a warm light (approximately 1,000–3,500K) and the higher range provides a 
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cool light (approximately 6,500–10,000K) (Wood et al. 2019). Often, lighting designers will describe light 
“warm” or “cool” in relation to the light’s color; warm lights are rich in yellow and orange where cool 
lights produce more light in the blue spectrum. Importantly, CCT does not give any information about the 
color rendering ability of the LED. 

The Color Rendering Index (CRI) rating for a light source is on a scale from 1 to 100, where 100 represents 
the highest ability of the light produced to allow for humans to discern colors accurately. LEDs CRI ratings 
typically range between 70 and 80, while HPS lights rate between 20 and 30 (USDOE 2016). The light 
produced by an LED is typically whiter and cooler than that produced by HPS (Figure 18). LED lights can 
improve nighttime visibility and impair it because of such effects as eye strain and fatigue (Gibbons et al. 
2014; Hiscocks and Guðmundsson 2010; Thurairajah 2015). 

 
 

Figure 18. A comparison between lighting sources; HPS sources (left) and LED (right) (Bilsten et al. 2013). 

 

5.3. LIGHT SHIELDING AND LENSES 

In the past, streetlights commonly had a “drop lens” that resulted in a portion of the light produced being 
directed above the horizontal (uplight). As discussed at the top of Chapter 5, uplight generates skyglow. 
Streetlights in Maui are now required to be “fully shielded” so that no light is directed above the 
horizontal. Shielding can be used regardless of the light source type (e.g., HPS or LED) being used. Shields 
are often used with outdoor lighting fixtures to improve the focus of the light source and to block the 
pattern of illumination so that it stays below the horizontal plane of the light fixture, thereby increasing 
the ability to direct light downward, projecting it only where it is needed. Additional shields or hoods 
(metal or dark plastic shield below the lens) may be added to light fixtures to further reduce stray light 
and avoid light trespass (Figure 19). Figure 20 shows an example of how shielding affects the lighting 
environment. 
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    “Drop lens” streetlight   “Fully shielded” streetlight Fully shielded streetlight with "Additional 
             Shielding”  

           

Figure 19. Streetlight “Drop Lens” and “Fully Shielded” Designs and example of Additional Shielding. 

 
Figure 20. Examples of unshielded and shielded light sources in eliminating light from being projected 
upward above the horizontal plane of the fixture (Workforce Services 2019). 

Many commercially available streetlights can be obtained with a variety of lenses. The lens directs the 
light in specific directions.  For example, one lens type creates a linear lighted area that is appropriate to 
straight segments of roadway and another lens type creates a circular lighted area that is appropriate to 
cul-de-sacs or intersections.  

6. Streetlight Conversion Projects 

6.1 NATION-WIDE STREETLIGHT CONVERSION PROJECTS 

Most major cities and towns across the United States have converted to roadway lighting using LED 
fixtures for improved visual (human) acuity, low cost, high efficiency, and low maintenance (Holly 2021). 
In addition to using less energy, a single LED light has four times the lifespan of a single HPS light, making 
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LEDs a preferred choice for long-term cost savings (City of San José 2016). Seeing successfully 
implemented LED street lighting programs that significantly cut annual utility bills and energy emissions 
has increased the attractiveness and accessibility of streetlight retrofits, regardless of region or utility 
structure. 

The myriad conversion projects nationwide have shed light on the importance of having a thorough 
knowledge of the area’s municipal needs and by working with a lighting planning expert pre- and post-
installation. For example, many municipalities simply use illumination guidelines established by the 
Illuminating Engineering Society (IES) to set lighting levels in their ordinance. However, standards set forth 
by the IDSA are stricter than IES standards. The City of Boston converted 64,000 electric streetlights 
(42,000 mercury vapor lamps and 22,000 HPS lamps) to LED lights (City of San José 2016). Several lessons 
were learned from the Boston light conversion project. Following the project, the city realized that during 
the design phase of their streetlight conversion project, lighting specifications needed to be highly refined 
to include more details on aspects such as: 

• Pavement type,  
• Luminaire height above roadway, 
• Luminaire spacing, 
• Setbacks,  
• Defined uniformity, and  
• Defined light loss factor.  
 
The city of Ashville, North Carolina, served by Duke Energy Progress, converted 8,000 streetlights city-
wide to LED fixtures (Bilsten et al. 2013). They received 120 complaints that resulted in 40 fixtures 
receiving shields and 20 fixtures removed altogether. The top complaint was that the LED lights were too 
bright (Bilsten et al. 2013; Wolf 2015). In the city of Algona, Iowa, 447 LED lights were installed by the 
Algona Municipal Utilities under the guidance of a lighting expert. Post installation of the new lights, the 
city stated that their project’s success resulted from having extensive knowledge of municipal energy 
consumption and working with a lighting designer that was able to answer individual technical questions 
for the city’s working group (Bilsten et al. 2013; Wolf 2015). 

The City of Las Vegas conducted an extensive study on light pollution following a streetlight conversion 
project (City of Las Vegas 2013). The study determined that LED light patterns were more controllable, 
and once light was directed where it needed to be, there was less spillage (light trespass) onto adjacent 
properties and the sky (skyglow), as shown in other post conversion projects (Figure 21). The City of Las 
Vegas found that after a period during which final adjustments were made to fixtures, there was a 
decrease in requests by citizens for the City of Las Vegas to deal with unwanted light on their property. 
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Figure 21. Aerial views of Mount Wilson, outside of Los Angeles, California, from 2002 (left) prior to LED 
conversion and in 2012 (right) post LED installation, that the City of Las Vegas used to justify that their 
conversion project would reduce light pollution (City of Las Vegas 2013). 

6.2 STREETLIGHT CONVERSION PROJECTS IN THE HAWAIIAN ISLANDS 

The State of Hawai'i joined the nation-wide movement over ten years ago to switch to LED lighting sources 
for cost-saving purposes and to improve roadway safety throughout its Counties. 

6.2.1 KAUA'I COUNTY 
Kaua'i County was first in the state to retrofit their streetlights to LED. In 2010, prior to the streetlight 
conversion, the County of Kaua'i faced violations of the ESA by taking (killing and wounding) federally 
protected species due to nighttime light pollution, with NESH fledglings primarily being impacted. The 
County of Kaua'i paid fines totaling $720,000 for not shielding any of its lights, preparing a Habitat 
Conservation Plan (HCP), or applying for a permit to authorize the take of a protected species (USDOJ 
2010). 

The conversion project began in 2016 and took a year to complete. All streetlights on state and county 
roadways (3,482 fixtures) have been converted from HPS lights to fully shielded LED lights in a joint project 
between the County and Kaua'i Island Utility Cooperative (KIUC). Electronic controls are used with this 
system and lights can be adjusted based on time of day and seasonality, which results in additional energy 
efficiency. The project was expected to save the county approximately $400,000 annually (HFP 2017). 

6.2.2 CITY AND COUNTY OF HONOLULU 
The City and County of Honolulu completed its 2-year LED Streetlight Conversion project in the fall of 
2019, replacing a total of more than 53,000 city streetlights with “energy-efficient” LEDs, saving as 
estimated roughly $3 million per year (HFP 2019). LEDs with different CCT values are used throughout the 
island: 4000 K on arterial streets and some mixed commercial districts and 3000 K in residential areas and 
Waikīkī, the latter making up approximately 90 percent of the new LED streetlights. A networked control 
management system allows Honolulu to adjust individual or groups of lights at different times of the day 
and provided options for dimming and completely shutting off when not in use (Mendoza 2016). 

6.2.3 HAWAI'I COUNTY 
The County of Hawai’i has one of the strictest dark sky ordinances in the world due to the world-class 
observatories present on Mauna Kea. LED streetlight fixtures manufactured to filter out blue light have 
been used throughout Hawai'i Island since 2012 to comply with Hawai'i County's outdoor lighting 
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standards, which require LED roadway lighting to have less than 2% blue-light content (1988, Ord. No. 88-
122, sec. 3). Product specification sheets, corresponding testing reports, and shielding for two models of 
LED streetlight fixtures manufactured to filter out blue light and being used on Hawai'i Island are found in 
the County’s Department of Public Works, Traffic Division, Street Light Standards notice for new and 
replacement of streetlights (Hawaii County Code§ 14-55, Table 14-A) (County of Hawai'i 2021). 

By 2012, the County of Hawai'i had installed 100 new, lime-green LED streetlights in Waimea and 500 in 
Hilo, with plans to install the remaining 400 in Kailua-Kona. The County Department of Public Works’ 
Traffic Division drafted an amendment to the lighting code to allow this conversion of streetlights to 
continue on all county roads, with energy savings of around 60% compared to the low-pressure sodium 
(LPS) lights used by the County of Hawai‘i (Sur 2012). 

In 2017, the County of Hawai'i launched a streetlight improvement program, with savings from the 2012 
conversion allowing the county to further improve the island’s lighting infrastructure (Hawai'i Tribune 
Herald 2017). The improvement program has three-phases to address lighting inadequacies regarding the 
type and placement of lighting and number of lights used. The first phase was completed in September 
2020 with 1,500 lights replaced on main connector roads in south Hilo and north Kona areas (County of 
Hawai'i 2019). Part of the streetlight improvement program involved a pilot study using “new smart 
technology” to monitor streetlights in Hilo, on Kapi‘olani Street, in 2019. The smart lights were remotely 
monitored by computer, which reduced the cost of sending road crews to visually inspect the lights. Based 
on the results of the County’s pilot program, the new smart streetlights are planned for installment island-
wide in Phases Two and Three. 

6.2.4 MAUI COUNTY 
Maui County has already purchased and began installation of the LED lighting fixtures for the project. The 
selected LED product is the Evolve™ LED Roadway Light manufactured by General Electric. Per the 
product’s specification sheet, applications for this fixture include local roadways, collector roadways, and 
major roadways/streets. Similar to the other counties in the State, the County of Maui’s converted 
streetlights are equipped with a wireless remote-control system. The system allows the County to dim or 
turn off individual or groups of streetlights. 

Features of the Maui County LED fixture being used are listed on the product sheet: 

• Product specifications give a pole mounting height of 27 to 40 feet, 
• Optimizable roadway photometric distributions capabilities (zero light trespass, lower output 

needed), 
• Evolve™ light engine (reflective technology) designed to increase brightness yet minimize glare, 
• 70 CRI at 2700K (i.e., high ability for humans to discern colors under a warm spectral colored light 

source), and 
• Upwards Light Output Ratio (ULOR) ULOR = 0 (i.e., zero uplight). 

 

Chapter 7. Conclusion 



County of Maui -Technical Report   

Hamer Environmental, L.P.  48 | P a g e  
 

7.1 ASSESSMENT OF PROJECT IMPACTS 

The full effects to seabirds and sea turtles from artificial nighttime light sources are difficult if not 
impossible to fully quantify. Given the documented sensitivity of NESH, HAPE, HAST, and GRST to artificial 
nighttime light sources, an impact of some degree, either adverse or beneficial, would be expected when 
changes are made to the streetlight system. Information known about these species, their breeding habits 
and habitats, and their nocturnal behaviors, can be used in planning so that potential adverse impacts are 
minimized, potential beneficial effects are realized, and any unexpected impacts can be quickly addressed 
and eliminated or minimized. 

7.1.1 SEABIRDS 
Both NESH and HAPE, adults and fledglings, exhibit harmful and fatal behaviors in the presence of brightly 
lit white light at night like that typically found in dense urban areas and at outdoor sports fields (USFWS 
2019). These deleterious behaviors have also been exhibited in localized areas where a small but 
significant bright light source and/or upward reflective light exists (Raine et al. 2017; State of Hawai‘i 2009; 
Tanji 2021b). 

Each year, during a known period in the fall, fledglings of both species are attracted to and impacted by 
artificial sources of nighttime lighting in the County of Maui (see Section 3.1.1.5). The County plans to 
continue converting streetlights in areas where seabird fallout has been documented (Figure 22). The 
County will have (previously unavailable) means to control aspects of individual and groups of streetlights 
such as dimming and turning them off. Utilizing this control system to reduce artificial light during the 
fledging season (September 15 through December 15) each year in known flyways and along coastal 
shores has the potential to reduce impact to both species, especially NESH. Control of the streetlights 
could be extended to include consideration of the moon phase, the importance of which is discussed in 
Section 3.1.1.5. 
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Figure 22. Map of Maui Island showing seabird fallout locations (red square) in relation to areas of high 
light emittance, and the current extent of LED lights installed for the project (orange star) along the 
north and east portions of the island (Penniman 2020). 

Being dependent upon their scotopic (low light) vision, NESH and HAPE become more sensitive to the 
scattering of blue light, either directly from a light source or in reflective illumination, which increases 
perceived sky glow. While the product’s specification sheet reports zero ULOR, this only refers to sky glow 
that will be eliminated through the fixture’s fully shielded design but not its illuminance reflected upward 
from the ground. While some LED sources may emit higher proportions of blue light than HPS sources, 
the design and output factors for LED luminaires (e.g., full shielding) and a decrease in light output (e.g., 
dimming capability) can offset some negative impacts potentially caused by the blue light (Wood et al. 
2019). Additional measures including turning off lights earlier during peak fallout periods may be needed 
to fully negate the effect of upward reflective illumination. 
 
Based on our assessment, the conversion of streetlights from HPS to LED as proposed by the County could 
have negative impacts on NESH and HAPE assuming no avoidance or minimization measures are employed 
(see Section 7.2). Implementing avoidance and minimization recommendations would greatly reduce the 
potential negative effects to seabirds. The following provide points regarding how the LED streetlights 
were selected (and can be managed) to adhere to County regulations and reduce the potential for adverse 
effects to nocturnal seabirds: 
 

• The lights will be fully shielded. The lamps selected by the County of Maui emit zero uplight. 
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• The LED light fixtures are better at focusing light on the roads and result in less light trespass than 
HPS. Glare on road surfaces, localized skyglow, and additional dimming and shielding may need 
to be addressed for individual or groups of lights through adaptive management practices post 
LED installation/conversion. 

• On Kaua’i, the HCP concluded that shielding lights without also controlling the color spectrum and 
power output of the light failed to adequately reduce seabird attraction, and hence, take (State 
of Hawai'i 2020). These three factors are addressed by the County of Maui by using an LED with a 
low CCT (2700K), at the low end of the CRI scale (70) and having dimming capabilities (not 
available with HPS lights). 

• Factoring in the seabird’s eye response, the brightness of the 100W HPS and the selected LED are 
essentially identical (LED is 0.2% dimmer than HPS). Therefore, it is expected that no change or 
an improved change in impact would occur. 

7.1.2 SEA TURTLES 
Nighttime artificial lighting is known to disturb emerging adult sea turtles attempting to nest and emerging 
hatchlings orienting to the sea. Based on the compiled information on use areas, a small population of 
breeding adults of each species nests in Maui County, primarily on Maui Island, and both species of all age 
classes use nearshore waters for resting and foraging (Figure 23). Accounting for the increased 
documented use of beaches and nearshore areas by sea turtles during recent periods of little to no human 
visitation (state beach and resort closure periods during COVID pandemic), it would be prudent to view 
all beaches throughout the county as potential nesting beaches and all nearshore areas containing the 
necessary elements turtles need for feeding and loafing as foraging/resting areas for HAST and GRST. 
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Figure 23. Coastal areas of Maui County used by HAST and GRST from compiled literature resources (see 
Chapter 2.2). Red denotes areas of known turtle nesting activity, yellow denotes known 
resting/foraging areas, and orange denotes areas with both activities (Sources listed in Methods 2.2 Sea 
Turtles). 

To assess the potential impact of coastal lighting on sea turtles an analysis of all Phase I (1,847) and Phase 
II (2,771) LED lights to be installed by the County of Maui was conducted in relation to shoreline setbacks 
ranging in 100 ft. increments from 300 to 700 ft. (Table 4). 

Table 4. Percentages and representative number (in parentheses) of County of Maui coastal lights 
occurring at 100-foot intervals from the shoreline of Maui Island. 

Shoreline Setback  
(100-ft increments) 

Percent of Phase 1 Lights 
(total = 1,847) 

Percent of Phase 2 Lights 
(total = 2,771) 

Total Lights 
(total = 4,681) 

300 feet 1.4% (26) 3.5% (96) 2.6% (122) 

400 feet 2% (37) 6.3% (175) 4.5% (212) 
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Shoreline Setback  
(100-ft increments) 

Percent of Phase 1 Lights 
(total = 1,847) 

Percent of Phase 2 Lights 
(total = 2,771) 

Total Lights 
(total = 4,681) 

500 feet 2.6% (49) 8.3% (231) 6.0% (280) 

600 feet 3.7% (70) 9.9% (274) 7.3% (344) 

700 feet 5.2% (96) 11% (305) 8.6% (401) 

Results were derived primarily using Phase II lights because of the higher number of lights located close 
to the coast within this data set. There is a substantial difference in the number of lights captured within 
the 400 ft. setback compared with the 500 ft. setback. However, extending setbacks out to 600 ft. is less 
significant. Those streetlights within 500 ft. of the shoreline represent most of the lights that have a 
potential to impact sea turtles. 

It is important to note that these measurements are based off a coastline shapefile. Actual ground 
measurements would likely differ to some degree. For example, given the quality of the imagery, it was 
difficult to decipher if in some areas the analysis captured all or only portions of a beach. Also, any annual 
beach erosion (where turtles would be forced further up a beach to nest) were not factored into the 
analysis. This analysis also does not consider if each streetlight is visible from the beach or if intervening 
topography, structures, or vegetation results in the streetlight not being visible from the beach.   

Further, this analysis does not consider streetlights further from the beach even though, in rare instances, 
inland light sources at higher elevations have caused disorientation in hatchlings depending upon the 
angle of light hitting a beach. County-wide ground-truthing from the beaches would be required to assess 
if streetlights in exposed upland areas represent potential hazards to sea turtles. 

Based on our assessment, the conversion of streetlights from HPS to LED as proposed by the County could 
have negative impacts on HAST and GRST assuming no avoidance or minimization measures are employed 
(see Section 7.2). The risk for impact is higher for HAST given that this small population in Hawai’i 
potentially represents a DPS and primarily occurs throughout Maui and Hawaii counties making these 
populations vulnerable to stochastic events. However, GRST populations in the state are also vulnerable 
given the loss of nests and nesting habitat at FFS in NWHI from Hurricane Walaka in 2018; the subsequent 
long-term effects, if any, on GRST productivity numbers from this event remain unknown. 

Implementing avoidance and minimization recommendations (see Section 7.2) would greatly reduce the 
potential negative effects. The following provide points regarding how the LED streetlights were selected 
(and can be managed) to adhere to County regulations and reduce the potential for adverse effects to sea 
turtles: 

• The streetlights will be fully shielded, with light focused on the roads to reduce light trespass.

• Where streetlights occur within 500-feet of the shoreline, a post-installation assessment should
be made to determine if additional shielding or dimming are required.
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• Localized skyglow and additional dimming and shielding may need to be addressed for individual 
or groups of lights through adaptive management practices post installation/conversion in regions 
of high light emittance (see Section 5.1). 

• Post-conversion assessment of targeted areas of seabird and sea turtle sensitive areas (salvage 
hotspots and coastal beaches, respectively) to optimize adjustments to streetlight timing and 
dimming options during known breeding periods. 

7.2 RECOMMENDATIONS TO AVOID AND MINIMIZE POTENTIAL FOR ADVERSE IMPACTS 

For species protection to occur, regulatory compliance must be met in combination with species-specific 
needs being addressed. Meeting regulatory compliance would eliminate some, but not all, of the factors 
known to negatively impact these species. Laws that regulate the blue light content of a light source and 
a light’s use are applicable to human health and safety but often neglect to factor in nocturnal species 
adequately. At a minimum, all lighting changes must comply with the requirements outlined in the Maui 
County Outdoor Lighting Ordinance (Council of the County of Maui 2015). 

Three primary issues the County of Maui can address to reduce the potential for take to seabirds and sea 
turtles are: 

1. Some streetlights occur too close to the shoreline (sea turtles). 
2. At targeted seabird/sea turtle sensitive areas (inland salvage hotspots and coastal shores), conduct 

post-conversion assessment to ensure lights are optimized for wildlife. 
3. Ensure the mounting heights of LED fixtures meet the minimum 27-foot specifications provided by GE 

(for accurate representing the light’s properties/behaviors) (General Electric Company 2021). 

Recommended Measures: 

• In cases where white light is necessary in sensitive wildlife areas, 2700 K or lower CCT (optimal < 2500 
K) should always be chosen over higher CCT LEDs. In cases where white light is not necessary, PC 
amber LEDs should be used. LEDs that are filtered to completely remove blue light may also be 
considered (Aubé et al. 2018). 

• Reduce and/or eliminate unexpected light pollution aspects (skyglow, glare, light trespass, light 
clutter, and over illumination) by using a light planning specialist and wildlife expert throughout the 
LED conversion project to: 

o Ensure conformance with state and county ordinances for periods of lights off at night where 
applicable. 

o Determine the temporal and seasonal light setting adjustments for lights located near known 
hotspots associated with annual events of seabird fledging and sea turtle hatching. 

o Determine changes in skyglow reflectivity of lights under various weather conditions like low 
cloud ceiling. 

o Determine where additional shielding of lights is needed for any light that may cause light 
trespass, over illumination, or through dimming or reduction of light clusters to alleviate clutter. 

• Employ seasonal dimming of lights for seabirds during fall fledging (15 September to 15 December). 
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o Consider the moon phase during the fledging period and adjust the lights as appropriate. 

• Employ seasonal dimming of lights for sea turtles during nesting and hatching periods. 

o May to September for adult female nesting. 

o August through October for hatchlings (emerging as late as December). 

• Provide additional shielding of lights within 500 ft. of shoreline in the vicinity of sandy beaches for sea 
turtles (see Figure 19 for example of additional shielding). 

• Adjust the height and/or shielding aspects of streetlights in the vicinity of sandy beaches for turtles 
so that they are not near the horizon when viewed from the beach. 

• Employ adaptive management post-LED light conversion to reduce or eliminate unforeseen potential 
impacts to seabirds and sea turtles. 

• Coordinate with wildlife organizations and agencies following the conversion project, as appropriate, 
to identify problematic streetlights, if any, and take appropriate actions. 

 

7.3 SUMMARY 

The best take-away from nation-wide LED streetlight conversion projects is to employ a lighting consultant 
for both the pre-planning and post LED light installation fine-tuning stages. Ground truthing post LED 
installation would ensure accurate light measurements are obtained. By project implementation of 
avoidance and minimization measures, including those recommended in Section 7.2, The County of Maui’s 
LED light conversion project is unlikely to impact nocturnal seabirds NESH and HAPE or sea turtles HAST 
and GRST any more than existing HPS lighting. 
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