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Purpose 
As many as a billion birds die, every year, colliding with glass on buildings in North 
America (Loss et al., 21014) for two simple reasons. Birds have no concept of glass as a 
transparent or reflective barrier. They take reflections literally and may also try to fly 
through glass to habitat on the other side (Sheppard and Phillips, 2015). Birds have 
cultural and intrinsic value, but they also contribute hundreds of billions of dollars 
annually in ecological services, moving seeds to regenerate habitat, consuming insects 
that eat crops, destroy forests and transmit diseases like West Nile Virus (Sekercioglu et 
al., 2016). Birds are also the basis of a birdwatching industry estimated to U.S. Fish and 
Wildlife Service, 2020), so this is a tremendous waste of a valuable natural resource. As 
recognition of this problem grew, earlier in this century, bird-rescue groups began to 
recommend ‘increasing visual noise on the façade’ or not using ‘large’ panels of glass.   

 
These early guidelines for bird-friendly design strategies were undermined because 
recommendations were non-specific, and it was difficult to determine what constituted 
compliance. It is also difficult to objectively define what makes glass ‘bird-friendly’. 
Although used frequently, the term itself provides no specific guidance. Architects 
interested in designing a building that does not kill birds could select products for their 
insulation value or breaking strength, but there was no similar system for specifying 
bird-friendly materials. 

 
In 2010, American Bird Conservancy and a team of experts developed the concept of 
“threat factor” (TF) as a way to assign scores that measure birds’ ability to see and avoid 
patterned glass and other materials. These scores allow architects to design buildings 
using rated glass and also permit evaluation of products that can be applied to existing 
glass (“retrofits”) to reduce collisions. They also made it possible to create a credit for 
reducing bird collisions in the LEED rating system (. 
 
Ideally, Threat Factors could be derived from monitoring collisions on a diversity of 
existing windows, replacing that glass with a product thought to be bird-friendly, and 
then continuing to monitor for differences. Unfortunately, this type of data is very rare 
and this type of test would also be very costly. It would also take years to acquire enough 
monitoring data to reliably detect a trend and, importantly, it would kill birds. 
    
ABC realized the need to create a way to objectively evaluate the effectiveness of a given 
material for deterring collisions. The first method used was a ‘tunnel test’, originally 
developed in Austria in response to high rates of bird deaths on highway noise barriers. 
[refer to separate doc or separate section on tunnel function?]. As more information has 
accumulated, we have developed additional ways to assign TF scores. We will continue 
to enlarge the Reference Standard as new techniques and information allow. 
 
Developed and Maintained via Consensus Process 
 
The Reference Standard is part of a process of peer reviewed, scientific enquiry.  
“Tunnel testing” is a non-injurious, standardized binomial choice technique that uses 
wild birds to determine the relative effectiveness of patterns at deterring bird collisions. 
It was first developed for evaluating glass at the Hohenau Bird Banding Station in 



 

 

Austria (Rössler and Zuna-Kratky. 2004; Rössler, 2005’; Rössler et al., 2007; Rössler 
and Laube, 2008; Rössler, 2013; Rössler et al., 2015; Sheppard, 2019), although Ley was 
using something similar at the Max Planck Institute as early as 2006 (Ley, 2006; Fiedler 
and Ley, 2013). Tunnel testing produces ‘tunnel scores’ (TS= the percentage of a test 
group that flies towards the control glass), and tunnel scores are the basis for Threat 
Factors. For many materials, TF=100 -TS. 
 
Other types of tunnel binomial choice protocols have been used in related research on 
responses to light color (Goller et al., 2018), and investigating avian response to obstacle 
flight (Bhagavatula et al, 2011, Lin et al., 2014, Ros et al., 2017; Schiffner et al., 2014; 
Schiffner, Ingo and Mandyam V. Srinivasan, 2015; Vo et al., 2016). 
  
Currently, in the U.S., American Bird Conservancy’s tunnel testing takes place at the 
Carnegie Museum of Natural History’s Powdermill Nature Reserve. Both the Austrian 
tunnel protocol and the U.S. tunnel have been peer reviewed in scientific journals 
(Rössler et al., 2015; Sheppard, 2019). The Austrian process is also the Austrian 
Standard for Evaluating Freestanding Glass (ONR 191040). The ABC tunnel was 
evaluated with reference to the Austrian tunnel and found to produce statistically 
equivalent results(Sheppard, 2019).  
 
In addition to ABC staff, the tunnel protocol is overseen by Carnegie Staff and the Bird-
safe Building Alliance. A second tunnel will be constructed in 2020 at Foreman’s Branch 
Biological Station, affiliated with Williams College, in Virginia. The tunnel protocols 
have been evaluated by the Institutional Animal Care and Use Committees of the 
Wildlife Conservation Society and Fordham University, and maintains appropriate State 
and Federal permits. A detailed description of the tunnel test can be found in Appendix 
Q. 
 
Peer reviewed literature has supported the results of tunnel testing. Research that 
provides information on avian visual ecology, flight behavior and route choice flight 
(Bhagavatula et al, 2011, Lin et al., 2014, Ros et al., 2017; Schiffner et al., 2014; 
Schiffner, Ingo and Mandyam V. Srinivasan, 2015; Vo et al., 2016) explains, for 
example, that pattern spacing guidelines found to deter collisions correlate with 
dimensions of bird bodies in flight. Reports from monitoring programs providing data 
on collisions rates before and after application of retrofit deterrents (Cusa et al., 2015; 
FLAP Canada, 2018) indicate that TF scores do represent relative effectiveness at 
deterring collisions.    
 
In order to keep tunnel testing from creating a bottleneck and to make a range of 
options available quickly, ABC partners with the Bird-Safe Building Alliance (BSBA) a 
group consisting of architects experienced in bird-friendly design, conservation 
biologists, and other collision experts. A minimum of six people can use a range of 
additional information sources to assign a TF. In a simplistic example, this allows us to 
assign a score of TF=0 to a brick wall without having to conduct a tunnel test (see xxx). 
 
Conservative TFs can be assigned to products that: a) were tested using other, peer-
reviewed protocols (Hohenau tunnel, Muhlenberg College) that BSBA has determined to 



 

 

be equivalent or translatable to tunnel testing scores, b) were studied by scientists or 
experienced building collision monitors with a documented reduction in collisions of at 
least 50%. TFs can be assigned to materials that are similar to tested materials. TFs can 
be assigned to materials that meet a descriptive standard.  
 

Scope of Standard 
 
It should be stated here that this standard does not apply to most glass, because 
most glass is the cause of bird collision mortality. This standard applies to  

1. glass that incorporates a pattern, created by coatings, frit or other 
obstructions. This category is not limited to glass designed and marketed 
to deter collisions.  

2. It also applies to glass that is opaque and does not create a strong 
reflection, like some continuous surface etched glass ie spandrel glass. 
 

Both these categories include glass assemblies like Insulated Glass Units 
(IGUs), monolithic and laminated glass. The standard distinguishes relative 
effectiveness among members of these categories of materials.     
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Tunnel Score 
Contrast sensitivity 
Pattern 

Visible Light Reflection 

The percentage of visible light that is reflected by the glass surface, 
measured in the 380-780nm wavelength range perpendicular to the surface. 
The VLR can be given as the reflection from the external surface 1 or 
internal surface 2. The higher the percentage the more reflection. Also 
known as LR, VR and Rvis. 
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Key Performance Criteria & Variables  
 
 

 

 

 

9. Determination of Threat Factors 

a. TF per Bird-friendly Materials Evaluation Program at Carnegie Museum’s 

Avian Research Center Test Protocol  

b. TF per Prescriptive Criteria  



 

 

c. TF per other evaluation protocols 

10. TF Data Sheet Template 

 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 


