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 NOP Comment Letters



STATE OF CALIFO RNIA 

GOVERNOR'S OFFICE o{PLANNING P..ND RESEARCH 

EDMUND G. BROWN JR. 
GoVERNOR 

November 17, 2016 

To: Reviewing Agencies 

Re: PCH & 2nd Project 
SCH# 2014031059 

STATE CLElJUNGHOUSE AND PLANNING UNIT 

Nolice of Preparation 

Attached for your review and comment is the Notice of Preparation (NOP) for the PCH & 2nd Proj ect draft 
Environmental Impact Report (EIR). 

RENALEX 
DIREcroR 

Responsible agencies must transmit their comments on the scope and content of the NOP, focusing on specific 
information related to their own statutory responsibility, within 30 davs ofreceipl oflhe NOP from the Lead 
A2encv. This is a courtesy notice provided by the State Clearinghouse with a reminder for you to comment in a 
timely manner. We encourage other agencies to also respond to this notice and express their concerns early in the 
environmental review process. 

Please direct your comments to : 

Cra ig Cbalfant 
City of Long Beach 
333 W. Ocean Boulevard, 5th F loor 
Long Beach, CA 90802 

with a copy to the State Clearinghouse in the Office of Planning and Researcb. Please refer to the SCH number 
noted above in all correspondence concerning th is proj ect. 

If you have any questions about the environmental document review process, please call the State Ciearinghouse at 
(916)445-0613. 

Sincerely, 

.--- /7 
~~?:-~ 
~organ , 
Director, State Clearinghouse 

Attachments 
cc: Lead Agency 

1400 lOth Street P.O. Box 3044 Sacramento, California 95812·3044 
(916) 445-0613 FAX (9 16) 323-3018 www.opr.ca.gov 



SCH# 
Project Title 

Lead Agency 

2014031059 
PCH & 2nd Project 
Long Beach, City of 

Document Details Report 
State Clearinghouse Data Base 

Type NOP Notice of Preparation 

Description Note: Review Per Lead 

The proposed project involves demolition of the existing Seaport Marina Hotel and construction of a 

commercial center totaling 245,000 sf, consisting of 95,000 sf of retail uses, a 55,000 sf grocery store, 
a 25 ,000 sf fitness/health club, approximately 70,000 sf of restaurant uses, and 1,150 parking spaces. 
The proposed commercial structures would be one- and two-story buildings with a max height of 35 
feet as defined by the Long Beach Municipal Code. 

Lead Agency Contact 
Name 

Agency 
Phone 
email 

Craig Chalfant 
City of Long Beach 
5625706368 Fax 

Address 333 W. Ocean Boulevard , 5th Floor 
City Long Beach State CA Zip 90802 

Project Location 
County 

City 
Region 

Los Angeles 
Long Beach 

Cross Streets 
Lat! Long 
Parcel No, 

Township 

Pacific Coast Highway and 2nd Street 
33 0 45' 21 .7" N / 118 0 06' 37.2" W 

Proximity to: 
Highways SR-1, 1-405 

Airports 

Range Section 

San Gabriel River, Los Cerritos Channel, Alamitos Bay 
Naples ES 

Base 

Rai/ways 
Waterways 

Schools 
Land Use Commercial uses I Subarea 17, PD-1 : Southeast Area Development and Improvement Plan/ Land Use 

District 7, Mixed Use 

Project Issues AestheticNisual; Air Quality; Archaeologic-Historic; Coastal Zone ; Drainage/Absorption ; Flood 
Plain/Flooding; Geologic/Seismic; Noise; Public Services; Soil Erosion/Compaction/Grading; 

Toxic/Hazardous; TraffiC/Circulation ; Water Quality; Water Supply; Landuse; Cumulative Effects; Other 

Issues 

Reviewing Resources Agency; Department of Boating and Waterways; California Coastal Commission ; 

Agencies Department of Conservation; Office of Historic Preservation; Department of Parks and Recreation; 

Resources, Recycling and Recovery; Department of Water Resources; Depu:':ment of Fish and 
Wildlife, Region 5; Office of Emergency Services , California; Native American Heritage Commission; 

State Lands Commission; Department of Housing and Community Development; Caltrans, District 7; 
Regional Water Quality Control Board, Region 4 

Date Received 11/17/2016 Start of Review 11/17/2016 End of Review 01/09/2017 

Note: Blanks in data fields result from insufficient information provided by lead agency. 



Print Form 
Appendix C 

Notice of Completion & Environmenta l Document Transmittal 
Mail to: State Clearinghouse, P.O. Box 3044, Sacramento, CA 958 12-3044 (9 16) 445-06 13 !'lItH4t. f, t',. ", 1· 0 
For Hand Delivery/Street Address: 1400 Tenth Street, Sacramento, CA 958 14 \J r _ 

Project Title: =2;..:n=.d-=&:.cP'-C=H ____________________ ______________ _ 

Lead Agency: City of Long Beach 

Mailing Address: 333 West Ocean Blvd, 5th Floor 

Contact Person: Craig Chalifant 

Phone: 562-570-6368 

City: Long Beach Zip: 90802 County: Los Angeles 

Project Location: County:::L"o"s ,::.A;:.n!l;g!:;e:::le"'s'-,--..,. _____ CitylNearest Community: ::L"o!.!nl!g..:B:;e:::a::ec!.!h ______ -:--::-::-::-::-__ 
Cross Streets: Pacific Coast Highway a nd 2nd Street Zip Code: "9,,08:::0,,,3,-__ 

Longitude!LatilUde (degrees, minutes and seconds): 33 o~' 21 .7 " N / .:!..!.L0~' 37.2 " W Total Acres: .:.10".:,:7.:.7 _____ _ 

Assessor's Parcel No.: ___ -=:=--,-:-:-=______ Section: Twp.: Range: Base: -:---:: __ 
Within 2 Miles: State Hwy #: ;::S.:..R:..-.:..1 ,,,1:..-4.::0::.;5"-_____ Waterways: Sa n Gabriel River, Los Cerritos Channel , Alamitos Bay 

Airpons: ___________ Railways: Schools: Naples Elementary 

Docume nt Type : 

CEQA: ~ NOP 0 Draft EIR NEPA: 0 NOI Other: 0 Joint Document o Early Cons 0 Supplement/Subsequent EIR 0 EA 0 Final Document o Neg Dec (Prior SCH No.)______ 0 Draft EIS 0 Other: ______ _ 

_ ~ _M~N~g~e~ _ ~th~r_ _ _ _ _ _ _ ___ ~~!IOl!~~PI~!19!~h_-_-_----_-_-_-_ 

o Rezone NOV 17 2016 0 Annexation 

Local Action Type: 

o General Plan Update o Specific Plan 
o General Plan Amendment 
o General Plan Element 

o Master Plan 
o Planned Unit Developmem 
[lg Site Plan 

~~A~-A\RiNG~O.uS~ Redevelopment 
Coastal Pennit 

o Community Plan o Land Division (Subdivision, etc.) 0 Other: _____ _ 

Developme nt Type : 

o Residenlial: Units ___ Acres _ _ _ 
o Office: Sq.F1. Acres __ _ Employees __ _ o Transportation: Type _____________ _ 
~ CommerciaJ:Sq.Ft. 245k Acres __ _ 
o Industrial: Sq.Ft. Acres __ _ 

Employees __ _ 
Employees, __ _ 

o Mining: Mineral ______ .,..,,~-----o Power: Type ______ MW~ ___ _ 
o Educational: o Recreational:-------------------

o Waste Treatment:Type MGD ____ _ o Hazardous Waste:Type _____________ _ 
o Water Faci lities: Type ______ _ MGD ___ _ o Other: ________________ _ 

Project Issues Discussed in Document : 

[g} AeslheticNisual 0 Fiscal 0 RecreationlParks 
o Agricultural Land ~ A ood PlainlFlooding 0 SchoolsfUniversities 
~ Air Quality 0 Forest LandlFire Hazard 0 Septic Systems 
[gJ ArcheoiogicallHistorical [g] Geologic/Seismic 0 Sewer Capacity 
o Biological Resources 0 Minerals ~ Soil Erosion/Compaction/Grading 
[lg Coastal Zone ~ Noise 0 Solid Waste 
(&J Drainage/Absorption 0 PopulationlHousing Balance ~ ToxiclHazardous 
D EconolTllc/l obs [EJ Public ServiceslFacilities ~ Traffic/Circulation 

Present Land UseiZoning/General Plan Designation : 

o Vegetation 
~ Water Quality 
~ Water Supply/Groundwater o WetlandlRiparian o Growth Inducement 
~ Land Use 
~ Cumulat ive Effects 
[lg Other:GHG, Ene rgy 

Com mercial uses/Subarea 17, PD-1: Southeast Area Development and Improveme nt Plan/Land Use District 7, Mixed-Use 

Proj;,ct D-e;criptl; n:- (ple",;;s; uo;;;, ;"pa,atepageltiiecessaiYf - - - - - - - - - - - - - - - - - - - - - -
The proposed project involves demolition of the existing Seaport Ma rina Hote l and construction of a commercial center 
tota li ng 245,000 sq ua re fee t, consisting of 95,000 sq uare feet of reta il uses, a 55,000-squa re-foot grocery store, a 25,000-squa re
foot fi t ness/health club, approximately 70,000 square fee t of restaurant uses, and 1,1 50 parking spaces. The proposed 
commercia l structures would be one- and two-story buildings with a maximum he ight of 35 feet as defined by the Long Beach 
Municipa l Code. 

Note: The Stale Clearinghollse wi/! aSJign idenrificaliol! nllmbersfor all new projects. IJ a SCN number already existsJor a project (e.g. No/ice oj Preparation or 
previolls draft docllment) please fill in. 

Revised 20 I 0 



NOP Distribution List 

lesources Agency 

I 

I 

Resources Agency 
Nadell Gayou 

ail 

IlIiI 

0 

Dept. of Boating & 
Waterways 
Denise Peterson 

California Coastal 
Commission 
Elizabeth A Fuchs 

Colorado River Board 
Lisa Johansen 

Oil Dept. of Conservation 
Elizabeth Carpenter 

0 California Energy 
Commission 
Eric Knight 

0 Cal Fire 
Dan Foster 

0 Central Valley Flood 
Protection Board 
James Herala 

IJ Office of Historic 
Preservation 
Ron Parsons 

Dept of Parks & Recreation 
Environmental Stewardship 
Section 

II 

0 

California Oepartmellt of 
Resources, Recycling & 
Recovery 
Sue O'Leary 

S.F. Bay Conservation & 
Dev't. Cornm. 
Steve Goldbeck 

Dept. of Water 
Resources 
Resources Agency 
Nadell Gayou 

Fish and Game 

o Depart. o f Fish & Wildlife 
Scott Flint 

o 
Environrnental Services 
Division 

Fish & Wildlife Region 1 
Curt Babcock 

o 
o 
o 
o 
o 

o 

Fish & Wildlife Region 1 E 
Laurie Harnsberger 

Fish & Wildlife Region 2 
Jeff Drongesen 

Fish & Wildlife Region 3 
Craig Weightman 

Fish & Wildlife Region 4 
Julie Vance 

Fish & Wildlife Region 5 
Leslie Newton-Reed 
Habitat Conservation 
Program 

Fish & Wildlife Region 6 
Tiffany Ellis 
Habitat Conservation 
Program 

o Fish & Wildlife RegIon 6 I/M 
-..... · .... l:1eid i Calvert 

Inyo/Mono, Habitat 
Conservation Program 

o Dept. of Fish & Wildlife M 
William Paznokas 
Marine Region 

Other Departments 

o Food & Agriculture 
Sandra Schubert 
Dept. or Food and 
Agricu lture 

o 

o 

o 

Depart. o f General 
Services 
Public School Construct ion 

Dept. of General Services 
Cathy Buck/George Carollo 
Environmental Services 
Section 

Delta Stewardship 
Council 
Kevan Sarns8m 

Housing & Comlll . Dev. 
CEQA Coordinator 
Housing Policy Division 

Independent 
Commissiohs;Boards 

o Delta Protection COlllm ission 
Erik Vink 

County: 
of-.-----'-w=l5~AvzL!.:.':..f!d_u _ SCH# 2 0 1 4 0:5 1 0 5 9 

OES (Office of Emergency 
Services) 
Monique Wilber 

II Native American Heritage 
Comm. 
Debbie Treadway 

o Public Utilities 
Commission 
Supervisor 

o Santa Monica Bay 
Restoration 
Guangyu Wang 

Ell State Lands Commissio n 
Jennifer Deleong 

o Tahoe Regional Planning 
Agency ITRPA) 
Cllerry Jacques 

Cal State Transportation 
Agency CalST A 

o Cal trans * Divis ion of 
Aeronautics 

o 

o 

Philip Crimmins 

Caltrans - Plannillg 
HQ LD-IGR 
Terri Pencovic 

California Highway Patrol 
Suzann Ikeuclli 
OHice of Special Projects 

Dept. of Transportation 

o Caltrans, Dis tri ct 1 
Rex Jackman 

o Caltrans, Distric t 2 
Marcelino Gonzalez 

o Caltrans, Distric t 3 
Eric Federicks - South 
Susan Zanchi - Nortll 

o Caltrans, District 4 
Patricia Maurice 

o Caltralls, District 5 
Larry Newland 

o Caltrans, District 6 
Michael Navarro 

a Caltrans. District 7 
Dianna Watson 

o Caltrans, Distri ct B 
Mark Roberts 

o Caltrans, Distri ct 9 
Gayle Rosander 

o Caltrans, District 10 
Tom Dumas 

o Caltrans, Distri ct 11 
Jacob Armstrong 

o Caltrans, District 12 
Maureen EI Harake 

Cal EPA 

Air Resources Board 

o Airport & Freight 
Ca thi "Slaminski 

o 

o 

o 

o 

o 

o 

o 

o 
o 

Transportation Projects 
Nesal11ani Kalandiyur 

Industrial/Energy Projects 
Mike Tollstrup 

State Water Resources Control 
Board 
Regional Programs Unit 
Division of Financia l Assistance 

State Water Resources Control 
Board 
Cindy Forbes - Asst Deputy 
Division of Drinking Water 

State Water Resources Control 
Board 
Div. Drinking Water # ___ _ 

State Water Resources Control 
Board 
Student Intern, 401 Water Quality 
Certification Unit 
Division of Water Quality 

State Water Resouces Contro l 
Board 
Phil Crader 
Division of Water Rights 

Dept. of Toxic Substances 
Contro l 
CEQA Tracldng Center 

Department of Pesticide 
Regu lation 
CEQA Coordinator 

Regional Water Quality Control 
Board (RWQCB) 

o RWQCB1 
Cathleen Hudson 
North Coast Region (I) 

o RWQCB2 
Environmental Document 
Coordinator 
San Francisco Bay Region (2) 

o RWQCB3 
Central Coast Region (3) 

II RWQCB4 
Teresa Rodgers 
Los Angeles Region (4) 

o RWQCB5S 
Central Valley Region (5) 

o RWQCB5F 

o 
Central Valley Region (5) 
Fresno Branch Office 

RWQCB 5R 
Central VaUey Region (5) 
Redding Branch Office 

o RWQCB6 
Lahontan Region (6) 

o RWQCB6V 
Lallontan Region (6) 
Victorville Branch Office 

o RWQCB7 
Colorado River Basin Region (7) 

o RWQCBB 
Santa Ana Region (8) 

o RWQCB9 
San Diego Region (9) 

o Oll1e ' ______ _ 

o 
Conservancy 

Last Updatecl7/19/2016 



STATE OF CALIFORNIA---CA LI FORNIA STATE TRANSPORTATION AGENCY 

DEPARTMENT OF TRANSPORT A nON 
DISTRICT 7-0FFICE OF TRANSPORTATION PLANNING 
100 S. MAIN STREET, MS 16 
LOS ANGELES, CA 90012 
PHONE (2 \3) 897-839 1 
FAX (2 13) 897-1 337 
www.dot.ca.gov 

December 28, 2016 

Mr. Craig Chalfant 
City of Long Beach 
333 W. Ocean Boulevard, 5th Floor 
Los Beach, CA 90802 

Dear Mr. Chalfant: 

RE: 2nd &PCH 
SCH # 2014031059 
Vic. LA-OIIPMO.583 
GTS # LA-2016-00296 

EDMUND G. BROWN Jr. GovernQr 

Seriolls drollght. 
Help save water! 

Thank you for including the California Department of Transportation (Caltrans) in the environmental 
review process for the above referenced project. The proposed Project involves demolition of the 
existing Seaport Marina Hotel and construction of a commercial center totaling 245,000 square feet, 
consisting 95,000 square feet of retail uses, a 55,000-square-foot grocery store, a 25,000-square-foot 
fitness/health club, approximately 70,000 square feet of restaurant uses, and 1,150 parking spaces. 

Senate Bill 743 (2013) mandated that CEQA review of transportation impacts of proposed development 
be modified by using Vehicle Miles Traveled (VMT) as the primary metric in identifying transportation 
impacts for all future development projects. However, the City may use Level of Service (LOS) 
methodology until the Governor's Office of Planning and Research (OPR) complete its CEQA 
Guideline to implement SB743 (https://www.opr.ca.gov/s_sb743.php). 

Cal trans has the following comments when Level of Service (LOS) is used to prepare a traffic analysis 
on State facilities. To assist in evaluating the impacts of this project on State transportation facilities, a 
traffic study should be prepared prior to preparing the Draft Environmental Impact Report (DEIR). 
Please refer the project's traffic consultant to Caltrans' traffic study guide Website: 

http://www.dot.ca.gov/hg/tpp/offices/ocp/igr cega fi les/ti sguide.pdf 

When preparing the traffic study, please include the following elements: 

I. Presentations of assumptions and methods used to develop trip generation, trip distribution, 
choice of travel mode, and assignments of trips to SR-I including the following intersections on 
SR-OI Pacific Coast Highway (PCH): 

a. SR-I andE 2nd St. 
b. SR-I and Loynes Dr. 
c. SR-I and Channel Dr. 
d. SR-I and N. Bellflower Blvd. 

"Provide a safe, slIstainable, integrated and efficient transportation system 
to enhance California 's economy and livability" 



Mr. Craig Chalfant 
December 28, 20 16 
Page 2 of2 

e. SR- I and E. 7th St. (SR-22) 
f. SR -I and 1 st St. 
g. SR-I and Marina Dr. 

2. Analysis of ADT, AM and PM peak-hour volumes for both the existing and future conditions in 
the affected area. Future conditions should include build-out of all projects and any plan-horizon 
years . 

3. Analysis should include eXlstmg traffic, traffic generated by the project, cumulative traffic 
generated from all specific approved developments in the area, and traffic growth other than 
from the project and developments. 

4. A discussion of mitigation measures appropriate to alleviate anticipated traffic impacts. Any 
mitigation involving transit or Transportation Demand Management (TOM) should be justified 
and the results conservatively estimated. 

5. Fair share contributions toward pre-established or future improvements on the State Highway 
System is considered to be an acceptable form of mitigation. Please use the following ratio when 
estimating project equitable share responsibility: additional traffic volume due to project 
implementation is divided by the total increase in the traffic volume (see Appendix "B" of the 
Guide). 

Please note that for purposes of determining project share of costs, the number of trips from the 
project on each traveling segment or element is estimated in the context of forecasted traffic 
volumes, which include build-out of all approved projects, project that have not yet been 
approved, and other sources of growth. 

Cal trans staff is available to consult with the City and traffic consultant to confirm the study locations. 
We look forward to reviewing the traffic study and expect to receive a copy from the State 
Clearinghouse when the DEIR is completed. If you would like to expedite the review process or receive 
early feedback from the Caltrans please send a copy of the DEIR directly to our office. 

If you have any questions or would like to schedule a meeting, please feel free to contact Mr. Alan Lin 
the project coordinator at (213) 897-8391 and refer to GTS # LA-2016-00296. 

Sincerely, 

Q~~fL-
DIANNA WATSON 
LD-IGR/CEQA Review Branch Chief 

cc: Scott Morgan, State Clearinghouse 

"Provide a safe. sustainable, integrated and elficienllransportation system 
to enhance California 's economy and livability " 



Department of Toxic Substances Control 

Matthew Rodriquez 
Secretary for 

Environmental Protection 

December 15, 2016 

Mr. Craig Chalfant 
Planning Bureau 

Barbara A. Lee, Director 
5796 Corporate Avenue 

Cypress, California 90630 

Development Services Department 
City of Long Beach 
333 W. Ocean Boulevard, 5th Floor 
Long Beach, California 90802 

NOTICE OF PREPARATION (NOP) FOR THE 2ND & PCH PROJECT 
ENVIRONMENTAL IMPACT REPORT (SCH# 2016111035) 

Dear Mr. Chalfant: 

Edmund G. Brown Jr. 
Governor 

The Department of Toxic Substances Control (DTSC) has reviewed the subject NOP. 
The following project description is stated in the NOP: "The proposed project involves 
demolition of the existing Seaport Marina Hotel and construction of a commercial center 
totaling 245,000 sf, consisting of 95,000 sf of retail uses, a 55,000 sf grocery store, a 
25,000 sf fitness/health club, approximately 70,000 sf of restaurant uses, and 1,150 
parking spaces. The proposed commercial structures would be one- and two-story 
buildings with a max height of 35 feet as defined by the Long Beach Municipal Code." 

Based on the review of the NOP, DTSC has the following comments: 

1. The EIR should identify and determine whether current or historic uses at the 
project site may have resulted in any release of hazardous wastes/substances. 
Historic uses of the site are not provided in the NOP. A Phase I Environmental 
Site Assessment may be appropriate to identify any recognized environmental 
conditions. 

2. If there are any recognized environmental conditions in the project area, then 
proper investigation, sampling and remedial actions overseen by the appropriate 
regulatory agencies should be conducted prior to the new development or any 
construction. 

3. If the project plans include discharging wastewater to a storm drain, you may be 
required to obtain an NPDES permit from the overseeing Regional Water Quality 
Control Board (RWQCB). 

@ '. t G' r < :" \ . P ~I er 



Mr. Craig Chalfant 
December 15,2016 
Page 2 

4. If during construction/demolition of the project, soil and/or groundwater 
contamination is suspected, construction/demolition in the area should cease and 
appropriate health and safety procedures should be implemented. If it is 
determined that contaminated soil and/or groundwater exist, the EIR should 
identify how any required investigation and/or remediation will be conducted, and 
the appropriate government agency to provide regulatory oversight. 

If you have any questions regarding this letter, please contact me at (714) 484-5476 or 
email atJohnson.Abraham@dtsc.ca.gov. 

S~fl erely, 

( 
Jo son P. Abraham 
Pro ct Manager 
Brownfields Restoration and School Evaluation Branch 
Brownfields and Environmental Restoration Program - Cypress 

kllsh/ja 

cc: See next page. 



Mr. Craig Chalfant 
December 15, 2016 
Page 3 

cc: Governor's Office of Planning and Research (via e-mail) 
State Clearinghouse 
P.O. Box 3044 
Sacramento, California 95812-3044 
State.clearinghouse@opr.ca.gov 

Mr. Guenther W. Moskat, Chief (via e-mail) 
Planning and Environmental Analysis Section 
CEQA Tracking Center 
Department of Toxic Substances Control 
Guenther.Moskat@dtsc.ca.gov 

Mr. Dave Kereazis (via e-mail) 
Office of Planning & Environmental Analysis 
Department of Toxic Substances Control 
Dave. Kereazis@dtsc.ca.gov 

Mr. Shahir Haddad (via e-mail) 
Supervising Engineer 
Brownfields Restoration and School Evaluation Branch 
Brownfields and Environmental Restoration Program - Cypress 
Shahir.Haddad@dtsc.ca.gov 

CEQA# 2016111035 



NATIVE AMERICAN HERITAG E COMMISSION 
1550 Harbor Blvd., Suite 100 
West Sacramento, CA 95691 
Phone (916) 373·3710 
Fax (916) 373-5471 
Email: nahc@nahc.ca.gov 
Website: http://www.nahc.ca.gov 
Twitter: @CA_NAHC 

Craig Chalfant 
Cily of Long Beach 
333 W. Ocean Boulevard, 5th Floor 
Long Beach, CA 90802 

November 22, 2016 

sent via e-mail : 
craig.chalfant@longbeach.gov 

RE : SCH# 2014031 059; PCH & 2nd Project, Notice of Preparation for Draft Environmental Impact Report, Los Angeles 
County, Cal ifornia 

Dear Mr. Chalfant: 

The Native American Heritage Commission has received the Notice of Preparation (NOP) for the project referenced above. The 
California Environmental Quality Act (CEQA) (Pub. Resources Code § 21000 et seq.), specifically Public Resources Code 
section 21084.1, states that a project that may cause a substantial adverse change in the significance of an historical resource 
is a project that may have a significant effect on the environment. (Pub. Resources Code § 21084.1; Cal. Code Regs., tit.14, § 
15064.5 (b) (CEQA Guidelines Section 15064.5 (b)) . II there is substantial evidence, in light of the whole record before a lead 
agency, that a project may have a significant effect on the environment, an environmental impact report (EIR) shall be prepared. 
(Pub. Resources Code § 21080 (d); Cal. Code Regs., tit. 14, § 15064 subd.(a)(1) (CEQA Guidelines § 15064 (a)(1)). In order to 
determine whether a project wi ll cause a substantial adverse change in the significance of a historical resource, a lead agency 
will need to determine whether there are historical resources with the area of project effect (APE) . 

CEOA was amended significantly in 2014. Assembly Bill 52 (Gatto, Chapter 532, Statutes of 2014) (AB 52) amended CEQA 
to create a sellarate category of cultural resources, "tribal cultural resources" (Pub. Resources Code § 21074) and provides 
that a project with an effect that may cause a substantial adverse change in the significance of a tribal cultural resource is a 
project that may have a significant effect on the environment (Pub. Resources Code § 21084.2). Please reference California 
Natural Resources Agency (2016) "Final Text for tribal cultural resources update to Appendix G: Environmental Checklist Form," 
http ://resources.ca.gov/cegaidocs/ab52/Clean-final-AB-52-App-G-text-Submitted.pdL Public agencies shall, when feasible, 
avoid damaging effects to any tribal cultural resource. (Pub. Resources Code § 21084.3 (a)). AB 52 applies to any project for 
which a notice 01 preparation or a notice 01 negative declaration or mitigated negative declaration Is flied on or aHer 
July 1, 2015. If your project involves the adoption of or amendment to a general plan or a specific plan, or the designation or 
proposed designation of open space, on or after March 1, 2005, it may also be subject to Senate Bill 18 (Burton, Chapter 905, 
Statutes of 2004) (SB 18). Both 5B 16 and AB 52 have tribal consultation requirements . If your project is also subject to 
the federal National Environmental Policy Act (42 U.S.C. § 4321 et seq.) (NEPAl. the tribal consultation requirements of Section 
106 of the National Historic Preservation Act of 1966 (154 U.S.C. 300101, 36 C.F.R. § 800 et seq.) may also apply. 

The NAHC recommends lead agencies consult with all California Native American tribes that are traditionally and cultura lly 
affiliated with the geographic area of your proposed project as early as possible in order to avoid inadvertent discoveries of 
Native American human remains and best protect tribal cultural resources. Below is a brief summary of gortions of AB 52 and 
SB 18 as well as the NAHC's recommendations for conducting cultural resources assessments. Consult your legal counsel 
about compliance with AB 52 and 5B 16 as well as compliance with any other applicable laws. 

AB 52 has added to CEQA the additional requirements listed below, along with many other requirements: 

1. Fourteen Day Period to Provide Notice of Completion of an ApplicationlDecision to Undertake a Project : Within fourteen 
(14) days of determining that an application for a project is complete or of a decision by a public agency to undertake a 
project, a lead agency shall provide formal notification to a designated contact of, or tribal representative of, traditionally 
and culturally affi liated California Native American tribes that have requested notice, to be accomplished by at leasl one 
written notice that includes: 

a. A brief description of the project. 
b. The lead agency contact information. 
c. Notification that the California Native American tribe has 30 days to request consultation. (Pub. Resources Code § 

21080.3.1 (d)). 



d. A "California Native American tribe" is defined as a Native American tribe located in California that is on the contact 
list maintained by the NAHC for the purposes of Chapter 905 of Statutes of 2004 (SB 18). (Pub. Resources Code 
§ 21073). 

2. Begin Consultation Within 30 Days of Receiving a Tribe's Request for Consultation and Before Releasing a Negative 
Declaration, Mitigated Negative Declaration, or Environmental Impact Report: A lead agency shall begin the consultation 
process within 30 days of receiving a request for consultation from a California Native American tribe that is traditionally and 
culturally affiliated with the geographic area of the proposed project. (Pub. Resources Code § 21080.3.1, subds. (d) and (e)) 
and prior to the release of a negative declaration, mitigated negative declaration or environmental impact report. (Pub. 
Resources Code § 21080.3.1 (b)). 

a. For purposes of AB 52, "consultation shall have the same meaning as provided in Gov. Code § 85352.4 (SB 18). 
(Pub. Resources Code § 21080.3.1 (b». 

3. Mandatory Topics of Consultation If Requested by a Tribe: The following topics of consultation, if a tribe requests to 
discuss them, are mandatory topics of consultation: 

a. Alternatives to the project. 
b. Recommended mitigation measures. 
c. Significant effects. (Pub. Resources Code § 21080.3.2 (a)). 

4. Discretionary Topics of Consultation: The following topics are discretionary topics of consultation: 
a. Type of environmental review necessary. 
b. Significance of the tribal cultural resources. 
c. Significance of the project's impacts on tribal cultural resources. 
d. If necessary, project alternatives or appropriate measures for preservation or mitigation that the tribe may 

recommend to the lead agency. (Pub. Resources Code § 21080.3.2 (a». 

5. Confidentiality of Information SubmitteQJw a Tribe During the Environmental Review Process: With some exceptions, any 
information, including but not limned to, the location, description, and use of tribal cultural resources submitted by a 
California Native American tribe during the environmental review process shall not be included in the environmental 
document or otherwise disclosed by the lead agency or any other public agency to the public, consistent with Government 
Code sections 6254 (r) and 6254.10. Any information submitted by a California Native American tribe during the 
consultation or environmental review process shall be published In a confidential appendix to the environmental document 
unless the tribe that provided the information consents, in writing, to the disclosure of some or all of the information to the 
public. (Pub. Resources Code § 21082.3 (c)(I)). 

6. Discussion of ImpactsJo Tli.bal Cultural Resources in the Environmental Document: If a project may have a significant 
impact on a tribal cultural resource, the lead agency's environmental document shall discuss both of the following: 

a. Whether the proposed project has a significant impact on an identified tribal cultural resource. 
b. Whether feasible alternatives or mitigation measures, including those measures that may be agreed to pursuant to 

Public Resources Code section 21082.3, subdivision (a), avoid or substantially lessen the impact on the identified 
tribal cultural resource. (Pub. Resources Code § 21082.3 (b». 

7. Conclusion of Consultation: Consultation with a tribe shall be considered concluded when either of the following occurs: 
a. The parties agree to measures to mitigate or avoid a significant effect, if a significant effect eXists, on a tribal 

cultural resource; or 
b. A party, acting in good faith and after reasonable effort, concludes that mutual agreement cannot be reached. 

(Pub. Resources Code § 21080.3.2 (b)). 

8. Recommending Mitigation Measures Agreed Upon in Consultation in the Environmental Document: Any mitigation 
measures agreed upon in the consultation conducted pursuant to Public Resources Code section 21080.3.2 shall be 
recommended for inclusion in the environmental document and in an adopted mitigation monitoring and reporting program, 
if determined to avoid or lessen the impact pursuant to Public Resources Code section 21082.3, subdivision (b), paragraph 
2, and shall be fully enforceable. (Pub. Resources Code § 21082.3 (a)). 

9. Required Consideration of F'ru!~j!lJe Mitigation: If mitigation measures recommended by the staff of the lead agency as a 
result of the consultation process are not included in the environmental document or if there are no agreed upon mitigation 
measures at the conclusion of consultation, or if consultation does not occur, and if substantial evidence demonstrates that 
a project will cause a significant effect to a tribal cultural resource, the lead agency shall consider feasible mitigation 
pursuant to Public Resources Code section 21084.3 (b). (Pub. Resources Code § 21082.3 (e)). 

10. Examples of Mitigation Measures That, If Feasible, May Be Considered to Avoid or Minimize Significant Adverse Impacts to 
Tribal Cultural Resources: 
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a. Avoidance and preservation of the resources in place. Including, but not limited to: 
I. Planning and construction to avoid the resources and protect the cultural and natural context. 
II. Planning greenspace, parks, or other open space, to incorporate the resources with culturally appropriate 

protection and management criteria, 
b. Treating the resource with culturally appropriate dignity, taking into account the tribal cultural values and meaning 

of the resource, including, but not limited to, the following: 
I. Protecting the cultural character and integrity of the resource. 

II. Protecting the traditional use of the resource. 
III. Protecting the confidentiality of the resource. 

c. Permanent conservation easements or other interests in real property, with culturally appropriate management 
criteria for the purposes of preserving or utilizing the resources or places. 

d. Protecting the resource. (Pub. Resource Code § 21084.3 (b)). 
e. Please note that a federally recognized California Native American tribe or a nonfederally recognized California 

Native American tribe that is on the contact list maintained by the NAHC to protect a California prehistoric, 
archaeological, cultural, spiritual, or ceremonial place may acquire and hold conservation easements if the 
conservation easement is voluntarily conveyed. (Civ. Code § 815.3 (c)). 

f. Please note that it is the policy of the state that Native American remains and associated grave artifacts shall be 
repatriated. (Pub. Resources Code § 5097.991). 

11. Prerequisites for Certifying an Environmental Impact Report or Adopting a Mitigated Negative Declaration or NegalL'& 
Declaration with a Significant Impact on an Identified Tribal Cultural Resource: An environmental impact report may not be 
certified, nor maya mitigated negative declaration or a negative declaration be adopted unless one of the following occurs: 

a. The consultation process between the tribes and the lead agency has occurred as provided in Public Resources 
Code sections 21080.3.1 and 21080.3.2 and concluded pursuant to Public Resources Code section 21080.3.2. 

b. The tribe that requested consultation failed to provide comments to the lead agency or otherwise failed to engage 
in the consultation process. 

c. The lead agency provided notice of the project to the tribe in compliance with Public Resources Code section 
21080.3.1 (d) and the tribe failed to request consultation within 30 days. (Pub. Resources Code § 21082.3 (d)). 

This process should be documented in the Cultural Resources sect/on of your environmental document. 

The NAHC's PowerPoint presentation titled, "Tribal Consultation Under AB 52: Requirements and Best Practices" may be found 
online at: http://nahc.ca.gov/wp-contentluploadsI2015/1 0/AB52TribaiConsuitatiorL CaIEPAPDF.pdf 

SB 18 applies to local governments and requires local governments to contact, provide notice to, refer plans to, and consult 
with tribes prior to the adoption or amendment of a general plan or a specific plan, or the designation of open space. (Gov. Code 
§ 65352.3). Local governments should consult the Governor's Office of Planning and Research's "Tribal Consultation 
Guidelines," which can be found online at: https:llwww.opr.ca.gov/docs/09_14_05_Updated_Guidelines_922.pdf 

Some of SB 18's provisions include: 

1. Tribal Consultation: If a local government considers a proposal to adopt or amend a general plan or a specific plan, or to 
designate open space it is required to contact the appropriate tribes identified by the NAHC by requesting a "Tribal 
Consultation List." If a tribe, once contacted, requests consuttation the local government must consult with the tribe on the 
plan proposal. A tribe has 90 days from the date of receipt of notification to request consultation unless a shorter 
tlmeframe has been agreed to by the tribe. (Gov. Code § 65352.3 (a)(2)). 

2. No Statutorv Time Limit on SB 18 Tribal Consultation. There is no statutory time limit on SB 18 tribal consultation. 
3. Confidentiality: Consistent with the guidelines developed and adopted by the Office of Planning and Research pursuant to 

Gov. Code section 65040.2, the city or county shall protect the confidentiality of the information concerning the specific 
identity, location, character, and use of places, features and objects described in Public Resources Code sections 5097.9 
and 5097.993 that are within the city's or county's jurisdiction. (Gov. Code § 65352.3 (b)). 

4. Conclusion of SB 18 Tribal Consultation: Consultation should be concluded at the point in which: 
a. The parties to the consultation come to a mutual agreement concerning the appropriate measures for preservation 

or mitigation; or 
b. Either the local government or the tribe, acting in good faith and after reasonable effort, concludes that mutual 

agreement cannot be reached concerning the appropriate measures of preservation or mitigation. (Tribal 
Consultation Guidelines, Governor's Office of Planning and Research (2005) at p. 18). 

Agencies should be aware that neHher AB 52 nor SB 18 precludes agencies from initiating tribal consultation with tribes that are 
traditionally and culturally affiliated with their jurisdictions before the timeframes provided in AB 52 and SB 18. For that reason, 
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we urge you to continue to request Native American Tribal Contact lists and "Sacred Lands File" searches from the NAHC. The 
request forms can be found online at: http ://nahc.ca.gov/resources/forms/ 

NAHC Recommendations for Cultural Resources Assessments 

To adequately assess the existence and significance of tribal cultural resources and plan for avoidance, preservation in place, or 
barring both, mitigation of project-related impacts to tribal cultural resources, the NAHC recommends the following actions: 

1_ Contact the appropriate regional California Historical Research Information System (CHRIS) Center 
(http://ohp.parks.ca.gov/?page_id=1068)for an archaeological records search. The records search will determine: 

a_ If part or all of the APE has been previously surveyed for cultural resources. 
b. If any known cultural resources have been already been recorded on or adjacent to the APE. 
c. If the probability is low, moderate, or high that cultural resources are located in the APE. 
d. If a survey is required to determine whether previously unrecorded cUltural resources are present. 

2. If an archaeological inventory survey is required, the final stage is the preparation of a professional report detailing the 
findings and recommendations of the records search and field survey. 

a. The final report containing site forms, site significance, and mitigation measures should be submitted immediately 
to the planning department. All information regarding site locations, Native American human remains, and 
associated funerary objects should be in a separate confidential addendum and not be made available for public 
disclosure. 

b. The final written report should be submitted within 3 months after work has been completed to the appropriate 
regional CHRIS center. 

3. Contact the NAHC for : 
a. A Sacred Lands File search. Remember that tribes do not always record their sacred sites in the Sacred Lands 

File, nor are they required to do so. A Sacred Lands File search is not a substitute for consultation with tribes that 
are traditionally and culturally affiliated with the geographic area of the project's APE. 

b. A Native American Tribal Consultation List of appropriate tribes for consultation concerning the project site and to 
assist in planning for avoidance, preservation in place, or, failing both, mitigation measures. 

4. Remember that the lack of surface evidence of archaeological resources (including tribal cultural resources) does not 
preclude their subsurface existence. 

a. Lead agencies should include in their mitigation and monitoring reporting program plan provisions for the 
identification and evaluation of inadvertently discovered archaeological resources per Cal. Code Regs., tit. 14, 
section 15064.5(f) (CEQA Guidelines section 15064.5(f». In areas of identified archaeological sensitivity, a 
certified archaeologist and a culturally affiliated Native American with knowledge of cultural resources should 
monitor all ground-disturbing activities. 

b. Lead agencies should include in their mitigation and monitoring reporting program plans provisions for the 
disposition of recovered cultural items that are not burial associated in consultation with culturally affiliated Native 
Americans. 

c. Lead agencies should include in their mitigation and monitoring reporting program plans provisions for the 
treatment and disposition of inadvertently discovered Native American human remains. Health and Safety Code 
section 7050.5, Public Resources Code section 5097.98, and Cal. Code Regs., tit. 14, section 15064.5, 
subdivisions (d) and (e) (CEQA Guidelines section 15064.5, subds. (d) and (e» address the processes to be 
followed in the event of an inadvertent discovery of any Native American human remains and associated grave 
goods in a location other than a dedicated cemetery. 

Please contact me if you need any additional information at gayle.totton@nahc.ca.gov. 

Sincerely, 

G Y otton, M.A., PhD. 
sociate Governmental Program Analyst 

cc: State Clearinghouse 
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 South Coast  
Air Quality Management District 
21865 Copley Drive, Diamond Bar, CA 91765-4178 

(909) 396-2000  www.aqmd.gov 

 

 

 

November 18, 2016 

 

craig.chalfant@longbeach.gov  

Craig Chalfant  

Planning Bureau, Development Services Department 

City of Long Beach 

333 W. Ocean Boulevard, 5th Floor 

Long Beach, CA 90802 

 

Notice of Preparation of a CEQA Document for the 

2nd & PCH Project 
 

The South Coast Air Quality Management District (SCAQMD) staff appreciates the opportunity to comment on the above-

mentioned document.  The SCAQMD staff’s comments are recommendations regarding the analysis of potential air quality 

impacts from the proposed project that should be included in the Draft EIR.  Please send the SCAQMD a copy of the Draft EIR 

upon its completion.  Note that copies of the Draft EIR that are submitted to the State Clearinghouse are not forwarded to the 

SCAQMD.  Please forward a copy of the Draft EIR directly to SCAQMD at the address in our letterhead.  In addition, please 

send with the Draft EIR all appendices or technical documents related to the air quality and greenhouse gas analyses 

and electronic versions of all air quality modeling and health risk assessment files.  These include original emission 

calculation spreadsheets and modeling files (not Adobe PDF files).  Without all files and supporting air quality 

documentation, the SCAQMD will be unable to complete its review of the air quality analysis in a timely manner.  Any 

delays in providing all supporting air quality documentation will require additional time for review beyond the end of 

the comment period. 
 

Air Quality Analysis 
The SCAQMD adopted its California Environmental Quality Act (CEQA) Air Quality Handbook in 1993 to assist other public 

agencies with the preparation of air quality analyses.  The SCAQMD recommends that the Lead Agency use this Handbook as 

guidance when preparing its air quality analysis.  Copies of the Handbook are available from the SCAQMD’s Subscription 

Services Department by calling (909) 396-3720.  More recent guidance developed since this Handbook was published is also 

available on SCAQMD’s website here: http://www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-handbook/ceqa-air-

quality-handbook-(1993).  SCAQMD staff also recommends that the Lead Agency use the CalEEMod land use emissions 

software.  This software has recently been updated to incorporate up-to-date state and locally approved emission factors and 

methodologies for estimating pollutant emissions from typical land use development.  CalEEMod is the only software model 

maintained by the California Air Pollution Control Officers Association (CAPCOA) and replaces the now outdated URBEMIS. 

This model is available free of charge at: www.caleemod.com. 

 

The Lead Agency should identify any potential adverse air quality impacts that could occur from all phases of the project and 

all air pollutant sources related to the project.  Air quality impacts from both construction (including demolition, if any) and 

operations should be calculated.  Construction-related air quality impacts typically include, but are not limited to, emissions 

from the use of heavy-duty equipment from grading, earth-loading/unloading, paving, architectural coatings, off-road mobile 

sources (e.g., heavy-duty construction equipment) and on-road mobile sources (e.g., construction worker vehicle trips, material 

transport trips).  Operation-related air quality impacts may include, but are not limited to, emissions from stationary sources 

(e.g., boilers), area sources (e.g., solvents and coatings), and vehicular trips (e.g., on- and off-road tailpipe emissions and 

entrained dust).  Air quality impacts from indirect sources, that is, sources that generate or attract vehicular trips should be 

included in the analysis. 

 

The SCAQMD has also developed both regional and localized significance thresholds.  The SCAQMD staff requests that the 

lead agency quantify criteria pollutant emissions and compare the results to the recommended regional significance thresholds 

found here: http://www.aqmd.gov/docs/default-source/ceqa/handbook/scaqmd-air-quality-significance-thresholds.pdf.  In 

addition to analyzing regional air quality impacts, the SCAQMD staff recommends calculating localized air quality impacts and 

comparing the results to localized significance thresholds (LSTs).  LSTs can be used in addition to the recommended regional 

significance thresholds as a second indication of air quality impacts when preparing a Draft EIR document.  Therefore, when 

preparing the air quality analysis for the proposed project, it is recommended that the lead agency perform a localized analysis 

by either using the LSTs developed by the SCAQMD or performing dispersion modeling as necessary.  Guidance for 

performing a localized air quality analysis can be found at: http://www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-

handbook/localized-significance-thresholds.  

mailto:craig.chalfant@longbeach.gov
http://www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-handbook/ceqa-air-quality-handbook-(1993)
http://www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-handbook/ceqa-air-quality-handbook-(1993)
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In the event that the proposed project generates or attracts vehicular trips, especially heavy-duty diesel-fueled vehicles, it is 

recommended that the lead agency perform a mobile source health risk assessment.  Guidance for performing a mobile source 

health risk assessment (“Health Risk Assessment Guidance for Analyzing Cancer Risk from Mobile Source Diesel Idling 
Emissions for CEQA Air Quality Analysis”) can be found at: http://www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-

handbook/mobile-source-toxics-analysis.  An analysis of all toxic air contaminant impacts due to the use of equipment 

potentially generating such air pollutants should also be included. 

 

In addition, guidance on siting incompatible land uses (such as placing homes near freeways) can be found in the California Air 

Resources Board’s Air Quality and Land Use Handbook: A Community Perspective, which can be found at the following 

internet address: http://www.arb.ca.gov/ch/handbook.pdf.  CARB’s Land Use Handbook is a general reference guide for 

evaluating and reducing air pollution impacts associated with new projects that go through the land use decision-making 

process.   

 

Finally, should the proposed project include equipment that generates or controls air contaminants, a permit may be required 

and the SCAQMD should be listed as a responsible agency and consulted. The assumptions in the submitted Draft EIR would 

also be the basis for permit conditions and limits.  Permit questions can be directed to the SCAQMD Permit Services staff at 

(909) 396-3385, who can provide further assistance. 

 

Mitigation Measures 
In the event that the project generates significant adverse air quality impacts, CEQA requires that all feasible mitigation 

measures that go beyond what is required by law be utilized during project construction and operation to minimize or eliminate 

these impacts.  Pursuant to CEQA Guidelines §15126.4 (a)(1)(D), any impacts resulting from mitigation measures must also be 

discussed.  Mitigation Measure resources are available on the SCAQMD CEQA Air Quality Handbook website:  

http://www.aqmd.gov/home/regulations/ceqa/air-quality-analysis-handbook 

 

Data Sources 

SCAQMD rules and relevant air quality reports and data are available by calling the SCAQMD’s Public Information Center at 

(909) 396-2039.  Much of the information available through the Public Information Center is also available via the SCAQMD’s 

webpage (http://www.aqmd.gov). 

 

The SCAQMD staff is available to work with the lead agency to ensure that project emissions are accurately evaluated and 

mitigated where feasible.  If you have any questions regarding this letter, please contact Gordon Mize, Air Quality Specialist by 

e-mail at gmize@aqmd.gov or by phone at (909) 396-3302. 

 

Sincerely, 

 

  Jillian Wong  
Jillian Wong, Ph.D. 

Planning and Rules Manager 

Planning, Rule Development & Area Sources 

 

 

JW:GM 

 
LAC161117-10 

Control Number 
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COUNTY SANITATION DISTRICTS 
OF LOS ANGELES COUNTY 

1955 Workman Mill Road, Whittier, CA 90601-1400 
Mailing Address: P.O . Box 4998, Whittier, CA 90607-4998 
Telephone : (562) 699-7411, FAX: (562) 699-5422 
www. lacsd .org 

Mr. Craig Chalfant, Senior Planner 
Development Services Department 
City of Long Beach 
333 West Ocean Boulevard, 5th Floor 
Long Beach, CA 90802 

Dear Mr. Chalfant: 

GRACE ROBINSON HYDE 
Chief Engineer and General Manager 

January 9,2017 

Ref. Doc. No .: 3946354 

Response to NOP for the 2nd and PCH Project 

The Sanitation Districts of Los Angeles County (Districts) received a Notice of Preparation of a 
Draft Environmental Impact Report (NOP) for the subject project on November 17,2016. The proposed 
project is located within the jurisdictional boundary of District No.3. We offer the following comments: 

18. UTILITIES AND SERVICE SYSTEMS 

1. Item a. , page 46, top of page - The wastewater generated by the proposed project will be treated 
at the Joint Water Pollution Control Plant (JWPCP) located in the City of Carson, which has a 
capacity of 400 million gallons per day (mgd) and currently processes an average flow of 
254.1 mgd. 

2. Item b., page 47, last paragraph - Wastewater generated during Project operations would be 
collected and discharged to a local sewer line, which is not maintained by the Districts, for 
conveyance to the Districts' Marina Trunk Sewer Section 4, located in private right of way 
northwest of the intersection of Marina Drive and 2nd Street. The Districts ' 9.48-inch diameter 
lined trunk sewer has a capacity of 1 mgd and conveyed a peak flow of 0.7 mgd when last 
measured in 2012. Please refer to item no. 1 for JWPCP information and revise accordingly. 

3. Item b., page 47, last paragraph - Based on the Districts' average wastewater generation factors, 
the expected increase in average wastewater flow from the proposed project, described in the 
document as a 245,000-sqmtre-foot shopping center, is 48,125 gallons per day, after the Seaport 
Marina Hotel on the project site is demolished. For a copy of the Districts' average wastewater 
generation factors, go to www.lacsd.org.Wastewater&SewerSystems.click on Will Serve 
Program, and click on the Table 1, Loadings for Each Class of Land Use link. . 

4. Item b., page 48, top of page - The information states the existing wastewater infrastructure 
would have adequate capacity to accommodate the Project's net increase in wastewater flows. It 
should be noted that availability of sewer capacity depends upon project size and timing of 
connection to the sewerage system. Because there are other proposed developments in the area, 
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the avai lability of trunk sewer capacity should be verified as the project advances. Please submit 
a copy of the project's build-out schedule to the undersigned to ensure the project is considered 
when planning future sewerage system relief and replacement projects. 

5. All other information concerning Districts ' facilities and sewerage servIce contained 111 the 
document is current. 

If you have any questions, please contact the undersigned at (562) 908-4288, extension 2717. 

AR:ar 

cc: M. Sullivan 
M. Tatalovich 
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Very truly yours, 

Jlhrnvvfl--
Adriana Raza 
Customer Service Specialist 
Facilities Planning Department 



Date: January 9, 2017 

Craig Chalfant 

Planning Bureau, Development Services Department 
City of Long Beach 

333 W. Ocean Voulevard, 5th Floor  

Log Beach, Ca 90802  

Dear Mr. Chalfant: 

My name is Michael Thacker, and I am writing on behalf of Algalita Marine Research and Education. As a Long Beach 

based nonprofit, and the foremost experts on ocean plastics pollution, we would like to share our expertise related to the 

project titled: 2nd and PCH. This letter is intended as neither an endorsement nor an opponent of the proposed project, but 

merely as an unbiased comment related to the environmental impact of such a project, specifically those on waste and litter.  

According to a study by Bren School of Environmental Science and Management, 50% of trash entering the ocean is from 

land-based sources. As the 6th most populous city in California, Long Beach has a large impact on the coast of California. 

Unfortunately, Long Beach has gained a reputation for poor environmental conditions, especially water quality. During wet 

periods, many Long Beach beaches average a D or F grade according to the Beach Report Card published by Heal the Bay. 

Our own data taken from the high tide line at the south side of the Long Beach Peninsula, found 4,763 pieces of plastic in 

10 liters of sand.  

One of the main reasons for the large amount of pollution in our waters and on our beaches is Long Beach’s proximity to 

the mouth of the Los Angeles River and San Gabriel River. Urban runoff constraining waste often washes into the drains 

leading to the aforementioned rivers. Once in either river, this waste is then dumped into the waters surrounding Long 

Beach. When developing a project such as 2nd and PCH, it is important to understand that an increase in commercial space 

will lead to an increase in urban runoff if proper waste infrastructure is not implemented. The first area of focus is 

commercial waste.  All commercial trash and recycling bins must be developed and monitored to prevent waste from leaking 

into the street. The second area to focus on is the waste that is being generated by consumers.  Single-use products such as 

ice cream cups and to-go drinks are often discarded in the street if waste and recycling bins are not sufficiently provided or 

maintained.  The final issue to be considered is cigarette receptacles. Cigarette butts are often one of the leading pieces of 

waste found during beach cleanups and one way to help avoid this is to provide receptacles that prevent the loss of discarded 

cigarettes.   

Thank you for your time on this matter. If you have any questions relating to the information provided, please feel free to 

reach out to my office or myself. I can be reached by email at Michael@algalita.org, or by phone at (562) 598-4889.  

Sincerely, 

Michael Thacker 

Campaign Manager 
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From: Mary Parsell [mailto:mfp2001@hotmail.com]  
Sent: Friday, January 06, 2017 12:50 PM 
To: Craig Chalfant 
Subject: 2nd & PCH Project, NOP & Draft EIR and Initial Study 
 

El Dorado Audubon Society 
Mission: Conservation of Native Birds and their Habitats 

 
Submitted via US Mail and email Craig.chalfant@longbeach.gov 
 

January 6, 2017 
 
Mr. Craig Chalfant 
Planning Bureau, Development Services Department 
City of Long Beach 
333 W. Ocean Boulevard, 5th Floor 
Long Beach, CA 90802 
 
RE: 2nd & PCH Project, Notice of Preparation (NOP) of Draft EIR and Initial Study 
 
Thank you for this opportunity to comment on the 2nd & PCH project. We appreciate that the project fits into 
the current SEADIP zoning 35-foot height limit which we feel is very good. However, any building of any size 
can pose threats to birds so we are here to help.  The good news, research has shown we can make a 
development very bird friendly by adding a few simple features. This is especially important in the 
SEASP/SEADIP area due to the development location situation between the ocean front or bay and Los Cerritos 
Wetlands. Environmentally friendly is “in”. Urban wildlife areas are very popular. A development balancing the 
needs of people while creating little (if any) impact to the surrounding urban wildlands is a win for creatures 
and people alike. 
 
Please find below a list of suggested features and also please see the attached documents containing a wealth of 
information on bird friendly building design. 
 
1. Building footprint is very large, lack of space between structures 
* Wider walkways and spaces between buildings create a safe flight path for birds. 
 
2. Roof tops 
* Night lighting concerns (especially in parking lots) and from roof top venues, use approved fixtures to 
mitigate light pollution and consider an energy saving “lights out” program during bird migration season. 
* Green roof features could be beneficial, but only with bird friendly building designs, particularly bird safe 
glass. 
 
3. Setbacks, lack of 
* Proposed design is too close to the street. Leave areas of at least 35’ feet setback for landscaping and trees. 
This could include gathering space for people too and create more interesting architecture than a more straight 
lined building all the way up to the street. 
* Special note on landscaping and trees – situate taller bushes and/or trees against solid walls, not in front of 
windows to avoid bird collisions. 
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* Trees close to streets and in center dividers should be varieties that do not entice nesting birds as fledglings 
may fall into busy streets increasing bird mortality. Larger trees should be placed in setbacks approximately 35’ 
or more (sized for the tree type). 
* “Street Tree” designs such as those described in attached document “Urban Street Trees, 22 Benefits” 
submitted several times in the past as SEASP comments by various residents are 
beneficial, creating bird habitat, providing cooling/shade for people, birds and even buildings during hot 
summer months. Trees make a development look aesthetically pleasing. A good example is Cerritos Towne 
Center near 183rd & Shoemaker (see attached picture file “183rd-Shoemaker.jpg”). However, please note tree 
types and placement of trees in setbacks and bird safe glass is very important. 
 
4. Plant and Tree palate 
* Use native species whenever possible and don’t use pesticides. Native species to our coastal area support 
many caterpillars and insects important to bird diets, they are bug resistant and have low water requirements 
once established. Native willows, oaks, lemonade berry bushes, sages, bladderpods, coyote bush and certain 
varieties of buckwheat which also supports the rare blue butterflies are all examples of beneficial native 
landscaping for birds and butterflies. 
 
Attachment Highlights: Bird-Friendly Building Design, American Bird Conservancy 
Hard copy attached, online link: http://www.nycaudubon.org/images/pdf/Bird-
Friendly_Building_Design_2015.pdf 
Areas of the Bird-Friendly Building Design document we would like to point out are: 
 
Page 14 states 
“A study published by scientists at the Smithsonian in 2014 estimated 508,000 annual bird deaths for high-rises, 
339 million for low-rises, and 253 million for homes.” 
 
Page 16 states 
“Green Roofs and Walls 
Green roofs bring elements attractive to birds to higher levels, but often they are built in close proximity to 
glass. However, recent work shows that well-designed green roofs can become functional ecosystems, 
providing food and even nest sites for birds. Siting of green roofs, as well as green walls and rooftop gardens, 
should therefore be carefully considered, and glass adjacent to these features should have protection for birds.” 
 
Page 31 states 
“Lights Out Programs 
Despite the complexity of reducing bird collisions with glass, there is one simple way to decrease mortality: 
turn lights off. Across the United States and Canada, “Lights Out” programs at the municipal and state levels 
encourage building owners and occupants to turn out lights visible from outside during spring and fall 
migration.” 
Page 47 states 
“The 2 x 4 Rule 
Research on songbirds, the most numerous victims of collisions, has shown that horizontal lines must be two or 
fewer inches apart to deter the majority of birds. Vertical spaces must be four or fewer inches apart. (pg 25 very 
nice example of horizontal lines)” 
 
We feel the above is critical to making the project bird friendly which is, of course, in-line with our mission of 
conservation of native birds and their habitats. Thank you for your consideration. 
 
Sincerely, 
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Cindy Crawford, Conservation Committee/Member-at-Large 
Mary Parsell, Conservation Chair 
Janice Dahl, President 
 
 
Submitted via US Mail and email Craig.chalfant@longbeach.gov 
 
Attachments: 
Urban Street Trees 22 benefits Specific Applications 
https://www.michigan.gov/documents/dnr/22_benefits_208084_7.pdf 
 
Bird-Friendly Building Design, American Bird Conservancy http://www.nycaudubon.org/images/pdf/Bird-
Friendly_Building_Design_2015.pdf 
 
Google Street View Screenshot, 183rd & Shoemaker 
183rd-Shoemaker.jpg 
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Urban Street Trees 
22 Benefits 
By Dan Burden, Senior Urban Designer
Glatting Jackson and Walkable Communities, Inc;   
August, 2006 

U.S Forest Service facts and figures and 
new traffic safety studies detail many ur-
ban street tree benefits. Once seen as 
highly problematic for many reasons, 
street trees are proving to be a great value 
to people living, working, shopping, shar-
ing, walking and motoring in and through 
urban places.

For a planting cost of $250-600 (includes 
first 3 years of maintenance) a single street 
tree returns over $90,000 of direct benefits 
(not including aesthetic, social and natural) 
in the lifetime of the tree. Street trees 
(generally planted from 4 feet to 8 feet 
from curbs) provide many benefits to 
those streets they occupy.  These trees 
provide so many benefits that they should 
always be considered as an urban area de-
fault street making feature.

With new attentions being paid to global 
warming causes and impacts more is be-
coming known about negative environ-
mental impacts of treeless urban streets. 
We are well on the way to recognizing the 
need for urban street trees to be preferred 
urban design, rather than luxury items tol-
erated by traffic engineering and budget 
conscious city administrators. 

The many identified problems of street 
trees are overcome with care by designers. 
Generally street trees are placed each 15-
30 feet. These trees are carefully posi-
tioned to allow adequate sight triangles at 
intersections and driveways, to not block 
street luminaries, not impact utility lines 
above or below ground. Street trees of 
various varieties are used in all climates, 
including high altitude, semi-arid and even 
arid urban places. 
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The science of street tree placement and 
maintenance is well known and observed in a 
growing number of communities (i.e. 
Chicago, Illinois;  Sacramento, Davis, 
California; Eugene, Oregon; Seattle, 
Redmond, Olympia and Issaquah, 
Washington; Charlotte, N.C.; Keene, New 
Hampshire and Cambridge, Mass). Although 
care and maintenance of trees in urban places 
is a costly task, the value in returned benefits 
is so great that a sustainable community 
cannot be imagined without these important 
green features. 

Properly placed and spaced urban street 
trees provide these benefits:

Increased motorized traffic and pedestrian 
safety (contrary to engineering myths). See 
below article for details on mode safety 
enhancements. See especially the compilation 
of safety benefits detailed in, Safe Streets, 
Livable Streets, by Eric Dumbaugh Journal of 
the American Planning Association, Vol. 71, 
No. 3, Summer 2005. One such indication of 
increased safety with urban street trees is 
quoted from this document:

“...Indeed, there is a growing body of evidence 
suggesting that the inclusion of trees and other 
streetscape features in the roadside 
environment may actually reduce crashes and 
injuries on urban roadways. Naderi (2003) 
examined the safety impacts of aesthetic 
streetscape enhancements placed along the 
roadside and medians of five arterial roadways 
in downtown Toronto. Using a quasi-
experimental design, the author found that the 
inclusion of features such as trees and concrete 
planters along the roadside resulted in 
statistically significant reductions in the number 
of mid-block crashes along all five roadways, 
with the number of crashes decreasing from 
between 5 and 20% as a result of the 
streetscape improvements. While the cause for 
these reductions is not clear, the author 
suggests that the presence of a well defined 
roadside edge may be leading drivers to 
exercise greater caution.”

Trees

I think that I shall never see  
A poem lovely as a tree.

A tree whose hungry mouth is prest  
Against the sweet earth's flowing breast;  

A tree that looks at God all day,
And lifts her leafy arms to pray;  
A tree that may in summer wear

A nest of robins in her hair;
Upon whose bosom snow has lain;  

Who intimately lives with rain.
Poems are made by fools like me,  

But only God can make a tree.

...Joyce Kilmer (1913) 
American poet, 

killed during WWI at the age of 31 
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22 Benefits Detailed:

1. Reduced and more appropriate 
urban traffic speeds. Urban street 
trees create vertical walls framing 
streets, providing a defined edge, 
helping motorists guide their 
movement and assess their speed 
(leading to overall speed 
reductions). Street safety 
comparisons show reductions of 
run-off-the-road crashes and overall 
crash severity when street tree 
sections are compared with 
equivalent treeless streets. (Texas A 
and M conducted simulation 
research which found people slow 
down while driving through a treed 
scape. These observations are also 
seen in the real world when 
following motorists along first a 
treed portion of a street, and then a 
non treed portion (see page 13). 
Speed differentials of 3 mph to 15 
mph are noted. 

2. Create safer walking 
environments, by forming and 
framing visual walls and providing 
distinct edges to sidewalks so that 
motorists better distinguish between 
their environment and one shared 
with people. If a motorist were to 
significantly err in their urban 
driving task, street trees help deflect 
or fully stop the motorist from 
taking a human life.

3. Trees call for placemaking 
planting strips and medians,
which further separate motorists 
from one another, pedestrians, 
buildings and other urban fabric. 
This green area adds significantly to 
aesthetics and placemaking. Urban 
area medians with trees are safer 
than those without trees (R. Ewing, 
Caltrans Study, circa 2003). Medians 
reduce crashes by 50% or more. 
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4. Increased security. Trees 
create more pleasant walking 
environments, bringing about 
increased walking, talking, pride, 
care of place, association and 
therefore actual ownership and 
surveillance of homes, blocks, 
neighborhoods plazas, 
businesses and other civic 
spaces.

5. Improved business.
Businesses on treescaped streets 
show 12% higher income 
streams, which is often the 
essential competitive edge 
needed for main street store 
success, versus competition 
from plaza discount store prices. 

6. Less drainage infrastructure.
Trees absorb the first 30% of 
most precipitation through their 
leaf system, allowing 
evaporation back into the 
atmosphere. This moisture 
never hits the ground. Another 
percentage (up to 30%) of 
precipitation is absorbed back 
into the ground and taken in 
and held onto by the root 
structure, then absorbed and 
then transpired back to the air. 
Some of this water also naturally 
percolates into the ground water 
and aquifer. Storm water runoff 
and flooding potential to urban 
properties is therefore reduced. 

7. Rain, sun, heat and skin 
protection. For light or 
moderate rains, pedestrians find 
less need for rain protection. In 
cities with good tree coverage 
there is less need for chemical 
sun blocking agents. 
Temperature differentials of 5-
15 degrees are felt when walking 
under tree canopied streets. 
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8. Reduced harm from 
tailpipe emissions.
Automobile and truck 
exhaust is a major public 
health concern and contains 
significant pollutants, 
including carbon monoxide 
(CO), volatile organic 
compounds (VOC), nitrogen 
oxides (NOx), and particulate 
matter (PM). Tailpipe 
emissions are adding to 
asthma, ozone and other 
health impacts. Impacts are 
reduced significantly from 
proximity to trees. 

9. Gas transformation 
efficiency. Trees in street 
proximity absorb 9 times 
more pollutants than more 
distant trees, converting 
harmful gasses back into 
oxygen and other useful and 
natural gasses. 

10. Lower urban air 
temperatures.  Asphalt and 
concrete streets and parking 
lots are known to increase 
urban temperatures 3-7 
degrees. These temperature 
increases significantly impact 
energy costs to homeowners 
and consumers. A properly 
shaded neighborhood, mostly 
from urban street trees, can 
reduce energy bills for a 
household from 15-35%. 

11. Lower Ozone. Increases in 
urban street temperatures 
that hover directly above 
asphalt where tailpipe 
emissions occur dramatically 
increase creation of harmful 
ozone and other gasses into 
more noxious substances 
impacting health of people, 
animals and surrounding 
agricultural lands.
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12. Convert streets, parking and 
walls into more aesthetically 
pleasing environments. There 
are few streetmaking elements 
that do as much to soften wide, 
grey visual wastelands created 
by wide streets, parking lots and 
massive, but sometimes 
necessary blank walls than trees. 

13. Soften and screen necessary 
street features such as utility 
poles, light poles and other 
needed street furniture. Trees 
are highly effective at screening 
those other vertical features to 
roadways that are needed for 
many safety and functional 
reasons.

14. Reduced blood pressure, 
improved overall emotional 
and psychological health. 
People are impacted by ugly or 
attractive environments where 
they spend time. Kathlene 
Wolf, Social Science Ph.D. 
University of Washington gave 
a presentation that said “the risk 
of treed streets was 
questionable compared to other 
types of accidents along with 
the increased benefit of trees on 
human behavior, health, 
pavement longevity, etc.”   She 
noted that trees have a calming 
and healing effect on ADHD 
adults and teens. 

15. Time in travel perception.
Other research and 
observations confirm that 
motorists perceive the time it 
takes to get through treed 
versus non-treed environments 
has a significant differential. A 
treeless environment trip is 
perceived to be longer than one 
that is treed (Walter Kulash, 
P.E.; speech circa 1994, 
Glatting Jackson).



8 22 Benefits of Urban Street Trees by Dan Burden 

16. Reduced road rage.
Although this may at first 
seem a stretch, there is 
strong, compelling research 
that motorist road rage is less 
in green urban versus stark 
suburban areas. Trees and 
aesthetics, which are known 
to reduce blood pressure, 
may handle some of this 
calming effect.

17. Improved operations 
potential. When properly 
positioned and maintained, 
the backdrop of street trees 
allow those features that 
should be dominant to be 
better seen, such as vital 
traffic regulatory signs. The 
absence of a well developed 
Greenscape allows the sickly 
grey mass of strip to 
dominate the visual world. 
At the same time, poorly 
placed signs, signals, or 
poorly maintained trees 
reduces this positive gain, 
and thus proper placement 
and maintenance must be 
rigidly adhered to. 

18. Added value to adjacent 
homes, businesses and tax 
base. Realtor based 
estimates of street tree 
versus non street tree 
comparable streets relate a 
$15-25,000 increase in home 
or business value. This often 
adds to the base tax base and 
operations budgets of a city 
allowing for added street 
maintenance. Future 
economic analysis may 
determine that this is a 
break-even for city 
maintenance budgets.
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19. Provides a lawn for a splash and 
spray zone, storage of snow, 
driveway elevation transition and 
more. Tree lawns are an essential 
part of the operational side of a 
street.

20. Filtering and screening agent.
Softens and screens utility poles, light 
poles, on-street and off-street 
parking and other features creating 
visual pollution to the street. 

21. Longer pavement life.  Studies 
conducted in a variety of California 
environments show that the shade of 
urban street trees can add from 40-
60% more life to costly asphalt. This 
factor is based on reduced daily 
heating and cooling (expansion/
contraction) of asphalt.  As peak oil 
pricing increases roadway overlays, 
this will become a significant cost 
reduction to maintaining a more 
affordable roadway system. 

22. Connection to nature and the 
human senses. Urban street trees 
provide a canopy, root structure and 
setting for important insect and 
bacterial life below the surface; at 
grade for pets and romantic people 
to pause for what pets and romantic 
people pause for; they act as essential 
lofty environments for song birds, 
seeds, nuts, squirrels and other urban 
life. Indeed, street trees so well 
establish natural and comfortable 
urban life it is unlikely we will ever 
see any advertisement for any 
marketed urban product, including 
cars, to be featured without street 
trees making the ultimate dominant, 
bold visual statement about place. 
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Trees provide  

enclosure 

West Hartford’s Farm-
ington Avenue tree can-
opy forms an attractive 
wall of green. This sense 
of enclosure creates an 
important quality allow-
ing pedestrians to feel 
fully separated from the 
movement of more than 
25,000 vehicles in the 
adjacent street. 



11 22 Benefits of Urban Street Trees by Dan Burden 

Trees provide  

shelter

It rained all day. When au-
thor Dan Burden spent mid 
morning to mid-afternoon on 
West Hartford’s Farmington 
Avenue he did not get wet. 
The canopy cover kept side-
walks dry, despite a steady 
light all-day rain. Trees have 
the ability to capture signifi-
cant rainfall then transpire it 
back into the atmosphere 
before reaching the ground. 
Meanwhile water runs down 
branches and trunk to allow 
deep root penetration. 
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Tree and  
Lamp Placement 

Well placed trees allow even 
and attractive lamp placement.  
It is important that lamps provide 
proper levels of lumination to 
create welcoming and comfort-
able walking environments.

Generally lamps are placed mid-
way between trees, allowing for 
some variation between other 
essential furniture such as seat-
ing and fire hydrants.
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Traffic Calming results from correct tree placement 
The top two images are both collector category streets (Avenues). Historic tree plantings reduce 
speeds, provide greater green cover, and allow homes to face streets, thus rewarding walking ac-
tivity. More recent street making maximizes asphalt, increases the tendency to speed and highly 
discourages developers from orienting homes toward the street. Walking becomes a lonely and 
sometimes scary activity. The bottom two images each have the same curb to curb dimensions. 
Trees placed at the street and on street parking bring speeds down 7-8 mph. 
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Trees Screen Parking 
Effective tree placement softens 
harshening effects of on-street park-
ing. A combination of tree planting 
tools, from curb extensions, block 
entry tree clusters, mid-block tree 
clusters at curb extensions and tree 
wells are common tools for screen-
ing and greening parking areas. 
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Alley versus driveway loaded blocks  
There is a distinct visual advantage in using 
alley loaded properties.  Driveways break up 
the natural rhythm and opportunity of attrac-
tively and evenly spaced street trees. Drive-
ways also eliminate the possibility of using a 
longer tree planter strip. Long and narrow 
strips are sometimes essential to getting in 
quality growth trees in a minimum right-of-
way.
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Maximize Green 
Plan good caliper trees (3” or 
wider) on all streets to soften build-
ings and street impacts.  Use wide 
or long tree wells and all of the 
technical knowledge for setting 
and maintaining successful urban 
trees. Utilities are placed in loca-
tions minimizing impact on green 
cover. 
Urban street trees are generally 
placed each 15-20 feet. Dense 
placement is highly desired. 
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Tree Wells 

Tree Wells 
In tight urban spaces there may be insufficient space in sidewalks to place trees. In these 
settings placement of tree wells roughly each 40-60 feet allows two or three parking 
spaces. Often not a single parking space is lost.  Tree wells can be added to both parallel 
and angled parking. Depending on the amount of parking needed, desired visual pattern, 
and tree density wells are placed every other car, third car and sometimes every fourth car. 
Wells must be deep enough to prevent backing into trees. 
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Tree Wells 

Tree Wells and curb extensions 
One of the greatest benefits to the use of tree wells is the added screening of parked cars. 
Properly used tree wells establish a compelling line of green, hiding much of the excess as-
phalt needed for parking. Tree wells are often accented with colorful ground cover.  The term 
tree well is used independently of curb extension. Curb extensions add to the use of tree 
wells, but are much larger, and often include sitting areas or corner placement. 
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Kathlene Wolf, Social Science Ph.D. Uni-
versity of Washington gave a presentation 
that said that the risk of treed streets was 
questionable compared to other types of 
accidents along with the increased benefit 
of trees on human behavior, health, pave-
ment longevity, etc.   She noted that trees 
have a calming and healing effect on 
ADHD adults and teens.  And I added that 
through my review of literature, ADHD 
males 16 to 22 years of age had an inci-
dent of serious accident that was 5 times 
what a control population of 16 to 22 male 
drivers would experience
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Cover rendering and photo this page: The new Bridge for Laboratory Sciences building at Vassar 
College, designed by Richard Olcott/Ennead Architects, redefines the identity of the sciences on the 
College’s historic campus and provides technologically advanced facilities for students, faculty, and 
researchers. 

Fundamental to the building’s design is its seamless integration with the natural landscape, scale, and 
campus aesthetic of the College. In this natural wooded setting, the need for strategies to reduce bird 
collisions with the building was apparent. In response, the building was designed to comply with LEED 
Pilot Credit 55: Bird Collision Deterrence. 

Ennead managing partner Guy Maxwell is a nationally recognized champion of bird-friendly design 
and has led Ennead’s innovative approach to make the building’s glazing safer for birds, employing 
patterned glass, screens and sunshades, and Ornilux glass, a specialty glass product that uses a UV 
coating visible to birds but not humans. 

By framing and showcasing views of the landscape, the building celebrates and connects students 
with the surrounding environment, while the overall development of the precinct repurposes an 
underutilized sector of campus.Exterior glass detail Glass detail, showing frit pattern

Vassar’s Bridge for Laboratory Sciences, shown here under construction 
in October 2015. The building is scheduled to open in January 2016. 
Cover rendering and photos courtesy of Ennead Architects



3Bird-Friendly Building Design

Table of Contents

Executive Summary ...........................................................4

Introduction .......................................................................6

 Why Birds Matter .......................................................7 

The Legal Landscape ..................................................7

 Glass: The Invisible Threat .........................................7

 Lighting: Exacerbating the Threat  ............................8 

Birds and the Built Environment ...............................8

 Impact of Collisions on Bird Populations ..................9 

Bird Collisions and Sustainable Architecture ............9

 Defining What’s Good For Birds ..............................11

Problem: Glass..................................................................12

 Properties of Glass ....................................................13

 Reflection  ................................................................13

 Transparency ............................................................13 

Black Hole or Passage Effect  ....................................13

 Factors Affecting Rates of Bird Collisions  ...............14 

    for a Particular Building

 Building Design ........................................................14 

Building Size .............................................................14 

Orientation and Siting .............................................14 

Time of Day ..............................................................16 

Green Roofs and Walls .............................................16

Solutions: Glass ................................................................18

 Netting, Screens, Grilles, Shutters, Exterior Shades ......19 

Awnings and Overhangs ..........................................20 

Angled Glass .............................................................20 

Patterns on Glass ......................................................20

 UV Patterned Glass ..................................................22 

Opaque and Translucent Glass ................................22

 Window Films ..........................................................24 

Solutions Applied to Interior Glass ..........................24

 Decals and Tape .......................................................24 

Temporary Solutions ................................................26 

Remediation Case Study: Javits Center ....................27

Light: Problems and Solutions .........................................28

 Solutions ...................................................................30 

Lights Out Programs ................................................31

The area of glass on a façade is the strongest predictor of threat to 
birds. There are also other reasons to limit glass. Skidmore Owings 
Merril’s Bronx, New York, Emergency Call Center is a handsome 
example of creative design with restricted glass, for a building 
intended to be both secure and blast-resistant. Photo by Chris 
Sheppard, ABC

Solutions: Policy...............................................................32 

Legislation ................................................................33 

Priorities for Policy Directives ..................................34 

Sustainability Rating Programs ................................34 

Model Ordinance .....................................................35

The Science of Bird Collisions .........................................36

 Magnitude of Collision Deaths ................................37

 Patterns of Mortality ................................................38

 Species at Risk ..........................................................38

 Characteristics of Buildings .....................................39 

Amount of Glass.......................................................39 

Time of Day ..............................................................40

 Local Landscape .......................................................40

 Avian Vision and Collisions ....................................41

 Avian Orientation and the Earth’s Magnetic Field ...42

 Birds and Light Pollution .........................................42 

Light Color and Avian Orientation .........................44 

Research: Deterring Collisions .................................45 

The 2 x 4 Rule ..........................................................47

Evaluating Collision Problems .........................................48 

—A Toolkit for Building Owners

 Solutions ...................................................................49 

Seasonal Timing .......................................................50 

Weather ....................................................................50 

Diurnal Timing .........................................................50 

Location ...................................................................50 

Local Bird Populations .............................................51 

Post-Mitigation Monitoring .....................................51

References ........................................................................52

Acknowledgments ............................................................57

Disclaimer ........................................................................57

ABC’s Bird-Friendly Building Standard ............................59

For updates and new information,  
see collisions.abcbirds.org



4 Bird-Friendly Building Design

Collision with glass claims the lives of hundreds of 
millions of birds each year in the United States. It is 
second only to domestic cats as a source of mortality 
linked directly to human action. Birds that have 
successfully flown thousands of miles on migration can 
die in seconds on a pane of glass; impacts kill fledglings 
before they can truly fly. Because glass is dangerous 
for strong, healthy, breeding adults, as well as sick or 
young birds, it can have a particularly serious impact on 
populations.

Bird kills occur at buildings across the United States 
and around the world. We know most about mortality 
patterns in cities, because that is where most monitoring 
takes place, but virtually any building with glass poses 
a threat wherever it is. The dead birds documented 
by monitoring programs or provided to museums 
constitute merely a fraction of the birds actually killed. 
The magnitude of this problem can be discouraging, but 
there are already effective solutions and an increasing 
commercial commitment to developing new solutions, if 
people can be convinced to adopt them.

That artificial lighting at night plays a significant 
part in mortality from glass is widely accepted, but 
often misunderstood. The majority of collisions with 
buildings take place during daylight. There are many 
well-documented instances of bright lights at night 
disorienting large numbers of birds—usually night- 
migrating passerines but also seabirds—some of which 
may circle in the light, sometimes until dawn. Nocturnal 
mortality associated with circulation events is caused 
by collision with guy wires and other structures. Such 
events were described starting in the late 19th century 

Executive Summary 

A bird, probably a dove, hit the window of an 
Indiana home hard enough to leave this ghostly 
image on the glass. Photo by David Fancher

Newhouse III, designed by Polshek Partnership Architects, is part of Syracuse 
University’s S.I. Newhouse School of Public Communications. This building 
incorporates an undulating, fritted glass façade with the words of the first 
amendment etched in letters six feet high along the base. Photo by Christine 
Sheppard, ABC

at lighthouses, and later at the Washington Monument, 
Statue of Liberty, and Empire State Building, which were 
the only brightly lit structures in their areas. Today, 
such events occur mostly at offshore drilling platforms 
and communication towers. These situations have in 
common bright light surrounded by darkness, and their 
frequency has decreased in cities as areas of darkness 
around bright structures have also become lit. However, 
there are strong indications that birds are still being 
disoriented by urban lights and that lights are linked to 
mortality, even though mortality patterns have changed.

Advances in glass technology and production since 
the mid-twentieth century have made it possible to 
construct skyscrapers with all-glass walls, homes with 
huge picture windows, and miles of transparent noise-
barriers on highways. There has been a general increase 
in the amount of glass used in construction—and the 
amount of glass on a building is the best predictor of 
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the number of birds it will kill. However, while glass 
is important for bringing light into buildings, a façade 
with over 30-40% glass dramatically increases energy use 
for heating and cooling. Bird-friendly design is becoming 
recognized as part of sustainable design, required 
increasingly by legislation across North America. 

New construction can incorporate from the beginning 
bird-friendly design strategies that are cost neutral. 
There are many ways to reduce mortality from existing 
buildings, with more solutions being developed all the 
time. Because the science is constantly evolving, and 
because we will always wish for more information than 
we have, the temptation is to postpone action in the 
hope that a panacea is just around the corner. But we 
can’t wait to act. We have the tools and the strategies 
to make a difference now. Architects, designers, city 

planners, and legislators are key to solving this problem. 
They not only have access to the latest building 
construction materials and concepts; they are also 
thought leaders and trend setters in the way we build 
our communities and prioritize building design issues.

This publication aims to provide planners, architects, and 
designers, bird advocates, and local, municipal, and fed-
eral authorities, as well as the general public, with a clear 
understanding of the nature and magnitude of the threat 
glass poses to birds. Since the first edition, in 2011, there 
has been increased awareness of collisions, evidenced by 
new ordinances and guidelines for bird-friendly construc-
tion, new materials to retrofit existing buildings, and pro-
motion by the glass industry of bird-friendly materials.

This edition includes an updated review of the underly-
ing science, examples of solutions that can be applied 
to both new construction and existing buildings, and 
an explanation of what information is still needed. We 
hope it will spur individuals, businesses, communities, 
scientists, and governments to address this issue and 
make their buildings safer for birds. Constructing bird-
friendly buildings and eliminating the worst existing 
threats require only imaginative design, effective retro-
fits, and recognition that birds have intrinsic and cultur-
al as well as economic and ecological value to humanity.

American Bird Conservancy’s Collisions Program 
works at the national level to reduce bird mortality 
by coordinating with organizations and governments, 
developing educational programs and tools, evaluating 
and developing solutions, creating centralized resources, 
and generating awareness.The steel mesh enveloping Zurich’s Cocoon in Switzerland, designed by 

Camenzind Evolution, Ltd, provides privacy, reduces heating and cooling 
costs, and protects birds, but still permits occupants to see out. Photo by 
Anton Volgger

The façade of Sauerbruch Hutton’s Brandhorst Museum  
is a brilliant example of mixing glass and non-glass 
materials. Photo by Tony Brady
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Why Birds Matter
For many people, birds and nature have intrinsic worth. 
Birds have been important to humans throughout 
history, often symbolizing cultural values such as peace, 
freedom, and fidelity. In addition to the pleasure they 
can bring to people, we depend on them for critical 
ecological functions. Birds consume vast quantities of  
insects and control rodent populations, reducing damage 
to crops and forests and helping limit the transmission 
of diseases such as West Nile virus, dengue fever, and 
malaria. Birds play a vital role in regenerating habitats 
by pollinating plants and dispersing seeds. Birds are also 
a direct economic resource. According to the U.S. Fish 
and Wildlife Service, bird watching is one of the fastest 
growing leisure activities in North America, an over $40 
billion industry accounting for many jobs.

The Legal Landscape
At the start of the 20th century, following the extinc-
tion of the Passenger Pigeon and the near extinction of 
other bird species due to unregulated hunting, laws were 
passed to protect bird populations. Among them was the 
Migratory Bird Treaty Act (MBTA), which made it illegal 
to kill a migratory bird without a permit. The scope of 
this law, which is still in effect today, extends beyond 
hunting, such that anyone causing the death of a migra-
tory bird, even if unintentionally, can be prosecuted if 
that death is deemed to have been foreseeable. At pres-
ent, the scope of the MBTA is under challenge in federal 
court and it is impossible to say whether it will ever be 
used to curb glass collisions. However, courts in Canada 
have ruled that building owners are responsible for mor-
tality caused by glass.

Violations of the MBTA can result in fines of up to $500 
per incident and up to six months in prison. The Bald 

and Golden Eagle Protection Act (originally the Bald 
Eagle Protection Act of 1940), the Endangered Species 
Act (1973), and the Wild Bird Conservation Act (1992) 
provide further protections for birds that may apply to 
building collisions. Recent legislation, primarily at the 
city and state levels, has addressed the problem of mor-
tality from building collisions and light pollution. Start-
ing with Toronto, Canada, in 2009 and San Francisco, 
California, in 2010 an increasing number of states and 
municipalities have passed laws mandating bird-friendly 
design, while other authorities have passed voluntary 
measures. 

Glass: The Invisible Threat
Glass is invisible to both birds and humans. Humans 
learn to see glass through a combination of experience 
and visual cues like mullions and even dirt, but birds are 
unable to use these signals. Most birds’ first encounters 
with glass are fatal when they collide with it at full flight 
speed. Aspects of bird vision contribute to the problem. 
Whereas humans have eyes in the front of their heads 
and good depth perception, most birds’ eyes are placed 
at the sides of their heads. Birds thus have little depth 
perception beyond the range of their bills but extensive 
fields of view to the side and behind. They judge their 
flight speed by the passing of objects to their sides, so 
their focus in flight is not necessarily ahead. Besides sim-
ply using designs with less glass, we can protect birds by 
using screens, shutters, and details that partly obscure 
glass while still providing a view, or by using two-di-
mensional patterns that birds perceive as actual barriers. 
However, birds have poor contrast sensitivity compared 
to humans: shapes at a distance merge into a blur at 
closer range for birds. This means that most signals that 
make glass safe for birds will probably be readily visible 
to people.

(Opposite) The White-throated Sparrow is the most frequent victim of 
collisions reported by urban monitoring programs. Photo by Robert Royse

Reflections on home windows are a significant source of 
bird mortality. The partially opened vertical blinds here 
may break up the reflection enough to reduce the hazard 
to birds. Photo by Christine Sheppard, ABC

Birds may try to reach vegetation seen through two or 
more glass walls or windows; the single decal here is not 
enough to solve the problem, but two or three could do 
the trick. Photo by Christine Sheppard, ABC
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Lighting: Exacerbating the Threat
Most birds, with obvious exceptions, are active by day, 
with eyes best adapted for daylight sight. However, 
many bird species migrate by night, allowing them 
to use daylight hours for feeding. We still don’t know 
everything about how night-flying birds navigate. We 
do know that birds probably have two special senses 
that allow them to determine location and direction 
using the Earth’s magnetic field. One of these, located in 
the eye, may allow birds to “see” magnetic lines in the 
presence of dim blue light. Star maps, landmarks, and 
other mechanisms are also involved. 

Artificial night lighting seemingly disrupts orientation 
mechanisms evolved to work with dimmer, natural 
light sources and can cause birds to deviate from their 

flight paths. The problem is compounded for birds flying 
in mist or cloud, which can cause them to fly lower 
and closer to artificial light sources, depriving them 
of celestial and magnetic cues. As birds fly near light 
sources, they may become disoriented and eventually 
land in the built environment.

The majority of collisions with buildings actually take 
place by day. As birds seek food to fuel their next migra-
tory flight, they face a maze of structures, and many, 
unable to distinguish between habitat and reflections, 
hit glass. The amount of light emitted by a building is a 
strong predictor of the number of collisions it will cause, 
more so than building height. Patterns of light intensity 
across a nocturnal landscape may influence the pattern 
of birds landing in that landscape at the end of migra-
tion stages. Thus, reducing light trespass from all levels 
of buildings and their surroundings is an important 
part of a strategy to reduce collisions with glass. There is 
some recent evidence that electromagnetic radiation out-
side the visible spectrum may also disorient birds.

Birds and the Built Environment
Humans first began using glass in Egypt around 3500 
BCE. Glass blowing, invented by the Romans in the early 
first century CE, greatly increased the ways glass could be 
used, including the first crude glass windows. The 17th 
century saw the development of the float process, en-
abling production of large sheets of glass. This technol-
ogy became more sophisticated, eventually making glass 
windows available on a large scale by the 1960s. In the 
1980s, development of new production and construction 
technologies culminated in today’s glass skyscrapers and 
increasing use of glass in all types of construction.

Sprawling land-use patterns and intensified urbanization 
degrade the quality and quantity of bird habitat across 

Light at night can disorient birds, and the 
problem is not restricted to tall buildings. This 
scene of Las Vegas by night depicts a threat to 
any bird migrating nearby at night. Photo by 
BrendelSignature, Wikipedia 
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the globe. Cities and towns encroach on riverbanks and 
shorelines. Suburbs, farms, and recreation areas increas-
ingly infringe upon wetlands and woodlands. Some bird 
species simply abandon disturbed habitat. For resident 
species that can tolerate disturbance, glass is a constant 
threat, as these birds are seldom far from human struc-
tures. Migrating birds are often forced to land in trees 
lining our sidewalks, city parks, waterfront business dis-
tricts, and other urban green patches that have replaced 
their traditional stopover sites. 

The amount of glass in a building is the strongest predic-
tor of how dangerous it is to birds. However, even small 
areas of glass can be lethal. While bird kills at homes are 
estimated at one to 10 birds per home per year, the large 
number of homes multiplies that loss to millions of birds 
per year in the United States, representing over 46% of 
the total problem. Other factors can increase or decrease 
a building’s impact, including the density and species 
composition of local bird populations; local geography; 
the type, location, and extent of landscaping and nearby 
habitat; prevailing wind and weather; and patterns of 
migration through the area. All must be considered 
when planning bird-friendly buildings.

Impact of Collisions on Bird Populations
About 25% of species are now on the U.S. Watch 
List of birds of conservation concern (abcbirds.org/
birds/watchlist/), and even many common species 
are in decline. Habitat destruction or alteration of 
both breeding and wintering grounds remains the 
most serious man-made problem, but collisions with 
buildings are second only to domestic cats as direct 
fatality threats. Nearly one-third of the bird species 
found in the United States—more than 258 species, from 
hummingbirds to falcons—are documented as victims of 
collisions. Unlike natural hazards that predominantly kill 

weaker individuals, collisions kill all categories of birds, 
including some of the strongest, healthiest birds that 
would otherwise survive to produce offspring. Without 
action, the cumulative effect of these deaths will result 
in significant population declines. Most of the mortality 
is avoidable. This document is one piece of a strategy to 
keep building collisions from increasing and, ultimately, 
to reduce them.

Bird Collisions and Sustainable Architecture
In recent decades, advances in glass technology and pro-
duction have made it possible to construct tall buildings 
with all-glass walls, and we have seen a general increase 
in the amount of glass used in all types of construction. 
This is manifest in an increase in picture windows in 
private homes, glass balconies and railings, bus shelters, 
and gazebos. New applications for glass are being devel-
oped all the time. Unfortunately, as the amount of glass 
increases, so does the incidence of bird collisions. 

The Cape May campus of Atlantic Cape Community 
College inherited a building with large areas of glass that 
did not have coatings or film to control temperature and 
glare—and there were many collisions. The addition of 
Collidescape has eliminated the threat to birds while 
reducing heating and cooling costs. Photo by Lisa 
Apel-Gendron
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The Tracy Aviary’s new LEED Gold Visitors Center meets the 
requirements of LEED’s Reducing Bird Collisions credit, using 
an array of high- and low-tech solutions, including decals and a 
dramatic screen. © 2015 Alan Blakely, AIAP. All rights reserved.
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In recent decades, growing concern for the environment 
has stimulated the creation of “green” standards and rat-
ing systems for development. The best known is the U.S. 
Green Building Council (USGBC) Leadership in Energy 
and Environmental Design, or LEED. While the USGBC 
concurred that sustainable buildings should not kill 
birds, it was initially difficult to create recommendations 
within the LEED credit system. The solution was based 
on a technique called “tunnel testing,” a non-lethal 
method using live birds that permits a relative threat 
score to be assigned to patterned glass and other materi-
als. (The section on Research in Chapter 6 reviews the 
work underlying the assignment of threat scores.)

On October 14, 2011, USGBC added Pilot Credit 55: 
Bird Collision Deterrence to its Pilot Credit Library. 
The credit was drafted by American Bird Conservancy 
(ABC), members of the Bird-Safe Glass Foundation, and 
the USGBC Site Subcommittee. Building developers that 
wish to earn this credit must quantify the threat level 
to birds posed by various materials and design details. 
These threat factors are used to calculate an index, or 
weighted average, representing the building’s façade; 
that index must be below a standard value to earn the 
credit. The index is intended to provide wide latitude in 
creating designs that meet the criteria. The credit also 
requires adopting interior and exterior lighting plans 
and post-construction monitoring. 

Pilot Credit 55 has been the most widely used credit in 
the pilot library. A revised version of the credit, posted 
in the fall of 2015, expands its availability to all LEED 
rating systems except “neighborhoods.” 

ABC is a registered provider of the American Institute 
of Architects (AIA) Continuing Education System, of-
fering classes on bird-friendly design and LEED Pilot 

Hariri Pontarini Architects with Robbie/Young + Wright 
Architects used botanical imagery in 3M laminates to 
depict the plants that produce many of the compounds 
used by students at the University of Waterloo School of 
Pharmacy, Canada. Photo by Christine Sheppard, ABC

Credit 55 in face-to-face and webinar formats. Contact 
Christine Sheppard, csheppard@abcbirds.org, for more 
information.

Defining What’s Good for Birds
It is increasingly common to see the term “bird-friendly” 
used in a variety of situations to demonstrate that a 
particular product, building, legislation, etc., is not 
harmful to birds. All too often, however, this term is 
unaccompanied by a clear definition and lacks a sound 
scientific foundation to underpin its use. Ultimately, 
defining “bird-friendly” is a subjective task. Is bird-
friendliness a continuum, and if so, where does friendly 
become unfriendly? Is “bird-friendly” the same as “bird-
safe?” How does the definition change from use to use, 
situation to situation? It is impossible to know exactly 
how many birds a particular building will kill before it is 
built, and so, realistically, we cannot declare a building 
to be bird-friendly before it has been carefully monitored 
for several years. 

There are factors that can help us predict whether 
a building will be particularly harmful to birds or 
generally benign, and we can accordingly define simple 
“bird-friendly building standards” that, if followed, 
significantly reduce potential hazard to birds. That said, 
a 75% reduction of mortality at a structure that kills 400 
birds a year means that structure will still kill 100 birds 
a year. Because window kills affect reproductively active 
adult birds, the cumulative effect of saving some birds is 
amplified by their reproductive output. Because a 100% 
reduction in mortality may be difficult to achieve, ABC 
takes the position that it is better to take reasonable 
available actions immediately than to put off taking 
action until a perfect solution is possible or to take no 
action at all. 



Problem: Glass

The glass in this Washington, D.C., atrium poses a double hazard, drawing birds to 
plants inside as well as reflecting sky above. Photo by Christine Sheppard, ABC
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Properties of Glass
Glass, as a structural material, can range in appearance 
from transparent to mirrored to opaque. Its surface can 
completely reflect light or let virtually 100% of light pass 
through. A particular piece of glass will change appear-
ance depending on environmental factors, including 
position relative to the sun, the difference between exte-
rior and interior light levels, what may be reflected, and 
the angle at which it is viewed. Combinations of these 
factors can cause glass to look like a mirror or a dark 
passageway, or be completely invisible. Humans do not 
actually “see” clear glass, but are cued by context such as 

mullions, dirt, or window frames. Birds, however, do not 
perceive right angles and other architectural signals as 
indicators of obstacles or artificial environments: they 
take what they see literally. While local birds may be-
come familiar with individual pieces of glass, they do 
not ever grasp the concept “glass.”

Reflection
Under the right conditions, even transparent glass on 
buildings can form a mirror, reflecting sky, clouds, or 
nearby habitat attractive to birds. When birds try to fly 
to the reflected habitat, they hit the glass. Reflected veg-
etation is the most dangerous, but birds also attempt to 
fly past reflected buildings or through reflected passage-
ways, with fatal results.

Transparency
Birds strike transparent windows as they attempt to ac-
cess potential perches, plants, food or water sources, or 
other lures seen through the glass, whether inside or 
outside. Large planted atria are frequent problems, as are 
glass balcony railings  and “skywalks” joining buildings. 
The increasing trend toward glass used in landscapes, 
as walls around roof gardens, as handrails or walkway 
dividers and even gazebos is dangerous because birds 
perceive an unobstructed route through them to habitat 
beyond.

Black Hole or Passage Effect
Birds often fly through small gaps, such as spaces be-
tween leaves or branches, into nest cavities, or through 
other small openings that they encounter. In some light, 
the space behind glass can appear black, creating the 
appearance of just such a cavity or “passage” with unob-
structed access through which birds try to fly.The glass-walled towers of the Time Warner Center in New York City appear 

to birds as just another piece of the sky. Photo by Christine Sheppard, ABC

Transparent handrails are a dangerous trend for birds, 
especially when they front vegetation. Photo by 
Christine Sheppard, ABC

Large facing panes of glass can appear to be a clear 
pathway. Photo by Christine Sheppard, ABC
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Factors Affecting Rates of Bird Collisions  
for a Particular Building
Every site and every building can be characterized as a 
unique combination of risk factors for collisions. Some 
of these, particularly aspects of a building’s design, are 
very building-specific. Many problem design features can 
be readily improved, or, in new construction, avoided. 
Others of these—for example, a building’s location 
relative to migration stopover sites, regional ecology, and 
geography—are difficult if not impossible to modify.

Building Design
People like glass and it has become a popular building 
material. All-glass buildings have become more and 
more common as glass has become a low-cost material 
for construction. Glass causes virtually all bird collisions 
with buildings. Studies based on monitoring data have 
shown a direct relationship between the amount of glass 
on a building and the number of collisions at that site— 
the more glass, the more bird deaths. 

Mirrored glass is often used intentionally to make a 
building “blend” into a vegetated area by reflecting 
its surroundings, making those buildings especially 
deadly to birds. However, all-glass buildings are com-
ing increasingly into question. According to groups like 
the American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) and the International 
Code Council, when there is more than 30-40% glass on 
a façade, heating and cooling costs begin to increase.   

Building Size 
Glass skyscrapers, because of their height and visibility, 
are often the main focus of collision documentation, 
and they do account for more collisions per building 
than smaller structures. However, because there are 

many more homes and low-rise buildings, the latter 
account for more total mortality. A study published 
by scientists at the Smithsonian in 2014 estimated 
508,000 annual bird deaths for high-rises, 339 million 
for low-rises, and 253 million for homes. More collisions 
probably occur at glass on lower floors, where most bird 
activity takes place, but when monitors have had access 
to setbacks and roofs, they have consistently found at 
least some carcasses, indicating that glass at any level 
can be a threat.

Orientation and Siting
Because migrating birds are frequent collision victims, 
it is often assumed that more collisions will occur on 
north- and south-facing façades. However, most build-
ing collisions take place during the day, and building 
orientation in relation to compass direction has not 
been implicated as a factor. Siting of buildings with re-
spect to surrounding habitat and landscaping has more 

Birds flying from a meadow on the left are channeled toward the glass 
doors of this building by a rocky outcrop to the right of the path. Photo by 
Christine Sheppard, ABC

The same glass can appear  

transparent or highly reflective, 

depending on weather  

or time of day. 

Photos by Christine Sheppard, ABC



Mirrored glass is dangerous at all times of day, whether it reflects vegetation, sky, or simply 
open space through which a bird might try to fly. Photo by Christine Sheppard, ABC
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implications. Physical features like walkways that pro-
vide an open flight path through vegetated landscape, 
or obstacles like outcrops of rock or berms, can channel 
birds toward or away from glass and should be consid-
ered early in the design phase. Movement patterns of 
birds within surrounding habitat may cause unanticipat-
ed collisions. Birds often fly between landscape features, 
for example, between two stands of trees, and may be at 
risk from structures along their route.

Glass that reflects shrubs and trees causes more colli-
sions than glass that reflects pavement or grass. Studies 
that measured vegetation within only 15 to 50 feet of 
a façade have led to the misconception that plantings 
beyond a certain distance don’t influence collisions, but 
vegetation at much greater distances can easily be visible 

in reflections. Vegetation around buildings will bring 
more birds into the vicinity of the building; the reflec-
tion of that vegetation brings more birds into the glass. 
Taller trees and shrubs correlate with more collisions. It 
should be kept in mind that vegetation on slopes near 
a building will reflect in windows above ground level. 
Studies using bird feeders (Klem et al. 1991) have shown 
that fatal collisions result when birds fly toward glass 
from more than a few feet away.

Time of Day
Collisions tend to happen most when birds are most ac-
tive. Many studies have documented that although colli-
sions peak during the early morning, they can happen at 
almost any time of day. Most monitoring programs have 
focused on early morning before cleaning crews have 
swept sidewalks because of the increased likelihood of 
finding birds and because it is easier to obtain volunteer 
searchers in the pre-work hours. 

Green Roofs and Walls
Green roofs bring elements attractive to birds to higher 
levels, but often they are built in close proximity to 
glass. However, recent work shows that well-designed 
green roofs can become functional ecosystems, 
providing food and even nest sites for birds. Siting of 
green roofs, as well as green walls and rooftop gardens, 
should therefore be carefully considered, and glass 
adjacent to these features should have protection for 
birds.

 

Plantings on setbacks and rooftops can attract birds to 
glass they might otherwise avoid. Chris Sheppard, ABC

Green roofs and walls can provide food and other resources to birds, but 
they can also attract birds to glass that they might not otherwise encounter. 
Emilio Ambasz’s ACROS  building in Fukuoka, Japan, is an interesting 
example. Photo by Kenta Mobuchi



This atrium has more plants than anywhere nearby on 
surrounding streets, making the glass deadly for birds seeking 
food or shelter in this area. Photo by Christine Sheppard, ABC



Solutions: Glass
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It is possible to design buildings that can reasonably be 
expected to kill few or no birds. Numerous examples 
already exist, not necessarily designed with birds in 
mind but simply to be functional and attractive. These 
buildings may have many windows, but their screens, 
latticework, louvers, and other devices outside, or 
patterns integrated into the glass, warn birds before they 
collide. Finding glass treatments that can eliminate or 
greatly reduce bird mortality, while minimally obscuring 
the glass itself, has been the goal of several researchers, 
including Martin Rössler, Daniel Klem, and Christine 
Sheppard. Their work, discussed in more detail in the 
Science chapter, has focused primarily on the spacing, 
length, width, opacity, color, and orientation of 
elements marked on glass, and has shown that patterns 
covering as little as 5% of the total glass surface can 
deter most strikes under experimental conditions. They 
have shown that as a general rule, most songbirds will 
not attempt to fly through horizontal spaces less than 
2 inches high or through vertical spaces 4 inches wide 
or less. We refer to this as the 2 x 4 rule, and it is clearly 
related to the size and shape of birds in flight. (See chart 
on page 47). 

Designing a new structure to be bird-friendly does not 
require restricting the imagination or adding to the cost 
of construction. Architects around the globe have creat-
ed fascinating and important structures that incorporate 
little or no dangerous glass. In some cases, inspiration 
has been borne out of functional needs, such as shad-
ing in hot climates; in others, from aesthetics. Being 
bird-friendly usually has been incidental. Now, however, 
buildings are being designed with birds in mind, and 
materials designed for this purpose are multiplying. Un-
til recently, retrofitting existing buildings has been more 

(Opposite) The external glass screen on the GSA Regional Field Office in Houston, 
Texas, designed by Page Southerland Page, helps control heat but also reduces the 
likelihood of collisions. Photo by Timothy Hursley

difficult and costly than it is today. However, new mate-
rials are appearing and costs can be controlled by target-
ing problem areas rather than entire buildings.

Bird-friendly materials and design features often overlap 
in function with materials to control heat and light, 
security measures, and decorative design details. Bird-
friendly building-design strategies also fall into three 
general categories, although all three could be combined 
in a single structure. These are: 

1. Using minimal glass (Bronx Call Center,  
U.S. Mission to the United Nations) 

2. Placing glass behind some type of screening  
(de Young Museum, Cooper Union)

3. Using glass with inherent properties that reduce 
collisions (Brooklyn Botanic Garden Visitors Center; 
Student Center at Ryerson University, Toronto; and 
Cathedral of Christ the Light)

Netting, Screens, Grilles, Shutters,  
Exterior Shades  
There are many ways to combine the benefits of glass 
with bird-friendly design by incorporating elements 
that preclude collisions while providing light and views. 
Some architects have designed decorative façades that 
wrap entire structures. Decorative grilles are also part of 
many architectural traditions. Exterior, motorized solar 
screens and shades are effective at controlling heat and 
light, increase security, and can be adjusted to maximize 
view or bird and sun protection at different times. Net-
ting, grilles, and shutters are common elements that can 
make glass safe for birds on buildings of any scale. They 
can be used in retrofit or be an integral part of an origi-
nal design and can significantly reduce bird mortality.

The Brooklyn Botanic Garden’s Visitors Center, designed 
by Weiss/Manfredi, was intended to be bird-friendly 
from its inception—a challenge, as it makes extensive use 
of glass. Photo @ Alber Vecerka, ESTO

Glass walls and doors at the Brooklyn Botanic Garden’s 
Visitors Center include a custom fritting pattern that 
meets bird-friendly criteria. Monitoring for collisions 
after the building opened indicates that the design was 
successful. Photo by Christine Sheppard, ABC
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Before the current age of unopenable windows, screens 
protected birds in addition to serving their primary 
purpose of keeping bugs out. Screens are still among 
the most cost-effective methods for protecting birds, 
and, if insects are not an issue, nearly invisible netting 
can often be installed. Screens and netting should be 
installed at some remove from the window so that the 
impact of a strike does not carry birds into the glass. 
Several companies sell screens that can be attached with 
suction cups or eye hooks for small areas of glass. Others 
specialize in much larger installations. (Find sources at 
collisions.abcbirds.org).

Awnings and Overhangs
Overhangs have been frequently recommended to 
reduce collisions. However, there are many situations in 
which overhangs do not eliminate reflections and only 
block glass from the view of birds flying above. They 
are thus of limited effectiveness as a general strategy. 
Overhangs work best when glass is shadowed from 
all sides. Functional elements such as balconies and 
balustrades can block the view of glass, protecting birds 
while providing an amenity for residents.

Angled Glass
In a study (Klem et al., 2004) comparing bird collisions 
with vertical panes of glass to those tilted 20 or 40 de-
grees, the angled glass resulted in less mortality. Klem 
speculated that this was because the glass reflected the 
ground, not vegetation. Using angled glass has become 
a common recommendation as a bird-friendly feature. 
However, while angled glass may be useful in special 
circumstances, the birds in the study were flying parallel 
to the ground from nearby feeders, hitting the glass at 
acute angles, with less force than a perpendicular strike. 
In most situations, however, birds may approach glass 
from any angle.   

Patterns on Glass
Ceramic dots, other types of “frits,” and other materials 
can be screened, printed, or otherwise applied to glass 
surfaces. This is often done to reduce the transmission 
of light and heat and can also provide design detail. In 
some cases, frit patterns are hardly visible, but when 
designed according to the 2 x 4 rule (see p. 47), patterns 
on glass can also prevent bird strikes. Patterns on the 
outside surface of glass deter collisions most effectively 
because they are always visible, even with strong re-
flections. This type of design, useful primarily for new 
construction, is currently more common in Europe and 

Reflections in this angled façade can be seen clearly over 
a long distance, and birds can approach the glass from 
any angle. Photo by Christine Sheppard, ABC

Overhangs block viewing of glass from some angles, 
but do not necessarily eliminate reflections. Photo by 
Christine Sheppard, ABC

A custom frit pattern was designed by Ennead Architects for Vassar College’s 
Bridge for Laboratory Sciences building. Elements of the pattern occur on 
two separate surfaces, increasing visibility to birds in flight, who will see a 
constantly changing pattern that may appear to move. Photo by Christine 
Sheppard, ABC
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Frit patterns behind highly reflective glass may not always be visible. However, in buildings like Skidmore 
Owings Merril’s Cathedral of Christ the Light, the frit pattern is always visible and the pattern should 
appear as a virtual barrier, deterring birds from flying into it. Photo by Christine Sheppard, ABC
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Asia, but is being offered by an increasing number of 
manufacturers in the United States. New technologies 
allowing printing of ceramic inks on the outside surface 
of glass may greatly increase options for bird-friendly 
design in the U.S. 

More commonly, frit is applied to an internal surface 
of insulated glass units. This type of design may not 
be visible if the amount of light reflected by the frit 
is insufficient to overcome reflections on the outside 
surface of the glass or if frit is applied as dots below the 
visual threshold of birds. Some internal frits may only 
help break up reflections when viewed from some angles 
and in certain light conditions. However, with the right 
combination of surface reflectivity and frit application, 
a pattern on an inside surface can still be effective. The 
headquarters of the internet company IAC in New York 
City, designed by Frank Gehry, is composed entirely of 
fritted glass, most of high density and always visible. No 
collision mortalities have been reported at this building 
after two years of monitoring by New York City Audubon. 
FXFOWLE’s Jacob Javits Center, also in Manhattan, 
reduced collisions by as much as 90% with a renovation 
that eliminated some dangerous glass and replaced other 
glass with a visible frit pattern. Another example of a 
visible internal frit pattern is seen in Skidmore Owings 
Merril’s Cathedral of Christ the Light in Oakland, 
California. 

UV Patterned Glass
Songbirds, gulls, parrots, and other birds can see into 
the ultraviolet (UV) spectrum of light, a range largely 
invisible to humans (see page 41). Other bird types, 
including raptors, kingfishers, hummingbirds, and 
pigeons, are less sensitive to UV. Ultraviolet reflective 
and/or absorbing patterns “invisible to humans but 

visible to birds” are frequently suggested as the optimal 
solution for many bird collision problems, but few 
such products are available commercially as of 2015. 
Progress in development of bird-friendly UV glass has 
been slow, but with legislation in multiple locations 
mandating bird-friendly design, glass manufacturers and 
distributors, as well as window-film manufacturers, are 
taking an active role in developing new solutions for this 
application. Research indicates that UV patterns need 
strong contrast to be effective, especially in the early 
morning and late afternoon, when UV in sunlight is 
at low levels. However, UV patterns may be ineffective 
for many species that have been reported as victims 
of collisions with glass, including hummingbirds, 
flycatchers, American Woodcock, and woodpeckers. 

Opaque and Translucent Glass
Opaque, etched, stained, or frosted glass and glass block 
are excellent options to reduce or eliminate collisions, 
and many attractive architectural applications exist. 
They can be used in retrofits but are more commonly 
used in new construction. Frosted glass is created by 
acid etching or sandblasting transparent glass. Frosted 
areas are translucent, but various finishes are available 
with differing levels of light transmission. An entire 
surface can be frosted, or frosted patterns can be applied. 
Patterns should conform to the 2 x 4 rule described 
on page 47. For retrofits, glass also can be frosted by 
sandblasting on site. Stained glass is typically seen in 
relatively small areas but can be extremely attractive and 
is not conducive to collisions. Glass block is versatile, 
can be used as a design detail or primary construction 
material, and is also unlikely to cause collisions. Another 
promising material is photovoltaic glass, which has 
been used in stained-glass windows and highway noise 
barriers. This solution is especially interesting, because 

Ornilux Mikado’s pattern reflects UV wavelengths. The 
spiderweb effect is visible only from very limited viewing 
angles. Photo courtesy of Arnold Glass    

While some internal fritted glass patterns can be 
overcome by reflections, Frank Gehry’s IAC headquarters 
in Manhattan is so dense that the glass appears opaque. 
Photo by Christine Sheppard, ABC  
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The Wexford Science and Technology Building in Philadelphia, 
designed by Zimmer, Gunsul, Frasca, uses translucent glass 
to provide light without glare, making it safe for birds. Photo 
courtesy of Walker Glass
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transparent highway noise barriers can cause collisions, 
and such barriers are beginning to be installed in the 
United States.

Window Films
Most patterned window films were initially intended for 
use inside structures as design elements or for privacy. 
Now, outside surface applications intended to reduce 

A Zen Wind Curtain is an inexpensive but extremely effective way to deter 
collisions. Lengths of parachute cord or similar materials are strung vertically, 
every four inches, in front of problem glass, creating both a visual and a 
physical barrier. Photo by Glenn Phillips, ABC

bird collisions are coming onto the market, and some 
have proved highly effective and popular. The oldest 
such product creates an opaque white surface on the out-
side of glass that still permits viewing from the inside. 
Patterns can be printed on this material, although im-
ages of trees and other habitat are not recommended.

A film with a pattern of narrow, horizontal stripes has 
eliminated collisions at the Philadelphia Zoo Bear Coun-
try exhibit for over five years (see photo opposite) and 
has been similarly successful in other installations when 
applied to outside surfaces of glass. In these cases, the 
response has been positive. Another option is to apply 
vinyl patterns like window film but with the transparent 
backing removed. 

Solutions Applied to Interior Glass
Light colored shades have been recommended as a way 
to deter collisions. However, when visible, they do not 
effectively reduce reflections, and reflections may make 
them completely invisible. Closed blinds have the same 
problems, but if visible and partly open, they can pro-
duce the appearance of a 2 x 4 pattern. If an exterior so-
lution is not possible and tape or sticky notes are applied 
to the inside of windows, be sure to check the windows 
several times a day to ensure that these materials are 
visible.

Decals and Tape
Decals are probably the most familiar solution to 
bird collisions, but their effectiveness is widely 
misunderstood. Birds do not recognize decals as 
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This window at the Philadelphia Zoo Bear Country exhibit was the site of frequent 
bird collisions until window film was applied. Collisions have been eliminated for 
over five years, with no complaints from visitors about visibility of bears! Photo 
courtesy of the Philadelphia Zoo
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ABC BirdTape

Photos by Dariusz Zdziebkowski, ABC

ABC, with support from the 

Rusinow Family Foundation, 

has produced ABC BirdTape to 

make home windows safer for 

birds. This easy-to-apply tape 

lets birds see glass  while letting 

you see out, is easily applied, 

and lasts up to four years. 

For more information, visit 

abcbirdtape.org

silhouettes of falcons, spiderwebs, or other natural 
objects, but simply as obstacles that they may try to fly 
around. Decals can be very effective if applied following 
the 2 x 4 rule on the outside of glass, but in general, 
they must be replaced frequently, at least annually. Tape 
is generally more cost effective and quicker to apply, 
but most household tapes don’t stand up well to the 
elements. Tape intended to last for several years on the 
outside of windows has become commercially available 
and is effective when applied following the 2 x 4 guide. 

The Consilium Towers, a mirror-glass complex in Toronto, once killed 
thousands of birds each year. After being taken to court, its owners retrofitted 
the lower 60 feet of glass with a Feather Friendly dot pattern that has greatly 
reduced bird mortality. 

Reflected in this glass is Michael Mesure, the founder of Toronto's Fatal Light 
Awareness Program. Photos by Christine Sheppard, ABC

ABC BirdTape was effective at the Forest Beach Migratory Reserve in 
Wisconsin (left), and also performed well in tunnel tests conducted in 
Austria. Photo by Christine Sheppard, ABC

Temporary Solutions
In some circumstances, especially for homes and small 
buildings, quick, low-cost, temporary solutions, such as 
making patterns on glass with paint, stickers, or even 
post-its, can be very effective in the short term. Even a 
modest effort can reduce collisions. Such measures can 
be applied when needed and are most effective follow-
ing the 2 x 4 rule. (For more information, see ABC’s flyer 
“You Can Save Birds from Flying into Windows” and 
other sources at collisions.abcbirds.org).
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REMEDIATION CASE STUDY: 
Javits Center
In 2009, the New York City Audubon Society identified 

the Jacob K. Javits Convention Center as having one 

of the highest bird-collision mortality rates in New York 

City. 

A major renovation and expansion, designed by the 

bird-friendly architectural firm of FXFOWLE, was com-

pleted in 2014. Some especially deadly glass at street 

level was replaced with opaque panels. Large panes of 

clear fritted glass with varying surface characteristics 

were brought to the site and compared to find the right 

combination for birds and people. 

A 6.75-acre green roof, with adjacent translucent glass, 

crowns the building and is already providing resources 

for birds. 

Best of all, collisions at the now much larger site have 

been reduced by 90%.

From a distance, the Javits Center looks like a potential threat to birds.

At close range, a visible pattern of frit dots breaks up reflections, making the glass safe for birds. 
Photos by Glenn Phillips, ABC



Light: Problems and Solutions

Fixtures such as these reduce light pollution, saving energy and money and 
reducing negative impacts on birds. Photo by Dariusz Zdziebkowski, ABC
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Birds evolved complex complementary systems for ori-
entation and vision long before humans developed arti-
ficial light. We still have much more to learn, but recent 
science has begun to clarify how artificial light poses a 
threat to birds, especially nocturnal migrants. Although 
most glass collisions take place during daylight hours, 
artificial lighting at night plays a role in the number and 
distribution of collisions across the built environment. 
Unfortunately, the details of how birds respond to night 
lighting are less well understood than has been com-
monly believed. 

Many collision victims, especially songbirds, are 
ordinarily active by day and have eyes specialized for 
color vision and bright light. But although they migrate 
at night, these birds have poor night vision. Instead, 
they have magnetic senses that allow them to navigate 
using the Earth’s magnetic field. One of these is located 
in the retina and requires dim blue natural light to 
function. Red wavelengths found in most artificial 
light have been shown to disrupt that magnetic sense. 
Studies in Germany and Russia have documented birds 
flying through beams of light and diverting from their 
course anywhere from a few degrees to a full circle. 
Areas with significant light pollution may be completely 
disorienting to birds.

Birds are attracted to relative brightness, and by day 
often orient toward the sun. If a songbird flies into a 
home, darkening the room and opening a bright win-
dow is the best way to release it. Birds are thought to be 
attracted to artificial light at night, but we don’t know 
what light level at what distance is sufficient to cause 
attraction or other behavioral impacts. Gauthreaux and 
Belser, discussing impacts of night lighting on birds, 
speculated that in fact, birds affected by night lighting 
may simply be on course to pass over the lights, not 

necessarily attracted from a distance. Marquenie and 
Van de Laar, studying birds and lights on a drilling rig in 
the North Sea, estimated that when all the lights on the 
platform were lit, they affected birds up to 3 to 5 kilome-
ters away, causing many to circle the platform.

The science is inconclusive: Lights may only impact 
birds as they end a migratory stage and come down close 
to the built environment, or lights may divert birds that 
would ordinarily pass by. Bad weather can cause birds to 
fly lower and closer to lights, while also eliminating any 
visual cues. The interactions that produce correlations 
between building light emissions and collisions may take 
place at relatively close range. Once birds come close 
to a light source, the electromagnetic radiation actively 
interferes with their magnetic orientation mechanism. 

Light: Problems and Solutions

Houston skyline at night. Photo by Jeff Woodman

Overly lit buildings waste electricity and increase green-
house gas emissions and air pollution levels. They also 
pose a threat to birds. Photo by Matthew Haines 
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Reprinted courtesy of DarkSkySociety.org

Some combination of attraction and disorientation 
may result in larger numbers of birds in the vicinity of 
brighter buildings and thus, by day, in more collisions. 
Interestingly, there seem to be no reports of lights 
attracting or disorienting migrants as they take off  
on a new migratory stage.

There has been a tendency to associate collision events 
with very tall structures, though published reports 
clearly document impact from light at all levels. Early 
reports of this phenomenon came from lighthouses. 
Contemporary reports of light-associated circling events 
are common at oceanic drilling rigs, and disoriented 
birds have been reported at night skiing sites. A study 
in Toronto, using the number of lighted windows on a 
series of buildings as an index of emitted light, found 
that the amount of light emitted, not the height of the 
building, was the best predictor of bird mortality. 

Solutions
Poorly designed or improperly installed outdoor fixtures 
add over $1 billion to electrical costs in the United States 
every year, according to the International Dark Skies Asso-
ciation. Recent studies estimate that over two-thirds of the 
world’s population can no longer see the Milky Way, just 
one of the nighttime wonders that connect people with 
nature. Glare from poorly shielded outdoor light fixtures 
decreases visibility and can create dangerous conditions, 
especially for older people, and recent studies suggest that 
long-term exposure to night lighting can increase the risk 
of breast cancer, depression, diabetes, obesity, and sleep 
disorders. Together, the ecological, financial, and cultural 
impacts of excessive building lighting are compelling rea-
sons to reduce and refine light usage.

Reducing exterior building and site lighting has proven 
effective at reducing mortality of night migrants at 

Examples of Acceptable/Unacceptable 
Lighting Fixtures
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individual buildings, but achieving overall reduction 
in collisions will require applying those principles on 
a wider scale. At the same time, these measures reduce 
building energy costs and decrease air and light pol-
lution. Efficient design of lighting systems plus opera-
tional strategies to reduce light trespass or “spill light” 
from buildings while maximizing useful light are both 
important strategies. In addition, an increasing body of 
evidence shows that red light and white light (which 
contains red wavelengths) particularly confuse birds, 
while green and blue light may have far less impact.

Light pollution is largely a result of inefficient exterior 
lighting, and improving lighting design usually produces 
savings greater than the cost of changes. For example, 
globe fixtures permit little control of light, which shines 
in all directions, resulting in a loss of as much as 50% of 
energy, as well as poor illumination. Cut-off shields can 
reduce lighting loss and permit use of lower powered 
bulbs. Most “vanity lighting” is unnecessary. However, 
when it is used, down-lighting causes less trespass 
than up-lighting. Where light is needed for safety and 
security, reducing the amount of light trespass outside 
of the needed areas can help by eliminating shadows. 
Spotlights and searchlights should not be used during 
bird migration. Communities that have implemented 
programs to reduce light pollution have not found an 
increase in crime.

Using automatic controls, including timers, photo-
sensors, and infrared and motion detectors, is far more 
effective than relying on employees turning off lights. 
These devices generally pay for themselves in energy 
savings in less than a year. Workspace lighting should 
be installed where needed, rather than in large areas. In 
areas where indoor lights will be on at night, minimize 
perimeter lighting and/or draw shades after dark. 

Switching to daytime cleaning of 
office buildings is a simple way to 
reduce lighting while also reducing 
costs.

Lights Out Programs
Despite the complexity of 
reducing bird collisions with 
glass, there is one simple way to 
decrease mortality: turn lights 
off. Across the United States and 
Canada, “Lights Out” programs 
at the municipal and state levels 
encourage building owners and 
occupants to turn out lights visible 
from outside during spring and 
fall migration. The first of these, 
Lights Out Chicago, was started in 
1995, followed by Toronto in 1997. 
The programs themselves are diverse. Some are directed 
by environmental groups, others by government 
departments, and still others by partnerships of 
organizations. Participation in most, such as Houston’s, 
is voluntary. Minnesota mandates turning off lights in 
state-owned and leased buildings. 

Many jurisdictions have monitoring components. Moni-
toring programs can provide important information in 
addition to quantifying collision levels and document-
ing solutions. Ideally, lights-out programs would be in 
effect year-round and be applied widely, saving birds 
and energy costs and reducing emissions of greenhouse 
gases. ABC stands ready to help develop new programs 
and to support and expand existing programs.

Powerful beams of light, even in a landscape of urban 
light pollution, can entrap migrating birds, seen here 
circling in the beams of the 9/11 Memorial Tribute in 
Light in New York City. Because birds may circle for 
hours, monitors watch all night, and the light beams 
are temporarily turned off to release large accumula-
tions of birds. Photo by Jason Napolitano
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Solutions: Policy
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Legislation
Changing human behavior is generally a slow process,
even when the change is uncontroversial. Legislation can 
be a powerful tool for modifying behavior. Conservation 
legislation has created reserves, reduced pollution, and 
protected threatened species and ecosystems. Policies that 
promote bird-friendly design and reduction of light pol-
lution have recently proliferated across the United States 
and Canada, following the early examples of Toronto and 
San Francisco. They vary considerably in scope and detail, 
often reflecting local politics. (A real-time database of or-
dinances and other instruments mandating or promoting 
bird-friendly action, including links to source language, 
can be found at collisions.abcbirds.org).

An early challenge in creating effective legislation was
the lack of objective measures that architects could use
to accomplish their task. For example, a common recom-
mendation, to “increase visual noise,” because it was
unquantified and undefined, made it difficult for archi-
tects and planners to know whether a particular design
complied with requirements. Material testing (see p. 45)
has made it possible to assign relative threat factors to
various building façade materials and to use those scores
to create quantitative guidelines and mandates.

The illustration to the right broadly compares San Fran-
cisco’s Bird-safe Building Standard with LEED Pilot Cred-
it 55, both based on the use of materials with quantified 
threat levels. San Francisco’s standard applies generally 
to new construction and is restricted to façades within 
300 feet of a two-acre park or pond. The LEED credit is 
intentionally very flexible. It applies to all building fa-
cades and allows for restricted amounts of high-threat 
glass, or larger amounts of bird-friendly glass. Because 
birds are found throughout the built environment, ABC 

(Opposite) United States Capitol, Washington, D.C. Photo by stock.xchng

prefers the LEED model. (ABC’s model legislation can be 
found on page 35.)

Bird lovers across the country are proposing bird-friendly 
design ordinances at both local and state levels. ABC is 
ready to actively support such efforts. Both mandatory 
and voluntary instruments can be effective. Voluntary 
guidelines are easier to modify if they prove to have un-
intended consequences and can lead to a mandate, but 
can also be ignored. Generally ABC recommends manda-
tory guidelines, beginning with a small subset of build-
ings and expanding as community support increases and 
resistance decreases.

Incorporating bird-friendly design issues into local 
sustainability policies is another way to drive change. 
An interesting example of this is the Fairfax County, 
Virginia, proffer system. New construction projects 
are required to address a series of sustainability issues, 
including potential bird mortality, and either to describe 

courtesy of Deborah Laurel

The design of the Grange Insurance Audubon Center in 
Columbus, Ohio, includes many panels of glass, fritted 
with the silhouettes of species of birds in flight. Photo by 
Christine Sheppard, ABC
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how these will be addressed by the project or explain 
why such action is not possible.

Priorities for Policy Directives
ABC generally recommends against attempting to map 
locations where bird-friendly design is required because 
birds can be found in almost every environment, even 
in seemingly inhospitable ones. However, there may be 
occasions when it is necessary to compromise on the 
scope of legislation. In such cases, it must be recognized 
that proximity to undeveloped land, agricultural areas, 
parks, and water often correspond to increased bird 
populations and therefore increased risk of collisions. 
In addition, areas located in between landscape features 
desirable to birds may also pose higher risks. For 
example, in New York City some evidence suggests that 
birds approach Central Park from due south during 
spring migration, creating a greater risk zone directly 
south of the park. Also, building features such as green 
roofs should be considered when determining greater 
risk zones for policy purposes.

Sustainability Rating Programs
Another driver of bird-friendly policies consists of 
sustainability rating programs like the Green Building 
Council’s LEED program, Green Globes, Living Building 
Challenge, and others. There is general agreement that 
sustainable buildings should not kill birds. This tenet 
appears with differing levels of robustness in different 
systems, with the most specific being the LEED program, 
which grants Pilot Credit 55: Bird Collision Deterrence. 
The credit is calculated using a weighted average of the 
relative threat rating of each material on a building’s 
façade. The credit has attracted a lot of attention, with 
many projects applying for it. The new Vassar Bridge for 
Laboratory Sciences on the cover of this publication was 

one of the first to be designed with the credit in mind 
and to earn the credit.

Because a number of glass-walled buildings have been 
awarded LEED certification at the highest level, at one 
point there was concern that sustainable design was not 
compatible with bird-friendly design. This was ironic, as 
in addition to providing natural light, glass on sustainable 
buildings is intended to link people inside with the 
natural world outside. However, according to both 
ASHRAE and ICC, costs for heating and cooling increase 
when total glass surface exceeds 30-40% of the total 
building envelope, depending on climate. This is more 
than sufficient for providing light and views when glass 
placement is considered thoughtfully. This is a great place 
to start the design of a bird-friendly structure.

.

For its new Visitors Center in Sempach, 

opened in May 2015, the Swiss 

Ornithological Institute designed a 

mandala from bird silhouettes (below) 

that was applied on the inside of all glass 

using digital printing. The design provides 

40-50% coverage and generates much 

discussion among visitors,  

an achievement second only  

to preventing bird collisions. 

The façade of the WÜRTH Building in Switzerland is mostly glass, laminated 
with a fabric that is black on the inside but aluminium-coated outside. The 
inner surface delivers good visibility, and the fabric provides shade and inter-
esting visual effects outside. Preliminary studies by the Swiss Ornithological 
Institute suggest that the materials used in this building may also deter bird 
collisions. Photo by Hans Schmid

Photos by Hans Schmid
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[ORDINANCE Name]  Sponsored by:  
[list names ]

WHEREAS, birds provide valuable and 
important ecological services,

WHEREAS, [location] has recorded [  ] species 
of resident and migratory bird species,

WHEREAS, birding is a hobby enjoyed by 64 
million Americans and generates more than 
$40 billion a year in economic activity in the 
United States,

WHEREAS, as many as one billion birds may 
be killed by collisions with windows every 
year in the United States,

WHEREAS, reducing light pollution has been 
shown to reduce bird deaths from collisions 
with windows,

WHEREAS, new buildings can be designed to 
reduce bird deaths from collisions without 
additional cost,

WHEREAS, there exist strategies to mitigate 
collisions on existing buildings,

WHEREAS, more than 30% glass on a façade 
usually increases costs for heating and 
cooling

WHEREAS, bird-friendly practices often 
go hand-in-hand with energy efficiency 
improvements,

And WHEREAS [any additions specific to the 
particular location]

NOW, THEREFORE, BE IT ORDAINED, by 
[acting agency] [title of legislation and other 
necessary language]

(a)  In this section the term “Leadership 
in Energy and Environmental Design 
(LEED)” means a green building rating 
system promulgated by the United States 
Green Building Council (USGBC) that 
provides specific principles and practices, 
some mandatory but the majority 
discretionary, that may be applied during 
the design, construction, and operation 
phases, which enable the building to be 
awarded points from reaching present 
standards of environmental efficiency 
so that it may achieve LEED certification 
from the USGBC as a “green” building.

b)  [acting agency] does hereby order [acting 
department] to take the steps necessary 
to assure that all newly constructed 
buildings and all buildings scheduled for 
capital improvement are designed, built, 
and operated in accordance with the 
standards and requirements of the LEED 
Green Building Rating System Pilot Credit 
55: Bird Collision Deterrence.

(c)  The USGBC releases revised versions 
of the LEED Green Building Rating 
System on a regular basis; and [acting 
department] shall refer to the most 
current version of the LEED when 
beginning a new building construction 
permit project or renovation.

(d)  New construction and major renovation 
projects shall incorporate bird-friendly 
building materials and design features, 
including, but not limited to, those 
recommended by the American Bird 
Conservancy publication Bird-Friendly 
Building Design.

(e)  [acting department] shall make existing 
buildings bird-friendly where practicable.

Model Ordinance for Bird-Friendly Construction

The Studio Gang’s Aqua Tower in Chicago was designed with birds 
in mind. Strategies included fritted glass and balcony balustrades. 
Photo by Tim Bloomquist
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Hundreds of species of birds are killed by collisions. These birds were collected by monitors with FLAP in Toronto, Canada. Photo by Kenneth Herdy

The Science of Bird Collisions
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Magnitude of Collision Deaths 
The number of birds killed by collisions with glass every 
year is astronomical. Quantifying mortality levels and 
impacts on populations has been difficult, however. 
Until recently, local mortality studies—despite produc-
ing valuable information—aimed more at documenting 
mortality than quantifying it, and did not follow rigor-
ous protocols. Loss et al. (2012) created methodology 
and techniques of analysis to determine the magnitude 
of anthropogenic mortality, using existing data sets. 
The authors comprehensively acquired published and 
unpublished data sets on collisions with buildings (Loss 
et al., 2013). Data sets were filtered using a variety of cri-
teria to ensure that they could be used in single analyses. 
Loss et al. (2014b) have also comprehensively described 
how to collect meaningful data on collisions.

The authors calculated the median annual mortality 
at homes at 253 million, or 2.1 birds per structure. 
Urban residences without feeders account for 33% of 
this mortality cumulatively, as there are more such 
residences, even though residences with feeders produce 
more collisions individually. Rural residences without 
feeders account for 31% of residential mortality, 
followed by urban residences with feeders (19%) and 
rural residences with feeders (17%). Median mortality 
at low-rise buildings (4 to 11 stories), calculated from 
two data sets, was averaged as 339 million, or 21.7 
birds per building. High-rises, although collectively 
causing the least mortality (508,000), individually 
had the highest median rate of 24.3 bird collisions per 
building. Combining all building classes produces an 
estimate of 365 and 988 (median 599) million birds 
killed annually in the United States.

Machtans, et al. (2013) estimated that about 25 million 
(ranging from 16 to 42 million) birds are killed by 
colliding with windows in Canada annually, with 90% 
of building-related mortalities caused by houses, slightly 
less than 10% by low-rise buildings, and approximately 
1% by tall buildings. In both cases, the total mortality 
caused by houses is a function of their large number 
compared to the two other classes of buildings.

Previously, Dunn (1993) surveyed 5,500 people who fed 
birds at their homes and recorded window collisions. 
She derived an estimate of 0.65-7.7 bird deaths per home 
per year for North America. Klem (1990) estimated that 
each building in the United States kills one to 10 birds 
per year. Using 1986 U.S. census data, he combined 
numbers of homes, schools, and commercial buildings 
for a maximum total of 97,563,626 buildings, produc-
ing an estimate of 100 million to one billion birds killed 
annually. 

Klem et al. (2009a) used data from New York City Audu-
bon’s monitoring of 73 Manhattan building façades to 
estimate 0.5 collision deaths per acre per year in urban 
environments, for a total of about 34 million migra-
tory birds annually colliding with city buildings in the 

A sample of collision victims from Baltimore. 
Photo by Daniel J. Lebbin, ABC

This Barn Swallow illustrates the type of acrobatic flying 
that may keep swallows from being frequent collision 
victims. If birds do identify glass as a barrier at close 
range, perhaps by sound or air movements, most species 
may be unable to react fast enough to avoid striking the 
surface. Photo by Keith Ringland
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United States. However, there could be major differences 
in collision patterns in cities across the United States, 
and these numbers should be confirmed using data from 
additional locations.   

In The American Bird Conservancy Guide to Bird 
Conservation (Lebbin et al., 2010) the authors state  
“…we have reached a point in history when the impacts 
of human activities are so profound and far-reaching 
that from now on, it will always be impossible to 
untangle the completely natural declines from those 
that are partially or completely anthropogenic. From a 
conservation standpoint, it is largely irrelevant, anyway. 
Any human-caused stress that we can alleviate from a 
declining species can potentially benefit its population, 
and we should take action to lessen that stress if we 
can.” This is abundantly true for bird mortality from 
glass because there are actions that many, if not most, 
individuals can take themselves, directly, to reduce the 
toll taken by existing glass.

Patterns of Mortality
It is difficult to get a complete and accurate picture of 
avian mortality from collisions with glass. Collision 
deaths can occur at any time of day or year. Monitoring 
programs focus on cities, and even intensive monitoring 
programs cover only a portion of a city, usually visiting 
the ground level of a given site at most once a day and 
often only during migration seasons. Many city build-
ings have stepped roof setbacks that are inaccessible to 
monitoring teams. Some studies have focused on reports 
from homeowners on backyard birds (Klem, 1989; Dunn, 
1993) or on mortality of migrants in an urban environ-
ment (Gelb and Delacretaz, 2009; Klem et al., 2009a; 
Newton, 1999). Others have analyzed collision victims 
produced by single, large-magnitude incidents (Sealy, 

1985) or that have become part of museum collections 
(Snyder, 1946; Blem et al., 1998; Codoner, 1995). There 
is general support for the fact that birds killed in colli-
sions are not distinguished by age, sex, size, or health 
(for example: Blem and Willis, 1998; Codoner, 1995; 
Fink and French, 1971; Hager et al., 2008; Klem, 1989), 
but the majority of work has focused on data taken dur-
ing migratory periods, primarily east of the Mississippi 
River. 

Species at Risk
Snyder (1946), examining window collision fatalities at 
the Royal Ontario Museum, noted that the majority were 
migrants and “tunnel flyers”—species that frequently fly 
through small spaces in dense, understory habitat. Con-
versely, resident species well adapted to and common in 
urban areas, such as the House Sparrow and European 
Starling, are not prominent on lists of fatalities, possibly 
because individuals surviving their first collision may 
teach offspring to avoid windows.

It is well known that zoo birds in exhibits with glass 
walls can and do learn about specific pieces of glass, but 
birds do not learn about glass as a general concept. 

Dr. Daniel Klem maintains running totals of the num-
ber of species reported in collision events in countries 
around the world. (This information can be found at 
http://tinyurl.com/ob3nc4s). In 2015, the site identifies 
868 species globally, with 274 from the United States. 
The intensity of monitoring and reporting programs  
varies widely from country to country, however.

Hager et al. (2008) compared the number of species and 
individual birds killed at buildings at Augustana College 
in Illinois with the density and diversity of bird species 
in the surrounding area. The authors concluded that the 

Sharp-shinned Hawk. Photo by Ted Ardley
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total window area, the habitat immediately adjacent to 
windows, and behavioral differences among species were 
the best predictors of mortality patterns, rather than the 
mere size and composition of the local bird population. 
Kahle et al. (2015) reached similar conclusions in an 
analysis of five years of data at the California Academy 
of Sciences, also finding that migrants do not make up 
the preponderance of birds killed and that males are 
overrepresented relative to their abundance in habitats 
adjacent to the museum. Dunn (1993), analyzing win-
ter data from homes with bird feeders, found that the 
frequency distribution of birds at the feeders closely 
paralleled the distribution of species killed by nearby 
windows. Dunn found few collisions on windows of 
less than one square meter, and an increase in collisions 
with an increase in window size.

Species such as the White-throated Sparrow, Ovenbird, 
and Common Yellowthroat appear consistently on top 
10 lists from urban areas. It is possible that these species 
respond more readily to light and thus are more likely to 

end migratory stages in the built environment, but this 
needs to be confirmed. Additionally, Loss et al. (2013) 
noted that Golden-winged Warbler, Painted Bunting, 
Canada Warbler, Wood Thrush), Kentucky Warbler, 
and Worm-eating Warbler—species identified as birds 
of conservation concern—were also disproportionately 
represented in building kills. Hager (2009) noted that 
window-strike mortality was reported for 45% of raptor 
species found frequently in urban areas of the United 
States and was the leading source of mortality for Sharp-
shinned Hawks, Cooper’s Hawks, Merlins, and Peregrine 
Falcons. Because most data on glass collisions are from 
the eastern half of the United States, these lists are pre-
sumably biased toward species occurring in that range.

Characteristics of Buildings
Amount of Glass
From a study of multiple buildings in Manhattan, Klem 
et al. (2009a) concluded that both the proportion and 
absolute amount of glass on a building façade best 
predict mortality rates, calculating that every increase of 
10% in the expanse of glass correlates to a 19% increase 
in bird mortality in spring and 32% in fall. How well 
these equations predict mortality in other cities remains 
to be tested. Collins and Horn (2008), studying collisions 
at Millikin University in Illinois, concluded that total 
glass area and the presence/absence of large expanses 
of glass predicted mortality level. Hager et al. (2008, 
2014) came to the same conclusion, as did Dunn (1993) 
and Kahle et al. (2015). However, the “patchiness” of 
glass across a façade—how many pieces, their size, how 
they are separated, etc. (another way of saying “visual 
noise”)—has not yet been explored in detail but could be 
important. 

Common Yellowthroat. Photo by Owen Deutsch

The façade of the New York Times building, by 
FXFOWLE and Renzo Piano, is composed of ceramic 
rods, spaced to let occupants see out while minimizing 
the extent of exposed glass—good for controlling 
heat and light, and safe for birds. Photo by Christine 
Sheppard, ABC
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Time of Day
Most monitoring programs focus on early morning 
hours to document mortality during migration, often 
starting monitoring routes at dawn, before sidewalks are 
cleared. This can, however, lead to the misperception 
that night-flying migrants are crashing into lighted 
buildings at night, or only in early morning, whereas in 
fact most collisions take place during the day. It should 
be noted that “dawn” is a time that varies among species 
(Thomas et al. (2002), with some bird species active 
before humans start to see light in the sky.

Hager and Craig (2014), in a study of resident population 
collisions in northwestern Illinois between June and early 
August, found that 66% of birds died between sunrise 
and 4:00 p.m., with no collisions between 4:00 p.m. 
and sunset. Delacretaz and Gelb (2006) found collisions 
from early morning until mid-afternoon, but with a peak 
during morning hours. This finding is confirmed by 
monitoring programs like that of Pennsylvania Audubon, 
where routes were followed three times in succession early 
each day, with birds found at each pass (Keith Russell, 
pers. comm.) and where people living or working in 
buildings report window strikes through afternoon hours 
(Olson, pers. comm). 

Local Landscape
Gelb and Delacretaz (2006, 2009) evaluated data from 
collision mortality at Manhattan building façades. They 
found that sites where glass reflected extensive vegeta-
tion were associated with more collisions than glass 
reflecting little or no vegetation. Of the 10 buildings 
responsible for the most collisions, four were “low-rise.” 
Klem (2009) measured variables in the space immedi-
ately associated with building façades in Manhattan as 
risk factors for collisions. Both increased height of trees 

and increased height of vegetation increased the risk of 
collisions in fall. Ten percent increases in tree height and 
the height of vegetation corresponded to 30% and 13% 
increases in collisions in fall. In spring, only tree height 
had a significant influence, with a 10% increase corre-
sponding to a 22% increase in collisions. Confusingly, 
increasing “facing area,” defined as the distance to the 
nearest structure, corresponded strongly with increased 
collisions in spring and with reduced collisions in fall. 
Presumably, vegetation increases risk both by attracting 
more birds to an area and by being reflected in glass.

Bayne et al. (2012) confirmed that the risk of bird–window 
collisions varies according to location (urban versus 
rural, home versus apartment, with or without feeders, 
and age of neighborhood). They used online surveys and 
determined that rural residences had more collisions than 
urban ones and residences with feeders had almost twice 
as many collisions as those without feeders. For urban 
dwellings, incidence of collisions increased with age of 
neighborhood, associated with presence of mature trees. 
Frequency of collisions varied seasonally: 24% in fall, 35% 
summer, 25% spring, 16% winter. Mortality patterns were 
similar: 26% fall, 31% summer, 26% spring, 17% winter. 
Forty-eight species were reported.

Hager et al. (2013) noted that estimates of bird-collision 
mortality often postulate a relatively constant range of 
collisions at all buildings (for example, Klem, 1990). 
However, they suggested that each building in a land-
scape has its own mortality “signature,” based not only 
on characteristics of the structure but also on the dis-
tribution of resources throughout the local landscape, 
including land cover, habitat type, water, and pavement. 
Their protocol selected buildings at random and has 
recently been expanded to multiple other sites across 
North America.

Snohetta’s Student Learning Centre at Ryerson 
University is one of the first constructed under  
Toronto’s design law. Photo by Rick Ligthelm
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Avian Vision and Collisions  
Bird species like falcons are famous for their acute vision, 
but taking a “bird’s-eye view” is much more complicated 
than it sounds. To start with, where human color vision 
relies on three types of sensors, birds have four, plus an 
array of color filters that together allow birds to discrimi-
nate between many more colors than people (Varela et 
al. 1993) (see figure this page). 

There is also variation in vision among different groups 
of birds. While some birds see only into the violet 
range of light, many birds, including most passerines 
(Ödeen and Håstad, 2003, 2013) see into the ultraviolet 
spectrum (UVS species).  

Ultraviolet can be a component of any color (Cuthill 
et al. 2000). Whereas humans see red, yellow, or red + 
yellow, birds may see red + yellow, but also red + ultra-
violet, yellow + ultraviolet, and red + yellow + ultravio-
let—colors for which we have no names. Every object 
absorbs, reflects, and transmits ultraviolet light along 
with the other wavelengths in the visible spectrum. UV 
patterns on glass are often cited as desirable solutions to 
collisions—visible to birds but not to humans. However, 
aside from manufacturing complexities, many bird taxa 
that collide frequently with glass, including raptors, 
pigeons, woodpeckers, and hummingbirds, may not be 
able to perceive UV patterns (Håstad and Ödeen, 2014). 
Additionally, birds are often active in early morning, 
when UV light levels are low.

Humans and other primates have relatively flat faces, 
with eyes close together. The overlap of visual fields 
means that humans have good depth perception and 
a tendency to focus on what is ahead. Most birds have 
eyes at the sides of their heads, giving them excellent 
peripheral vision but poor depth perception, often 

limited to the length of their beaks, presumably to judge 
potential food items. They may be much less intent on 
what is in front of them (Martin 2011, 2012) but able to 
watch for potential predators to the side or behind them. 
Many species’ most acute vision is to the side. Without 
much 3D vision, birds use a mechanism called “visual 
flow fields” to judge their speed and rate of progress in 
flight by the passage of environmental features to their 
sides (Bhagavatula et al. 2011). Collisions with glass may 
be partly a result of birds expecting open air ahead, com-
bined with relatively poor forward vision.

Birds process images faster than humans; where we see 
continuous motion in a movie, birds would see flickering 
images (D’Eath, 1998; Greenwood et al. 2004; Evans et al. 
2006). This speed helps many birds maneuver quickly in 
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Painted Bunting. Photo by Ted Ardley
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response to unexpected obstacles 
as they fly through complex 
habitats. In one respect however—
spatial contrast sensitivity—human 
vision outperforms avian (Ghim 
and Hodos, 2006). Contrast 
sensitivity is “the ability of the 
observer to discriminate between 
adjacent stimuli on the basis 
of their differences in relative 
luminosity (contrast) rather than 
their absolute luminances.” Birds’ 
lack of contrast sensitivity may be 
an impediment to creating signals 
to prevent collisions that are 

effective for birds but not visually intrusive to humans.

Avian Orientation and the  
Earth’s Magnetic Field
In the 1960s, it was discovered that migrating birds pos-
sess the ability to orient themselves using cues from the 
sun, polarized light, stars, the Earth’s magnetic field, 
visual landmarks, and possibly even odors to find their 
way. Exactly how this works—and it likely varies among 
species—is still being investigated. (For a comprehensive 
review of the mechanisms involved in avian orientation, 
see Wiltschko and Wiltschko, 2009). 

The Earth’s magnetic field can provide both directional 
and positional information. It appears that night-flying 
migrants, and perhaps all bird species, have magnetic 
field-detecting structures in the retina of the eye that 
depend on light for function and provide compass 
orientation. This magnetic sense is wavelength-
dependent. Experiments have shown that the compass 
is disrupted by long wavelength light but requires 

low-intensity short wavelength light (Wiltschko et al. 
2007). This research has taken place only in laboratories, 
and it is important to determine how it translates to the 
real world. 

In addition, anthropogenic electronic noise, found 
throughout urban environments, has recently been 
shown to disrupt magnetic compass orientation in 
European Robins at very low intensities (Engels et al. 
2014). This finding may have serious implications for 
strategies aimed at reducing collisions by reducing 
artificial night lighting alone and should be a priority  
for additional work. 

A second magnetic mechanism, providing birds with 
positional information, has been postulated, but its 
details have not been determined. (For a review of 
magnetoreception and its use in avian migration, see 
Mouritsen, 2015.)

Birds and Light Pollution 
The earliest reports of mass avian mortality caused by 
lights were from lighthouses, but this source of mortality 
essentially disappeared when steady-burning lights 
were replaced by rotating beams (Jones and Francis, 
2003). Flashing or interrupted beams apparently allowed 
birds to continue to navigate, which has also been 
found more recently at cell towers with strobe lighting 
(Gehring et al. 2009). The emphasis on tall structures 
by Lights Out programs ignores the fact that light from 
many sources, from urban sprawl to parking lots, can 
affect bird behavior and potentially strand birds in the 
built environment (Gauthreaux and Belser, 2006). Evans-
Ogden (2002) showed that light emission levels of 16 
buildings, ranging in height from 8 to 72 floors and 
indexed by the number of lighted windows observed 
at night, correlated directly with bird mortality, and 

Contrast sensitivity is a measure of the limit of visibility 
for low-contrast patterns. Each person's contrast sensitiv-
ity can be measured by the extent to which he or she can 
see the bars that form an arch in this photograph. The 
exact location of the peak of the curve varies with one’s 
distance from the image; the area within the arch is larger 
when one is closer. For a given distance, the area under 
the arch is smaller for birds. Image courtesy of Izumi 
Ozawa, Berkeley Neuroscience Laboratory
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that the amount of light emitted by a structure was a 
better predictor of mortality level than building height, 
although height was a factor. Parkins et al. (2015) made 
similar findings. 

Mass collision events of migrants associated with light 
and often with fog or storms have been frequently 
reported (Weir, 1976; Avery et al. 1977; Avery et al. 
1978; Crawford, 1981a, 1981b; Gauthreaux and Belser, 
2006; Newton, 2007). But these are no longer the 
predominant sources of mortality, possibly because 
the night landscape has changed radically since early 
reports of mass collision events at tall structures like the 
Washington Monument and Statue of Liberty. These and 
other structures were once beacons in areas of relative 
darkness, but are now surrounded by square miles of 
light pollution. While collisions at structures like cell 
towers continue to take place at night, the majority of 
collisions with buildings now take place during the day. 
(Hager, 2014; Kahle et al., 2015; Olson, pers. comm.) 

Patterns of light intensity seem to play a role in the 
distribution of collisions in the built environment, how-
ever. Birds may land in patterns dictated by the pattern 
of light intensity in an area, so the brightest buildings 
are the most likely to cause collisions early in the day. 
As birds move through the landscape seeking food, pat-
terns related to distribution of vegetation appear. Studies 
using radar to map movement of birds through the built 
environment are starting to appear, but we need infor-
mation at the level of species and individuals to truly 
understand how light is impacting birds.

It is often said that birds are attracted to lights at 
night (Gauthreaux and Belser, 2006; Poot et al. 2008). 
However, we do not have direct evidence that birds 
are, in fact, attracted to lights; they may simply respond 

to lights they encounter. Gauthreaux and Belser 
quote Verheijen as suggesting that “capture” might 
be a better word for birds’ response to night lighting. 
While “capture” does seem appropriate to describe the 
phenomenon of birds circling drilling platforms, or in 
the lights of the 9/11 Memorial’s Tribute in Light in 
Manhattan, “disorientation” is a term that covers more 
of the spectrum of behaviors seen when birds interact 
with light at night. Gauthreaux and Belser (2006), 
reporting unpublished data, stated that “exposure to a 
light field causes alteration of a straight flight path (for 
example hovering, slowing down, shifting direction, or 
circling),” and this has been reported by other authors. 

Larkin and Frase (1988, in Gauthreaux and Belser, 2006) 
used portable tracking radar to record flight paths of 
birds near a broadcast tower in Michigan. Birds showed 
a range of response, from circling to arcs to linear flight. 
Haupt and Schillemeit (2011) described the paths of 213 
birds flying through up-lighting from several different 
outdoor lighting schemes. Only 7.5% showed no change 
in behavior, while the remainder deviated from their 
courses by varying degrees, from minimal course devia-
tion through circling. It is not known whether response 
differences are species related. 

Bolshakov et al. (2010) developed the Optical-Electronic 
Device to study nocturnal migration behaviors of 
songbirds. Inspired by the more limited techniques of 
moon watching and watching birds cross ceilometer 
light beams, the device uses searchlights to illuminate 
birds from the ground, while a recording unit 
documents the birds’ movements. With this technique, 
they can study 1) ground- and airspeed; 2) compensation 
for wind drift on the basis of direct measurements 
of headings and track directions of individual birds; 
3) wing-beat pattern and its variation depending on 

The glass walls of this atrium, coupled with nighttime 
illumination, create an extreme collision hazard for 
birds. Photo courtesy of New York City Audubon

Swainson’s Thrush. Photo by Owen Deutsch
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wind direction and velocity. In some cases, species can 
be identified. Bolshakov et al. (2013) examined the 
effects of wind conditions on numbers of birds aloft 
and flight trajectories of birds crossing the light beam 
from the apparatus. They determined that numbers of 
birds do differ with wind strength, but that birds may 
be attracted to the light beam under calm conditions. 
They also found that the light beam disturbs straight 
flight trajectories, especially in calm wind conditions. 
Regression models suggest that the probability of curved 
flight trajectories is greater for small birds, especially 
when there is little or no moon.

Bulyuk et al. (2014) used the same device to compare be-
haviors of night-migrating passerines under natural noc-
turnal illumination (at the Courish Spit of the Baltic Sea) 
with birds passing through an urban light environment 
(inside the city limits of St. Petersburg, Russia). Songbirds 
were distinguished as either small passerines or thrushes. 
The illuminated background caused a decrease in image 
quality. The shape of flight tracks was compared for the 
two groups, and a larger proportion of small songbirds 
changed flight path while crossing the light. This could be 
explained by flight type or flight speed. The proportion of 
songbirds changing flight trajectory in the lighted condi-
tion was much smaller than under the dark condition.   

To understand exactly how light affects birds and what 
actions must be taken to reduce those effects, we need to 
know much more. For example, at what range (horizon-
tal and vertical) and under what conditions do birds feel 
disruption from light, and of what intensity and wave-
length composition? How do these factors change their 
behavior? Does night lighting have any effect on birds 
departing at the beginning of migratory stages? Do we 
ever actually see birds changing course to move toward  
a bright light source?

Light Color and Avian Orientation 
Starting in the 1940s, ceilometers—powerful beams of 
light used to measure the height of cloud cover—came 
into use and were associated with significant bird kills. 
Filtering out long (red) wavelengths and using the blue/
green range greatly reduced mortality, although we 
don’t know whether the intensities of these two colors 
of lights were equal. Later, replacement of fixed-beam 
ceilometers with rotating beams essentially eliminated 
the impact on migrating birds (Laskey, 1960). A complex 
series of laboratory studies in the 1990s demonstrated 
that birds required light in order to sense the Earth’s 
magnetic field. Birds could orient correctly under mono-
chromatic blue or green light, but longer wavelengths 
(yellow and red) caused disorientation (Rappli et al., 
2000; Wiltschko et al.,1993, 2003, 2007). Wiltschko et 
al. (2007) showed that above intensity thresholds that 
decrease from green to UV, birds showed disorientation. 
Disorientation occurs at light levels that are still rela-
tively low, equivalent to less than half an hour before 
sunrise under clear sky. 

Poot et al. (2008) demonstrated that migrating birds ex-
posed to various colored lights in the field responded the 
same way as they do in the laboratory. Birds responded 
strongly to white and red lights and appeared disorient-
ed by them, especially under overcast skies. Green light 
provoked less response and minimal disorientation; blue 
light attracted few birds and did not disorient those that 
it did attract. Birds were not attracted to infrared light. 
Evans et al. (2007) also tested different light colors but 
did not see aggregation under red light. However, they 
subsequently determined that the intensity of red light 
used was less than for other wavelengths, and when they 
repeated the trial with higher intensity red, they did see 
aggregation (Evans, pers. comm. 2011).

Canada Warbler. Photo by Ted Ardley
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Scientists working in the Gulf of Mexico (Russell, 2005), 
the North Atlantic (Wiese et al. 2001), and the North 
Sea (Poot et al. 2008) report that bright lights of oceanic 
drilling rigs induce circling behavior and mortality 
in birds at night. Working on a rig in the North Sea, 
Marquenie et al. (2013), estimated that birds were 
affected up to five kilometers away. Replacing about half 
the lights with new bulbs emitting minimal red light
reduced circling behavior by about 50%. The authors
speculate that completely re-lamping the platform
would reduce bird aggregation by 90%. Gehring et al.
(2009) demonstrated that mortality at communication
towers was greatly reduced if strobe lighting was used
as opposed to steady-burning white, or especially red
lights. At the 9/11 Memorial Tribute in Light in 
Manhattan, when birds aggregate and circle in the 
beams, monitors turn the lights out briefly, releasing the 
birds (Elbin, 2015, pers. comm.). Regular, short intervals 
of darkness, or replacement of steady-burning warning 

lights with intermittent lights, are excellent options 
for protecting birds, and manipulating light color also 
has promise, although additional field trials for colored 
lights are needed.

Research: Deterring Collisions
Systematic efforts to identify signals that can be used 
to make glass visible to birds began with the work of 
Dr. Daniel Klem in 1989. Testing glass panes in the 
field and using a dichotomous choice protocol in an 
aviary, Klem (1990) demonstrated that popular devices 
like “diving falcon” silhouettes were effective only if 
they were applied densely, spaced two to four inches 
apart. Owl decoys, blinking holiday lights, and pictures 
of vertebrate eyes were among items found to be 
ineffective. Grid and stripe patterns made from white 
material, one inch wide, were tested at different spacing 
intervals. Only three were effective: a 3 x 4-inch grid; 
vertical stripes spaced four inches apart; and horizontal 

Susan Elbin tests a bird in the tunnel at the Carnegie Museum’s 
Powdermill Banding Station in southwestern Pennsylvania. 
Photo by Christine Sheppard, ABC

The tunnel: an apparatus for safely testing effectiveness of materials 
and designs for deterring bird collisions. Photo by Christine 
Sheppard, ABC

A bird’s-eye view of glass in the tunnel. Photo by Christine 
Sheppard, ABC

Glass panes are being tested at the Powdermill Tunnel, 
as seen from the outside. Photo by Christine Sheppard, 
ABC
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stripes spaced about an inch apart across the entire 
surface. (A summary of Klem’s results can be found at 
collisions.abcbirds.org). 

Building on Klem’s findings, Rössler developed a testing 
program in Austria starting in 2004 and continuing to 
the present (Rössler and Zuna-Kratky, 2004; Rössler, 
2005; Rössler, et al., 2007; Rössler and Laube, 2008; 
Rössler, 2010; Rössler, 2012; Rössler, 2013). The banding 
center at the Hohenau Ringelsdorf Biological Station 
outside Vienna, Austria, offered a large sampling of birds 
for each test, in some instances permitting comparisons 
of a particular pattern under differing intensities 
of lighting. This program has focused primarily on 
geometric patterns, evaluating the impact of spacing, 
orientation, and dimensions. Birds are placed in a 
“tunnel,” where they can view two pieces of glass: one 
unmodified (the control) and the other with the pattern 
to be tested. Birds fly down the tunnel and are scored 
according to whether they try to exit through the control 

or the patterned glass. A mist net 
keeps the bird from hitting the 
glass, and it is then released. The 
project focuses not only on finding 
patterns effective for deterring 
collisions, but also on effective 
patterns that cover a minimal part 
of the glass surface. To date, some 
patterns that cover only 5% of the 
glass have been found to be highly 
effective. (A summary of Rössler’s 
results can be found at collisions.
abcbirds.org). 

Building on Rössler’s work, ABC collaborated with the 
Wildlife Conservation Society, New York City Audubon, 
and the Carnegie Museum to construct a tunnel at 
Powdermill Nature Reserve’s banding station, primarily 
to test commercially available materials. Results from the 
first season showed that making an entire surface UV-
reflective was not an effective way to deter birds. With UV 
materials, contrast seems to be important. Glass fritted 
in patterns conforming to the 2 x 4 rule, however, scored 
well as deterrents. (A summary of results from Powdermill 
can be found at collisions.abcbirds.org).

Most clear glass made in the United States transmits about 
96% and reflects about 4% of light falling perpendicular 
to the outside surface. The amount of light reflected 
increases at sharper angles: clear glass reflects about 50% 
of incident light at angles over 70 degrees. Light on 
the inside of the glass is also partly reflected and partly 
transmitted. The relative intensities of light transmitted 
from the inside and reflected from the outside surfaces 
of glass combined with the viewing angle determine 
whether the glass appears transparent or mirrors the 
surrounding environment. Patterns on the inside surfaces 
of glass and objects inside the glass may not always be 
visible. These changeable optical properties support the 
argument that patterns applied to the outer surface of 
glass are more effective than patterns applied to the inner 
surface. Efforts have been made to model freestanding 
glass, glass installed on a building, and reflections on glass 
in some trials. (The testing protocol for freestanding glass, 
developed at Hohenau, and the testing protocols used at 
Powdermill can be found at collisions.abcbirds.org). 

The tunnel at Powdermill, showing the framework 
where the background will be mounted. Photo by 
Christine Sheppard, ABC
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Horizontal lines with a maximum spacing of 2 inches Vertical lines with a maximum spacing of 4 inches

2” 4”

Red-breasted Nuthatch. Photo by Roy Hancliff

The 2 x 4 Rule

Research on songbirds, the most numerous victims of colli-

sions, has shown that horizontal lines must be two or fewer 

inches apart to deter the majority of birds. Vertical spaces 

must be four or fewer inches apart. This difference presum-

ably has to do with the shape of a flying bird. (Narrower 

spacing is required to deter collisions by hummingbirds.) 

Schiffner et al. (2014) showed that budgies have a very pre-

cise understanding of their own physical dimensions. Trained 

to fly in a tunnel, the birds were then challenged to pass 

through ever narrowing gaps. They were able to assess the 

width of the gaps relative to their body size and adjust their flight 

behavior accordingly. It seems likely that this is a general avian 

trait, useful for navigating complex environments at flight speed. 

Bhagavatula et al. (2011) used the same tunnel setup to investigate 

how optical flow cues guide flight. It appears that birds balance 

the speeds of images perceived by both eyes, in this case, images 

to the birds’ sides. This reinforces the suggestion of Martin (2011) 

that humans experience the world as something ahead of them, 

while for birds in flight, what is ahead of them is not necessarily 

their primary focus.



American Woodcock are often victims of collisions. This bird hit a 
window in Washington, D.C., in March, 2011, and was recovered 
by ABC’s Jason Berry. Photo by Dariusz Zdziebkowski, ABC

Evaluating Collision Problems— 
A Toolkit for Building Owners
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Often, only part of a building is responsible for causing 
most of the collisions. Evaluation and documentation 
can help in the development of a program of remedia-
tion targeting that area. Remediation can be almost as 
effective as modifying the entire building, as well as less 
expensive. Documentation of patterns of mortality and 
environmental features that may be contributing to col-
lisions is essential. Operations personnel are often good 
sources of information for commercial buildings, as they 
may come across bird carcasses while performing regular 
maintenance activities. People who work near windows 
are often aware of birds hitting them. 

Regular monitoring not only produces data on the 
magnitude and patterns of mortality, but also provides 
a baseline for demonstrating improvement. The best 
monitoring programs feature consistent effort, careful 
documentation of collision locations, and accurate 
identification of victims. Effective monitoring should 
document at least 18 months of collisions before 

mitigation is attempted, unless collision rates are 
especially high. (Resources for monitoring, from simple 
to sophisticated, can be found at collisions.abcbirds.org).

Solutions
Many factors come into play in selecting how to 
make glass safe for birds. The table below compares 
common solutions according to their effectiveness, 
appearance, relative cost, ease of application, longevity, 
and required maintenance. Effective patterns on 
the exterior surface of glass will combat reflection, 
transparency, and passage effect. Within the 2 x 4 
guidelines, however, considerable variation is possible 
when devising bird-friendly patterns. We recommend 
that lines be at least ¼-inch wide, but it is not necessary 
that they be only vertical or horizontal. Contrast 
between pattern and background is important, 
however, and designers should be aware that the 
background—building interior, sky, vegetation— 
may change in appearance throughout the day.

Material  Effectiveness Cost Application Appearance Longevity Upkeep

Seasonal, ***** $ * * na na 
temporary solutions

Netting ***** $$ ** *** **** ***

Window film *****  $$$ **** ***** *** ****

Screens ***** $$ *** **** ***** ****

Shutters ***** $$$ *** **** ***** ****

Grilles ***** $$$ **** ***** ***** ****

Replace glass  ***** $$$$$ ***** ***** ***** **** 

5 stars/dollars  = highly expensive easy attractive long-lasting minimal 
 effective

COMPARISON OF RETROFIT OPTIONS
This security grille creates a pattern that will deter birds 
from flying to reflections. Photo by Christine Sheppard, 
ABC



50 Bird-Friendly Building Design

The following questions can guide the evaluation and 
documentation process by helping to identify features 
likely to cause collisions and other important factors.

Seasonal Timing
Do collisions happen mostly during migration or fledg-
ing periods, in winter, or year round? If collisions hap-
pen only during a short time period, it may be possible 
to apply inexpensive, temporary solutions during that 
time and remove them for the rest of the year. Some 
birds will attack their own reflections, especially in 
spring. This is not a true collision. Territorial males, 
especially American Robins and Northern Cardinals, 
perceive their reflection as a rival male. They are un-
likely to injure themselves, and temporarily blocking 
reflections in the offending window (and those nearby) 
from the outside should resolve the problem. Taping up 
paper and smearing a soap paste can both be effective.

Weather
Do collisions coincide with particular weather condi-
tions, such as foggy or overcast days? Such collisions 
may be light-related, in which case an email notifica-
tion system, asking building personnel to turn off lights 
when bad weather is forecast, is advisable.

Diurnal Timing
Do collisions happen at a particular time of day? The 
appearance of glass can change significantly with differ-
ent light levels, direct or indirect illumination, and sun 
angles. It may be possible to simply use shades or shut-
ters during critical times.

Location
Are there particular windows, groups of windows, or 
building façades that account for most collisions? If so, 
it may be cost effective to modify only those sections of 
glass. Is glass located where birds fly between roosting or 
nesting and feeding sites? Are there areas where plants 
can be seen through glass—for example, an atrium, 
courtyard, or glass building connectors? 

Are there architectural or landscaping features that tend 
to direct birds toward glass? Such features might include 
a wall or rock outcropping or a pathway bordered by 
dense vegetation. Solutions include using a screen or 
trellis to divert flight paths. Are there fruit trees, berry 
bushes, or other plants near windows that are likely 
to attract birds closer to glass? These windows should 
be a high priority for remediation. The glass itself can 
be modified, but it may also be possible to use live 
or inanimate landscaping elements to block the view 
between food sources and windows.

Fog increases the danger of light both by causing birds 
to fly lower and by refracting light so it is visible over a 
larger area. Photo by Christine Sheppard, ABC

Lower-floor windows are thought to be more dangerous to birds because they 
are more likely to reflect vegetation. Photo by Christine Sheppard, ABC
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Local Bird Populations
What types of birds are usually found in an area? 
Local bird groups or volunteers may be able to help 
characterize local and transitory bird populations, as well 
as the most likely routes for birds making short flights 
around the area. The American Birding Association, Bird 
Watchers Digest, Audubon chapters, and Birding.com are 
good places to start finding such resources. Universities, 
colleges, and museums may also be helpful.  

This Ovenbird survived a collision and was recovered 
alive during a Lights Out monitoring effort in Baltimore, 
Maryland. Photo by Daniel J. Lebbin, ABC

Post-Mitigation Monitoring
Monitoring efforts should continue for at least 18 
months after mitigation efforts are made, and for at least 
two peak collision seasons (often the fall in urban areas, 
but spring and summer may also be peak seasons in more 
rural locations). Collision rates vary along with local 
bird populations, so a year of high population and high 
collisions may be followed by a year of low populations 
and low collisions, regardless of the effectiveness of any 
mitigation. 

Use of glass with a highly effective horizontal frit pattern, together with sunshades, earned this retrofitted building on the SUNY Brockport campus the LEED 
“collision deterrence” credit. Photo by Paul Tankel



A dramatic use of glass block characterizes the Hecht Warehouse in Washington, 
D.C., designed by Abbott and Merkt. Photo by Sandra Cohen-Rose/Colin Rose
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For the Langley Academy in Berkshire, U.K., Foster + Partners used louvers to control light and ventilation, also making the building safe 
for birds. Photo by Chris Phippen Ofis
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The Orange Cube, a commercial and cultural complex, was designed by Jacob + 
McFarlane Architects as part of redevelopment of the harbor in Lyons, France. 
The external skin virtually eliminates threats to birds while permitting natural 
illumination of the interior and sightlines for those inside. Photo © Nicolas Borel



 

The U.S. Green Building Council’s LEED Pilot Credit 55 represents the best 

current understanding of what constitutes a bird-friendly building. Briefly, a 

bird-friendly building is one where: 

 •  At least 90% of the material in the exposed façade from ground level to 40 

feet (the primary bird collision zone) has a threat score of 30 or less, derived 

from controlled experiments.

•  At least 60% of material in the exposed façade above the collision zone 

meets the above standard.  

•  All glass surrounding atria or courtyards meets the above standard. 

• There are no “see through” passageways or corners.

• Outside lighting is appropriately shielded and directed to minimize 

attraction to night migrating or nocturnal birds.

•  Interior lighting is turned off at night if not in use and designed to minimize 

light escaping through windows during night operation.

•  Landscaping is designed without features known to increase collisions. 

•  Actual bird mortality is monitored and compensated for (for example, in 

the form of habitat preserved or created elsewhere, mortality from other 

sources reduced, etc.).  

American Bird Conservancy’s  
Bird-Friendly Building Standard

The Burj Qatar, designed by Jean Nouvel, was named Best Tall Building 
Worldwide in 2012. The façade, created with multi-layered screens, expresses 
local culture while providing protection from high temperatures and sand. 
Photo by Marc Desbordes

Printing costs for this publication have been  
kindly covered by an anonymous donor



David Chipperfield’s expansion of the Anchorage Museum has a surface 
of mirror glass, made bird-friendly by a frit pattern that conforms with  
2 x 4 recommendations. Museum staff confirm that while collisions do 
occur in the area, the museum sees few, if any. Photo by Larry Vincent
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From: Cindy Crawford [mailto:cec1174@aol.com]  
Sent: Tuesday, January 10, 2017 5:16 PM 
To: Craig Chalfant 
Cc: Christopher Koontz 
Subject: El Dorado Audubon Letter Attachments 
 
Hi Craig!  I heard Mary Parsell was having some difficulties sending the attachments with our El Dorado Audubon 2nd & 
PCH comment letter.  You should have received our emailed letter, minus attachments.  I know the hard copy sent US 
mail (I believe on Saturday) had all the attachments.  I'm not sure if Mary was able to resolve the electronic copy 
attachment issue so just in case I'm forwarding them to you.    
  
I also wanted to mention I attended the 2nd & PCH open house and had the opportunity to speak to the project folks at 
the tables, introducing myself as Cindy from El Dorado Audubon.  I showed them these attached documents, which they 
really liked.  At least three people running the tables said the documents had beautiful ideas, they wrote down the 
titles and asked if I would submit them as public comments.  So I'm sure they probably get copies as part of the process 
but I thought I would mention just in case.  Could you make sure they get copies of the attached as well?  Thank you so 
much! 
  
Again, thank you so much for meeting with Janice, Mary and myself and thank you for the opportunity to comment on this 
project.  We really appreciate it.  Have a great evening! 
  
Sincerely, 
Cindy Crawford 
 



1 22 Benefits of Urban Street Trees by Dan Burden 



2 22 Benefits of Urban Street Trees by Dan Burden 

Urban Street Trees 
22 Benefits 
By Dan Burden, Senior Urban Designer
Glatting Jackson and Walkable Communities, Inc;   
August, 2006 

U.S Forest Service facts and figures and 
new traffic safety studies detail many ur-
ban street tree benefits. Once seen as 
highly problematic for many reasons, 
street trees are proving to be a great value 
to people living, working, shopping, shar-
ing, walking and motoring in and through 
urban places.

For a planting cost of $250-600 (includes 
first 3 years of maintenance) a single street 
tree returns over $90,000 of direct benefits 
(not including aesthetic, social and natural) 
in the lifetime of the tree. Street trees 
(generally planted from 4 feet to 8 feet 
from curbs) provide many benefits to 
those streets they occupy.  These trees 
provide so many benefits that they should 
always be considered as an urban area de-
fault street making feature.

With new attentions being paid to global 
warming causes and impacts more is be-
coming known about negative environ-
mental impacts of treeless urban streets. 
We are well on the way to recognizing the 
need for urban street trees to be preferred 
urban design, rather than luxury items tol-
erated by traffic engineering and budget 
conscious city administrators. 

The many identified problems of street 
trees are overcome with care by designers. 
Generally street trees are placed each 15-
30 feet. These trees are carefully posi-
tioned to allow adequate sight triangles at 
intersections and driveways, to not block 
street luminaries, not impact utility lines 
above or below ground. Street trees of 
various varieties are used in all climates, 
including high altitude, semi-arid and even 
arid urban places. 
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The science of street tree placement and 
maintenance is well known and observed in a 
growing number of communities (i.e. 
Chicago, Illinois;  Sacramento, Davis, 
California; Eugene, Oregon; Seattle, 
Redmond, Olympia and Issaquah, 
Washington; Charlotte, N.C.; Keene, New 
Hampshire and Cambridge, Mass). Although 
care and maintenance of trees in urban places 
is a costly task, the value in returned benefits 
is so great that a sustainable community 
cannot be imagined without these important 
green features. 

Properly placed and spaced urban street 
trees provide these benefits:

Increased motorized traffic and pedestrian 
safety (contrary to engineering myths). See 
below article for details on mode safety 
enhancements. See especially the compilation 
of safety benefits detailed in, Safe Streets, 
Livable Streets, by Eric Dumbaugh Journal of 
the American Planning Association, Vol. 71, 
No. 3, Summer 2005. One such indication of 
increased safety with urban street trees is 
quoted from this document:

“...Indeed, there is a growing body of evidence 
suggesting that the inclusion of trees and other 
streetscape features in the roadside 
environment may actually reduce crashes and 
injuries on urban roadways. Naderi (2003) 
examined the safety impacts of aesthetic 
streetscape enhancements placed along the 
roadside and medians of five arterial roadways 
in downtown Toronto. Using a quasi-
experimental design, the author found that the 
inclusion of features such as trees and concrete 
planters along the roadside resulted in 
statistically significant reductions in the number 
of mid-block crashes along all five roadways, 
with the number of crashes decreasing from 
between 5 and 20% as a result of the 
streetscape improvements. While the cause for 
these reductions is not clear, the author 
suggests that the presence of a well defined 
roadside edge may be leading drivers to 
exercise greater caution.”

Trees

I think that I shall never see  
A poem lovely as a tree.

A tree whose hungry mouth is prest  
Against the sweet earth's flowing breast;  

A tree that looks at God all day,
And lifts her leafy arms to pray;  
A tree that may in summer wear

A nest of robins in her hair;
Upon whose bosom snow has lain;  

Who intimately lives with rain.
Poems are made by fools like me,  

But only God can make a tree.

...Joyce Kilmer (1913) 
American poet, 

killed during WWI at the age of 31 
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22 Benefits Detailed:

1. Reduced and more appropriate 
urban traffic speeds. Urban street 
trees create vertical walls framing 
streets, providing a defined edge, 
helping motorists guide their 
movement and assess their speed 
(leading to overall speed 
reductions). Street safety 
comparisons show reductions of 
run-off-the-road crashes and overall 
crash severity when street tree 
sections are compared with 
equivalent treeless streets. (Texas A 
and M conducted simulation 
research which found people slow 
down while driving through a treed 
scape. These observations are also 
seen in the real world when 
following motorists along first a 
treed portion of a street, and then a 
non treed portion (see page 13). 
Speed differentials of 3 mph to 15 
mph are noted. 

2. Create safer walking 
environments, by forming and 
framing visual walls and providing 
distinct edges to sidewalks so that 
motorists better distinguish between 
their environment and one shared 
with people. If a motorist were to 
significantly err in their urban 
driving task, street trees help deflect 
or fully stop the motorist from 
taking a human life.

3. Trees call for placemaking 
planting strips and medians,
which further separate motorists 
from one another, pedestrians, 
buildings and other urban fabric. 
This green area adds significantly to 
aesthetics and placemaking. Urban 
area medians with trees are safer 
than those without trees (R. Ewing, 
Caltrans Study, circa 2003). Medians 
reduce crashes by 50% or more. 
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4. Increased security. Trees 
create more pleasant walking 
environments, bringing about 
increased walking, talking, pride, 
care of place, association and 
therefore actual ownership and 
surveillance of homes, blocks, 
neighborhoods plazas, 
businesses and other civic 
spaces.

5. Improved business.
Businesses on treescaped streets 
show 12% higher income 
streams, which is often the 
essential competitive edge 
needed for main street store 
success, versus competition 
from plaza discount store prices. 

6. Less drainage infrastructure.
Trees absorb the first 30% of 
most precipitation through their 
leaf system, allowing 
evaporation back into the 
atmosphere. This moisture 
never hits the ground. Another 
percentage (up to 30%) of 
precipitation is absorbed back 
into the ground and taken in 
and held onto by the root 
structure, then absorbed and 
then transpired back to the air. 
Some of this water also naturally 
percolates into the ground water 
and aquifer. Storm water runoff 
and flooding potential to urban 
properties is therefore reduced. 

7. Rain, sun, heat and skin 
protection. For light or 
moderate rains, pedestrians find 
less need for rain protection. In 
cities with good tree coverage 
there is less need for chemical 
sun blocking agents. 
Temperature differentials of 5-
15 degrees are felt when walking 
under tree canopied streets. 
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8. Reduced harm from 
tailpipe emissions.
Automobile and truck 
exhaust is a major public 
health concern and contains 
significant pollutants, 
including carbon monoxide 
(CO), volatile organic 
compounds (VOC), nitrogen 
oxides (NOx), and particulate 
matter (PM). Tailpipe 
emissions are adding to 
asthma, ozone and other 
health impacts. Impacts are 
reduced significantly from 
proximity to trees. 

9. Gas transformation 
efficiency. Trees in street 
proximity absorb 9 times 
more pollutants than more 
distant trees, converting 
harmful gasses back into 
oxygen and other useful and 
natural gasses. 

10. Lower urban air 
temperatures.  Asphalt and 
concrete streets and parking 
lots are known to increase 
urban temperatures 3-7 
degrees. These temperature 
increases significantly impact 
energy costs to homeowners 
and consumers. A properly 
shaded neighborhood, mostly 
from urban street trees, can 
reduce energy bills for a 
household from 15-35%. 

11. Lower Ozone. Increases in 
urban street temperatures 
that hover directly above 
asphalt where tailpipe 
emissions occur dramatically 
increase creation of harmful 
ozone and other gasses into 
more noxious substances 
impacting health of people, 
animals and surrounding 
agricultural lands.
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12. Convert streets, parking and 
walls into more aesthetically 
pleasing environments. There 
are few streetmaking elements 
that do as much to soften wide, 
grey visual wastelands created 
by wide streets, parking lots and 
massive, but sometimes 
necessary blank walls than trees. 

13. Soften and screen necessary 
street features such as utility 
poles, light poles and other 
needed street furniture. Trees 
are highly effective at screening 
those other vertical features to 
roadways that are needed for 
many safety and functional 
reasons.

14. Reduced blood pressure, 
improved overall emotional 
and psychological health. 
People are impacted by ugly or 
attractive environments where 
they spend time. Kathlene 
Wolf, Social Science Ph.D. 
University of Washington gave 
a presentation that said “the risk 
of treed streets was 
questionable compared to other 
types of accidents along with 
the increased benefit of trees on 
human behavior, health, 
pavement longevity, etc.”   She 
noted that trees have a calming 
and healing effect on ADHD 
adults and teens. 

15. Time in travel perception.
Other research and 
observations confirm that 
motorists perceive the time it 
takes to get through treed 
versus non-treed environments 
has a significant differential. A 
treeless environment trip is 
perceived to be longer than one 
that is treed (Walter Kulash, 
P.E.; speech circa 1994, 
Glatting Jackson).
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16. Reduced road rage.
Although this may at first 
seem a stretch, there is 
strong, compelling research 
that motorist road rage is less 
in green urban versus stark 
suburban areas. Trees and 
aesthetics, which are known 
to reduce blood pressure, 
may handle some of this 
calming effect.

17. Improved operations 
potential. When properly 
positioned and maintained, 
the backdrop of street trees 
allow those features that 
should be dominant to be 
better seen, such as vital 
traffic regulatory signs. The 
absence of a well developed 
Greenscape allows the sickly 
grey mass of strip to 
dominate the visual world. 
At the same time, poorly 
placed signs, signals, or 
poorly maintained trees 
reduces this positive gain, 
and thus proper placement 
and maintenance must be 
rigidly adhered to. 

18. Added value to adjacent 
homes, businesses and tax 
base. Realtor based 
estimates of street tree 
versus non street tree 
comparable streets relate a 
$15-25,000 increase in home 
or business value. This often 
adds to the base tax base and 
operations budgets of a city 
allowing for added street 
maintenance. Future 
economic analysis may 
determine that this is a 
break-even for city 
maintenance budgets.
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19. Provides a lawn for a splash and 
spray zone, storage of snow, 
driveway elevation transition and 
more. Tree lawns are an essential 
part of the operational side of a 
street.

20. Filtering and screening agent.
Softens and screens utility poles, light 
poles, on-street and off-street 
parking and other features creating 
visual pollution to the street. 

21. Longer pavement life.  Studies 
conducted in a variety of California 
environments show that the shade of 
urban street trees can add from 40-
60% more life to costly asphalt. This 
factor is based on reduced daily 
heating and cooling (expansion/
contraction) of asphalt.  As peak oil 
pricing increases roadway overlays, 
this will become a significant cost 
reduction to maintaining a more 
affordable roadway system. 

22. Connection to nature and the 
human senses. Urban street trees 
provide a canopy, root structure and 
setting for important insect and 
bacterial life below the surface; at 
grade for pets and romantic people 
to pause for what pets and romantic 
people pause for; they act as essential 
lofty environments for song birds, 
seeds, nuts, squirrels and other urban 
life. Indeed, street trees so well 
establish natural and comfortable 
urban life it is unlikely we will ever 
see any advertisement for any 
marketed urban product, including 
cars, to be featured without street 
trees making the ultimate dominant, 
bold visual statement about place. 
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Trees provide  

enclosure 

West Hartford’s Farm-
ington Avenue tree can-
opy forms an attractive 
wall of green. This sense 
of enclosure creates an 
important quality allow-
ing pedestrians to feel 
fully separated from the 
movement of more than 
25,000 vehicles in the 
adjacent street. 
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Trees provide  

shelter

It rained all day. When au-
thor Dan Burden spent mid 
morning to mid-afternoon on 
West Hartford’s Farmington 
Avenue he did not get wet. 
The canopy cover kept side-
walks dry, despite a steady 
light all-day rain. Trees have 
the ability to capture signifi-
cant rainfall then transpire it 
back into the atmosphere 
before reaching the ground. 
Meanwhile water runs down 
branches and trunk to allow 
deep root penetration. 
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Tree and  
Lamp Placement 

Well placed trees allow even 
and attractive lamp placement.  
It is important that lamps provide 
proper levels of lumination to 
create welcoming and comfort-
able walking environments.

Generally lamps are placed mid-
way between trees, allowing for 
some variation between other 
essential furniture such as seat-
ing and fire hydrants.
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Traffic Calming results from correct tree placement 
The top two images are both collector category streets (Avenues). Historic tree plantings reduce 
speeds, provide greater green cover, and allow homes to face streets, thus rewarding walking ac-
tivity. More recent street making maximizes asphalt, increases the tendency to speed and highly 
discourages developers from orienting homes toward the street. Walking becomes a lonely and 
sometimes scary activity. The bottom two images each have the same curb to curb dimensions. 
Trees placed at the street and on street parking bring speeds down 7-8 mph. 
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Trees Screen Parking 
Effective tree placement softens 
harshening effects of on-street park-
ing. A combination of tree planting 
tools, from curb extensions, block 
entry tree clusters, mid-block tree 
clusters at curb extensions and tree 
wells are common tools for screen-
ing and greening parking areas. 
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Alley versus driveway loaded blocks  
There is a distinct visual advantage in using 
alley loaded properties.  Driveways break up 
the natural rhythm and opportunity of attrac-
tively and evenly spaced street trees. Drive-
ways also eliminate the possibility of using a 
longer tree planter strip. Long and narrow 
strips are sometimes essential to getting in 
quality growth trees in a minimum right-of-
way.
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Maximize Green 
Plan good caliper trees (3” or 
wider) on all streets to soften build-
ings and street impacts.  Use wide 
or long tree wells and all of the 
technical knowledge for setting 
and maintaining successful urban 
trees. Utilities are placed in loca-
tions minimizing impact on green 
cover. 
Urban street trees are generally 
placed each 15-20 feet. Dense 
placement is highly desired. 
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Tree Wells 

Tree Wells 
In tight urban spaces there may be insufficient space in sidewalks to place trees. In these 
settings placement of tree wells roughly each 40-60 feet allows two or three parking 
spaces. Often not a single parking space is lost.  Tree wells can be added to both parallel 
and angled parking. Depending on the amount of parking needed, desired visual pattern, 
and tree density wells are placed every other car, third car and sometimes every fourth car. 
Wells must be deep enough to prevent backing into trees. 
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Tree Wells 

Tree Wells and curb extensions 
One of the greatest benefits to the use of tree wells is the added screening of parked cars. 
Properly used tree wells establish a compelling line of green, hiding much of the excess as-
phalt needed for parking. Tree wells are often accented with colorful ground cover.  The term 
tree well is used independently of curb extension. Curb extensions add to the use of tree 
wells, but are much larger, and often include sitting areas or corner placement. 
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Kathlene Wolf, Social Science Ph.D. Uni-
versity of Washington gave a presentation 
that said that the risk of treed streets was 
questionable compared to other types of 
accidents along with the increased benefit 
of trees on human behavior, health, pave-
ment longevity, etc.   She noted that trees 
have a calming and healing effect on 
ADHD adults and teens.  And I added that 
through my review of literature, ADHD 
males 16 to 22 years of age had an inci-
dent of serious accident that was 5 times 
what a control population of 16 to 22 male 
drivers would experience
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Cover rendering and photo this page: The new Bridge for Laboratory Sciences building at Vassar 
College, designed by Richard Olcott/Ennead Architects, redefines the identity of the sciences on the 
College’s historic campus and provides technologically advanced facilities for students, faculty, and 
researchers. 

Fundamental to the building’s design is its seamless integration with the natural landscape, scale, and 
campus aesthetic of the College. In this natural wooded setting, the need for strategies to reduce bird 
collisions with the building was apparent. In response, the building was designed to comply with LEED 
Pilot Credit 55: Bird Collision Deterrence. 

Ennead managing partner Guy Maxwell is a nationally recognized champion of bird-friendly design 
and has led Ennead’s innovative approach to make the building’s glazing safer for birds, employing 
patterned glass, screens and sunshades, and Ornilux glass, a specialty glass product that uses a UV 
coating visible to birds but not humans. 

By framing and showcasing views of the landscape, the building celebrates and connects students 
with the surrounding environment, while the overall development of the precinct repurposes an 
underutilized sector of campus.Exterior glass detail Glass detail, showing frit pattern

Vassar’s Bridge for Laboratory Sciences, shown here under construction 
in October 2015. The building is scheduled to open in January 2016. 
Cover rendering and photos courtesy of Ennead Architects
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Collision with glass claims the lives of hundreds of 
millions of birds each year in the United States. It is 
second only to domestic cats as a source of mortality 
linked directly to human action. Birds that have 
successfully flown thousands of miles on migration can 
die in seconds on a pane of glass; impacts kill fledglings 
before they can truly fly. Because glass is dangerous 
for strong, healthy, breeding adults, as well as sick or 
young birds, it can have a particularly serious impact on 
populations.

Bird kills occur at buildings across the United States 
and around the world. We know most about mortality 
patterns in cities, because that is where most monitoring 
takes place, but virtually any building with glass poses 
a threat wherever it is. The dead birds documented 
by monitoring programs or provided to museums 
constitute merely a fraction of the birds actually killed. 
The magnitude of this problem can be discouraging, but 
there are already effective solutions and an increasing 
commercial commitment to developing new solutions, if 
people can be convinced to adopt them.

That artificial lighting at night plays a significant 
part in mortality from glass is widely accepted, but 
often misunderstood. The majority of collisions with 
buildings take place during daylight. There are many 
well-documented instances of bright lights at night 
disorienting large numbers of birds—usually night- 
migrating passerines but also seabirds—some of which 
may circle in the light, sometimes until dawn. Nocturnal 
mortality associated with circulation events is caused 
by collision with guy wires and other structures. Such 
events were described starting in the late 19th century 

Executive Summary 

A bird, probably a dove, hit the window of an 
Indiana home hard enough to leave this ghostly 
image on the glass. Photo by David Fancher

Newhouse III, designed by Polshek Partnership Architects, is part of Syracuse 
University’s S.I. Newhouse School of Public Communications. This building 
incorporates an undulating, fritted glass façade with the words of the first 
amendment etched in letters six feet high along the base. Photo by Christine 
Sheppard, ABC

at lighthouses, and later at the Washington Monument, 
Statue of Liberty, and Empire State Building, which were 
the only brightly lit structures in their areas. Today, 
such events occur mostly at offshore drilling platforms 
and communication towers. These situations have in 
common bright light surrounded by darkness, and their 
frequency has decreased in cities as areas of darkness 
around bright structures have also become lit. However, 
there are strong indications that birds are still being 
disoriented by urban lights and that lights are linked to 
mortality, even though mortality patterns have changed.

Advances in glass technology and production since 
the mid-twentieth century have made it possible to 
construct skyscrapers with all-glass walls, homes with 
huge picture windows, and miles of transparent noise-
barriers on highways. There has been a general increase 
in the amount of glass used in construction—and the 
amount of glass on a building is the best predictor of 
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the number of birds it will kill. However, while glass 
is important for bringing light into buildings, a façade 
with over 30-40% glass dramatically increases energy use 
for heating and cooling. Bird-friendly design is becoming 
recognized as part of sustainable design, required 
increasingly by legislation across North America. 

New construction can incorporate from the beginning 
bird-friendly design strategies that are cost neutral. 
There are many ways to reduce mortality from existing 
buildings, with more solutions being developed all the 
time. Because the science is constantly evolving, and 
because we will always wish for more information than 
we have, the temptation is to postpone action in the 
hope that a panacea is just around the corner. But we 
can’t wait to act. We have the tools and the strategies 
to make a difference now. Architects, designers, city 

planners, and legislators are key to solving this problem. 
They not only have access to the latest building 
construction materials and concepts; they are also 
thought leaders and trend setters in the way we build 
our communities and prioritize building design issues.

This publication aims to provide planners, architects, and 
designers, bird advocates, and local, municipal, and fed-
eral authorities, as well as the general public, with a clear 
understanding of the nature and magnitude of the threat 
glass poses to birds. Since the first edition, in 2011, there 
has been increased awareness of collisions, evidenced by 
new ordinances and guidelines for bird-friendly construc-
tion, new materials to retrofit existing buildings, and pro-
motion by the glass industry of bird-friendly materials.

This edition includes an updated review of the underly-
ing science, examples of solutions that can be applied 
to both new construction and existing buildings, and 
an explanation of what information is still needed. We 
hope it will spur individuals, businesses, communities, 
scientists, and governments to address this issue and 
make their buildings safer for birds. Constructing bird-
friendly buildings and eliminating the worst existing 
threats require only imaginative design, effective retro-
fits, and recognition that birds have intrinsic and cultur-
al as well as economic and ecological value to humanity.

American Bird Conservancy’s Collisions Program 
works at the national level to reduce bird mortality 
by coordinating with organizations and governments, 
developing educational programs and tools, evaluating 
and developing solutions, creating centralized resources, 
and generating awareness.The steel mesh enveloping Zurich’s Cocoon in Switzerland, designed by 

Camenzind Evolution, Ltd, provides privacy, reduces heating and cooling 
costs, and protects birds, but still permits occupants to see out. Photo by 
Anton Volgger

The façade of Sauerbruch Hutton’s Brandhorst Museum  
is a brilliant example of mixing glass and non-glass 
materials. Photo by Tony Brady



INTRODUCTION
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Why Birds Matter
For many people, birds and nature have intrinsic worth. 
Birds have been important to humans throughout 
history, often symbolizing cultural values such as peace, 
freedom, and fidelity. In addition to the pleasure they 
can bring to people, we depend on them for critical 
ecological functions. Birds consume vast quantities of  
insects and control rodent populations, reducing damage 
to crops and forests and helping limit the transmission 
of diseases such as West Nile virus, dengue fever, and 
malaria. Birds play a vital role in regenerating habitats 
by pollinating plants and dispersing seeds. Birds are also 
a direct economic resource. According to the U.S. Fish 
and Wildlife Service, bird watching is one of the fastest 
growing leisure activities in North America, an over $40 
billion industry accounting for many jobs.

The Legal Landscape
At the start of the 20th century, following the extinc-
tion of the Passenger Pigeon and the near extinction of 
other bird species due to unregulated hunting, laws were 
passed to protect bird populations. Among them was the 
Migratory Bird Treaty Act (MBTA), which made it illegal 
to kill a migratory bird without a permit. The scope of 
this law, which is still in effect today, extends beyond 
hunting, such that anyone causing the death of a migra-
tory bird, even if unintentionally, can be prosecuted if 
that death is deemed to have been foreseeable. At pres-
ent, the scope of the MBTA is under challenge in federal 
court and it is impossible to say whether it will ever be 
used to curb glass collisions. However, courts in Canada 
have ruled that building owners are responsible for mor-
tality caused by glass.

Violations of the MBTA can result in fines of up to $500 
per incident and up to six months in prison. The Bald 

and Golden Eagle Protection Act (originally the Bald 
Eagle Protection Act of 1940), the Endangered Species 
Act (1973), and the Wild Bird Conservation Act (1992) 
provide further protections for birds that may apply to 
building collisions. Recent legislation, primarily at the 
city and state levels, has addressed the problem of mor-
tality from building collisions and light pollution. Start-
ing with Toronto, Canada, in 2009 and San Francisco, 
California, in 2010 an increasing number of states and 
municipalities have passed laws mandating bird-friendly 
design, while other authorities have passed voluntary 
measures. 

Glass: The Invisible Threat
Glass is invisible to both birds and humans. Humans 
learn to see glass through a combination of experience 
and visual cues like mullions and even dirt, but birds are 
unable to use these signals. Most birds’ first encounters 
with glass are fatal when they collide with it at full flight 
speed. Aspects of bird vision contribute to the problem. 
Whereas humans have eyes in the front of their heads 
and good depth perception, most birds’ eyes are placed 
at the sides of their heads. Birds thus have little depth 
perception beyond the range of their bills but extensive 
fields of view to the side and behind. They judge their 
flight speed by the passing of objects to their sides, so 
their focus in flight is not necessarily ahead. Besides sim-
ply using designs with less glass, we can protect birds by 
using screens, shutters, and details that partly obscure 
glass while still providing a view, or by using two-di-
mensional patterns that birds perceive as actual barriers. 
However, birds have poor contrast sensitivity compared 
to humans: shapes at a distance merge into a blur at 
closer range for birds. This means that most signals that 
make glass safe for birds will probably be readily visible 
to people.

(Opposite) The White-throated Sparrow is the most frequent victim of 
collisions reported by urban monitoring programs. Photo by Robert Royse

Reflections on home windows are a significant source of 
bird mortality. The partially opened vertical blinds here 
may break up the reflection enough to reduce the hazard 
to birds. Photo by Christine Sheppard, ABC

Birds may try to reach vegetation seen through two or 
more glass walls or windows; the single decal here is not 
enough to solve the problem, but two or three could do 
the trick. Photo by Christine Sheppard, ABC
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Lighting: Exacerbating the Threat
Most birds, with obvious exceptions, are active by day, 
with eyes best adapted for daylight sight. However, 
many bird species migrate by night, allowing them 
to use daylight hours for feeding. We still don’t know 
everything about how night-flying birds navigate. We 
do know that birds probably have two special senses 
that allow them to determine location and direction 
using the Earth’s magnetic field. One of these, located in 
the eye, may allow birds to “see” magnetic lines in the 
presence of dim blue light. Star maps, landmarks, and 
other mechanisms are also involved. 

Artificial night lighting seemingly disrupts orientation 
mechanisms evolved to work with dimmer, natural 
light sources and can cause birds to deviate from their 

flight paths. The problem is compounded for birds flying 
in mist or cloud, which can cause them to fly lower 
and closer to artificial light sources, depriving them 
of celestial and magnetic cues. As birds fly near light 
sources, they may become disoriented and eventually 
land in the built environment.

The majority of collisions with buildings actually take 
place by day. As birds seek food to fuel their next migra-
tory flight, they face a maze of structures, and many, 
unable to distinguish between habitat and reflections, 
hit glass. The amount of light emitted by a building is a 
strong predictor of the number of collisions it will cause, 
more so than building height. Patterns of light intensity 
across a nocturnal landscape may influence the pattern 
of birds landing in that landscape at the end of migra-
tion stages. Thus, reducing light trespass from all levels 
of buildings and their surroundings is an important 
part of a strategy to reduce collisions with glass. There is 
some recent evidence that electromagnetic radiation out-
side the visible spectrum may also disorient birds.

Birds and the Built Environment
Humans first began using glass in Egypt around 3500 
BCE. Glass blowing, invented by the Romans in the early 
first century CE, greatly increased the ways glass could be 
used, including the first crude glass windows. The 17th 
century saw the development of the float process, en-
abling production of large sheets of glass. This technol-
ogy became more sophisticated, eventually making glass 
windows available on a large scale by the 1960s. In the 
1980s, development of new production and construction 
technologies culminated in today’s glass skyscrapers and 
increasing use of glass in all types of construction.

Sprawling land-use patterns and intensified urbanization 
degrade the quality and quantity of bird habitat across 

Light at night can disorient birds, and the 
problem is not restricted to tall buildings. This 
scene of Las Vegas by night depicts a threat to 
any bird migrating nearby at night. Photo by 
BrendelSignature, Wikipedia 
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the globe. Cities and towns encroach on riverbanks and 
shorelines. Suburbs, farms, and recreation areas increas-
ingly infringe upon wetlands and woodlands. Some bird 
species simply abandon disturbed habitat. For resident 
species that can tolerate disturbance, glass is a constant 
threat, as these birds are seldom far from human struc-
tures. Migrating birds are often forced to land in trees 
lining our sidewalks, city parks, waterfront business dis-
tricts, and other urban green patches that have replaced 
their traditional stopover sites. 

The amount of glass in a building is the strongest predic-
tor of how dangerous it is to birds. However, even small 
areas of glass can be lethal. While bird kills at homes are 
estimated at one to 10 birds per home per year, the large 
number of homes multiplies that loss to millions of birds 
per year in the United States, representing over 46% of 
the total problem. Other factors can increase or decrease 
a building’s impact, including the density and species 
composition of local bird populations; local geography; 
the type, location, and extent of landscaping and nearby 
habitat; prevailing wind and weather; and patterns of 
migration through the area. All must be considered 
when planning bird-friendly buildings.

Impact of Collisions on Bird Populations
About 25% of species are now on the U.S. Watch 
List of birds of conservation concern (abcbirds.org/
birds/watchlist/), and even many common species 
are in decline. Habitat destruction or alteration of 
both breeding and wintering grounds remains the 
most serious man-made problem, but collisions with 
buildings are second only to domestic cats as direct 
fatality threats. Nearly one-third of the bird species 
found in the United States—more than 258 species, from 
hummingbirds to falcons—are documented as victims of 
collisions. Unlike natural hazards that predominantly kill 

weaker individuals, collisions kill all categories of birds, 
including some of the strongest, healthiest birds that 
would otherwise survive to produce offspring. Without 
action, the cumulative effect of these deaths will result 
in significant population declines. Most of the mortality 
is avoidable. This document is one piece of a strategy to 
keep building collisions from increasing and, ultimately, 
to reduce them.

Bird Collisions and Sustainable Architecture
In recent decades, advances in glass technology and pro-
duction have made it possible to construct tall buildings 
with all-glass walls, and we have seen a general increase 
in the amount of glass used in all types of construction. 
This is manifest in an increase in picture windows in 
private homes, glass balconies and railings, bus shelters, 
and gazebos. New applications for glass are being devel-
oped all the time. Unfortunately, as the amount of glass 
increases, so does the incidence of bird collisions. 

The Cape May campus of Atlantic Cape Community 
College inherited a building with large areas of glass that 
did not have coatings or film to control temperature and 
glare—and there were many collisions. The addition of 
Collidescape has eliminated the threat to birds while 
reducing heating and cooling costs. Photo by Lisa 
Apel-Gendron
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The Tracy Aviary’s new LEED Gold Visitors Center meets the 
requirements of LEED’s Reducing Bird Collisions credit, using 
an array of high- and low-tech solutions, including decals and a 
dramatic screen. © 2015 Alan Blakely, AIAP. All rights reserved.
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In recent decades, growing concern for the environment 
has stimulated the creation of “green” standards and rat-
ing systems for development. The best known is the U.S. 
Green Building Council (USGBC) Leadership in Energy 
and Environmental Design, or LEED. While the USGBC 
concurred that sustainable buildings should not kill 
birds, it was initially difficult to create recommendations 
within the LEED credit system. The solution was based 
on a technique called “tunnel testing,” a non-lethal 
method using live birds that permits a relative threat 
score to be assigned to patterned glass and other materi-
als. (The section on Research in Chapter 6 reviews the 
work underlying the assignment of threat scores.)

On October 14, 2011, USGBC added Pilot Credit 55: 
Bird Collision Deterrence to its Pilot Credit Library. 
The credit was drafted by American Bird Conservancy 
(ABC), members of the Bird-Safe Glass Foundation, and 
the USGBC Site Subcommittee. Building developers that 
wish to earn this credit must quantify the threat level 
to birds posed by various materials and design details. 
These threat factors are used to calculate an index, or 
weighted average, representing the building’s façade; 
that index must be below a standard value to earn the 
credit. The index is intended to provide wide latitude in 
creating designs that meet the criteria. The credit also 
requires adopting interior and exterior lighting plans 
and post-construction monitoring. 

Pilot Credit 55 has been the most widely used credit in 
the pilot library. A revised version of the credit, posted 
in the fall of 2015, expands its availability to all LEED 
rating systems except “neighborhoods.” 

ABC is a registered provider of the American Institute 
of Architects (AIA) Continuing Education System, of-
fering classes on bird-friendly design and LEED Pilot 

Hariri Pontarini Architects with Robbie/Young + Wright 
Architects used botanical imagery in 3M laminates to 
depict the plants that produce many of the compounds 
used by students at the University of Waterloo School of 
Pharmacy, Canada. Photo by Christine Sheppard, ABC

Credit 55 in face-to-face and webinar formats. Contact 
Christine Sheppard, csheppard@abcbirds.org, for more 
information.

Defining What’s Good for Birds
It is increasingly common to see the term “bird-friendly” 
used in a variety of situations to demonstrate that a 
particular product, building, legislation, etc., is not 
harmful to birds. All too often, however, this term is 
unaccompanied by a clear definition and lacks a sound 
scientific foundation to underpin its use. Ultimately, 
defining “bird-friendly” is a subjective task. Is bird-
friendliness a continuum, and if so, where does friendly 
become unfriendly? Is “bird-friendly” the same as “bird-
safe?” How does the definition change from use to use, 
situation to situation? It is impossible to know exactly 
how many birds a particular building will kill before it is 
built, and so, realistically, we cannot declare a building 
to be bird-friendly before it has been carefully monitored 
for several years. 

There are factors that can help us predict whether 
a building will be particularly harmful to birds or 
generally benign, and we can accordingly define simple 
“bird-friendly building standards” that, if followed, 
significantly reduce potential hazard to birds. That said, 
a 75% reduction of mortality at a structure that kills 400 
birds a year means that structure will still kill 100 birds 
a year. Because window kills affect reproductively active 
adult birds, the cumulative effect of saving some birds is 
amplified by their reproductive output. Because a 100% 
reduction in mortality may be difficult to achieve, ABC 
takes the position that it is better to take reasonable 
available actions immediately than to put off taking 
action until a perfect solution is possible or to take no 
action at all. 



Problem: Glass

The glass in this Washington, D.C., atrium poses a double hazard, drawing birds to 
plants inside as well as reflecting sky above. Photo by Christine Sheppard, ABC
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Properties of Glass
Glass, as a structural material, can range in appearance 
from transparent to mirrored to opaque. Its surface can 
completely reflect light or let virtually 100% of light pass 
through. A particular piece of glass will change appear-
ance depending on environmental factors, including 
position relative to the sun, the difference between exte-
rior and interior light levels, what may be reflected, and 
the angle at which it is viewed. Combinations of these 
factors can cause glass to look like a mirror or a dark 
passageway, or be completely invisible. Humans do not 
actually “see” clear glass, but are cued by context such as 

mullions, dirt, or window frames. Birds, however, do not 
perceive right angles and other architectural signals as 
indicators of obstacles or artificial environments: they 
take what they see literally. While local birds may be-
come familiar with individual pieces of glass, they do 
not ever grasp the concept “glass.”

Reflection
Under the right conditions, even transparent glass on 
buildings can form a mirror, reflecting sky, clouds, or 
nearby habitat attractive to birds. When birds try to fly 
to the reflected habitat, they hit the glass. Reflected veg-
etation is the most dangerous, but birds also attempt to 
fly past reflected buildings or through reflected passage-
ways, with fatal results.

Transparency
Birds strike transparent windows as they attempt to ac-
cess potential perches, plants, food or water sources, or 
other lures seen through the glass, whether inside or 
outside. Large planted atria are frequent problems, as are 
glass balcony railings  and “skywalks” joining buildings. 
The increasing trend toward glass used in landscapes, 
as walls around roof gardens, as handrails or walkway 
dividers and even gazebos is dangerous because birds 
perceive an unobstructed route through them to habitat 
beyond.

Black Hole or Passage Effect
Birds often fly through small gaps, such as spaces be-
tween leaves or branches, into nest cavities, or through 
other small openings that they encounter. In some light, 
the space behind glass can appear black, creating the 
appearance of just such a cavity or “passage” with unob-
structed access through which birds try to fly.The glass-walled towers of the Time Warner Center in New York City appear 

to birds as just another piece of the sky. Photo by Christine Sheppard, ABC

Transparent handrails are a dangerous trend for birds, 
especially when they front vegetation. Photo by 
Christine Sheppard, ABC

Large facing panes of glass can appear to be a clear 
pathway. Photo by Christine Sheppard, ABC
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Factors Affecting Rates of Bird Collisions  
for a Particular Building
Every site and every building can be characterized as a 
unique combination of risk factors for collisions. Some 
of these, particularly aspects of a building’s design, are 
very building-specific. Many problem design features can 
be readily improved, or, in new construction, avoided. 
Others of these—for example, a building’s location 
relative to migration stopover sites, regional ecology, and 
geography—are difficult if not impossible to modify.

Building Design
People like glass and it has become a popular building 
material. All-glass buildings have become more and 
more common as glass has become a low-cost material 
for construction. Glass causes virtually all bird collisions 
with buildings. Studies based on monitoring data have 
shown a direct relationship between the amount of glass 
on a building and the number of collisions at that site— 
the more glass, the more bird deaths. 

Mirrored glass is often used intentionally to make a 
building “blend” into a vegetated area by reflecting 
its surroundings, making those buildings especially 
deadly to birds. However, all-glass buildings are com-
ing increasingly into question. According to groups like 
the American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) and the International 
Code Council, when there is more than 30-40% glass on 
a façade, heating and cooling costs begin to increase.   

Building Size 
Glass skyscrapers, because of their height and visibility, 
are often the main focus of collision documentation, 
and they do account for more collisions per building 
than smaller structures. However, because there are 

many more homes and low-rise buildings, the latter 
account for more total mortality. A study published 
by scientists at the Smithsonian in 2014 estimated 
508,000 annual bird deaths for high-rises, 339 million 
for low-rises, and 253 million for homes. More collisions 
probably occur at glass on lower floors, where most bird 
activity takes place, but when monitors have had access 
to setbacks and roofs, they have consistently found at 
least some carcasses, indicating that glass at any level 
can be a threat.

Orientation and Siting
Because migrating birds are frequent collision victims, 
it is often assumed that more collisions will occur on 
north- and south-facing façades. However, most build-
ing collisions take place during the day, and building 
orientation in relation to compass direction has not 
been implicated as a factor. Siting of buildings with re-
spect to surrounding habitat and landscaping has more 

Birds flying from a meadow on the left are channeled toward the glass 
doors of this building by a rocky outcrop to the right of the path. Photo by 
Christine Sheppard, ABC

The same glass can appear  

transparent or highly reflective, 

depending on weather  

or time of day. 

Photos by Christine Sheppard, ABC



Mirrored glass is dangerous at all times of day, whether it reflects vegetation, sky, or simply 
open space through which a bird might try to fly. Photo by Christine Sheppard, ABC
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implications. Physical features like walkways that pro-
vide an open flight path through vegetated landscape, 
or obstacles like outcrops of rock or berms, can channel 
birds toward or away from glass and should be consid-
ered early in the design phase. Movement patterns of 
birds within surrounding habitat may cause unanticipat-
ed collisions. Birds often fly between landscape features, 
for example, between two stands of trees, and may be at 
risk from structures along their route.

Glass that reflects shrubs and trees causes more colli-
sions than glass that reflects pavement or grass. Studies 
that measured vegetation within only 15 to 50 feet of 
a façade have led to the misconception that plantings 
beyond a certain distance don’t influence collisions, but 
vegetation at much greater distances can easily be visible 

in reflections. Vegetation around buildings will bring 
more birds into the vicinity of the building; the reflec-
tion of that vegetation brings more birds into the glass. 
Taller trees and shrubs correlate with more collisions. It 
should be kept in mind that vegetation on slopes near 
a building will reflect in windows above ground level. 
Studies using bird feeders (Klem et al. 1991) have shown 
that fatal collisions result when birds fly toward glass 
from more than a few feet away.

Time of Day
Collisions tend to happen most when birds are most ac-
tive. Many studies have documented that although colli-
sions peak during the early morning, they can happen at 
almost any time of day. Most monitoring programs have 
focused on early morning before cleaning crews have 
swept sidewalks because of the increased likelihood of 
finding birds and because it is easier to obtain volunteer 
searchers in the pre-work hours. 

Green Roofs and Walls
Green roofs bring elements attractive to birds to higher 
levels, but often they are built in close proximity to 
glass. However, recent work shows that well-designed 
green roofs can become functional ecosystems, 
providing food and even nest sites for birds. Siting of 
green roofs, as well as green walls and rooftop gardens, 
should therefore be carefully considered, and glass 
adjacent to these features should have protection for 
birds.

 

Plantings on setbacks and rooftops can attract birds to 
glass they might otherwise avoid. Chris Sheppard, ABC

Green roofs and walls can provide food and other resources to birds, but 
they can also attract birds to glass that they might not otherwise encounter. 
Emilio Ambasz’s ACROS  building in Fukuoka, Japan, is an interesting 
example. Photo by Kenta Mobuchi



This atrium has more plants than anywhere nearby on 
surrounding streets, making the glass deadly for birds seeking 
food or shelter in this area. Photo by Christine Sheppard, ABC



Solutions: Glass
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It is possible to design buildings that can reasonably be 
expected to kill few or no birds. Numerous examples 
already exist, not necessarily designed with birds in 
mind but simply to be functional and attractive. These 
buildings may have many windows, but their screens, 
latticework, louvers, and other devices outside, or 
patterns integrated into the glass, warn birds before they 
collide. Finding glass treatments that can eliminate or 
greatly reduce bird mortality, while minimally obscuring 
the glass itself, has been the goal of several researchers, 
including Martin Rössler, Daniel Klem, and Christine 
Sheppard. Their work, discussed in more detail in the 
Science chapter, has focused primarily on the spacing, 
length, width, opacity, color, and orientation of 
elements marked on glass, and has shown that patterns 
covering as little as 5% of the total glass surface can 
deter most strikes under experimental conditions. They 
have shown that as a general rule, most songbirds will 
not attempt to fly through horizontal spaces less than 
2 inches high or through vertical spaces 4 inches wide 
or less. We refer to this as the 2 x 4 rule, and it is clearly 
related to the size and shape of birds in flight. (See chart 
on page 47). 

Designing a new structure to be bird-friendly does not 
require restricting the imagination or adding to the cost 
of construction. Architects around the globe have creat-
ed fascinating and important structures that incorporate 
little or no dangerous glass. In some cases, inspiration 
has been borne out of functional needs, such as shad-
ing in hot climates; in others, from aesthetics. Being 
bird-friendly usually has been incidental. Now, however, 
buildings are being designed with birds in mind, and 
materials designed for this purpose are multiplying. Un-
til recently, retrofitting existing buildings has been more 

(Opposite) The external glass screen on the GSA Regional Field Office in Houston, 
Texas, designed by Page Southerland Page, helps control heat but also reduces the 
likelihood of collisions. Photo by Timothy Hursley

difficult and costly than it is today. However, new mate-
rials are appearing and costs can be controlled by target-
ing problem areas rather than entire buildings.

Bird-friendly materials and design features often overlap 
in function with materials to control heat and light, 
security measures, and decorative design details. Bird-
friendly building-design strategies also fall into three 
general categories, although all three could be combined 
in a single structure. These are: 

1. Using minimal glass (Bronx Call Center,  
U.S. Mission to the United Nations) 

2. Placing glass behind some type of screening  
(de Young Museum, Cooper Union)

3. Using glass with inherent properties that reduce 
collisions (Brooklyn Botanic Garden Visitors Center; 
Student Center at Ryerson University, Toronto; and 
Cathedral of Christ the Light)

Netting, Screens, Grilles, Shutters,  
Exterior Shades  
There are many ways to combine the benefits of glass 
with bird-friendly design by incorporating elements 
that preclude collisions while providing light and views. 
Some architects have designed decorative façades that 
wrap entire structures. Decorative grilles are also part of 
many architectural traditions. Exterior, motorized solar 
screens and shades are effective at controlling heat and 
light, increase security, and can be adjusted to maximize 
view or bird and sun protection at different times. Net-
ting, grilles, and shutters are common elements that can 
make glass safe for birds on buildings of any scale. They 
can be used in retrofit or be an integral part of an origi-
nal design and can significantly reduce bird mortality.

The Brooklyn Botanic Garden’s Visitors Center, designed 
by Weiss/Manfredi, was intended to be bird-friendly 
from its inception—a challenge, as it makes extensive use 
of glass. Photo @ Alber Vecerka, ESTO

Glass walls and doors at the Brooklyn Botanic Garden’s 
Visitors Center include a custom fritting pattern that 
meets bird-friendly criteria. Monitoring for collisions 
after the building opened indicates that the design was 
successful. Photo by Christine Sheppard, ABC
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Before the current age of unopenable windows, screens 
protected birds in addition to serving their primary 
purpose of keeping bugs out. Screens are still among 
the most cost-effective methods for protecting birds, 
and, if insects are not an issue, nearly invisible netting 
can often be installed. Screens and netting should be 
installed at some remove from the window so that the 
impact of a strike does not carry birds into the glass. 
Several companies sell screens that can be attached with 
suction cups or eye hooks for small areas of glass. Others 
specialize in much larger installations. (Find sources at 
collisions.abcbirds.org).

Awnings and Overhangs
Overhangs have been frequently recommended to 
reduce collisions. However, there are many situations in 
which overhangs do not eliminate reflections and only 
block glass from the view of birds flying above. They 
are thus of limited effectiveness as a general strategy. 
Overhangs work best when glass is shadowed from 
all sides. Functional elements such as balconies and 
balustrades can block the view of glass, protecting birds 
while providing an amenity for residents.

Angled Glass
In a study (Klem et al., 2004) comparing bird collisions 
with vertical panes of glass to those tilted 20 or 40 de-
grees, the angled glass resulted in less mortality. Klem 
speculated that this was because the glass reflected the 
ground, not vegetation. Using angled glass has become 
a common recommendation as a bird-friendly feature. 
However, while angled glass may be useful in special 
circumstances, the birds in the study were flying parallel 
to the ground from nearby feeders, hitting the glass at 
acute angles, with less force than a perpendicular strike. 
In most situations, however, birds may approach glass 
from any angle.   

Patterns on Glass
Ceramic dots, other types of “frits,” and other materials 
can be screened, printed, or otherwise applied to glass 
surfaces. This is often done to reduce the transmission 
of light and heat and can also provide design detail. In 
some cases, frit patterns are hardly visible, but when 
designed according to the 2 x 4 rule (see p. 47), patterns 
on glass can also prevent bird strikes. Patterns on the 
outside surface of glass deter collisions most effectively 
because they are always visible, even with strong re-
flections. This type of design, useful primarily for new 
construction, is currently more common in Europe and 

Reflections in this angled façade can be seen clearly over 
a long distance, and birds can approach the glass from 
any angle. Photo by Christine Sheppard, ABC

Overhangs block viewing of glass from some angles, 
but do not necessarily eliminate reflections. Photo by 
Christine Sheppard, ABC

A custom frit pattern was designed by Ennead Architects for Vassar College’s 
Bridge for Laboratory Sciences building. Elements of the pattern occur on 
two separate surfaces, increasing visibility to birds in flight, who will see a 
constantly changing pattern that may appear to move. Photo by Christine 
Sheppard, ABC
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Frit patterns behind highly reflective glass may not always be visible. However, in buildings like Skidmore 
Owings Merril’s Cathedral of Christ the Light, the frit pattern is always visible and the pattern should 
appear as a virtual barrier, deterring birds from flying into it. Photo by Christine Sheppard, ABC
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Asia, but is being offered by an increasing number of 
manufacturers in the United States. New technologies 
allowing printing of ceramic inks on the outside surface 
of glass may greatly increase options for bird-friendly 
design in the U.S. 

More commonly, frit is applied to an internal surface 
of insulated glass units. This type of design may not 
be visible if the amount of light reflected by the frit 
is insufficient to overcome reflections on the outside 
surface of the glass or if frit is applied as dots below the 
visual threshold of birds. Some internal frits may only 
help break up reflections when viewed from some angles 
and in certain light conditions. However, with the right 
combination of surface reflectivity and frit application, 
a pattern on an inside surface can still be effective. The 
headquarters of the internet company IAC in New York 
City, designed by Frank Gehry, is composed entirely of 
fritted glass, most of high density and always visible. No 
collision mortalities have been reported at this building 
after two years of monitoring by New York City Audubon. 
FXFOWLE’s Jacob Javits Center, also in Manhattan, 
reduced collisions by as much as 90% with a renovation 
that eliminated some dangerous glass and replaced other 
glass with a visible frit pattern. Another example of a 
visible internal frit pattern is seen in Skidmore Owings 
Merril’s Cathedral of Christ the Light in Oakland, 
California. 

UV Patterned Glass
Songbirds, gulls, parrots, and other birds can see into 
the ultraviolet (UV) spectrum of light, a range largely 
invisible to humans (see page 41). Other bird types, 
including raptors, kingfishers, hummingbirds, and 
pigeons, are less sensitive to UV. Ultraviolet reflective 
and/or absorbing patterns “invisible to humans but 

visible to birds” are frequently suggested as the optimal 
solution for many bird collision problems, but few 
such products are available commercially as of 2015. 
Progress in development of bird-friendly UV glass has 
been slow, but with legislation in multiple locations 
mandating bird-friendly design, glass manufacturers and 
distributors, as well as window-film manufacturers, are 
taking an active role in developing new solutions for this 
application. Research indicates that UV patterns need 
strong contrast to be effective, especially in the early 
morning and late afternoon, when UV in sunlight is 
at low levels. However, UV patterns may be ineffective 
for many species that have been reported as victims 
of collisions with glass, including hummingbirds, 
flycatchers, American Woodcock, and woodpeckers. 

Opaque and Translucent Glass
Opaque, etched, stained, or frosted glass and glass block 
are excellent options to reduce or eliminate collisions, 
and many attractive architectural applications exist. 
They can be used in retrofits but are more commonly 
used in new construction. Frosted glass is created by 
acid etching or sandblasting transparent glass. Frosted 
areas are translucent, but various finishes are available 
with differing levels of light transmission. An entire 
surface can be frosted, or frosted patterns can be applied. 
Patterns should conform to the 2 x 4 rule described 
on page 47. For retrofits, glass also can be frosted by 
sandblasting on site. Stained glass is typically seen in 
relatively small areas but can be extremely attractive and 
is not conducive to collisions. Glass block is versatile, 
can be used as a design detail or primary construction 
material, and is also unlikely to cause collisions. Another 
promising material is photovoltaic glass, which has 
been used in stained-glass windows and highway noise 
barriers. This solution is especially interesting, because 

Ornilux Mikado’s pattern reflects UV wavelengths. The 
spiderweb effect is visible only from very limited viewing 
angles. Photo courtesy of Arnold Glass    

While some internal fritted glass patterns can be 
overcome by reflections, Frank Gehry’s IAC headquarters 
in Manhattan is so dense that the glass appears opaque. 
Photo by Christine Sheppard, ABC  
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The Wexford Science and Technology Building in Philadelphia, 
designed by Zimmer, Gunsul, Frasca, uses translucent glass 
to provide light without glare, making it safe for birds. Photo 
courtesy of Walker Glass
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transparent highway noise barriers can cause collisions, 
and such barriers are beginning to be installed in the 
United States.

Window Films
Most patterned window films were initially intended for 
use inside structures as design elements or for privacy. 
Now, outside surface applications intended to reduce 

A Zen Wind Curtain is an inexpensive but extremely effective way to deter 
collisions. Lengths of parachute cord or similar materials are strung vertically, 
every four inches, in front of problem glass, creating both a visual and a 
physical barrier. Photo by Glenn Phillips, ABC

bird collisions are coming onto the market, and some 
have proved highly effective and popular. The oldest 
such product creates an opaque white surface on the out-
side of glass that still permits viewing from the inside. 
Patterns can be printed on this material, although im-
ages of trees and other habitat are not recommended.

A film with a pattern of narrow, horizontal stripes has 
eliminated collisions at the Philadelphia Zoo Bear Coun-
try exhibit for over five years (see photo opposite) and 
has been similarly successful in other installations when 
applied to outside surfaces of glass. In these cases, the 
response has been positive. Another option is to apply 
vinyl patterns like window film but with the transparent 
backing removed. 

Solutions Applied to Interior Glass
Light colored shades have been recommended as a way 
to deter collisions. However, when visible, they do not 
effectively reduce reflections, and reflections may make 
them completely invisible. Closed blinds have the same 
problems, but if visible and partly open, they can pro-
duce the appearance of a 2 x 4 pattern. If an exterior so-
lution is not possible and tape or sticky notes are applied 
to the inside of windows, be sure to check the windows 
several times a day to ensure that these materials are 
visible.

Decals and Tape
Decals are probably the most familiar solution to 
bird collisions, but their effectiveness is widely 
misunderstood. Birds do not recognize decals as 
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This window at the Philadelphia Zoo Bear Country exhibit was the site of frequent 
bird collisions until window film was applied. Collisions have been eliminated for 
over five years, with no complaints from visitors about visibility of bears! Photo 
courtesy of the Philadelphia Zoo
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ABC BirdTape

Photos by Dariusz Zdziebkowski, ABC

ABC, with support from the 

Rusinow Family Foundation, 

has produced ABC BirdTape to 

make home windows safer for 

birds. This easy-to-apply tape 

lets birds see glass  while letting 

you see out, is easily applied, 

and lasts up to four years. 

For more information, visit 

abcbirdtape.org

silhouettes of falcons, spiderwebs, or other natural 
objects, but simply as obstacles that they may try to fly 
around. Decals can be very effective if applied following 
the 2 x 4 rule on the outside of glass, but in general, 
they must be replaced frequently, at least annually. Tape 
is generally more cost effective and quicker to apply, 
but most household tapes don’t stand up well to the 
elements. Tape intended to last for several years on the 
outside of windows has become commercially available 
and is effective when applied following the 2 x 4 guide. 

The Consilium Towers, a mirror-glass complex in Toronto, once killed 
thousands of birds each year. After being taken to court, its owners retrofitted 
the lower 60 feet of glass with a Feather Friendly dot pattern that has greatly 
reduced bird mortality. 

Reflected in this glass is Michael Mesure, the founder of Toronto's Fatal Light 
Awareness Program. Photos by Christine Sheppard, ABC

ABC BirdTape was effective at the Forest Beach Migratory Reserve in 
Wisconsin (left), and also performed well in tunnel tests conducted in 
Austria. Photo by Christine Sheppard, ABC

Temporary Solutions
In some circumstances, especially for homes and small 
buildings, quick, low-cost, temporary solutions, such as 
making patterns on glass with paint, stickers, or even 
post-its, can be very effective in the short term. Even a 
modest effort can reduce collisions. Such measures can 
be applied when needed and are most effective follow-
ing the 2 x 4 rule. (For more information, see ABC’s flyer 
“You Can Save Birds from Flying into Windows” and 
other sources at collisions.abcbirds.org).
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REMEDIATION CASE STUDY: 
Javits Center
In 2009, the New York City Audubon Society identified 

the Jacob K. Javits Convention Center as having one 

of the highest bird-collision mortality rates in New York 

City. 

A major renovation and expansion, designed by the 

bird-friendly architectural firm of FXFOWLE, was com-

pleted in 2014. Some especially deadly glass at street 

level was replaced with opaque panels. Large panes of 

clear fritted glass with varying surface characteristics 

were brought to the site and compared to find the right 

combination for birds and people. 

A 6.75-acre green roof, with adjacent translucent glass, 

crowns the building and is already providing resources 

for birds. 

Best of all, collisions at the now much larger site have 

been reduced by 90%.

From a distance, the Javits Center looks like a potential threat to birds.

At close range, a visible pattern of frit dots breaks up reflections, making the glass safe for birds. 
Photos by Glenn Phillips, ABC



Light: Problems and Solutions

Fixtures such as these reduce light pollution, saving energy and money and 
reducing negative impacts on birds. Photo by Dariusz Zdziebkowski, ABC
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Birds evolved complex complementary systems for ori-
entation and vision long before humans developed arti-
ficial light. We still have much more to learn, but recent 
science has begun to clarify how artificial light poses a 
threat to birds, especially nocturnal migrants. Although 
most glass collisions take place during daylight hours, 
artificial lighting at night plays a role in the number and 
distribution of collisions across the built environment. 
Unfortunately, the details of how birds respond to night 
lighting are less well understood than has been com-
monly believed. 

Many collision victims, especially songbirds, are 
ordinarily active by day and have eyes specialized for 
color vision and bright light. But although they migrate 
at night, these birds have poor night vision. Instead, 
they have magnetic senses that allow them to navigate 
using the Earth’s magnetic field. One of these is located 
in the retina and requires dim blue natural light to 
function. Red wavelengths found in most artificial 
light have been shown to disrupt that magnetic sense. 
Studies in Germany and Russia have documented birds 
flying through beams of light and diverting from their 
course anywhere from a few degrees to a full circle. 
Areas with significant light pollution may be completely 
disorienting to birds.

Birds are attracted to relative brightness, and by day 
often orient toward the sun. If a songbird flies into a 
home, darkening the room and opening a bright win-
dow is the best way to release it. Birds are thought to be 
attracted to artificial light at night, but we don’t know 
what light level at what distance is sufficient to cause 
attraction or other behavioral impacts. Gauthreaux and 
Belser, discussing impacts of night lighting on birds, 
speculated that in fact, birds affected by night lighting 
may simply be on course to pass over the lights, not 

necessarily attracted from a distance. Marquenie and 
Van de Laar, studying birds and lights on a drilling rig in 
the North Sea, estimated that when all the lights on the 
platform were lit, they affected birds up to 3 to 5 kilome-
ters away, causing many to circle the platform.

The science is inconclusive: Lights may only impact 
birds as they end a migratory stage and come down close 
to the built environment, or lights may divert birds that 
would ordinarily pass by. Bad weather can cause birds to 
fly lower and closer to lights, while also eliminating any 
visual cues. The interactions that produce correlations 
between building light emissions and collisions may take 
place at relatively close range. Once birds come close 
to a light source, the electromagnetic radiation actively 
interferes with their magnetic orientation mechanism. 

Light: Problems and Solutions

Houston skyline at night. Photo by Jeff Woodman

Overly lit buildings waste electricity and increase green-
house gas emissions and air pollution levels. They also 
pose a threat to birds. Photo by Matthew Haines 
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Reprinted courtesy of DarkSkySociety.org

Some combination of attraction and disorientation 
may result in larger numbers of birds in the vicinity of 
brighter buildings and thus, by day, in more collisions. 
Interestingly, there seem to be no reports of lights 
attracting or disorienting migrants as they take off  
on a new migratory stage.

There has been a tendency to associate collision events 
with very tall structures, though published reports 
clearly document impact from light at all levels. Early 
reports of this phenomenon came from lighthouses. 
Contemporary reports of light-associated circling events 
are common at oceanic drilling rigs, and disoriented 
birds have been reported at night skiing sites. A study 
in Toronto, using the number of lighted windows on a 
series of buildings as an index of emitted light, found 
that the amount of light emitted, not the height of the 
building, was the best predictor of bird mortality. 

Solutions
Poorly designed or improperly installed outdoor fixtures 
add over $1 billion to electrical costs in the United States 
every year, according to the International Dark Skies Asso-
ciation. Recent studies estimate that over two-thirds of the 
world’s population can no longer see the Milky Way, just 
one of the nighttime wonders that connect people with 
nature. Glare from poorly shielded outdoor light fixtures 
decreases visibility and can create dangerous conditions, 
especially for older people, and recent studies suggest that 
long-term exposure to night lighting can increase the risk 
of breast cancer, depression, diabetes, obesity, and sleep 
disorders. Together, the ecological, financial, and cultural 
impacts of excessive building lighting are compelling rea-
sons to reduce and refine light usage.

Reducing exterior building and site lighting has proven 
effective at reducing mortality of night migrants at 

Examples of Acceptable/Unacceptable 
Lighting Fixtures
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individual buildings, but achieving overall reduction 
in collisions will require applying those principles on 
a wider scale. At the same time, these measures reduce 
building energy costs and decrease air and light pol-
lution. Efficient design of lighting systems plus opera-
tional strategies to reduce light trespass or “spill light” 
from buildings while maximizing useful light are both 
important strategies. In addition, an increasing body of 
evidence shows that red light and white light (which 
contains red wavelengths) particularly confuse birds, 
while green and blue light may have far less impact.

Light pollution is largely a result of inefficient exterior 
lighting, and improving lighting design usually produces 
savings greater than the cost of changes. For example, 
globe fixtures permit little control of light, which shines 
in all directions, resulting in a loss of as much as 50% of 
energy, as well as poor illumination. Cut-off shields can 
reduce lighting loss and permit use of lower powered 
bulbs. Most “vanity lighting” is unnecessary. However, 
when it is used, down-lighting causes less trespass 
than up-lighting. Where light is needed for safety and 
security, reducing the amount of light trespass outside 
of the needed areas can help by eliminating shadows. 
Spotlights and searchlights should not be used during 
bird migration. Communities that have implemented 
programs to reduce light pollution have not found an 
increase in crime.

Using automatic controls, including timers, photo-
sensors, and infrared and motion detectors, is far more 
effective than relying on employees turning off lights. 
These devices generally pay for themselves in energy 
savings in less than a year. Workspace lighting should 
be installed where needed, rather than in large areas. In 
areas where indoor lights will be on at night, minimize 
perimeter lighting and/or draw shades after dark. 

Switching to daytime cleaning of 
office buildings is a simple way to 
reduce lighting while also reducing 
costs.

Lights Out Programs
Despite the complexity of 
reducing bird collisions with 
glass, there is one simple way to 
decrease mortality: turn lights 
off. Across the United States and 
Canada, “Lights Out” programs 
at the municipal and state levels 
encourage building owners and 
occupants to turn out lights visible 
from outside during spring and 
fall migration. The first of these, 
Lights Out Chicago, was started in 
1995, followed by Toronto in 1997. 
The programs themselves are diverse. Some are directed 
by environmental groups, others by government 
departments, and still others by partnerships of 
organizations. Participation in most, such as Houston’s, 
is voluntary. Minnesota mandates turning off lights in 
state-owned and leased buildings. 

Many jurisdictions have monitoring components. Moni-
toring programs can provide important information in 
addition to quantifying collision levels and document-
ing solutions. Ideally, lights-out programs would be in 
effect year-round and be applied widely, saving birds 
and energy costs and reducing emissions of greenhouse 
gases. ABC stands ready to help develop new programs 
and to support and expand existing programs.

Powerful beams of light, even in a landscape of urban 
light pollution, can entrap migrating birds, seen here 
circling in the beams of the 9/11 Memorial Tribute in 
Light in New York City. Because birds may circle for 
hours, monitors watch all night, and the light beams 
are temporarily turned off to release large accumula-
tions of birds. Photo by Jason Napolitano
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Solutions: Policy
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Legislation
Changing human behavior is generally a slow process,
even when the change is uncontroversial. Legislation can 
be a powerful tool for modifying behavior. Conservation 
legislation has created reserves, reduced pollution, and 
protected threatened species and ecosystems. Policies that 
promote bird-friendly design and reduction of light pol-
lution have recently proliferated across the United States 
and Canada, following the early examples of Toronto and 
San Francisco. They vary considerably in scope and detail, 
often reflecting local politics. (A real-time database of or-
dinances and other instruments mandating or promoting 
bird-friendly action, including links to source language, 
can be found at collisions.abcbirds.org).

An early challenge in creating effective legislation was
the lack of objective measures that architects could use
to accomplish their task. For example, a common recom-
mendation, to “increase visual noise,” because it was
unquantified and undefined, made it difficult for archi-
tects and planners to know whether a particular design
complied with requirements. Material testing (see p. 45)
has made it possible to assign relative threat factors to
various building façade materials and to use those scores
to create quantitative guidelines and mandates.

The illustration to the right broadly compares San Fran-
cisco’s Bird-safe Building Standard with LEED Pilot Cred-
it 55, both based on the use of materials with quantified 
threat levels. San Francisco’s standard applies generally 
to new construction and is restricted to façades within 
300 feet of a two-acre park or pond. The LEED credit is 
intentionally very flexible. It applies to all building fa-
cades and allows for restricted amounts of high-threat 
glass, or larger amounts of bird-friendly glass. Because 
birds are found throughout the built environment, ABC 

(Opposite) United States Capitol, Washington, D.C. Photo by stock.xchng

prefers the LEED model. (ABC’s model legislation can be 
found on page 35.)

Bird lovers across the country are proposing bird-friendly 
design ordinances at both local and state levels. ABC is 
ready to actively support such efforts. Both mandatory 
and voluntary instruments can be effective. Voluntary 
guidelines are easier to modify if they prove to have un-
intended consequences and can lead to a mandate, but 
can also be ignored. Generally ABC recommends manda-
tory guidelines, beginning with a small subset of build-
ings and expanding as community support increases and 
resistance decreases.

Incorporating bird-friendly design issues into local 
sustainability policies is another way to drive change. 
An interesting example of this is the Fairfax County, 
Virginia, proffer system. New construction projects 
are required to address a series of sustainability issues, 
including potential bird mortality, and either to describe 

courtesy of Deborah Laurel

The design of the Grange Insurance Audubon Center in 
Columbus, Ohio, includes many panels of glass, fritted 
with the silhouettes of species of birds in flight. Photo by 
Christine Sheppard, ABC
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how these will be addressed by the project or explain 
why such action is not possible.

Priorities for Policy Directives
ABC generally recommends against attempting to map 
locations where bird-friendly design is required because 
birds can be found in almost every environment, even 
in seemingly inhospitable ones. However, there may be 
occasions when it is necessary to compromise on the 
scope of legislation. In such cases, it must be recognized 
that proximity to undeveloped land, agricultural areas, 
parks, and water often correspond to increased bird 
populations and therefore increased risk of collisions. 
In addition, areas located in between landscape features 
desirable to birds may also pose higher risks. For 
example, in New York City some evidence suggests that 
birds approach Central Park from due south during 
spring migration, creating a greater risk zone directly 
south of the park. Also, building features such as green 
roofs should be considered when determining greater 
risk zones for policy purposes.

Sustainability Rating Programs
Another driver of bird-friendly policies consists of 
sustainability rating programs like the Green Building 
Council’s LEED program, Green Globes, Living Building 
Challenge, and others. There is general agreement that 
sustainable buildings should not kill birds. This tenet 
appears with differing levels of robustness in different 
systems, with the most specific being the LEED program, 
which grants Pilot Credit 55: Bird Collision Deterrence. 
The credit is calculated using a weighted average of the 
relative threat rating of each material on a building’s 
façade. The credit has attracted a lot of attention, with 
many projects applying for it. The new Vassar Bridge for 
Laboratory Sciences on the cover of this publication was 

one of the first to be designed with the credit in mind 
and to earn the credit.

Because a number of glass-walled buildings have been 
awarded LEED certification at the highest level, at one 
point there was concern that sustainable design was not 
compatible with bird-friendly design. This was ironic, as 
in addition to providing natural light, glass on sustainable 
buildings is intended to link people inside with the 
natural world outside. However, according to both 
ASHRAE and ICC, costs for heating and cooling increase 
when total glass surface exceeds 30-40% of the total 
building envelope, depending on climate. This is more 
than sufficient for providing light and views when glass 
placement is considered thoughtfully. This is a great place 
to start the design of a bird-friendly structure.

.

For its new Visitors Center in Sempach, 

opened in May 2015, the Swiss 

Ornithological Institute designed a 

mandala from bird silhouettes (below) 

that was applied on the inside of all glass 

using digital printing. The design provides 

40-50% coverage and generates much 

discussion among visitors,  

an achievement second only  

to preventing bird collisions. 

The façade of the WÜRTH Building in Switzerland is mostly glass, laminated 
with a fabric that is black on the inside but aluminium-coated outside. The 
inner surface delivers good visibility, and the fabric provides shade and inter-
esting visual effects outside. Preliminary studies by the Swiss Ornithological 
Institute suggest that the materials used in this building may also deter bird 
collisions. Photo by Hans Schmid

Photos by Hans Schmid
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[ORDINANCE Name]  Sponsored by:  
[list names ]

WHEREAS, birds provide valuable and 
important ecological services,

WHEREAS, [location] has recorded [  ] species 
of resident and migratory bird species,

WHEREAS, birding is a hobby enjoyed by 64 
million Americans and generates more than 
$40 billion a year in economic activity in the 
United States,

WHEREAS, as many as one billion birds may 
be killed by collisions with windows every 
year in the United States,

WHEREAS, reducing light pollution has been 
shown to reduce bird deaths from collisions 
with windows,

WHEREAS, new buildings can be designed to 
reduce bird deaths from collisions without 
additional cost,

WHEREAS, there exist strategies to mitigate 
collisions on existing buildings,

WHEREAS, more than 30% glass on a façade 
usually increases costs for heating and 
cooling

WHEREAS, bird-friendly practices often 
go hand-in-hand with energy efficiency 
improvements,

And WHEREAS [any additions specific to the 
particular location]

NOW, THEREFORE, BE IT ORDAINED, by 
[acting agency] [title of legislation and other 
necessary language]

(a)  In this section the term “Leadership 
in Energy and Environmental Design 
(LEED)” means a green building rating 
system promulgated by the United States 
Green Building Council (USGBC) that 
provides specific principles and practices, 
some mandatory but the majority 
discretionary, that may be applied during 
the design, construction, and operation 
phases, which enable the building to be 
awarded points from reaching present 
standards of environmental efficiency 
so that it may achieve LEED certification 
from the USGBC as a “green” building.

b)  [acting agency] does hereby order [acting 
department] to take the steps necessary 
to assure that all newly constructed 
buildings and all buildings scheduled for 
capital improvement are designed, built, 
and operated in accordance with the 
standards and requirements of the LEED 
Green Building Rating System Pilot Credit 
55: Bird Collision Deterrence.

(c)  The USGBC releases revised versions 
of the LEED Green Building Rating 
System on a regular basis; and [acting 
department] shall refer to the most 
current version of the LEED when 
beginning a new building construction 
permit project or renovation.

(d)  New construction and major renovation 
projects shall incorporate bird-friendly 
building materials and design features, 
including, but not limited to, those 
recommended by the American Bird 
Conservancy publication Bird-Friendly 
Building Design.

(e)  [acting department] shall make existing 
buildings bird-friendly where practicable.

Model Ordinance for Bird-Friendly Construction

The Studio Gang’s Aqua Tower in Chicago was designed with birds 
in mind. Strategies included fritted glass and balcony balustrades. 
Photo by Tim Bloomquist
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Hundreds of species of birds are killed by collisions. These birds were collected by monitors with FLAP in Toronto, Canada. Photo by Kenneth Herdy

The Science of Bird Collisions
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Magnitude of Collision Deaths 
The number of birds killed by collisions with glass every 
year is astronomical. Quantifying mortality levels and 
impacts on populations has been difficult, however. 
Until recently, local mortality studies—despite produc-
ing valuable information—aimed more at documenting 
mortality than quantifying it, and did not follow rigor-
ous protocols. Loss et al. (2012) created methodology 
and techniques of analysis to determine the magnitude 
of anthropogenic mortality, using existing data sets. 
The authors comprehensively acquired published and 
unpublished data sets on collisions with buildings (Loss 
et al., 2013). Data sets were filtered using a variety of cri-
teria to ensure that they could be used in single analyses. 
Loss et al. (2014b) have also comprehensively described 
how to collect meaningful data on collisions.

The authors calculated the median annual mortality 
at homes at 253 million, or 2.1 birds per structure. 
Urban residences without feeders account for 33% of 
this mortality cumulatively, as there are more such 
residences, even though residences with feeders produce 
more collisions individually. Rural residences without 
feeders account for 31% of residential mortality, 
followed by urban residences with feeders (19%) and 
rural residences with feeders (17%). Median mortality 
at low-rise buildings (4 to 11 stories), calculated from 
two data sets, was averaged as 339 million, or 21.7 
birds per building. High-rises, although collectively 
causing the least mortality (508,000), individually 
had the highest median rate of 24.3 bird collisions per 
building. Combining all building classes produces an 
estimate of 365 and 988 (median 599) million birds 
killed annually in the United States.

Machtans, et al. (2013) estimated that about 25 million 
(ranging from 16 to 42 million) birds are killed by 
colliding with windows in Canada annually, with 90% 
of building-related mortalities caused by houses, slightly 
less than 10% by low-rise buildings, and approximately 
1% by tall buildings. In both cases, the total mortality 
caused by houses is a function of their large number 
compared to the two other classes of buildings.

Previously, Dunn (1993) surveyed 5,500 people who fed 
birds at their homes and recorded window collisions. 
She derived an estimate of 0.65-7.7 bird deaths per home 
per year for North America. Klem (1990) estimated that 
each building in the United States kills one to 10 birds 
per year. Using 1986 U.S. census data, he combined 
numbers of homes, schools, and commercial buildings 
for a maximum total of 97,563,626 buildings, produc-
ing an estimate of 100 million to one billion birds killed 
annually. 

Klem et al. (2009a) used data from New York City Audu-
bon’s monitoring of 73 Manhattan building façades to 
estimate 0.5 collision deaths per acre per year in urban 
environments, for a total of about 34 million migra-
tory birds annually colliding with city buildings in the 

A sample of collision victims from Baltimore. 
Photo by Daniel J. Lebbin, ABC

This Barn Swallow illustrates the type of acrobatic flying 
that may keep swallows from being frequent collision 
victims. If birds do identify glass as a barrier at close 
range, perhaps by sound or air movements, most species 
may be unable to react fast enough to avoid striking the 
surface. Photo by Keith Ringland
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United States. However, there could be major differences 
in collision patterns in cities across the United States, 
and these numbers should be confirmed using data from 
additional locations.   

In The American Bird Conservancy Guide to Bird 
Conservation (Lebbin et al., 2010) the authors state  
“…we have reached a point in history when the impacts 
of human activities are so profound and far-reaching 
that from now on, it will always be impossible to 
untangle the completely natural declines from those 
that are partially or completely anthropogenic. From a 
conservation standpoint, it is largely irrelevant, anyway. 
Any human-caused stress that we can alleviate from a 
declining species can potentially benefit its population, 
and we should take action to lessen that stress if we 
can.” This is abundantly true for bird mortality from 
glass because there are actions that many, if not most, 
individuals can take themselves, directly, to reduce the 
toll taken by existing glass.

Patterns of Mortality
It is difficult to get a complete and accurate picture of 
avian mortality from collisions with glass. Collision 
deaths can occur at any time of day or year. Monitoring 
programs focus on cities, and even intensive monitoring 
programs cover only a portion of a city, usually visiting 
the ground level of a given site at most once a day and 
often only during migration seasons. Many city build-
ings have stepped roof setbacks that are inaccessible to 
monitoring teams. Some studies have focused on reports 
from homeowners on backyard birds (Klem, 1989; Dunn, 
1993) or on mortality of migrants in an urban environ-
ment (Gelb and Delacretaz, 2009; Klem et al., 2009a; 
Newton, 1999). Others have analyzed collision victims 
produced by single, large-magnitude incidents (Sealy, 

1985) or that have become part of museum collections 
(Snyder, 1946; Blem et al., 1998; Codoner, 1995). There 
is general support for the fact that birds killed in colli-
sions are not distinguished by age, sex, size, or health 
(for example: Blem and Willis, 1998; Codoner, 1995; 
Fink and French, 1971; Hager et al., 2008; Klem, 1989), 
but the majority of work has focused on data taken dur-
ing migratory periods, primarily east of the Mississippi 
River. 

Species at Risk
Snyder (1946), examining window collision fatalities at 
the Royal Ontario Museum, noted that the majority were 
migrants and “tunnel flyers”—species that frequently fly 
through small spaces in dense, understory habitat. Con-
versely, resident species well adapted to and common in 
urban areas, such as the House Sparrow and European 
Starling, are not prominent on lists of fatalities, possibly 
because individuals surviving their first collision may 
teach offspring to avoid windows.

It is well known that zoo birds in exhibits with glass 
walls can and do learn about specific pieces of glass, but 
birds do not learn about glass as a general concept. 

Dr. Daniel Klem maintains running totals of the num-
ber of species reported in collision events in countries 
around the world. (This information can be found at 
http://tinyurl.com/ob3nc4s). In 2015, the site identifies 
868 species globally, with 274 from the United States. 
The intensity of monitoring and reporting programs  
varies widely from country to country, however.

Hager et al. (2008) compared the number of species and 
individual birds killed at buildings at Augustana College 
in Illinois with the density and diversity of bird species 
in the surrounding area. The authors concluded that the 

Sharp-shinned Hawk. Photo by Ted Ardley
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total window area, the habitat immediately adjacent to 
windows, and behavioral differences among species were 
the best predictors of mortality patterns, rather than the 
mere size and composition of the local bird population. 
Kahle et al. (2015) reached similar conclusions in an 
analysis of five years of data at the California Academy 
of Sciences, also finding that migrants do not make up 
the preponderance of birds killed and that males are 
overrepresented relative to their abundance in habitats 
adjacent to the museum. Dunn (1993), analyzing win-
ter data from homes with bird feeders, found that the 
frequency distribution of birds at the feeders closely 
paralleled the distribution of species killed by nearby 
windows. Dunn found few collisions on windows of 
less than one square meter, and an increase in collisions 
with an increase in window size.

Species such as the White-throated Sparrow, Ovenbird, 
and Common Yellowthroat appear consistently on top 
10 lists from urban areas. It is possible that these species 
respond more readily to light and thus are more likely to 

end migratory stages in the built environment, but this 
needs to be confirmed. Additionally, Loss et al. (2013) 
noted that Golden-winged Warbler, Painted Bunting, 
Canada Warbler, Wood Thrush), Kentucky Warbler, 
and Worm-eating Warbler—species identified as birds 
of conservation concern—were also disproportionately 
represented in building kills. Hager (2009) noted that 
window-strike mortality was reported for 45% of raptor 
species found frequently in urban areas of the United 
States and was the leading source of mortality for Sharp-
shinned Hawks, Cooper’s Hawks, Merlins, and Peregrine 
Falcons. Because most data on glass collisions are from 
the eastern half of the United States, these lists are pre-
sumably biased toward species occurring in that range.

Characteristics of Buildings
Amount of Glass
From a study of multiple buildings in Manhattan, Klem 
et al. (2009a) concluded that both the proportion and 
absolute amount of glass on a building façade best 
predict mortality rates, calculating that every increase of 
10% in the expanse of glass correlates to a 19% increase 
in bird mortality in spring and 32% in fall. How well 
these equations predict mortality in other cities remains 
to be tested. Collins and Horn (2008), studying collisions 
at Millikin University in Illinois, concluded that total 
glass area and the presence/absence of large expanses 
of glass predicted mortality level. Hager et al. (2008, 
2014) came to the same conclusion, as did Dunn (1993) 
and Kahle et al. (2015). However, the “patchiness” of 
glass across a façade—how many pieces, their size, how 
they are separated, etc. (another way of saying “visual 
noise”)—has not yet been explored in detail but could be 
important. 

Common Yellowthroat. Photo by Owen Deutsch

The façade of the New York Times building, by 
FXFOWLE and Renzo Piano, is composed of ceramic 
rods, spaced to let occupants see out while minimizing 
the extent of exposed glass—good for controlling 
heat and light, and safe for birds. Photo by Christine 
Sheppard, ABC
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Time of Day
Most monitoring programs focus on early morning 
hours to document mortality during migration, often 
starting monitoring routes at dawn, before sidewalks are 
cleared. This can, however, lead to the misperception 
that night-flying migrants are crashing into lighted 
buildings at night, or only in early morning, whereas in 
fact most collisions take place during the day. It should 
be noted that “dawn” is a time that varies among species 
(Thomas et al. (2002), with some bird species active 
before humans start to see light in the sky.

Hager and Craig (2014), in a study of resident population 
collisions in northwestern Illinois between June and early 
August, found that 66% of birds died between sunrise 
and 4:00 p.m., with no collisions between 4:00 p.m. 
and sunset. Delacretaz and Gelb (2006) found collisions 
from early morning until mid-afternoon, but with a peak 
during morning hours. This finding is confirmed by 
monitoring programs like that of Pennsylvania Audubon, 
where routes were followed three times in succession early 
each day, with birds found at each pass (Keith Russell, 
pers. comm.) and where people living or working in 
buildings report window strikes through afternoon hours 
(Olson, pers. comm). 

Local Landscape
Gelb and Delacretaz (2006, 2009) evaluated data from 
collision mortality at Manhattan building façades. They 
found that sites where glass reflected extensive vegeta-
tion were associated with more collisions than glass 
reflecting little or no vegetation. Of the 10 buildings 
responsible for the most collisions, four were “low-rise.” 
Klem (2009) measured variables in the space immedi-
ately associated with building façades in Manhattan as 
risk factors for collisions. Both increased height of trees 

and increased height of vegetation increased the risk of 
collisions in fall. Ten percent increases in tree height and 
the height of vegetation corresponded to 30% and 13% 
increases in collisions in fall. In spring, only tree height 
had a significant influence, with a 10% increase corre-
sponding to a 22% increase in collisions. Confusingly, 
increasing “facing area,” defined as the distance to the 
nearest structure, corresponded strongly with increased 
collisions in spring and with reduced collisions in fall. 
Presumably, vegetation increases risk both by attracting 
more birds to an area and by being reflected in glass.

Bayne et al. (2012) confirmed that the risk of bird–window 
collisions varies according to location (urban versus 
rural, home versus apartment, with or without feeders, 
and age of neighborhood). They used online surveys and 
determined that rural residences had more collisions than 
urban ones and residences with feeders had almost twice 
as many collisions as those without feeders. For urban 
dwellings, incidence of collisions increased with age of 
neighborhood, associated with presence of mature trees. 
Frequency of collisions varied seasonally: 24% in fall, 35% 
summer, 25% spring, 16% winter. Mortality patterns were 
similar: 26% fall, 31% summer, 26% spring, 17% winter. 
Forty-eight species were reported.

Hager et al. (2013) noted that estimates of bird-collision 
mortality often postulate a relatively constant range of 
collisions at all buildings (for example, Klem, 1990). 
However, they suggested that each building in a land-
scape has its own mortality “signature,” based not only 
on characteristics of the structure but also on the dis-
tribution of resources throughout the local landscape, 
including land cover, habitat type, water, and pavement. 
Their protocol selected buildings at random and has 
recently been expanded to multiple other sites across 
North America.

Snohetta’s Student Learning Centre at Ryerson 
University is one of the first constructed under  
Toronto’s design law. Photo by Rick Ligthelm
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Avian Vision and Collisions  
Bird species like falcons are famous for their acute vision, 
but taking a “bird’s-eye view” is much more complicated 
than it sounds. To start with, where human color vision 
relies on three types of sensors, birds have four, plus an 
array of color filters that together allow birds to discrimi-
nate between many more colors than people (Varela et 
al. 1993) (see figure this page). 

There is also variation in vision among different groups 
of birds. While some birds see only into the violet 
range of light, many birds, including most passerines 
(Ödeen and Håstad, 2003, 2013) see into the ultraviolet 
spectrum (UVS species).  

Ultraviolet can be a component of any color (Cuthill 
et al. 2000). Whereas humans see red, yellow, or red + 
yellow, birds may see red + yellow, but also red + ultra-
violet, yellow + ultraviolet, and red + yellow + ultravio-
let—colors for which we have no names. Every object 
absorbs, reflects, and transmits ultraviolet light along 
with the other wavelengths in the visible spectrum. UV 
patterns on glass are often cited as desirable solutions to 
collisions—visible to birds but not to humans. However, 
aside from manufacturing complexities, many bird taxa 
that collide frequently with glass, including raptors, 
pigeons, woodpeckers, and hummingbirds, may not be 
able to perceive UV patterns (Håstad and Ödeen, 2014). 
Additionally, birds are often active in early morning, 
when UV light levels are low.

Humans and other primates have relatively flat faces, 
with eyes close together. The overlap of visual fields 
means that humans have good depth perception and 
a tendency to focus on what is ahead. Most birds have 
eyes at the sides of their heads, giving them excellent 
peripheral vision but poor depth perception, often 

limited to the length of their beaks, presumably to judge 
potential food items. They may be much less intent on 
what is in front of them (Martin 2011, 2012) but able to 
watch for potential predators to the side or behind them. 
Many species’ most acute vision is to the side. Without 
much 3D vision, birds use a mechanism called “visual 
flow fields” to judge their speed and rate of progress in 
flight by the passage of environmental features to their 
sides (Bhagavatula et al. 2011). Collisions with glass may 
be partly a result of birds expecting open air ahead, com-
bined with relatively poor forward vision.

Birds process images faster than humans; where we see 
continuous motion in a movie, birds would see flickering 
images (D’Eath, 1998; Greenwood et al. 2004; Evans et al. 
2006). This speed helps many birds maneuver quickly in 

nm 350 400 450 500 550 600 650

560

565

530424

445370 508

Comparison of Human and Avian Vision

Based on artwork by Sheri Williamson

Painted Bunting. Photo by Ted Ardley
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response to unexpected obstacles 
as they fly through complex 
habitats. In one respect however—
spatial contrast sensitivity—human 
vision outperforms avian (Ghim 
and Hodos, 2006). Contrast 
sensitivity is “the ability of the 
observer to discriminate between 
adjacent stimuli on the basis 
of their differences in relative 
luminosity (contrast) rather than 
their absolute luminances.” Birds’ 
lack of contrast sensitivity may be 
an impediment to creating signals 
to prevent collisions that are 

effective for birds but not visually intrusive to humans.

Avian Orientation and the  
Earth’s Magnetic Field
In the 1960s, it was discovered that migrating birds pos-
sess the ability to orient themselves using cues from the 
sun, polarized light, stars, the Earth’s magnetic field, 
visual landmarks, and possibly even odors to find their 
way. Exactly how this works—and it likely varies among 
species—is still being investigated. (For a comprehensive 
review of the mechanisms involved in avian orientation, 
see Wiltschko and Wiltschko, 2009). 

The Earth’s magnetic field can provide both directional 
and positional information. It appears that night-flying 
migrants, and perhaps all bird species, have magnetic 
field-detecting structures in the retina of the eye that 
depend on light for function and provide compass 
orientation. This magnetic sense is wavelength-
dependent. Experiments have shown that the compass 
is disrupted by long wavelength light but requires 

low-intensity short wavelength light (Wiltschko et al. 
2007). This research has taken place only in laboratories, 
and it is important to determine how it translates to the 
real world. 

In addition, anthropogenic electronic noise, found 
throughout urban environments, has recently been 
shown to disrupt magnetic compass orientation in 
European Robins at very low intensities (Engels et al. 
2014). This finding may have serious implications for 
strategies aimed at reducing collisions by reducing 
artificial night lighting alone and should be a priority  
for additional work. 

A second magnetic mechanism, providing birds with 
positional information, has been postulated, but its 
details have not been determined. (For a review of 
magnetoreception and its use in avian migration, see 
Mouritsen, 2015.)

Birds and Light Pollution 
The earliest reports of mass avian mortality caused by 
lights were from lighthouses, but this source of mortality 
essentially disappeared when steady-burning lights 
were replaced by rotating beams (Jones and Francis, 
2003). Flashing or interrupted beams apparently allowed 
birds to continue to navigate, which has also been 
found more recently at cell towers with strobe lighting 
(Gehring et al. 2009). The emphasis on tall structures 
by Lights Out programs ignores the fact that light from 
many sources, from urban sprawl to parking lots, can 
affect bird behavior and potentially strand birds in the 
built environment (Gauthreaux and Belser, 2006). Evans-
Ogden (2002) showed that light emission levels of 16 
buildings, ranging in height from 8 to 72 floors and 
indexed by the number of lighted windows observed 
at night, correlated directly with bird mortality, and 

Contrast sensitivity is a measure of the limit of visibility 
for low-contrast patterns. Each person's contrast sensitiv-
ity can be measured by the extent to which he or she can 
see the bars that form an arch in this photograph. The 
exact location of the peak of the curve varies with one’s 
distance from the image; the area within the arch is larger 
when one is closer. For a given distance, the area under 
the arch is smaller for birds. Image courtesy of Izumi 
Ozawa, Berkeley Neuroscience Laboratory
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that the amount of light emitted by a structure was a 
better predictor of mortality level than building height, 
although height was a factor. Parkins et al. (2015) made 
similar findings. 

Mass collision events of migrants associated with light 
and often with fog or storms have been frequently 
reported (Weir, 1976; Avery et al. 1977; Avery et al. 
1978; Crawford, 1981a, 1981b; Gauthreaux and Belser, 
2006; Newton, 2007). But these are no longer the 
predominant sources of mortality, possibly because 
the night landscape has changed radically since early 
reports of mass collision events at tall structures like the 
Washington Monument and Statue of Liberty. These and 
other structures were once beacons in areas of relative 
darkness, but are now surrounded by square miles of 
light pollution. While collisions at structures like cell 
towers continue to take place at night, the majority of 
collisions with buildings now take place during the day. 
(Hager, 2014; Kahle et al., 2015; Olson, pers. comm.) 

Patterns of light intensity seem to play a role in the 
distribution of collisions in the built environment, how-
ever. Birds may land in patterns dictated by the pattern 
of light intensity in an area, so the brightest buildings 
are the most likely to cause collisions early in the day. 
As birds move through the landscape seeking food, pat-
terns related to distribution of vegetation appear. Studies 
using radar to map movement of birds through the built 
environment are starting to appear, but we need infor-
mation at the level of species and individuals to truly 
understand how light is impacting birds.

It is often said that birds are attracted to lights at 
night (Gauthreaux and Belser, 2006; Poot et al. 2008). 
However, we do not have direct evidence that birds 
are, in fact, attracted to lights; they may simply respond 

to lights they encounter. Gauthreaux and Belser 
quote Verheijen as suggesting that “capture” might 
be a better word for birds’ response to night lighting. 
While “capture” does seem appropriate to describe the 
phenomenon of birds circling drilling platforms, or in 
the lights of the 9/11 Memorial’s Tribute in Light in 
Manhattan, “disorientation” is a term that covers more 
of the spectrum of behaviors seen when birds interact 
with light at night. Gauthreaux and Belser (2006), 
reporting unpublished data, stated that “exposure to a 
light field causes alteration of a straight flight path (for 
example hovering, slowing down, shifting direction, or 
circling),” and this has been reported by other authors. 

Larkin and Frase (1988, in Gauthreaux and Belser, 2006) 
used portable tracking radar to record flight paths of 
birds near a broadcast tower in Michigan. Birds showed 
a range of response, from circling to arcs to linear flight. 
Haupt and Schillemeit (2011) described the paths of 213 
birds flying through up-lighting from several different 
outdoor lighting schemes. Only 7.5% showed no change 
in behavior, while the remainder deviated from their 
courses by varying degrees, from minimal course devia-
tion through circling. It is not known whether response 
differences are species related. 

Bolshakov et al. (2010) developed the Optical-Electronic 
Device to study nocturnal migration behaviors of 
songbirds. Inspired by the more limited techniques of 
moon watching and watching birds cross ceilometer 
light beams, the device uses searchlights to illuminate 
birds from the ground, while a recording unit 
documents the birds’ movements. With this technique, 
they can study 1) ground- and airspeed; 2) compensation 
for wind drift on the basis of direct measurements 
of headings and track directions of individual birds; 
3) wing-beat pattern and its variation depending on 

The glass walls of this atrium, coupled with nighttime 
illumination, create an extreme collision hazard for 
birds. Photo courtesy of New York City Audubon

Swainson’s Thrush. Photo by Owen Deutsch
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wind direction and velocity. In some cases, species can 
be identified. Bolshakov et al. (2013) examined the 
effects of wind conditions on numbers of birds aloft 
and flight trajectories of birds crossing the light beam 
from the apparatus. They determined that numbers of 
birds do differ with wind strength, but that birds may 
be attracted to the light beam under calm conditions. 
They also found that the light beam disturbs straight 
flight trajectories, especially in calm wind conditions. 
Regression models suggest that the probability of curved 
flight trajectories is greater for small birds, especially 
when there is little or no moon.

Bulyuk et al. (2014) used the same device to compare be-
haviors of night-migrating passerines under natural noc-
turnal illumination (at the Courish Spit of the Baltic Sea) 
with birds passing through an urban light environment 
(inside the city limits of St. Petersburg, Russia). Songbirds 
were distinguished as either small passerines or thrushes. 
The illuminated background caused a decrease in image 
quality. The shape of flight tracks was compared for the 
two groups, and a larger proportion of small songbirds 
changed flight path while crossing the light. This could be 
explained by flight type or flight speed. The proportion of 
songbirds changing flight trajectory in the lighted condi-
tion was much smaller than under the dark condition.   

To understand exactly how light affects birds and what 
actions must be taken to reduce those effects, we need to 
know much more. For example, at what range (horizon-
tal and vertical) and under what conditions do birds feel 
disruption from light, and of what intensity and wave-
length composition? How do these factors change their 
behavior? Does night lighting have any effect on birds 
departing at the beginning of migratory stages? Do we 
ever actually see birds changing course to move toward  
a bright light source?

Light Color and Avian Orientation 
Starting in the 1940s, ceilometers—powerful beams of 
light used to measure the height of cloud cover—came 
into use and were associated with significant bird kills. 
Filtering out long (red) wavelengths and using the blue/
green range greatly reduced mortality, although we 
don’t know whether the intensities of these two colors 
of lights were equal. Later, replacement of fixed-beam 
ceilometers with rotating beams essentially eliminated 
the impact on migrating birds (Laskey, 1960). A complex 
series of laboratory studies in the 1990s demonstrated 
that birds required light in order to sense the Earth’s 
magnetic field. Birds could orient correctly under mono-
chromatic blue or green light, but longer wavelengths 
(yellow and red) caused disorientation (Rappli et al., 
2000; Wiltschko et al.,1993, 2003, 2007). Wiltschko et 
al. (2007) showed that above intensity thresholds that 
decrease from green to UV, birds showed disorientation. 
Disorientation occurs at light levels that are still rela-
tively low, equivalent to less than half an hour before 
sunrise under clear sky. 

Poot et al. (2008) demonstrated that migrating birds ex-
posed to various colored lights in the field responded the 
same way as they do in the laboratory. Birds responded 
strongly to white and red lights and appeared disorient-
ed by them, especially under overcast skies. Green light 
provoked less response and minimal disorientation; blue 
light attracted few birds and did not disorient those that 
it did attract. Birds were not attracted to infrared light. 
Evans et al. (2007) also tested different light colors but 
did not see aggregation under red light. However, they 
subsequently determined that the intensity of red light 
used was less than for other wavelengths, and when they 
repeated the trial with higher intensity red, they did see 
aggregation (Evans, pers. comm. 2011).

Canada Warbler. Photo by Ted Ardley
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Scientists working in the Gulf of Mexico (Russell, 2005), 
the North Atlantic (Wiese et al. 2001), and the North 
Sea (Poot et al. 2008) report that bright lights of oceanic 
drilling rigs induce circling behavior and mortality 
in birds at night. Working on a rig in the North Sea, 
Marquenie et al. (2013), estimated that birds were 
affected up to five kilometers away. Replacing about half 
the lights with new bulbs emitting minimal red light
reduced circling behavior by about 50%. The authors
speculate that completely re-lamping the platform
would reduce bird aggregation by 90%. Gehring et al.
(2009) demonstrated that mortality at communication
towers was greatly reduced if strobe lighting was used
as opposed to steady-burning white, or especially red
lights. At the 9/11 Memorial Tribute in Light in 
Manhattan, when birds aggregate and circle in the 
beams, monitors turn the lights out briefly, releasing the 
birds (Elbin, 2015, pers. comm.). Regular, short intervals 
of darkness, or replacement of steady-burning warning 

lights with intermittent lights, are excellent options 
for protecting birds, and manipulating light color also 
has promise, although additional field trials for colored 
lights are needed.

Research: Deterring Collisions
Systematic efforts to identify signals that can be used 
to make glass visible to birds began with the work of 
Dr. Daniel Klem in 1989. Testing glass panes in the 
field and using a dichotomous choice protocol in an 
aviary, Klem (1990) demonstrated that popular devices 
like “diving falcon” silhouettes were effective only if 
they were applied densely, spaced two to four inches 
apart. Owl decoys, blinking holiday lights, and pictures 
of vertebrate eyes were among items found to be 
ineffective. Grid and stripe patterns made from white 
material, one inch wide, were tested at different spacing 
intervals. Only three were effective: a 3 x 4-inch grid; 
vertical stripes spaced four inches apart; and horizontal 

Susan Elbin tests a bird in the tunnel at the Carnegie Museum’s 
Powdermill Banding Station in southwestern Pennsylvania. 
Photo by Christine Sheppard, ABC

The tunnel: an apparatus for safely testing effectiveness of materials 
and designs for deterring bird collisions. Photo by Christine 
Sheppard, ABC

A bird’s-eye view of glass in the tunnel. Photo by Christine 
Sheppard, ABC

Glass panes are being tested at the Powdermill Tunnel, 
as seen from the outside. Photo by Christine Sheppard, 
ABC
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stripes spaced about an inch apart across the entire 
surface. (A summary of Klem’s results can be found at 
collisions.abcbirds.org). 

Building on Klem’s findings, Rössler developed a testing 
program in Austria starting in 2004 and continuing to 
the present (Rössler and Zuna-Kratky, 2004; Rössler, 
2005; Rössler, et al., 2007; Rössler and Laube, 2008; 
Rössler, 2010; Rössler, 2012; Rössler, 2013). The banding 
center at the Hohenau Ringelsdorf Biological Station 
outside Vienna, Austria, offered a large sampling of birds 
for each test, in some instances permitting comparisons 
of a particular pattern under differing intensities 
of lighting. This program has focused primarily on 
geometric patterns, evaluating the impact of spacing, 
orientation, and dimensions. Birds are placed in a 
“tunnel,” where they can view two pieces of glass: one 
unmodified (the control) and the other with the pattern 
to be tested. Birds fly down the tunnel and are scored 
according to whether they try to exit through the control 

or the patterned glass. A mist net 
keeps the bird from hitting the 
glass, and it is then released. The 
project focuses not only on finding 
patterns effective for deterring 
collisions, but also on effective 
patterns that cover a minimal part 
of the glass surface. To date, some 
patterns that cover only 5% of the 
glass have been found to be highly 
effective. (A summary of Rössler’s 
results can be found at collisions.
abcbirds.org). 

Building on Rössler’s work, ABC collaborated with the 
Wildlife Conservation Society, New York City Audubon, 
and the Carnegie Museum to construct a tunnel at 
Powdermill Nature Reserve’s banding station, primarily 
to test commercially available materials. Results from the 
first season showed that making an entire surface UV-
reflective was not an effective way to deter birds. With UV 
materials, contrast seems to be important. Glass fritted 
in patterns conforming to the 2 x 4 rule, however, scored 
well as deterrents. (A summary of results from Powdermill 
can be found at collisions.abcbirds.org).

Most clear glass made in the United States transmits about 
96% and reflects about 4% of light falling perpendicular 
to the outside surface. The amount of light reflected 
increases at sharper angles: clear glass reflects about 50% 
of incident light at angles over 70 degrees. Light on 
the inside of the glass is also partly reflected and partly 
transmitted. The relative intensities of light transmitted 
from the inside and reflected from the outside surfaces 
of glass combined with the viewing angle determine 
whether the glass appears transparent or mirrors the 
surrounding environment. Patterns on the inside surfaces 
of glass and objects inside the glass may not always be 
visible. These changeable optical properties support the 
argument that patterns applied to the outer surface of 
glass are more effective than patterns applied to the inner 
surface. Efforts have been made to model freestanding 
glass, glass installed on a building, and reflections on glass 
in some trials. (The testing protocol for freestanding glass, 
developed at Hohenau, and the testing protocols used at 
Powdermill can be found at collisions.abcbirds.org). 

The tunnel at Powdermill, showing the framework 
where the background will be mounted. Photo by 
Christine Sheppard, ABC
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Horizontal lines with a maximum spacing of 2 inches Vertical lines with a maximum spacing of 4 inches

2” 4”

Red-breasted Nuthatch. Photo by Roy Hancliff

The 2 x 4 Rule

Research on songbirds, the most numerous victims of colli-

sions, has shown that horizontal lines must be two or fewer 

inches apart to deter the majority of birds. Vertical spaces 

must be four or fewer inches apart. This difference presum-

ably has to do with the shape of a flying bird. (Narrower 

spacing is required to deter collisions by hummingbirds.) 

Schiffner et al. (2014) showed that budgies have a very pre-

cise understanding of their own physical dimensions. Trained 

to fly in a tunnel, the birds were then challenged to pass 

through ever narrowing gaps. They were able to assess the 

width of the gaps relative to their body size and adjust their flight 

behavior accordingly. It seems likely that this is a general avian 

trait, useful for navigating complex environments at flight speed. 

Bhagavatula et al. (2011) used the same tunnel setup to investigate 

how optical flow cues guide flight. It appears that birds balance 

the speeds of images perceived by both eyes, in this case, images 

to the birds’ sides. This reinforces the suggestion of Martin (2011) 

that humans experience the world as something ahead of them, 

while for birds in flight, what is ahead of them is not necessarily 

their primary focus.



American Woodcock are often victims of collisions. This bird hit a 
window in Washington, D.C., in March, 2011, and was recovered 
by ABC’s Jason Berry. Photo by Dariusz Zdziebkowski, ABC

Evaluating Collision Problems— 
A Toolkit for Building Owners
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Often, only part of a building is responsible for causing 
most of the collisions. Evaluation and documentation 
can help in the development of a program of remedia-
tion targeting that area. Remediation can be almost as 
effective as modifying the entire building, as well as less 
expensive. Documentation of patterns of mortality and 
environmental features that may be contributing to col-
lisions is essential. Operations personnel are often good 
sources of information for commercial buildings, as they 
may come across bird carcasses while performing regular 
maintenance activities. People who work near windows 
are often aware of birds hitting them. 

Regular monitoring not only produces data on the 
magnitude and patterns of mortality, but also provides 
a baseline for demonstrating improvement. The best 
monitoring programs feature consistent effort, careful 
documentation of collision locations, and accurate 
identification of victims. Effective monitoring should 
document at least 18 months of collisions before 

mitigation is attempted, unless collision rates are 
especially high. (Resources for monitoring, from simple 
to sophisticated, can be found at collisions.abcbirds.org).

Solutions
Many factors come into play in selecting how to 
make glass safe for birds. The table below compares 
common solutions according to their effectiveness, 
appearance, relative cost, ease of application, longevity, 
and required maintenance. Effective patterns on 
the exterior surface of glass will combat reflection, 
transparency, and passage effect. Within the 2 x 4 
guidelines, however, considerable variation is possible 
when devising bird-friendly patterns. We recommend 
that lines be at least ¼-inch wide, but it is not necessary 
that they be only vertical or horizontal. Contrast 
between pattern and background is important, 
however, and designers should be aware that the 
background—building interior, sky, vegetation— 
may change in appearance throughout the day.

Material  Effectiveness Cost Application Appearance Longevity Upkeep

Seasonal, ***** $ * * na na 
temporary solutions

Netting ***** $$ ** *** **** ***

Window film *****  $$$ **** ***** *** ****

Screens ***** $$ *** **** ***** ****

Shutters ***** $$$ *** **** ***** ****

Grilles ***** $$$ **** ***** ***** ****

Replace glass  ***** $$$$$ ***** ***** ***** **** 

5 stars/dollars  = highly expensive easy attractive long-lasting minimal 
 effective

COMPARISON OF RETROFIT OPTIONS
This security grille creates a pattern that will deter birds 
from flying to reflections. Photo by Christine Sheppard, 
ABC
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The following questions can guide the evaluation and 
documentation process by helping to identify features 
likely to cause collisions and other important factors.

Seasonal Timing
Do collisions happen mostly during migration or fledg-
ing periods, in winter, or year round? If collisions hap-
pen only during a short time period, it may be possible 
to apply inexpensive, temporary solutions during that 
time and remove them for the rest of the year. Some 
birds will attack their own reflections, especially in 
spring. This is not a true collision. Territorial males, 
especially American Robins and Northern Cardinals, 
perceive their reflection as a rival male. They are un-
likely to injure themselves, and temporarily blocking 
reflections in the offending window (and those nearby) 
from the outside should resolve the problem. Taping up 
paper and smearing a soap paste can both be effective.

Weather
Do collisions coincide with particular weather condi-
tions, such as foggy or overcast days? Such collisions 
may be light-related, in which case an email notifica-
tion system, asking building personnel to turn off lights 
when bad weather is forecast, is advisable.

Diurnal Timing
Do collisions happen at a particular time of day? The 
appearance of glass can change significantly with differ-
ent light levels, direct or indirect illumination, and sun 
angles. It may be possible to simply use shades or shut-
ters during critical times.

Location
Are there particular windows, groups of windows, or 
building façades that account for most collisions? If so, 
it may be cost effective to modify only those sections of 
glass. Is glass located where birds fly between roosting or 
nesting and feeding sites? Are there areas where plants 
can be seen through glass—for example, an atrium, 
courtyard, or glass building connectors? 

Are there architectural or landscaping features that tend 
to direct birds toward glass? Such features might include 
a wall or rock outcropping or a pathway bordered by 
dense vegetation. Solutions include using a screen or 
trellis to divert flight paths. Are there fruit trees, berry 
bushes, or other plants near windows that are likely 
to attract birds closer to glass? These windows should 
be a high priority for remediation. The glass itself can 
be modified, but it may also be possible to use live 
or inanimate landscaping elements to block the view 
between food sources and windows.

Fog increases the danger of light both by causing birds 
to fly lower and by refracting light so it is visible over a 
larger area. Photo by Christine Sheppard, ABC

Lower-floor windows are thought to be more dangerous to birds because they 
are more likely to reflect vegetation. Photo by Christine Sheppard, ABC
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Local Bird Populations
What types of birds are usually found in an area? 
Local bird groups or volunteers may be able to help 
characterize local and transitory bird populations, as well 
as the most likely routes for birds making short flights 
around the area. The American Birding Association, Bird 
Watchers Digest, Audubon chapters, and Birding.com are 
good places to start finding such resources. Universities, 
colleges, and museums may also be helpful.  

This Ovenbird survived a collision and was recovered 
alive during a Lights Out monitoring effort in Baltimore, 
Maryland. Photo by Daniel J. Lebbin, ABC

Post-Mitigation Monitoring
Monitoring efforts should continue for at least 18 
months after mitigation efforts are made, and for at least 
two peak collision seasons (often the fall in urban areas, 
but spring and summer may also be peak seasons in more 
rural locations). Collision rates vary along with local 
bird populations, so a year of high population and high 
collisions may be followed by a year of low populations 
and low collisions, regardless of the effectiveness of any 
mitigation. 

Use of glass with a highly effective horizontal frit pattern, together with sunshades, earned this retrofitted building on the SUNY Brockport campus the LEED 
“collision deterrence” credit. Photo by Paul Tankel



A dramatic use of glass block characterizes the Hecht Warehouse in Washington, 
D.C., designed by Abbott and Merkt. Photo by Sandra Cohen-Rose/Colin Rose

References



53Bird-Friendly Building Design

Avery, M.L., P.F. Springer and J.F. Cassel, 1977. 
Weather influences on nocturnal bird mortality at a 
North Dakota tower. Wilson Bulletin 89(2):291-299. 

Avery, M.L., P.F. Springer and N. S. Daily, 1978. 
Avian mortality at man-made structures, an 
annotated bibliography. Fish and Wildlife Service, 
U.S. Dept. of the Interior: Washington, D.C. 108 pp. 

Bayne, Erin M., Corey A. Scobie and Michael 
Rawson, 2012. Factors influencing the annual risk 
of bird–window collisions at residential structures 
in Alberta, Canada. Wildlife Research  
http://dx.doi.org/10.1071/WR11179

Bhagavatula, Partha S., Charles Claudianos, Michael 
R. Ibbotson and Mandyam V. Srinivasan, 2011.  
Optic Flow Cues Guide Flight in Birds. Current  
Biology 21:1794-1799.

Blem, C.R. and B.A.Willis.1998. Seasonal variation 
of human-caused mortality of birds in the 
Richmond area. Raven 69(1):3-8. 

Bolshakov, Casimir V., Michael V. Vorotkov, Al-
exandra Y. Sinelschikova, Victor N. Bulyuk and 
Martin Griffiths, 2010. Application of the Optical-
Electronic Device for the study of specific aspects 
of nocturnal passerine migration. Avian Ecol. Behav. 
18: 23-51.

Bolshakov, Casimir V., Victor N. Bulyuk, Alexandra 
Y. Sinelschikova and Michael V. Vorotkov, 2013. 
Influence of the vertical light beam on numbers 
and flight trajectories of night-migrating songbirds. 
Avian Ecol. Behav. 24: 35-49.

Bulyuk, Victor N., Casimir V. Bolshakov, Alexandra 
Y. Sinelschikova and Michael V. Vorotkov, 2014. 
Does the reaction of nocturnally migrating song-
birds to the local light source depend on backlight-
ing of the sky? Avian Ecol. Behav. 25:21-26.

Codoner, N.A. 1995. Mortality of Connecticut 
birds on roads and at buildings. Connecticut Warbler 
15(3):89-98. 

Collins and Horn, 2008. Bird-window collisions 
and factors influencing their frequency at Millikin 
University in Decatur, Illinois. Transactions of the 
Illinois State Academy of Science 101(supplement):50. 

Crawford, R.L, 1981a. Bird kills at a lighted man-
made structure: often on nights close to a full 
moon. American Birds (35):913-914. 

Crawford, R.L, 1981b. Weather, migration and 
autumn bird kills at a North Florida TV tower. 
Wison Bulletin, 93(2):189-195. 

Cuthill, I.C., J.C. Partridge, A.T.D. Bennett, C.D. 
Church, N.S. Hart and S. Hunt, 2000. Ultraviolet 
vision in birds. Advances in the Study of Behavior 
29:159-215. 

Davila, A.F., G. Fleissner, M. Winklhofer and N. 
Petersen, 2003. A new model for a magnetoreceptor 
in homing pigeons based on interacting clusters of 
superparamagnetic magnetite. Physics and Chemistry 
of the Earth, Parts A/B/C 28: 647-652. 

Dunn, E.H. 1993. Bird mortality from striking 
residential windows in winter. Journal of Field 
Ornithology 64(3):302-309. 

D’Eath, R.B., 1998. Can video images imitate real 
stimuli in animal behaviour experiments? Biological 
Review 73(3):267–292. 

Elbin, Susan, 2015. Pers. comm.

Evans, W.R., Y. Akashi, N.S. Altman, A.M. Manville 
II, 2007. Response of night-migrating songbirds in 
cloud to colored and flashing light. North American 
Birds 60, 476-488.

Evans, W.R., 2011 Pers. comm.

Evans, J.E., I.C. and A.T. Cuthill, D. Bennett, 2006. 
The effect of flicker from fluorescent lights on 
mate choice in captive birds. Animal Behaviour 
72:393-400. 

Evans-Ogden, 2002. Effect of Light Reduction on 
Collision of Migratory Birds. Special Report for the 
Fatal Light Awareness Program (FLAP). 

Fink, L.C. and T.W. French. 1971. Birds in 
downtown Atlanta—Fall, 1970. Oriole 36(2):13-20. 

Fleissner, G., E.Holtkamp-Rötzler, M. Hanzlik, 
M. Winklhofer, G. Fleissner, N. Petersen and W. 
Wiltschko, 2003. Ultrastructural analysis of a 
putative magnetoreceptor in the beak of homing 
pigeons. The Journal of Comparative Neurology 
458(4):350-360. 

Fleissner, G., B. Stahl, P. Thalau, G. Falkenberg 
and G. Fleissner, 2007. A novel concept of Fe-
mineral-based magnetoreception: histological 
and physicochemical data from the upper beak 
of homing pigeons. Naturwissenschaften 94(8): 
631-642. 

Gauthreaux, S.A. and C.G. Belser, 2006. Effects of 
Artificial Night Light on Migrating Birds in Rich, C. 
and T. Longcore, eds, 2006. Ecological Consequences 
of Artificial Night Lighting. Island Press. Washington, 
DC. 259 pp. 

Gauthreaux, Sidney A. Jr. and Carroll G. Belser, 
2006. Effects of Artificial Night Lighting on Migrat-
ing Birds in Ecological Consequences of Artificial 
Night Lighting, Catherine Rich and Travis Longcore 
eds. Island Press, Washington, D.C. 458 pages.

Gehring, J., P. Kerlinger, and A.M. Manville. 2009. 
Communication towers, lights, and birds: successful 
methods of reducing the frequency of avian 
collisions. Ecological Applications 19:505–514. 

Gelb, Y. and N. Delacretaz. 2006. Avian window 
strike mortality at an urban office building. Kingbird 
56(3):190-198. 

Ghim, Mimi M., and William J. Hodos, 2006. Spa-
tial contrast sensitivity of birds. J Comp Physiol A 
192: 523–534 

Gochfeld , M.,1973. Confused nocturnal behav-
ior of a flock of migrating yellow wagtails. Condor 
75(2):252-253. 



54 Bird-Friendly Building Design

Greenwood, V., E.L. Smith, A.R. Goldsmith, I.C. 
Cuthill, L.H. Crisp, M.B.W. Swan and A.T.D. 
Bennett, 2004. Does the flicker frequency of 
fluorescent lighting affect the welfare of captive 
European starlings? Applied Animal Behaviour Science 
86: 145-159. 

Hager, S.B., H. Trudell, K.J. McKay, S.M. Crandall, 
L. Mayer. 2008. Bird density and mortality 
at windows. Wilson Journal of Ornithology 
120(3):550-564. 

Hager, Stephen B., 2009. Human-related threats to 
urban raptors. J. Raptor Res. 43(3):210–226.

Hager S.B., Cosentino B.J., McKay K.J., Monson 
C., Zuurdeeg W., and B. Blevins, 2013. Window 
Area and Development Drive Spatial Variation in 
Bird-Window Collisions in an Urban Landscape. 

PLoS ONE 8(1): e53371. doi:10.1371/journal.
pone.0053371 

Download at: http://people.hws.edu/cosentino/
publications_files/PLoS%20ONE%202013%20
Hager.pdf

Hager S.B., Craig M.E. (2014). Bird-window 
collisions in the summer breeding season. Peer J 2: 
e460 https://dx.doi.org/10.7717/peerj.460

Haupt, H. and U. Schillemeit, 2011. Skybeamer 
und Gebäudeanstrahlungen bringen Zugvögel vom 
Kurs ab: Neue Untersuchungen und eine rechtliche 
Bewertung dieser Lichtanlagen. NuL 43 (6), 2011, 
165-170. 

(Search/spot Lights and Building Lighting Divert 
Migratory Birds Off Course: New investigations 
and a legal evaluation of these lighting systems)

Herbert, A.D., 1970. Spatial Disorientation in Birds. 
Wilson Bulletin 82(4):400-419. 

Jones, J. and C. M. Francis, 2003. The effects of light 
characteristics on avian mortality at lighthouses. 
Journal of Avian Biology 34: 328–333. 

Kahle, Logan Q., Maureen E. Flannery and John 
P. Dumbacher, 2015. Bird-window collisions at a 
west coast urban parkland: analyses of bird biology 
and window attributes from Golden Gate Park, San 
Francisco. In press, PLOS One.

Kerlinger, P., 2009. How Birds Migrate, second 
edition, revisions by Ingrid Johnson. Stackpole 
Books, Mechanicsville, PA. 230 pp. 

Klem, D., Jr., 1990. Collisions between birds and 
windows: Mortality and prevention. Journal of Field 
Ornithology 61(1):120-128. 

Klem, D., Jr., 1989. Bird-window collisions. Wilson 
Bulletin 101(4):606-620. 

Klem, D., Jr., 1991. Glass and bird kills: An 
overview and suggested planning and design 
methods of preventing a fatal hazard. Pp. 99-104 
in L. W. Adams and D. L. Leedy (Eds.), Wildlife 
Conservation in Metropolitan Environments. Natl. 
Inst. Urban Wildl. Symp. Ser. 2, Columbia, MD. 

Klem, Daniel Jr., and Peter G. Saenger, 2013. 
Evaluating the Effectiveness of Select Visual Signals 
to Prevent Bird-window Collisions. The Wilson 
Journal of Ornithology 125(2):406–41. 

Download at: http://www.muhlenberg.edu/ 
main/academics/biology/faculty/klem/aco/ 
Bird-window.html

Klem, D. Jr., D.C. Keck, K.L. Marty, A.J. Miller 
Ball, E.E. Niciu, C.T. Platt. 2004. Effects of window 
angling, feeder placement, and scavengers on 
avian mortality at plate glass. Wilson Bulletin 
116(1):69-73. 

Klem, D. Jr., C.J. Farmer, N. Delacretaz, Y. Gelb and 
P.G. Saenger, 2009a. Architectural and Landscape 
Risk Factors Associated with Bird-Glass Collisions 
in an Urban Environment. Wilson Journal of 
Ornithology 121(1):126-134. 

Klem, D. Jr., 2009. Preventing Bird-Window 
Collisions. Wilson Journal of Ornithology 
121(2):314–321. 

Laskey, A.,1960. Bird migration casualties and 
weather conditions, Autumns 1958, 1959, 1960. 
The Migrant 31(4): 61-65. 

Lebbin, Daniel J., Michael J. Parr and George H. 
Fenwick, 2010. The American Bird Conservancy Guide 
to Bird Conservation. University of Chicago Press, 
Chicago. 447 pages.

Longcore, Travis, Catherine Rich, Pierre Mineau, 
Beau MacDonald, Daniel G. Bert, Lauren M. 
Sullivan, Erin Mutrie, Sidney A. Gauthreaux Jr, 
Michael L. Avery, Robert L. Crawford, Albert M. 
Manville II, Emilie R. Travis and David Drake, 2012. 
An estimate of avian mortality at communication 
towers in the United States and Canada.

Longcore, Travis, Catherine Rich, Pierre Mineau, 
Beau MacDonald, Daniel G. Bert, Lauren M. 
Sullivan, Erin Mutrie, Sidney A. Gauthreaux Jr., 
Michael L. Avery, Robert L. Crawford, Albert M. 
Manville II, Emilie R. Travis, and David Drake, 
2013. Avian mortality at communication towers The World Trade Center of New Orleans, designed by Edward Durrell 

Stone, uses a simple bird-friendly strategy; almost all windows have 
exterior shutters. Photo by Christine Sheppard, ABC



55Bird-Friendly Building Design

in the United States and Canada: which species, 
how many, and where? Biological Conservation 
158:410–419.

Loss, Scott R., Tom Will and Peter P. Marra, 2012. 
Direct human-caused mortality of birds: improving 
quantification of magnitude and assessment of 
population impact. Frontiers in Ecology and the 
Environment, September, Vol. 10, No. 7: 357-364 

Loss, Scott R., Tom Will, Sara S. Loss and Peter P. 
Marra, 2014. Bird–building collisions in the United 
States: Estimates of annual mortality and species 
vulnerability. Condor 116:8-23.

Loss, S.R., Loss, S.S., Will, T., Marra, P.P. 2014. Best 
practices for data collection in studies of bird-window 
collisions. Available at http://abcbirds.org/?p=10399

Machtans, Craig S., Christopher H.R. Wedeles 
and Erin M. Bayne, 2013. A First Estimate for 
Canada of the Number of Birds Killed by Colliding 
with Building Windows. Avian Conservation 
and Ecology 8(2): 6. http://dx.doi.org/10.5751/
ACE-00568-080206  

Muheim, R., J.B. Phillips and S. Akesson, 2006. 
Polarized Light Cues Underlie Compass Calibration 
in Migratory Songbirds. Science 313 no. 5788 pp. 
837-839. 

Muheim, R., 2011. Behavioural and physiological 
mechanisms of polarized light sensitivity in birds. 
Phil Trans R Soc B 12 March 2011: 763-77. 

Marquenie, J., and F.J.T. van de Laar, 2004. 
Protecting migrating birds from offshore 
production. Shell E&P Newsletter: January issue. 

Marquenie, J.M., M. Donners, H. Poot and Steckel, 
2013. Adapting the Spectral Composition of 
Artificial Lighting to Safeguard the Environment. 
Industry Applications Magazine, IEEE 19(2):56-62. 

Mouritsen, H., 2015. Magnetoreception in Birds and 
Its Use for Long-Distance Migration. Pp. 113-133 
in Sturkie’s Avian Physiology, sixth edition, Colin G. 
Scanes ed. Academic Press, Waltham, MA, 1028 pp.

Newton, I., 2007. Weather-related mass-mortality 
events in migrants. Ibis 149:453-467. 

Newton, I., I. Wyllie, and L. Dale, 1999. Trends 
in the numbers and mortality patterns of 
Sparrowhawks (Accipiter nisus) and Kestrels (Falco 
tinnunculus) in Britain, as revealed by carcass 
analyses. Journal of Zoology 248:139-147. 

Ödeen and Håstad, 2003. Complex Distribution of 
Avian Color Vision Systems Revealed by Sequencing 
the SWS1 Opsin from Total DNA. Mol. Biol. Evol. 
20(6):855–861. 2003. 

Ödeen and Håstad, BMC Evolutionary Biology 
2013, 13:36. The Phylogenetic Distribution of 
Ultraviolet Vision in Birds www.biomedcentral.
com/1471-2148/13/36

Håstad and Ödeen (2014), A vision physiological 
estimation of ultraviolet window marking visibility 
to birds. PeerJ 2:e621; DOI 10.7717/peerj.621 

O’Connell, T. J. 2001. Avian window strike 
mortality at a suburban office park. Raven 
72(2):141-149. 

Parkins, Kaitlyn L, Susan B. Elbin and Elle Barnes, 
2015. Light, Glass, and Bird–building Collisions in 
an Urban Park. Northeastern Naturalist 22(1): 84-94. 
http://dx.doi.org/10.1656/045.022.0113

Poot, H., B.J. Ens, H. de Vries, M.A.H. Donners, 
M.R. Wernand, and J. M. Marquenie, 2008. Green 
light for nocturnally migrating birds. Ecology and 
Society 13(2): 47. 

Rappli,, R., R. Wiltschko, P. Weindler, P. 
Berthold, and W. Wiltschko, 2000. Orientation 
behavior of Garden Warblers (Sylvia borin) under 
monochromatic light of various wavelengths. The 
Auk 117(1):256-260. 

Rich, C. and T. Longcore, eds, 2006. Ecological 
Consequences of Artificial Night Lighting. Island Press. 
Washington, DC. 

Richardson, W.J., 1978. Timing and amount of bird 
migration in relation to weather: a review. Oikos 
30:224-272. 

Rössler and Zuna-Kratky, 2004 Vermeidung von 
Vogelanprall an Glasflächen. Experimentelle 
Versuche zur Wirksamkeit verschiedener Glas- 
Markierungen bei Wildvögeln. Bilogische Station 
Hohenau-Ringelsdorf [available for download from 
www.windowcollisions.info]. 

Rössler, M. and T. Zuna-Kratky. 2004. Avoidance of 
bird impacts on glass: Experimental investigation, 
with wild birds, of the effectiveness of different 
patterns applied to glass. Hohenau-Ringelsdorf 
Biological Station, unpublished report. (English 
translation: available from ABC.) 

Rössler, 2005. Vermeidung von Vogelanprall 
an Glasflächen. Weitere Experimente mit 
9 Markierungstypen im unbeleuchteten 
Versuchstunnel. Wiener Umweltanwaltschaft. 
Bilogische Station Hohenau-Ringelsdorf [available 
for download from www.windowcollisions.info]. 

Rössler, M. 2005. Avoidance of bird impact at glass 
areas: Further experiments with nine marking types 
in the unlighted tunnel. Hohenau-Ringelsdorf 
Biological Station, unpublished report. (English 
translation available from ABC.) 

Rössler, M., W. Laube, and P. Weihs. 2007. 
Investigations of the effectiveness of patterns on 
glass, on avoidance of bird strikes, under natural 
light conditions in Flight Tunnel II. Hohenau-
Ringelsdorf Biological Station, unpublished report. 
English translation available for download from 
www.windowcollisions.info

Rössler, M. and W. Laube. 2008. Vermeidung 
von Vogelanprall an Glasflächen. Farben, 
Glasdekorfolie, getöntes Plexiglas: 12 weitere 
Experimente im Flugtunnel II. Bilogische Station 
Hohenau-Ringelsdorf (available for download at 
www.windowcollisions.info). 

Rössler M. and W. Laube. 2008. Avoidance of 
bird impacts on glass. Colors, decorative window-
film, and noise-damping plexiglass: Twelve 
further experiments in flight tunnel II. Hohenau-
Ringelsdorf Biological Station, unpublished report. 
(English translation available from ABC.) 



56 Bird-Friendly Building Design

Rössler, M., 2010. Vermeidung von Vogelanprall 
an Glasflächen: Schwarze Punkte, Schwarz-orange 
Markierungen, Eckelt 4Bird®, Evonik Soundstop® , 
XT BirdGuard. (available for download from www.
windowcollisions.info). 

Russell, K., 2009. Pers comm. 

Russell, Keith, 2015. Conversation on August 13.

Russell, R.W. 2005. Interactions between migrat-
ing birds and offshore oil and gas platforms in the 
northern Gulf of Mexico: Final Report. U.S. Dept. of 
the Interior, Minerals Management Service, Gulf of 
Mexico OCS Region, New Orleans, LA. OCS Study 
MMS 2005-009. 348 pp. www.data.boem.gov/PI/
PDFImages/ESPIS/2/2955.pdf

Schiffner, Ingo, Hong, D Vo, Panna S. Bhagavatula 
and Mandyam V Srinivasan, 2014. Minding the 
gap: in-flight body awareness in birds. Frontiers in 
Zoology 2014, 11:64 http://www.frontiersinzoology.
com/content/11/1/64 

Sealy, S.G.,1985. Analysis of a sample of Tennes-
see Warblers window-killed during spring migra-
tion in Manitoba. North American Bird Bander 
10(4):121-124. 

Snyder, L.L., 1946. “Tunnel fliers” and window 
fatalities. Condor 48(6):278. 

Thomas, Robert J., Tamas Szekely, Innes C. Cuthill, 
David G. C. Harper, Stuart E. Newson, Tim D. Fray-
ling and Paul D. Wallis, 2002. Eye size in birds and 
the timing of song at dawn. Proc. R. Soc. Lond. B 
(2002) 269, 831-837. DOI 10.1098/rspb.2001.1941

Van De Laar, F.J.T., 2007. Green Light to Birds, 
Investigation into the Effect of Bird-friendly 
Lighting. Nederlandse Aardolie Maatschappij,  
The Netherlands. 24pp. 

Varela, F.J., A.G. Palacios and T.H. Goldsmith, 1993. 
Color vision of birds. In Vision, Brain, and Behavior 
in Birds, H. P. Zeigler and H. Bischof eds., chapter 5. 

Weir, R.D.,1976. Annotated bibliography of bird 
kills at man-made obstacles: a review of the state 
of the art and solutions. Department of Fisheries 
and the Environment, Canadian Wildlife Service, 
Ontario Region, 1976. 

Wiese, Francis K., W.A. Montevecchi, G.K. Davoren, 
F. Huettman, A.W. Diamond and J. Linke, 2001. 
Seabirds at Risk around Off-shore Oil Platforms in 
the North-west Atlantic. Marine Pollution Bulletin 
42(12):1285-1290.

Wiltschko, W., R. Wiltschko and U. Munro, 2000. 
Light-dependent magnetoreception in birds: 
the effect of intensity of 565-nm green light. 
Naturwissenschaften 87:366-369. 

Wiltschko, W.,U. Monro, H. Ford and R. Wiltschko, 
2003. Magnetic orientation in birds: non-compass 
responses under monochromatic light of increased 
intensity. Proc. R. Soc. Lond. B:270, 2133–2140. 

Wiltschko, W.,U. Monro, H. Ford and R. Wiltschko, 
2006. Bird navigation: what type of information 

does the magnetite-based receptor provide? Proc. 
R. Soc. B 22 November 2006 vol. 273 no. 1603 
2815-2820. 

Wiltschko, W. and R. Wiltschko, 2007.Magneto-
reception in birds: two receptors for two different 
tasks. J. Ornithology 148, Supplement 1:61-76. 

Wiltschko, R., K. Stapput, H. Bischof and 
W.Wiltschko, 2007. Light-dependent 
magnetoreception in birds: increasing intensity 
of monochromatic light changes the nature of 
the response. Frontiers in Zoology 2007 4:5. doi:  
10.1186/1742-9994-4-5

Wiltschko, R., U. Monro, H. Ford, K. Stapput 
and W. Wiltschko, 2008. Light-dependent 
magnetoreception: orientation behaviour of 
migratory birds under dim red light. The Journal of 
Experimental Biology 211, 3344-3350. 

Wiltschko, R. and W. Wiltschko, 2009. Avian 
Navigation. The Auk 126(4):717–743. 

For the Langley Academy in Berkshire, U.K., Foster + Partners used louvers to control light and ventilation, also making the building safe 
for birds. Photo by Chris Phippen Ofis
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The Orange Cube, a commercial and cultural complex, was designed by Jacob + 
McFarlane Architects as part of redevelopment of the harbor in Lyons, France. 
The external skin virtually eliminates threats to birds while permitting natural 
illumination of the interior and sightlines for those inside. Photo © Nicolas Borel



 

The U.S. Green Building Council’s LEED Pilot Credit 55 represents the best 

current understanding of what constitutes a bird-friendly building. Briefly, a 

bird-friendly building is one where: 

 •  At least 90% of the material in the exposed façade from ground level to 40 

feet (the primary bird collision zone) has a threat score of 30 or less, derived 

from controlled experiments.

•  At least 60% of material in the exposed façade above the collision zone 

meets the above standard.  

•  All glass surrounding atria or courtyards meets the above standard. 

• There are no “see through” passageways or corners.

• Outside lighting is appropriately shielded and directed to minimize 

attraction to night migrating or nocturnal birds.

•  Interior lighting is turned off at night if not in use and designed to minimize 

light escaping through windows during night operation.

•  Landscaping is designed without features known to increase collisions. 

•  Actual bird mortality is monitored and compensated for (for example, in 

the form of habitat preserved or created elsewhere, mortality from other 

sources reduced, etc.).  

American Bird Conservancy’s  
Bird-Friendly Building Standard

The Burj Qatar, designed by Jean Nouvel, was named Best Tall Building 
Worldwide in 2012. The façade, created with multi-layered screens, expresses 
local culture while providing protection from high temperatures and sand. 
Photo by Marc Desbordes

Printing costs for this publication have been  
kindly covered by an anonymous donor



David Chipperfield’s expansion of the Anchorage Museum has a surface 
of mirror glass, made bird-friendly by a frit pattern that conforms with  
2 x 4 recommendations. Museum staff confirm that while collisions do 
occur in the area, the museum sees few, if any. Photo by Larry Vincent





RESPONSE TO THE INITIAL STUDY FOR THE 2ND & PCH PROJECT BY LONG BEACH HERITAGE 

 

While the new project for the 2nd & PCH site would create much less of an environmental impact in the 

area than the previous plan that included skyscrapers, Long Beach Heritage believes that one major 

change should be made to the design. We think that a portion of the present hotel complex should be 

saved, restored, and incorporated into the new design. The drawings by Eyestone Environmental show a 

group of low‐rise buildings that are rather bland and box‐like in aspect. The historic Edgewater Inn (now 

Seaport Marina) Hotel incorporates a structure with distinctive Y‐shaped piers, a folded roof, and field 

stone walls at the northern end of the complex, which is attached to a unique hexagonal room with an 

umbrella‐like roof. This portion of the hotel contains the major character defining features of the 

original architecture and should be kept intact and adaptively reused as a part of any new development. 

The rooms in this structure facing Marina Drive once contained the restaurants and lobby of the 

Edgewater Inn that was built between 1961 and 1963. This part of the hotel could easily be used as a 

restaurant again and would attract many customers because of its eye‐catching Mid‐Century Modern 

design. This significant type of architecture, called “Googie” by historians, is rapidly disappearing from 

Southern California and the Edgewater Inn is one of the few surviving examples in Long Beach. Another 

excellent example is the former Ray Vines Chrysler agency of 1963‐64 at 4201 East Willow Street that 

has been recently restored and adaptively reused as a restaurant.  

The Edgewater Inn was designed by Roy A. Sealey (1917‐2008), one of the first prominent African‐

American architects in Los Angeles. Other major projects by Sealey included the demolished Cockatoo 

Hotel in Inglewood of 1961, the East Los Angeles Department of Social Services of 1967, and the 

expansion of the County USC Medical Center of 1968‐75. Sealey received a degree in architecture from 

the University of Southern California and worked for Paul Revere Williams after his graduation. He 

assisted Williams in the publication of his pioneering book, The Small Home of Tomorrow. Roy Sealey 

passed the exam for his state license in 1957 and became a member of the AIA in 1966. 

The Edgewater Inn was originally owned by James Stockman, who also was the proprietor of Edgewater 

hotels in Oakland and Corte Madera. Stockman was also a petroleum engineer and the president of 

Nordon Corporation, a gas and oil company. In 1966, Stockman filed for bankruptcy and Gerald V. 

Eisenhower, a relative of the President, bought the Edgewater Inn.  

The hotel, once a premier venue for entertainment, charity balls, and fashion shows, was a major 

contributor to the history and culture of Long Beach in the sixties and seventies. Restoring and 

adaptively reusing the distinctive public area of the Edgewater Inn would add an exciting design element 

to the series of boxes in the mini‐mall concept by Eyestone Environmental. The parking lot, slated for 

the area where the public rooms now stand, should be relocated to another part of the site. “Googie” 

architecture appeals to both “millennials” and “baby boomers” today, witnessed in the resurgence of 

Palm Springs Modern.  Both the importance of the architect and the distinctive design of the building 

should trigger the necessity of saving the character defining public rooms of the hotel. 
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From: Michael Bohn <mbohn@studio-111.com> 
Date: November 20, 2016 at 5:23:02 PM PST 
To: Suzie Price <Suzie.Price@longbeach.gov> 
Cc: Jack Cunningham <Jack.Cunningham@longbeach.gov> 
Subject: Second and PCH 
Hi Suzie, 
 
I attended the CenterCal presentation Saturday. Although I wish they would design under the new standards to allow for 
greater open space, I understand they are within their rights to follow the current code. I have the following thoughts: 
 
1. Some of the architecture reminds me more of Florida then Long Beach. A few changes with wood like cement siding to 
give it a beachy casual feel would help. Also if some of the buildings nodded to our mid-century roots or tastefully 
acknowledge some of the elements of the existing hotel, it might appease the preservationists. 
 
2. The parking on the roof is great to avoid massive parking lots on the street level giving more space for people. The city 
should allow some valet (tandem parking) or other creative approaches to further reduce standard parking areas. 
 
3. The biggest concern are the blank walls fronting streets especially at the corner of Second and PCH. It would be great 
to have large glass windows to see back of house food prep or kitchen or display to animate the street for drivers, bikers 
and pedestrians. We did the Whole Foods in Venice (below) which has a very active and interesting facade. I know the 
orientation is different but this is a clever developer to solve challenges. 

 
 
At our Venice store the product spills right out to the sidewalk giving it a European feel. The wood like elements are 
security doors that slide down at night. It also has a bit of a beachy vibe.  
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From: I Waksul <isaac@waksul.com> 
Date: November 20, 2016 at 11:48:46 AM PST 
To: Suzie Price <suzie@suzieaprice.com> 
Subject: 2nd and PCH 
Hi Suzie, 
  
It was nice to see you yesterday at the 2nd & PCH event.  I was impressed by the developer's presentation.  The 
project seems well thought out, and I have a feeling it will pass public scrutiny. 
  
But I see one important omission, not in the design or success of this enterprise, but one that can add to the LB 
brand.  Both you and Mayor Garcia remarked on the importance of this location as a major gateway to our city.  I agree, 
and my comments below are related to this. 
  
This development certainly has an upscale elegant contemporary feel to it, and an anchor store that will help make it 
a success.  But it is quite a conventional contemporary development, which resembles so many other upscale retail centers 
in OC and LA.  Beside its upscale retailers and smart utilization of the site, it doesn't have that unique 
signature appropriate to this LB landmark location. 
  
I’m not suggesting changing the design or scale, just incorporating a symbol that would survive a Whole Foods and 
eventual aging of this shopping mall. 
  
An easy solution is incorporating this symbol into the planned two-story elevator tower at the corner of 2nd and PCH.  I 
suggest that it should be an iconic component that people would recognize from a distance, could be described in one or 
two words (a visual component is much easier to recognize and remember than simply 2nd & PCH), withstand the test of 
time, and itself becomes a landmark and part of a future LB lore.  
  
The two-story corner tower can still maintain its planned functional usage, and it doesn’t change anything else in the 
proposed plan. 
  
One suggestion is an aquatic theme.  We pride ourselves on being the aquatic city, and this LB gateway is located at 
the marina and near Marine Stadium, Naples canals, etc.  Such theme seems perfect for this purpose.  But for it to be 
perceived and expressed an icon, it needs much more than just a design on a wall.  It needs to be itself something 
unique, recognizable, and withstand the test of time. 
  
It could be a fresh iconic design, or a historic relic (obviously not the scale of the Queen Mary, but something as 
iconic).  I’d leave a more detailed discussion on this for another conversation, if there were interest. 
  
I'm writing to you because I think the developer did a great job doing what they do best.  An iconic symbol at this 
important gateway location is a vision component, and may need to be driven (but not designed) by city leadership. 
  
Best 
Isaac 

____________________________________ 
Isaac Waksul 
isaac@waksul.com 
Office: 310-993-2550 
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2nd & PCH Project 
Community Meeting Comment 

 
Mary Barton 
4300 Theresa St. 
Long Beach, CA  90814-1720 
 
Support:  [not indicated] 
 
Comments: 
 
Please make the PCH side especially at PCH & 2nd more inviting & accessible. Pedestrians will see it as a 
fortress as will the bulk of car traffic 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Bill Baxter 
533 S. Fremont Ave. 
Los Angeles, CA  90071-1712 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Brigitte Bigham 
brigbigham@yahoo.com 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Jonathan Blitzer 
37 Via di Roma Walk 
Long Beach, CA  90803-4154 
 
Support:  Yes 
 
Comments: 
 
Needs some fine tuning regarding vehicular access. Green roof would be an improvement 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
John Boezinger 
26 Rivo Alto Canal 
Long Beach, CA  90803-4047 
 
Support:  Yes 
 
Comments: 
 
Love it 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
ML Brito 
28 Argonne Ave. 
Long Beach, CA  90803-3217 
 
Support:  No 
 
Comments: 
 
We in Belmont Shores are aginst the project 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Elisa Buchanan 
788 Orizaba Ave. 
Long Beach, CA  90804-4922 
 
Support:  Yes 
 
Comments: 
 
Anything is better than what exists but I wouldn’t shop here because this is a traffic street with cars that run 
straight through it.  I would not be able to comfortably stroll & shop.  Isnt very pedestrian friendly. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Chris Cannon 
28 Argonne Ave. 
Long Beach, CA  90803-3217 
 
Support:  No 
 
Comments: 
 
Against the project 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Ann Cantrell 
3106 Claremore Ave. 
Long Beach, CA  90808-4420 
 
Support:  [not indicated] 
 
Comments: 
 
I would like to know the fiscal feasibility results with staying at 3 store. If this plan does not work fiscally, will it 
be extended to 5 or 7 stores? 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Terri Carmon 
926 E. San Antonion Dr., Apt. 4 
Long Beach, CA  90807-2219 
 
Support:  Yes 
 
Comments: 
 
Are there any future plans for a hotel in this area? 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Daniel Casado 
1650 Ximeno Ave., Ste. 120 
Long Beach, CA  90804-2101 
 
Support:  Yes 
 
Comments: 
 
Wow! Yes! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Peggy Chism 
6338 Marina Pacifica Dr. N. 
Long Beach, CA  90803-7010 
 
Support:  Yes 
 
Comments: 
 
I am finally in favor of this project. Thank you for no condos!  This is fantastic! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Marcy Colton 
marcy.colton@yahoo.com 
 
Support:  Yes 
 
Comments: 
 
Interested in email updates if available 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Laura Conte 
5468 E. The Toledo 
Long Beach, CA  90803-3933 
 
Support:  Yes 
 
Comments: 
 
Great! Can not wait for it to open! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
 Corradi 
rbforrent@yahoo.com 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Louise & Marty Cox 
5585 E. Vesuvian Walk 
Long Beach, CA  90803-3942 
 
Support:  Yes 
 
Comments: 
 
Love it! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Mary Alice Cox 
mcox@mh2inc.com 
 
Support:  Yes 
 
Comments: 
 
Lets build 2nd and PCH! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Craig Cross 
111 W. Ocean Blvd., Ste. 2300 
Long Beach, CA  90802-7908 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Ann Denison 
6931 E. 11th St. 
Long Beach, CA  90815-4937 
 
Support:  [not indicated] 
 
Comments: 
 
Only support if it stays at 3 stories high. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Ross Doyle 
310 Quincy Ave. 
Long Beach, CA  90814-3059 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Jeff Dunstan 
4609 E. Colorado St. 
Long Beach, CA  90814-3058 
 
Support:  Yes 
 
Comments: 
 
Looks good. Only concern is the added traffic. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Stephanie Ervin 
384 Winslow Ave. 
Long Beach, CA  90814-3212 
 
Support:  Yes 
 
Comments: 
 
I hope that there will be space and opportunity for local retailers and business owners.  Otherwise I fear this will 
become a destination for tourists and not locals which has happened at the Pike.  I support local business and 
would like to patronize the 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Michael Farrell 
til94thm@aol.com 
 
Support:  No 
 
Comments: 
 
We are very against this development.  The city doesn’t have the infrastructure to handle the business especially 
the traffic.  Build a park! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Alfredo Fernandez 
293 N. Marina Dr. 
Long Beach, CA  90803-4635 
 
Support:  Yes 
 
Comments: 
 
Would like copy of presentation to share with marina boat owners. I am the communications director of the LB 
Marina boat owner assosciation. 
 
Notes: 
 
President of the LB Marina Boat Owners Association 
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2nd & PCH Project 
Community Meeting Comment 

 
Janice Furman 
5551 E. La Pasada St. 
Long Beach, CA  90815-4320 
 
Support:  No 
 
Comments: 
 
Where is the increase in traffic going to go?  We are already backed up at 2nd and PCH. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
David Galuhn 
540 Stoneham Ct., Unit 102 
Long Beach, CA  90803-7132 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
I'm interested in space F-250 as a pontential tennant. John Muller is the property manager for Bixby Village 
Community Assoc. Phone # 562-597-5544 email: jmuller@powerstonepm.com 
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2nd & PCH Project 
Community Meeting Comment 

 
Ben Goldberg 
6300 E. Vermont St. 
Long Beach, CA  90803-2223 
 
Support:  Yes 
 
Comments: 
 
Great project. Get it done! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Jaime Goldfars 
905 Catalina Ave. 
Seal Beach, CA  90740-5851 
 
Support:  No 
 
Comments: 
 
Gravely disappointed. As such you discuss community value, this is just a retail center.  Original design addressed 
this consideration. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Randy Gordon 
6224 Malaga Ct. 
Long Beach, CA  90803-4817 
 
Support:  Yes 
 
Comments: 
 
I live just down the street and I'm very impressed with this much needed project. I want to help in nay way I can. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Janice Gorham 
246 Campo Dr. 
Long Beach, CA  90803-3622 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Daphne Guertin 
436 Lime Ave., Unit 3 
Long Beach, CA  90802-2677 
 
Support:  Yes 
 
Comments: 
 
Beautiful idea. Great concept. Go for it! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
John Hancock 
192 N. Marina Dr. 
Long Beach, CA  90803-4601 
 
Support:  Yes 
 
Comments: 
 
Strong support for quality use of marina drive side of the project 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Christina Hoakenson 
christina@juvecreative.com 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Jeff Hoffman 
238 Campo Dr. 
Long Beach, CA  90803-3622 
 
Support:  Yes 
 
Comments: 
 
Love it! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Peter Hogenson 
5563 E. Seaside Walk 
Long Beach, CA  90803-4471 
hogies31@verizon.net 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
Please send info to the e-mail address listed. 
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2nd & PCH Project 
Community Meeting Comment 

 
Michael Huynh 
40 Park Ave. 
Long Beach, CA  90803-3145 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Lucy Johnson 
2402 Petaluma Ave. 
Long Beach, CA  90815-2424 
 
Support:  Yes 
 
Comments: 
 
Flemings restaurant.  Solar Panels covering top parking levels.  Pedestrian bridge to marketplace 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Philip Jones 
phones69@hotmail.com 
 
Support:  No 
 
Comments: 
 
So this is what you came up with?  Another shopping center?  Just in time for the Trump recession! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Carl Kirnbauer 
289 Marina Dr. 
Long Beach, CA  90803-4634 
 
Support:  Yes 
 
Comments: 
 
I propose an overcrossing over PCh for 2nd street if it mitigates the 2nd/PCH gridlock 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Wayne Kistner 
3039 Petaluma Ave. 
Long Beach, CA  90808-4237 
 
Support:  [not indicated] 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
James Lander 
6231 Marina Pacifica Dr. N. 
Long Beach, CA  90803-3812 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Bob Lane 
238 Campo Dr. 
Long Beach, CA  90803-3622 
 
Support:  Yes 
 
Comments: 
 
Start it tomorrow! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Steve Leary 
1625 Appleton St., Apt. 1C 
Long Beach, CA  90802-4026 
 
Support:  Yes 
 
Comments: 
 
Also look at mainplace as an example in the OC, replacing santa ana fashion square.  Talk to them about how 
successful it has been as they did the same thing with replacing an aging center with high end retail.  Also you 
need to push the ease of the LBTD 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Richard & Barbara Lederer 
5573 E. Sorrento Dr. 
Long Beach, CA  90803-3641 
 
Support:  Yes 
 
Comments: 
 
At long last! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Art Levine 
5628 Azure Way 
Long Beach, CA  90803-4830 
 
Support:  Yes 
 
Comments: 
 
Outstanding. Quality project. Right on the money. I need to better understand how traffic problem will be 
mitigated. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Jeff Mallin 
jeffmalin@gmail.com 
 
Support:  Yes 
 
Comments: 
 
How will whole foods moving impact its current location and the development where it currently is? Is a grocery 
store the correct choice for an "anchor"? People don’t shop for groceries and go to clothing stores in the same 
visit. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
James Malun 
jamesmalun@gmail.com 
 
Support:  Yes 
 
Comments: 
 
How will the movement of cars in front of retail impact pedestrians and crossings?  Cars shouls be diverted to the 
perimeter to allow for ease of pedestrian access to retail. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Keith Mason 
169 Nieto Ave. 
Long Beach, CA  90803-3362 
 
Support:  Yes 
 
Comments: 
 
Would like to see places for bikes - storage/racks 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Lynne Merenstein 
7130 Marina Pacifica Dr. S. 
Long Beach, CA  90803-3818 
 
Support:  Yes 
 
Comments: 
 
concerned with traffic 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Art Milas 
299 La Verne Ave. 
Long Beach, CA  90803-3526 
 
Support:  [not indicated] 
 
Comments: 
 
Parking: Will it be free or will there be validation for parking? If this project will need free parking & no 
validation. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Pat Mohler 
7335 Marina Pacifica Dr. S. 
Long Beach, CA  90803-3819 
 
Support:  Yes 
 
Comments: 
 
Looks like it will be beautiful - looking forward to it! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Ludmila Montoya 
 
 
Support:  [not indicated] 
 
Comments: 
 
parking on the site is insane. Project budget. How much city developer? 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Malia Muagututia-Herz 
2089 Chestnut Ave. 
Long Beach, CA  90806-4603 
 
Support:  [not indicated] 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Victoria Munoz Valdez 
P.O. Box 4555 
Long Beach, CA  90804-0555 
 
Support:  Yes 
 
Comments: 
 
Beautiful. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Faviola Ochoa 
40 Park Ave. 
Long Beach, CA  90803-3145 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Jim Ostach 
141 Santa Ana Ave. 
Long Beach, CA  90803-3461 
 
Support:  [not indicated] 
 
Comments: 
 
Will non-servoce dogs be allowed on leash on the walkways and on restaurant patios? 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Braden & Susan Philips 
6125 E. Ocean Blvd., Apt. 202 
Long Beach, CA  90803-5685 
 
Support:  Yes 
 
Comments: 
 
So much better than the other two projects.  Thank You! 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Edward Quirosa 
230 Granada Ave. 
Long Beach, CA  90803-5512 
 
Support:  Yes 
 
Comments: 
 
What traffic litigation will be incorporated?  Will there be solar panels on the roof? 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Sam & Dale Ramezaro 
319 Roycroft Ave. 
Long Beach, CA  90814-3137 
 
Support:  Yes 
 
Comments: 
 
We're excited at the opportunity to improve this corner of LB. We love LB and are excted to see continued 
economic & esthetic improvement. 
 
Notes: 
 
[none provided] 
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2nd & PCH Project 
Community Meeting Comment 

 
Chris Richgels 
5360 E. Appian Way 
Long Beach, CA  90803-1918 
 
Support:  Yes 
 
Comments: 
 
Love it! Start today! 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Nancy Richgels 
5360 E. Appian Way 
Long Beach, CA  90803-1918 
 
Support:  Yes 
 
Comments: 
 
Looks great. Anthropologie or equivalent stores would be wonderful 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Marc Roffle 
3811 E. Livingston Dr. 
Long Beach, CA  90803-2800 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
Please contact me about retail isea for 2nd & PCH 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Marco Rozzo 
117 Paloma 
Long Beach, CA  90803-2629 
 
Support:  Yes 
 
Comments: 
 
The area living room should not have auto traffic or impact. Cars should only park at the ends and not cut through 
the center to avoid back up and pedestrian/auto exchange.  Needs more retail  - Macy's etc. Not sure whole foods 
needs to be there. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Phyllis Schmidt 
225 Pomona Ave., Apt. 2 
Long Beach, CA  90803-7230 
 
Support:  Yes 
 
Comments: 
 
Would like to be kept posted. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Trish Schooley 
5655 E. Sorrento Dr. 
Long Beach, CA  90803-3643 
 
Support:  Yes 
 
Comments: 
 
Love it! Thank You for the design that melts with the community esthetics - charming. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Buster Schwab 
111 Rivo Alto Canal 
Long Beach, CA  90803-4078 
 
Support:  Yes 
 
Comments: 
 
Well done. Get this one passed please! 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Mary Alice Sedillo 
6163 Laguna Ct. 
Long Beach, CA  90803-4812 
 
Support:  Yes 
 
Comments: 
 
I like what I see, it appears to be well planned based on views and environment.  Good planning. Great 
architecture. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Lindsay Shields 
6401 E. Ocean Blvd. 
Long Beach, CA  90803-5652 
 
Support:  Yes 
 
Comments: 
 
Projects come and go and no matter how good if the city doesn’t fix traffic we'll always be against new projects. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Leonard Simon 
6370 Bixby Hill Rd. 
Long Beach, CA  90815-4701 
 
Support:  Yes 
 
Comments: 
 
Great project & presentation. Let's get it underway 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Bill Smith 
434 Flint Ave. 
Long Beach, CA  90814-2037 
 
Support:  Yes 
 
Comments: 
 
Achitecture feels like OC. Make a bold LB/aquatic statement. Please don't let this become a food court with a few 
shops.  This location is screaming for housing 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Fred Sparrevohn 
6911 E. 11th St. 
Long Beach, CA  90815-4937 
 
Support:  [not indicated] 
 
Comments: 
 
What will be done to get more water. It is not right that we all have to cut back on our water useage. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Linda & Craig Spery 
716 Belmont Ave., Apt. 5 
Long Beach, CA  90804-9029 
 
Support:  Yes 
 
Comments: 
 
Please be sure that parking space are larer than current whole foods shopping center parking spaces.  Ther are not 
viable for SUV's and other vehicles. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Jim Strelow 
16255 Pacific Cir., Apt. 106 
Huntington Beach, CA  92649-1854 
 
Support:  Yes 
 
Comments: 
 
Love your project. Looking forward to some favorite new restaurants 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Eliza Thomas 
231 Ravenna Dr. 
Long Beach, CA  90803-3613 
 
Support:  Yes 
 
Comments: 
 
Please let me know what support you need especially in terms of parking aspects. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Mary Tramantano 
5216 E. Vista St. 
Long Beach, CA  90803-1945 
 
Support:  Yes 
 
Comments: 
 
No chain restaurants. Lots of great regional operations that are great tenants. Good luck, its going to look great. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Leslie & Mark Turpin 
5566 Riviera Walk 
Long Beach, CA  90803-3918 
 
Support:  Yes 
 
Comments: 
 
Love, Love Love. Build it tomorrow! 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Loren U. 
5620 Las Lomas St. 
Long Beach, CA  90815-4140 
 
Support:  Yes 
 
Comments: 
 
The PCH  & 2nd corner feature I feel should have a more iconic aesthetic geared to long beach. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Dan Van Auken 
6400 E. Pacific Coast Hwy., #294 
Long Beach, CA  90803-4206 
 
Support:  Yes 
 
Comments: 
 
I have lived here 6 years. I can be some help to you to stay out of court. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Lee Vieira 
5150 E. Pacific Coast Hwy., Ste. 550 
Long Beach, CA  90804-3342 
leev@ccmclending.com 
 
Support:  Yes 
 
Comments: 
 
Like your plan. Delivery areas look too restricted for FedEx & UPS trucks. Loading dock for whole foods looks 
too narrow for street access 
 
Notes: 
 
Please send me an email, Member of the Limon Park Estates Homeoner Assosciation Board - 600+ homes at PCH 
& Bellflower 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Jay Walker 
420 Flint Ave. 
Long Beach, CA  90814-2037 
 
Support:  Yes 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Judi Walker 
420 Flint Ave. 
Long Beach, CA  90814-2037 
 
Support:  Yes 
 
Comments: 
 
Looks great - lets get it done! 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Rick Ware 
144 N. Loreta Walk 
Long Beach, CA  90803-5037 
 
Support:  [not indicated] 
 
Comments: 
 
Please consider a pedestrian foot bridge over marina drive to allow safe and increased public access to the center. 
Son not put a stoplight or if you do, make sure it is synchronized. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Alaine Weiss 
Via di Roma 
Long Beach, CA  90803 
 
Support:  [not indicated] 
 
Comments: 
 
Like: heights of project, aesthetics, orientation of restaurants and gathering spaces to bay. Dislike: traffic flows, 
overbuilding of retail area, entrances to parking off of 2nd and PCH, noise carrying across bay from night spots 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
John Weiss 
92 Via di Roma Walk 
Long Beach, CA  90803-4153 
 
Support:  Yes 
 
Comments: 
 
Like that it fits in current zoning area.  Question whether entrance from 2nd street side will create traffic 
disruption.  Like the appearance. Like outward facing stores and restaurants. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Claudia White 
8211 Marina Pacifica Dr. N. 
Long Beach, CA  90803-3882 
 
Support:  Yes 
 
Comments: 
 
Very impressive 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Ray White 
5212 Marina Pacifica Dr. N. 
Long Beach, CA  90803-3800 
 
Support:  Yes 
 
Comments: 
 
Great! 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
R. Wildman 
7 Corinthian Walk 
Long Beach, CA  90803-4002 
 
Support:  [not indicated] 
 
Comments: 
 
Like the lower height of project but have concerns on traffic impact. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Jay Williamson 
2251 Roswell Ave. 
Long Beach, CA  90815-2512 
 
Support:  Yes 
 
Comments: 
 
Is it necessary to have main st drive between structures or can it be closed for safer pedestrian flow? 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Joann & Trip Wintenburg 
7332 Marina Pacifica Dr. S. 
Long Beach, CA  90803-3819 
 
Support:  Yes 
 
Comments: 
 
We love it!  Sooner the better. Hoping for an Apple store and Pizza. 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Randy Wolfe 
381 Daroca Ave. 
Long Beach, CA  90803-2102 
 
Support:  Yes 
 
Comments: 
 
Keep me posted on the progress! 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Hap Wood 
Colorado Lagoon 
 
Support:  [not indicated] 
 
Comments: 
 
[none provided] 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Jim Worsham 
worshamcpa@aol.com 
 
Support:  Yes 
 
Comments: 
 
I liked the previous plan better, but lets do something! I still think we need a hotel on this end of town and 
completion of studebaker rd to PCH 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Patti Worsham 
201 Bay Shore 
Long Beach, CA  90803-3582 
 
Support:  [not indicated] 
 
Comments: 
 
Traffic worries! Using studebaker to reroute a large part of congestion is my suggestion 
 
Notes: 
 
[none provided] 
 
 
 



 
1 

2nd & PCH Project 
Community Meeting Comment 

 
Bill Younglove 
20832 Longworth Ave. 
Lakewood, CA  90715-1126 
 
Support:  Yes 
 
Comments: 
 
Its past time. 
 
Notes: 
 
[none provided] 
 
 
 
 




