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ABSTRACT 
 
In 1971, Robert Rauschenberg collaborated with Gemini Graphic Editions Limited (G.E.L.), an 
innovative printmaking studio in Los Angeles, to produce a series of seven prints titled Cardbird I-VII, 
each in an edition of 75. Although the series appears to be made from assorted found cardboard, many 
components are meticulously printed to imitate found materials. Each Cardbird within this series features 
elements which include a five-color offset lithograph background designed to mimic a found cardboard 
surface. It has previously been observed and noted by conservators and the Robert Rauschenberg 
Foundation (RRF) that the lithographic printing found in the Cardbird series can shift from light brown to 
blue-gray. This report includes a literature review, summary of collaborative discussions, input from 
stakeholders, overview of prior analysis, and referenceable lighting guidelines tables. Values-based 
lighting guidelines are discussed as a method to clarify the conceptual beliefs and cultural meanings that 
inform lighting guidelines more broadly. Prior accelerated aging and material characterization tests are 
summarized and contextualized, with an emphasis on how these analytical investigations characterize the 
rate, extent, and underlying mechanisms of the Cardbird light sensitivity. Building on this research and 
literature review, the lighting guidelines can be used for exhibition and long-term risk management 
planning by the RRF, collections, and private collectors. 
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1. INTRODUCTION 
 
1.1 RRF, VoCA, and WUDPAC Collaborative Partnership and Project Overview 
 
This project was conducted as the seventh year of a collaborative partnership between RRF, VoCA, and 
WUDPAC. This partnership provides a new educational model for contemporary art conservation, while 
addressing the specific needs of an artist endowed foundation. Through the technical study of selected 
works, Research Fellows develop conservation guidance to support the long-term care of Rauschenberg’s 
work (Robert Rauschenberg Foundation). The Cardbird I-VII series was selected as the research focus to 
address Foundation concerns. Through the course ARTC-673, scientific analysis was conducted to 
investigate the material composition and rate of light-induced change. Through the course ARTC-667, 
these insights were translated into brief lighting guidelines. This report chronicles associated research for 
this project. 
 
1.2 Robert Rauschenberg (1925-2008) 

Robert Rauschenberg embraced collaborative and experimental approaches, transforming printmaking, 
photography, drawing, sculpture, and performance into cross-disciplinary practices that blurred the 
boundaries between art and life. Rauschenberg notably incorporated found and commercially reproduced 
objects and images into his work, beginning with his education at Black Mountain College in 1948 and 
continuing after he established a studio in New York City. In 1970, Rauschenberg moved to Captiva Island 
off the Gulf Coast of Florida. He was increasingly drawn to the aesthetics and conceptual possibilities of 
found materials–particularly sand, rope, and cardboard–materials that became central to his work (Bois 
and Elliott 2007, 10-11). It was during this period that Rauschenberg completed the series Cardbird I-VII. 
 
1.3 Rauschenberg’s Cardbird I-VII series (1971) 
 
In 1971, Robert Rauschenberg collaborated with Gemini Graphic Editions Limited (G.E.L.), an 
innovative printmaking studio in Los Angeles, to produce a series of seven prints, each in an edition of 75 
(fig. 1). Although the series appears to be made from assorted found cardboard, many components are 
meticulously printed to imitate found materials. Each Cardbird within this series features elements which 
include a five-color offset lithograph background designed to mimic a found cardboard surface. 

 
Figure 1. Cardbird I-IV, from left to right. Image source: Gemini G.E.L, 1971. 
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1.4 RRF: Statement of Need 
 
Exposing collections to light is essential for 
education and accessibility. However, this 
exposure transmits energy to the material, 
leading to cumulative and irreversible changes. 
Artworks that are highly vulnerable to light 
damage, such as those made of paper, textiles, 
or sensitive colorants, require more frequent 

rotation. It has previously been observed and 
noted by conservators and the Robert 
Rauschenberg Foundation that the lithographic 
printing found in the Cardbird series can shift 
from light brown to blue-gray (fig. 2). This change is confirmed to be accelerated by exposure to high 
light levels, typically found in non-museum display settings (Diamond, Grayburn and Warda 2025). The 
primary concern is how to honor Rauschenberg’s intent while incorporating his perspective on the 
ephemerality of his work as best understood. If the trompe l’oeil effect was central to his intent, what is 
the significance of works with components that have a noticeable blue hue? The inherent vice of the series 
may either convey or obscure its central message. As fading and color shifts are irreversible, it is essential 
for stakeholders to reach consensus on the acceptable degree of change, and determine what extent of 
change, if any, signifies that the object has reached the end of its lifetime. Considering this change in 
condition, lighting guidelines will be paramount to the foundation’s ability to maintain accessibility of this 
series and answer questions  regarding the long-term preservation of Cardbird works from private 
collectors and international collections.  
 
2. METHODS 
 
As a result of this investigation, lighting guidelines were created for the Cardbird series (Table 1). 

Table 1. Methodology Overview for developing exhibition lighting guidelines. 

Component Purpose Method 

Values-based 
significance  

Clarify the values that inform the lighting 
guidelines more broadly. 

Reviewed literature. 

Contextualize 
scientific analysis 

Contextualize material characterization and 
fading tests to provide a brief overview of 

the sensitivity of the Cardbird series. 

Overview of completed 
analytical methods (Diamond, 
Grayburn, and Warda 2025). 

Lighting guidelines Create referenceable exhibition light 
guidelines for the Cardbird series for 

collections, private collectors, and the RRF. 

Developed referenceable 
tables. 
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3. LITERATURE REVIEW 
 
3.1 Photo-Sensitive Colorants 

Commercial offset lithograph printing inks exhibit varied lightfastness. Complex degradation processes 
occur when these inks exhibit color shifts in hue and lightness due to environmental conditions. The 
chromophores of dyes or pigments absorb light and can undergo radiative (e.g. fluorescence) and 
non-radiative processes (e.g. bonds break, bonds form, or reactions occur) (Del Hoyo-Meĺendez and 
Mecklenburg 2011, 53, 55, 61; Lackner 2024). Light parameters–such as the presence or absence of 
ultraviolet light, the spectral power distribution (SPD), lux hours of exposure, and the condition of the 
colorants–influence the photodegradation of dyes and pigments. Additional parameters contribute to 
photodegradation independently of or in conjunction with light, such as specific printing ink components, 
atmospheric pollutants, oxygen, pH, relative humidity, and temperature (Giles 1965, Groeneveld et al. 
2023, King 1928, Lackner 2024, Pirok et al. 2019, Salvin 1963). Integrating the effect of light with other 
photodegradation factors can be challenging. Groeneveld et al. (2023, 3-5) provide a broad overview of 
recent research on the photodegradation of dyes and pigments, with a particular emphasis on the intensity, 
exposure time, and spectral distribution of the irradiation source. The photochemistry of dyes and 
pigments, including direct and indirect photodegradation pathways, has been extensively studied and is 
dependent on the chemical structure and quantity of pigment or dye used (Lackner 2024; Groeneveld et 
al. 2023; Hird 2000, 424; Cesarrato, Lombardi, and Leona 2017).  

3.2 Lighting Guidelines for Photo-Sensitive Colorants 

The goal of lighting guidelines is to minimize changes in condition while maximizing accessibility, 
supporting the transition from a perspective where highly light sensitive objects are “feared,” to one where 
nuanced understandings of change, its timelines, and risk management approaches inform decision 
making processes (Michalski 2018; Beltran 2018, 6).15 As stated by Ford and Smith: “[i]t is not generally 
understood that risk avoidance itself is a counterproductive and potentially dangerous [behavior] precisely 
because it discourages systematic risk assessment, and in practice delivers rapidly diminishing returns at 
high marginal cost, diverting attention and resources from competing priorities.” The ideal approach of 
light management at museums involves identifying the most vulnerable works and concentrating 
resources on protecting them, rather than applying blanket rules to colorants or materials that allow for 
little opportunity for deviation or nuance (Ford and Smith 2011, 80, 85). 

The International Organization for Standardization (ISO) Blue Wool (BW) reference standards (eight in 
total) fade at a known rate and are commonly used to classify the light sensitivity of collections in the 
context of lighting guidelines. BW1 is the most light-sensitive, and BW8 is the most lightfast. Each 
progressive BW standard within the series requires twice as much light exposure as the preceding 

15 Additional measures to minimize light damage to collections can encompass blocking light through exhibition 
design (UV filters, screens, motion-activated lighting systems, curtain or drawer systems that require visitor 
interaction to reveal the work) as well as ongoing light monitoring and visual investigation of fading. Additionally, 
installation with a darker wall to make colors more vivid in a work on display, replication, or more frequent rotation 
can be considered (Michalski 2018; Brokerhof, Kuiper and Scholten 2018, 28). However, some of these approaches 
may negatively impact accessibility, collections engagement, and the total expenses associated with exhibitions 
(Ford and Smith 2011). 
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standard to fade to the same degree (CAMEO 2022).16 Guidelines may include the following information: 
assumed exposure per day (visible, UV, and IR), cumulative hours of display, approximated duration of 
exposure to reach quantified Just Noticeable Fade (JNF) (1 JNF = 1-1.6 ∆E), and established useful color 
lifetime based on object significance (Light Damage Calculator. The lower light limit of 50 lux is 
considered the minimum light level for viewing conditions. However, 50 lux is often inadequate for older 
visitors and those with vision impairments. Additionally, 50 lux inhibits the ability of all viewers to 
closely observe fine details or objects with low reflectance, low contrast, large size, at long viewing 
distances, and with limited viewing time (Ford and Smith 2011, 81, 84). Adaptation of established 
guidelines can inform the development of lighting guidelines for a specific work or series (BW1-3) (table 
2).  
 

Table 2. Reference lighting guidelines for sensitive colorants from varied international organizations. 

Institution Lighting Policy for Sensitive Colorants (BW1-BW3) 

Canadian 
Conservation 
Institute (CCI) 

For BW 1, 2, 3 at a daily exposure of 8 hours, each year 3,000 hours: 
 

Exposure amount Just noticeable fade Almost total fade 

50 lux 1.5 - 20 years 50 - 600 years 

150 lux 0.5 - 7 years 15 - 200 years 

* “The ‘almost total fade’ is based on a conservative estimate of 30× the ‘just 
noticeable fade,’ although fading often slows down, so that an estimate of 
100×, the just noticeable fade is probable for many colours” (Michalski 2018). 

Conservation 
Center for Art and 
Historic Artifacts 
(CCAHA) 

50 lux of visible light, <75 microwatts/lumen UV light, 3 months (CCAHA 
2011). These guidelines are now somewhat outdated, as LED and filters allow 
for the complete elimination of UV light in museum environments.  

National Museum 
of Australia 
(NMA) 

Goal of 1 JNF/50-year limit. High significance objects that are as sensitive as 
<BW2 standards should have 50 lux with an “individually decided” 
years/decade exhibition exhibition total. High significance objects that are as 
sensitive as BW2-3 standards can have 50-100 lux lighting, with lower 
conditions as possible, with 2 years/decade exhibition exhibition total. 

Netherlands 
National Museum 
of Ethnology 

Subdivided “sensitive” into “sensitive 1” (BW1 or worse), “sensitive 2” 
(BW2–3) and “sensitive 3” (BW3–4), with an additional “vulnerable” category 
containing “sensitive 1’ objects which are also pristine.”17 BW 2 or above are 
allowed a 2-year, 50 lux schedule (Ford and Smith, 2011, p. 82) 

17 This notion of “pristineness” is a feature of objects with low lightfast colorants (Ford and Smith 2011, 82). 

16 Approximate correlation of an object with a specific BW standard is the result of microfade testing (MFT). MFT is 
often used as a general screening tool to collect fading information for the most photo-sensitive colorants. This is 
crucial for developing specific and appropriate lighting guidelines for the most sensitive materials (Ford and Smith 
2011, 82). However, as an accelerated aging test, there is the possibility of reciprocity failure and results should be 
seen as estimates rather than prescriptive determinations of how an object will be impacted by light.  
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Texas Historical 
commission 

50 lux of visible light, 0-10 microwatts/lumen (ideally, 75 max, UV light, 
3-month max display. When exhibiting collections with variable light 
sensitivity, choose guidelines for the most sensitive component (Texas 
Historical Society 2013)​. These guidelines are now somewhat outdated, as 
LED and filters allow for the complete elimination of UV light in museum 
environments. 

Victoria and Albert 
(V&A) Museum 

The V&A established a minimum useful colored lifetime for objects: 500 
years, broken into 50-year blocks during which objects are allowed 1 JNF. 
After 10 JNFs, the object was considered no longer fit for museum display. 
Objects that correspond to the ISO Blue Wool (BW) standard of 1-4 could be 
displayed for a maximum of two years/decade at 50 lux (Ford and Smith 2011, 
80). 

Winterthur 
Museum 

“Gallery lighting is on for approximately 295 hours per month. This is a slight 
overestimate, and the number of hours Winterthur recommends is used when 
considering cumulative exposure for objects on loan.” Paper and organic 
colorants are generally exhibited at 50 lux (Winterthur Museum, 2016). 

 
Although lighting guidelines may appear as straightforward quantifications to follow, there are many 
subtle nuances that inform lighting guidelines and limit their universality. Ford and Smith (2011) bring 
address the limitations of using supposedly objective criteria (i.e. JNF, cumulative dose calculations) in 
isolation to develop lighting guidelines. These criteria, although scientific, still do have a degree of 
uncertainty, assumptions, simplifications, and over-generalizations built into them. For example, viewer’s 
perceptions of color changes are not uniform, cumulative dose calculations are overly prescriptive, 
experimental standards (i.e. Blue Wool standards) may vary, museums often have different established 
object lifetime periods over which they hope to preserve colorants (500 versus 1,000 years), and fading 
may not proceed at a constant rate and may be significantly altered by compounding environmental 
conditions (Brokerhof et al 2008, Richardson & Saunders 2007, Pretzel 2008, Kuenhi Rolf 2008, Zhang et 
al 2008). Scientific analysis can be contextualized with conceptual, institutional, and practical 
considerations to develop lighting guidelines for a particular object. 
 
3.3 Value-Based Lighting Guidelines 
 
The perception of color change is dependent on the function of an object, the role of color as a 
“character-determining feature,” and the broader cultural importance of a specific work (Brokerhof, 
Kuiper and Scholten 2018, 32). The value of an object to stakeholders will inform the significance of 
light-induced color changes. This in turn impacts how light guidelines are developed to protect 
photo-sensitive colorants. Values are not necessarily stable or objective attributes: they are contextual, 
relational, and adapt with the zeitgeist of each moment. Therefore, values-based lighting guidelines 
require periodic review and collaborative partnerships to contextualize quantitative fading data (Ford and 
Smith 2011, 82-83). Conducting systematic significance assessments involves clarifying many qualities, 
some of which include the following attributes: 
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●​ Interpretive significance: Exploring the importance of a particular object in the context of the 
artist, material tradition, cultural context, local/regional audience of an organization, specific 
communities or groups with related knowledge or interests, and historic significance. This 
category emphasizes that the importance of a work does not solely lie in the tangible form (Ford 
and Smith 2011, 83; Henderson 2020, 196; Reed 2018, 16-17). 

●​ Color significance: Determining the centrality of color to the meaning of a work. Considering the 
intrinsic value of physical material (Ford and Smith 2011, 83). 

●​ Distinctive significance: Establishing whether there are duplicates or alternatives; whether a work 
is an exceptional/typical/substandard example of comparable collections (Ford and Smith 2011, 
83; Reed 2018, 16). Should one object absorb most of the fading in order to preserve others, or 
should condition changes be distributed evenly across similar works?18  

●​ Anticipated significance: Considering whether a work will be as important in the future as it is 
now; considering if it is possible, desirable, or ethical to control the impact of restrictions based 
on an unknown future circumstance. Relying on “future display history” to set exposure limits is 
inherently a speculative approach (Ford and Smith 2011, 83; Scaturro 2023, 94; Henderson 2020). 

These attributes can be clarified through consultations, surveys, and historical research as described by 
varied significance assessment toolkits (Russell and Winkworth 2009; Reed 2018; Henderson 2020). 

3.4 Summary of Photostability Investigation 
 

The color shift of the Cardbird series was confirmed to be light-induced, with the most sensitive color–the 
magenta of the CMYK offset lithograph–corresponding to a BW1-2 in both actual before/after exhibition 
color measurements and accelerated aging tests (Diamond, Grayburn, and Warda 2025; Hark 2025). 
  
4. LIGHTING GUIDELINES 
 
4.1 Lighting Guidelines 
 
These guidelines were created to encourage openness and agency for stakeholders hoping to exhibit this 
innovative series (table 3). For highly light-sensitive colorants, generally 50 lux is the recommended 
visible light level when exhibited. However, works of this scale would be very difficult to light evenly at 
50 lux and would not be well enough lit to be visually accessible by most audiences. Therefore, light 
levels at or below 100 lux would be more realistic for accessible lighting conditions. These higher light 

18 There is certainly not one "correct" answer from a conservation perspective for this question. In a unique research 
study conducted in 2015-2016 at the University of Amsterdam’s Special Collections, public opinions were compared 
to those of professionals regarding this central question. In the context of this experiment, the public and 
professionals both valued spreading fading over a collection if works are not faded, and valued sacrificing one object 
to preserve others if a work is already faded (Brokerhof, Kuiper and Scholten 2018). Rotations are often considered 
the default ethical approach, but causing damage to all works can easily become undisputed policy without critical 
reflection. These questions may ultimately depend on the specific context or collection mission. Careful “rationing” 
of rarely displayed objects may be a financial waste and unnecessary restriction (Ford and Smith 2011, 82).  

Page 7 
 



 

levels can be offset by less frequent exhibition, shorter duration of exhibition, or more frequent rotation of 
objects in an exhibition. The elimination of ultraviolet light is essential, as these works are observed to 
shift in color most rapidly in private collections where ultraviolet light is not eliminated. Previous 
guidelines indicate that small amounts of ultraviolet light exposure (0-10 microwatts/lumen) is acceptable, 
but filters and LED light sources allow for the complete elimination of UV light. As observed with actual 
color measurements before and after exhibition, 115,000 lux hours of exposure caused a ∆E*00 of <0.5, 
indicating that color change does occur with each exhibition and eventually a just noticeable difference 
(JND, equivalent to ∆E*00=1) will occur, but that it is still safe to exhibit the work alongside a light 
management strategy (Diamond, Grayburn, and Warda 2025). Long-term risk management decisions by 
collections can be made with the support of a calculation of just noticeable fade and almost total fade 
based on exhibition frequency and annualized exposure estimates (table 4). 
 

Table 3. Cardbird I-VII lighting guidelines summary for 50 lux exposure. 

Visible light level <100 lux 

Ultraviolet light level 0 microwatts/lumen 

Duration for UV-free illumination ~100,000 lux hours19 

 
Table 4. Cardbird I-VII long term light management planning.20  

Scenario Annualized exposure21 JNF22 Almost total fade (30 𝗑 JNF)23 

Every 3 years 33,333 lux hours/year ~10 years ~ 297 years (theoretical) 

Every 5 years 20,000 lux hours/year ~16.5 years ~ 495 years (theoretical) 

Every 7 years 14,286 lux hours/year ~23 years ~ 693 years (theoretical) 
 

 

23 The almost total fade is based on an estimate of 30 times the JND. However, this value is highly theoretical as 
fading often slows down (Michalski 2018). This value was calculated by assuming that an almost total fade occurs at 
30 times the 330,000 lux hours estimated to cause 1 JNF. Therefore, 9,900,000 lux hours would cause an almost 
total fade. Therefore, dividing 9,900,000 by the annualized exposure will provide an estimated time for the almost 
total fade to occur. 

22 If 115,000 lux hours is observed to cause approximately ∆E*00 ≈ 0.5, then 330,000 lux hours can be assumed to 
cause ∆E*00 ≈ 1. 330,000 lux hours divided by the annualized exposure produces the number of years at which a 
∆E*00 ≈ 1 will occur (Diamond, Grayburn, and Warda 2025). For example, 330,000 lux hours / 33,333 lux hours per 
year = 9.9 years. 1 JNF does not indicate a work is unexhibitable. 

21  Each exhibition is assumed to expose the Cardbird to approximately 100,000 lux hours. Therefore, the annualized 
exposure can be calculated by dividing 100,000 lux hours by the interval of exhibition. For example, 100,000 lux 
hours / 3 years = 33,333 hours / year.  

20 The following scenarios in this table are examples which can be adapted over time, and can include duration of 
spaced exhibitions that are not outlined here. 

19 This cumulative total can be used to calculate specific conditions for lighting exposure. For example, an exhibition 
where an object is displayed at 100 lux x 8 hours a day x 7 days a week x 12 weeks would have a total exposure of 
67,200 lux hours. This can be easily adjusted to accommodate variations in duration of exposure. 
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4.2 Future Research 
 
Formalizing a values-based lighting guideline reference may be of interest to stakeholders. Future 
research could identify different levels of sensitivity within the series based on previous exhibition history 
and observed color shifts (i.e. pristine, mild to moderate, and extensive) (fig. 3). However, the more 
nuanced lighting guidelines become, the less accessible they are to stakeholders and the more room for 
interpretive error.  
 

 
Figure 3. Example of Cardbird I-VII classification of sensitivity based on the condition status. 

 
5. CONCLUSION 
 
Lighting guidelines for the preservation of contemporary art can be approached with a balance of 
accessibility and risk management. As Brokerhof, Kuiper, and Scholten (2018) emphasize, collections 
managers hold responsibility for the rationale behind decisions for future generations. Thoroughly 
considered exhibition policies, rooted in an understanding of both the scientific and ethical dimensions of 
preservation, are essential. Lighting guidelines can underscore the importance of evaluating potential 
losses in value, particularly in the context of significant cultural heritage, and further highlight that 
managing these risks requires careful consideration of the long-term effects on significance (Michalski's 
2004, Ford and Smith 2011). By integrating risk assessment with informed decision-making, curators and 
conservators can safeguard the integrity of contemporary artworks, such as the Cardbird series, while 
ensuring their accessibility for future audiences. 
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