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INTRODUCTION 

the challenge of reaching an acceptable compromise 
between adequate exhibition lighting and minimizing 
light-induced damage is complicated both by the 
difficulty of accurately estimating cumulative exposures 
in exhibition spaces exposed to variable levels of indirect 
light, and predicting or measuring the different rates 
of light-induced change experienced by different 
components of museum objects. this paper deals 
with the first problem, while the second has usually 
been addressed by accelerated light exposure tests on 
surrogate samples of colorants known or suspected 
to be used in the construction of objects [1–3]. For 
some years museums have used guidelines proposed 
by thomson [4], whose approach has been elaborated 
over time in schemes for which exposure periods are 
based on improved material responsiveness classifications 
and an estimate of an object’s desired display lifetime 
[5–8]. a relatively recent innovation, micro-fade testing, 
improves this approach by allowing non-destructive 

Accurate estimates of cumulative light exposure are an important prerequisite for the assessment and limitation of photochemical 
damage to museum objects on display. The task is complicated because spotlights used to highlight particular features illuminate objects’ 
surfaces unevenly, and also because indirect light sources, for example diffuse sunlight within exhibition spaces, result in changing total 
illumination levels throughout the day and seasonally. This paper presents a methodology for determining the annual light exposure 
of 2-D objects by combining the results of continuous light readings adjacent to the object and one-off point measurements over 
its illuminated surface, a method that allows a more accurate estimate of total exposure than either monitoring method alone. Two 
pieces of information are required to calculate cumulative exposure: first, the ratio of direct to indirect lighting, which is arrived at by 
quantifying the amount of visible light falling on the object relative to that received by its surroundings; and, second, the diurnal and 
seasonal variation in illuminance of indirect light sources, particularly diffuse daylight. Two paintings in different galleries exposed to 
different ratios of diffuse sunlight to direct artificial light – one low and the other high – were used to refine and test the method.

accelerated testing of real objects, addressing the con-
siderable and usually unpredictable contribution of 
prepara tion, application and prior exposure of colorants 
to the actual fading rates of light-sensitive materials 
[9–11]. Most museums, however, still make use of these 
recommendations without a systematic light-monitoring 
program to accurately quantify cumulative light expo-
sures of individual works.

numerous investigations have been conducted 
on the interaction of light with museum materials 
[12–14], and on the use of electronic and chemical light 
dosimeters as a way of estimating exposures received by 
museum objects [15–17]. the high sensitivity of some 
materials typically found in museum collections have 
led to the development of more sensitive dosimeters 
[18, 19], for example one based on the color change 
of photosensitive dyes developed by Bacci et al. [20]. 
although low-cost chemical dosimeters address the 
prohibitive expense of placing electronic dosimeters 
next to each object, the visual evaluation of dose-related 
color changes, calibrated against known laboratory 
exposures, is somewhat subjective. in addition, because 
the calibration is usually carried out at much higher 
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light levels than typical museum lighting, the calibration 
may be intrinsically unreliable in particular cases where 
a failure of reciprocity, which assumes that the effects 
of 10000 lux for 1 hour and 10 lux for 1000 hours are 
equivalent, occurs [21–23].

recently, there has been a trend towards the use of a 
combination of natural and artificial light in museums, 
particularly when lighting moderately light-sensitive 
and insensitive objects [24, 25]. natural lighting may on 
occasions more faithfully reproduce the artist’s intent, 
as well as provide energy-saving benefits; however, its 
ultraviolet (uv) component, which also varies with 
the weather, time of day and the seasons, is even more 
damaging than its visible counterpart [4]. For these 
reasons its quantity is usually deliberately limited and 
supplemented by artificial lighting, and because the 
natural light component is inherently variable, each must 
be quantified individually to arrive at a total exposure. 
the benefit of the proposed method is not only that an 
accurate determination of exposure may be made, but 
also that the balance between artificial and natural light 
may be set depending on the sensitivity of the objects 
forming the exhibit and the lighting effect required.

two-dimensional objects hung on vertical surfaces 
are typically lit using a combination of direct sources and 
indirect, whether indirect artificial gallery lighting or 
sunlight. the former are used to highlight specific areas 
of an object while indirect lighting is used to enhance 
architectural elements in the exhibition space, to reduce 
contrast with strongly lit works, or to harmonize color 
throughout the exhibition space. a badly judged ratio of 
direct to indirect light can result in highly saturated or 
unsaturated colors depending on how the object reflects 
the light back to the observer [26]. the effect this ratio 
has on the perception of works has been summarized 
by cuttle [27], who notes that typical ratios employed 
by museum lighting designers are 1.5:1 or 3:1, which 
he classifies as ‘noticeable’ or ‘distinct’, respectively. the 
terms ‘object’ and ‘ambient’ are sometimes used to refer 
to ‘direct’ and ‘indirect’ lighting respectively; however, for 
consistency the latter pair of terms is used throughout 
this paper.

earlier contributions to the field include the work 
of Saunders [28] and Staniforth [29], which focused 
on measurement methodology and calculation of the 
cumulative exposure, respectively. Similar logging devices 
were employed for evaluating the light levels in models 
of the galleries at the national gallery in London and 
at clandon park, an eighteenth-century house owned 
by the national trust. Both authors mention some 
of the disadvantages of the instrumentation, which 

included the need for amplification of the signal, a 
limited amount of memory space, and a short battery 
life. Staniforth uses the average illuminances for a given 
recording period and recognizes that a very crude 
assessment of the annual exposure can be obtained by 
multiplying the daily exposure by the number of days 
of the open season. other light-monitoring programs 
are based on estimating total exposures near objects 
without taking into account the effect of spotlights [30, 
31], and conversely some authors have recommended 
annual light exposures based on the sensitivity of 
the object and spot readings, without evaluating the 
variable contribution of indirect lighting, particularly 
natural daylight [32, 33]. this work outlines a systematic 
approach for incorporating the contribution of both in 
total exposure estimates.

the goal of the research was to assess the feasibility 
of quantifying total light exposures in different locations 
by decomposing them into their natural and artificial 
lighting components and to compare the results with 
estimates in which only one or the other was considered. 
continuous illuminance measurements and spot readings 
were taken in several areas of the donald W. reynolds 
center (dWrc) for american art and portraiture in 
Washington, dc, from 1 november 2007 to 31 october 
2008, as part of a comprehensive light levels monitoring 
program [34]. this building is shared between the 
national portrait gallery (npg) and the Smithsonian 
american art Museum (SaaM). a track lighting 
system combined with some natural light radiation is 
used throughout the museum to create specific lighting 
scenarios for individual works of art. these lighting 
settings typically include one or more direct light 
sources of higher illuminance value aimed towards the 
artifacts as well as indirect light sources which might 
include diffuse daylight, ambient lighting and floodlights. 
Most paintings in the museum galleries examined are 
illuminated with a combination of low-voltage (5.5–
12 v) and line-voltage (120 v) halogen lamps employed 
for direct and indirect lighting, respectively. in this study, 
two paintings in different spaces within the npg were 
chosen to represent different balances of direct and 
indirect lighting in order to examine the implications of 
each scenario for the calculation of annual cumulative 
exposures of paintings within them. Both galleries have 
the same invariant 12-hour gallery lighting schedule 
364 days in a year; however, it is recognized that 
circumstances are not always that straightforward. Some 
museums are closed on particular days of the week and 
holidays, and host special events during the evenings, and 
cleaners and security staff require lighting after hours to 
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work. the current project forms part of the development 
of new and comprehensive museum lighting policies 
and procedures for the Smithsonian institution that 
take more fully into account the variations in lighting 
scenarios and light levels experienced by exhibits.

EXPERIMENTAL METHODS

a total of 25 eLSec 764c recording environmental 
monitors (Littlemore Scientific engineering, dorset) 
were employed in the study. these meters record visible 
light in lux (lm·m–2) in the 400–700 nm range and the 
proportion of uv radiation in μW·lm–1 from 300 to 
400 nm. they are cosine corrected for angular response 
and their stated accuracy by the manufacturer for the 
visible and uv ranges is 5% and 15%, respectively 
[35]. data files were downloaded to a laptop via a 
uSB2ir external wireless mini adapter (Startech.
com, ohio, uSa) into rview 3.8 for eLSec monitors 
(Littlemore Scientific engineering), from which they 
were subsequently exported to a spreadsheet for plotting 
and analysis.

Stationary monitors programmed to take readings at 
10-minute intervals were installed next to 24 separate 
works of art on each of the three floors of the dWrc. 
they were installed in boxes, leaving only the sensors 
exposed, approximately 1 m from the center of the accent 
light beams, and a separate movable meter was used to 
take spot measurements across the surface of the paintings 
and drawings themselves. these measurements were 
taken as close as possible to the object without making 
any contact with its surface, and with the monitor held 
at the same orientation to the light source(s) as the 
corresponding stationary monitor. Because there were 
variations in illuminance across the surfaces of the spotlit 
paintings, a square grid of 10–20 cm2 was imposed on 
printed photographs of the works, and five averaged 
measurements taken from the center of each square were 
used to find the maximum illumination, which was taken 
to be the direct light illuminance value. using this value, 
and readings from the stationary monitors, the direct 
(movable) to indirect (stationary) lighting ratios could be 
calculated, and the total cumulative exposures for each 
of the works could be estimated from the integral of the 
illuminance versus time plots.

Calculation of lighting ratios and total  
light exposure

a similar approach to the one employed in photography 
and cinematography was used [36], where key and fill 

lights are analogous to museum direct and indirect lights. 
the direct to indirect lighting ratio R was obtained by 
dividing the direct illuminance value E

m
 (lx), by the 

indirect light component E
s
 (equation 1) where the 

subscript ‘m’ denotes the movable and ‘s’ the stationary 
light meter readings:

R = E
m
/E

s 
:1  (for example 2.5:1) (1)

in some cases a direct light with a large beam angle 
directed towards a small painting can produce a spot 
large enough to overlap with the stationary moni-
tor. conversely, a large painting may be exclusively 
illuminated with floodlights. in both situations, the 
expo sure experienced by the painting and the adjacent 
monitor would be similar since an approximated 1:1 
ratio of direct to indirect artificial lighting is obtained. in 
the absence of natural light, the ratio of direct to indirect 
light (R) allows the total artificial light received by the 
object (E

v(artificial)
) to be calculated from the value recorded 

by the stationary monitor as shown by equation 2:

E
v(artificial)

 = E
s(artificial)

 × R   (2) 

it is known that all artificial light sources experience 
a loss in luminosity as they age. For example, halogen 
lamps are known to have lumen depreciation factors of 
approximately 0.9 [37]. thus, lamp aging and its effects 
are a possible source of error in the calculation of the 
annual exposure. However, this estimation method 
assumes that deviations in illuminance caused by these 
losses do not alter the results significantly. therefore, the 
total artificial light exposure for the object (H

a
) in lux 

hours is obtained using equation 3:

H
a
 = E

v(artificial)
 × t  (lx·h)   

(3)

where t is exposure time in hours.
Because daylight levels experienced by the painting 

and those recorded by its corresponding stationary 
monitor are assumed to be equal (E

m(daylight)
 = E

s(daylight)
), the 

total light received by the painting (E
v
), including diffuse 

daylight, is the sum of the artificial light component 
striking the painting when the lights are on (E

m(artificial)
) 

and changing diffuse daylight levels throughout the day 
(E

s(daylight)
) as shown by equation 4:

E
v
 = E

s(daylight)
 + E

m(artificial)
  (4)
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if the exact sunrise and sunset times cannot be discerned 
from the data, an online calculator may be employed 
[38].

Figure 1 shows a painting in a hypothetical museum 
gallery illuminated by a direct source and two indirect 
sources. the light monitor located next to the work of 
art detects a mixture of diffuse daylight and radiation 
from a floodlight while the painting receives higher 
illumination from the two secondary sources plus the 
spotlight. the combined effect of various lamps acting 
upon the painting is obtained by adding the individual 
illuminances produced by each light source according to 
equation 4.

Figure 2 shows illuminance measurements in a day for 
a hypothetical museum gallery with diffuse natural light 
as well as artificial lighting from 06.00 to 18.00 hours. 
a stationary light monitor registered a gradual increase 
in illuminance from 06.00 until 11.50 when it reached 
a maximum of 166 lx. this was followed by a gradual 
decrease from 12.00 to 18.00. the exhibition space had 
a 100 lx artificial light baseline in illuminance during 
the entire 12-hour period allowing the natural light 
component to be calculated by subtracting the latter from 
the total light recorded by the stationary monitor:

E
s(daylight)

 = E
s(total)

 – E
s(artificial)

  (5)

the result can be used to generate hypothetical 
approximate annual light exposures for a gallery 
illuminated by a combination of daylight averaged 
over the year and direct light sources of any overall 
illuminance value, in this case 100 lx.

RESULTS AND DISCUSSION

two case studies show the importance of accounting 
for natural light in determining cumulative exposures. 
the first is a setting in which the levels of artificial light 
were much higher than the natural light contribution 
throughout the entire year, and for the second, artificial 
and natural light dominated at different times depending 
on the month. 

Calculation of the annual light exposure received 
by an object where artificial light dominates

the first case study involves a 69 × 56 cm oil on canvas 
portrait of dorothea Lynde dix painted by Samuel Bell 
Waugh in 1868 (npg 97.38, Figure 3). the painting and 
its stationary monitor were located on an east-facing wall 
in gallery e112 on the first floor in the north-east corner 
of the building. the work was illuminated by a spotlight 
and ambient gallery lighting, and also exposed to diffuse 
daylight from the north and east windows at varying 
levels throughout the day and at different times of the 
year. point measurements of ambient light at several 
locations away from the painting correlated well with 
continuous illuminance readings logged by the stationary 
meter, while the principle light level gradations moving 
out from the area of maximum illumination (without 
daylight) are illustrated in Figure 3.

in the absence of daylight, spot measurements 
within each of the 30 grid locations across the painting 

Figure 1 A hypothetical gallery in which direct and indirect light sources 
are used for illuminating a painting.

Figure 2 Illuminance measurements from a hypothetical museum gallery 
showing the total illuminance data separated into its artificial and natural 
light components. 
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showed that the sitter’s face was the area most strongly 
lit at 162 lx (E

m
), for a total cumulative exposure 

(H
a
) of 1944 lx·h/day (equation 3). the stationary 

monitor value was 35 lx (E
s
), which subtracted from 

162 lx (E
m
) gave a spotlight contribution of 127 lx. 

the corresponding cumulative exposure contributions 
of the indirect lighting and spotlights were 420 lx·h  
and 1524 lx·h/day respectively (total of 1944 lx·h) 
and the direct to indirect lighting ratio (R) was 4.6:1 
(equation 1).

illuminance data (E
s
) recorded by the fixed light 

monitor installed in gallery e112 on 22 december 2007 
and 20 June 2008 is shown in Figure 4 (primary axis). 
in december there is little variation due to daylight; 
however, the June data records a slow increase in diffuse 
daylight levels from 07.40 to 08.20 hours, followed by a 
more rapid increase in illuminance from 08.20 to 09.20 
when it reached a maximum of 60 lx. From 09.30 to 
12.50 the maximum light level dropped back to the 
constant artificial light level of 35 lx (no daylight).

cumulative exposures (Figure 4, secondary axis) 
registered by the stationary meter (E

s
) on 22 december 

2007 and 20 June 2008, which are made up of the 
indirect artificial light and diffuse daylight (E

s(artificial)
 + 

E
s(daylight)

), were 450 and 511 lx·h respectively. adding 
the constant spotlighting value E

m(artificial)
 of 1534 lx·h 

(equation 4 and table 1) gives total cumulative exposures 
of 1974 and 2035 lx·h for the two dates, a difference of 
only 61 lx·h. it can be seen that the total exposure of 
the most strongly lit part of the painting, including 
diffuse daylight, is approximately five times the indirect 
light level recorded by the stationary monitor and that 
the added contribution of natural light on 20 June is 
relatively minor at 61 lx·h. 

Monthly cumulative exposures calculated in the 
same way over a year show the same picture. they are 
illustrated in Figure 5, in which the columns (primary 
axis) represent a single month’s exposure, and the 
lines (secondary axis) the running exposures for the 
stationary meter (e112M), the highest illuminated area 
of the painting (e112p) and the cumulative exposure 
which would have occurred if there were no daylight 
component (e112e). the total annual exposures for the 
stationary monitor and the central area of the painting 
including daylight were 170 and 726 klx·h respectively, 

Figure 3 Comparison of illuminance readings (lx) taken over the surface 
of a portrait of Dorothea Lynde Dix painted by Samuel Bell Waugh, located 
in gallery E112 of the DWRC. The adjacent light monitor registered an 
artificial light baseline in illuminance of 35 lx. Reproduced with permission.

Figure 4 Illuminance measurements (primary axis) and cumulative 
exposures (secondary axis) registered by a stationary monitor installed in 
gallery E112. The artificial light baseline registered by the stationary monitor 
is indicated by a discontinuous line (primary axis).

Table 1 Estimated exposures (EE) for a stationary meter (M) and the 
highest illuminated area on a painting (P) of Dorothea Lynde Dix located in 
gallery E112 of the DWRC during December and June solstices

Type of exposure EE (lx·h) 
22 Dec 2007

EE (lx·h) 
20 June 2008

M P M P

Total 450 1974 511 2035
Artificial light 420 1944 420 1944
Natural light  30  30  91   91
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and the corresponding totals calculated solely from the 
ambient and spot artificial lighting (excluding daylight) 
were 153 and 708 klx·h. e112p and e112M are nearly 
linear because the daylight contribution is small, adding 
only 2.5% to the values calculated purely from spot 
readings of direct and indirect artificial light. obviously 
because the painting was spotlit, values measured by the 
stationary monitor at only 23% of the total experienced 
by the painting itself would greatly underestimate its 
exposure.

Calculation of the annual light exposure received 
by an object where natural light levels  
are significant

the second case study is a 108 × 81 cm oil on canvas 
portrait of Martha graham by paul r. Meltsner 
from 1938 (npg 73.41), which, for the purposes of 
determining the illumination distribution across its 
surface, was divided into a grid of 48 squares. the 
painting (and its stationary monitor), located on the 
south-facing wall of gallery S321, on the third floor, 
was spotlit and received indirect light in the form of 
ambient artificial gallery lighting as well as variable levels 
of diffuse daylight according to the time of day and year. 
Like the previous example in gallery e112, the artificial 
lighting is on for 12 hours per day; however, the skylights 
in this space admit much higher levels of natural light.

on 12 december 2007 at 18.45 hours, when there 
was no daylight, the stationary monitor level (E

s
) was 

77 lx and the highest illuminance value recorded at 
the surface of the painting itself (E

m
) was 152 lx giving 

a direct to indirect lighting ratio (R) of 1.97:1 ≈ 2:1. 
Figure 6 shows the decreasing illumination in the cone 
of the spotlight moving out from its highest value on 
the face of the sitter. the much lower value of R (2:1) 
compared to the previous example (4.6:1) may be 
explained by a higher component of natural light in this 
space relative to gallery e112; thus, a lower amount of 
artificial ambient lighting is required for works exhibited 
in gallery S321.

Figure 7 (primary axis) is the illuminance data 
recorded by the stationary meter next to the painting 
on 22 december 2007 and 20 June 2008. natural 
light intensities higher than the 152 lx ‘no daylight’ 
threshold value were registered on 20 June 2008 from 
08.40 to 18.00. estimated cumulative exposures (Figure 
7, secondary axis) registered by the stationary meter 
and the highest illuminated area of the painting on 22 
december 2007 were 1137 and 2037 lx·h, respectively, 
with the same measurements on 20 June of the 
following year yielding 3072 and 3972 lx·h. the increase 
in exposure as a result of natural light on these two days 
is approximately 2.0 klx·h for both the monitor and the 
highest illuminated area of the painting, a much greater 
impact than in gallery e112 (table 2).

Figure 5 Monthly light exposures (primary axis) and cumulative exposure 
trends (secondary axis) calculated for a stationary meter (E112M), an area 
of a painting exhibiting higher illumination (E112P), and extrapolated values 
from a point measurement (E112E).

Figure 6 Comparison of illuminance readings (lx) taken over the surface 
of a portrait of Martha Graham painted by Paul R. Meltsner located in 
gallery S321 of the DWRC. The adjacent light monitor registered an artificial 
light baseline in illuminance of 77 lx. Reproduced with permission.
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Figure 8 is a plot of monthly light exposures (primary 
axis) and cumulative exposure trends (secondary axis) 
at the stationary monitor (S321M). also shown are 
monthly exposures and cumulative exposure curves 
obtained for the highest-illuminated area of the painting 
with natural light component included (S321p) and 
excluded (S321e). the natural light contribution in-
creased for the painting and the stationary monitor 
from december 2007 to June 2008 to a maximum of 
90 klx·h for the stationary monitor and 117 klx·h for 
the painting, and the trend reversed from June 2008 
to october 2008 with the approach of winter. the 
stationary monitor and painting cumulative exposure 
curves show a more rapid increase from november 2007 
to June 2008 with an inflection point in June that results 
from the decreasing total exposures registered in the 
subsequent months. corresponding annual cumulative 
exposures for the painting and stationary monitor were 
1090 and 761 klx·h (Figure 8). the annual cumulative 
exposure (S321e) extrapolated from only the artificial 
light values, ignoring the daylight component, increases 

linearly to 664 klx·h, 39% less than the actual value of 
1090 klx·h. this highlights the importance of including 
the contribution of natural light in this situation and not 
simply estimating the exposure from one-off measure-
ments of spotlight (E

m
) and ambient gallery lighting (E

s
).

CONCLUSIONS

a systematic method has been described for calculating 
more realistic annual light exposures received by two-
dimensional museum objects that largely overcomes 
the limitation of not being able to log light levels on 
the surface of a work of art directly. it is particularly 
relevant to the situation where diffuse natural light is 
allowed to enter the display space. one-off illumination 
measurements taken at the surface of the work and 
adjacent to it at a distance of about 1 m permit the 
calculation of the direct to indirect artificial lighting 
ratio R. this value, in combination with the results of 
continuously logged total illumination from a perma-
nent monitor oriented to the light sources in the same 
way as the work, but 1 m distant from it, permit the 
diffuse daylight component of light reaching the logger 
to be separated out from the overall illumination levels 
and added to the artificial light baseline earlier measured 
at the surface of the painting. the total cumulative 
visible exposure received by the painting can be more 
accurately estimated in this way than from either point 
measurements at the surface of a painting or continuous 
logging adjacent to it alone. if artificial illumination 
levels change for any reason, the new illuminance and R 
values will be the baseline for the same calculations from 
that time on.

Figure 7 Illuminance measurements (primary axis) and cumulative 
exposures (secondary axis) registered by a stationary monitor installed 
in gallery S321. Artificial light baselines registered over the surface of the 
painting and on the adjacent wall are indicated by discontinuous lines 
(primary axis).

Table 2 Estimated exposures (EE) for a stationary meter and the highest 
illuminated area on a painting of Martha Graham located in gallery S321 of 
the DWRC during December and June solstices

Type of exposure EE (lx·h) EE (lx·h)
22 Dec 2007 20 June 2008

M P M P

Total 1137 2037 3072 3972
Artificial light  924 1824  924 1824
Natural light  213  213 2148 2148

Figure 8 Monthly light exposures (primary axis) and cumulative exposure 
trends (secondary axis) calculated for a stationary meter (S321M), an area 
of a painting exhibiting higher illumination (S321P), and extrapolated values 
from a point measurement (E112E).
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Résumé — Les estimations précises de l’exposition cumulée à la lumière sont des conditions préalables à la mesure et à la 
limitation des dommages photochimiques pour les objets exposés dans les musées. La tâche est compliquée par le fait que 
les lampes à éclairage ponctuel utilisées pour mettre en valeur certaines particularités éclairent la surface de l’objet de façon 
irrégulière, et aussi parce que les sources de lumière indirectes, comme par exemple l’éclairage solaire diffus à l’intérieur des espaces 
d’exposition, induisent des niveaux totaux d’éclairement changeants, de façon diurne ou saisonnière. Cet article décrit une 
méthodologie pour déterminer l’exposition annuelle à la lumière d’objets en 2D en combinant les résultats de la mesure d’une 
lumière continue adjacente à l’objet, avec une mesure de sa surface éclairée; une méthode qui permet une estimation plus précise 
de l’exposition totale que chaque méthode prise isolément. Deux éléments d’information sont requis pour calculer l’exposition 
cumulée : en premier, le rationentre éclairage direct / éclairage indirect, qui est obtenu en quantifiant la lumière visible tombant 
sur l’objet par rapport à la lumière reçue par son environnement ; et, en second lieu, les variations diurnes et saisonnières de 
l’éclairement par les sources de lumière indirecte, en particulier la lumière du jour diffuse. Deux peintures exposées dans des 
galeries différentes exposées à différents ratios lumière diffuse/lumière artificielles – l’un faible, l’autre élevé – ont été utilisées pour 
affiner et tester la méthode.

Zusammenfassung — Eine genaue Abschätzung der kumulativen Lichtexposition ist eine wichtige Voraussetzung für die 
Beurteilung und Begrenzung lichtinduzierter Schäden an ausgestellten Museumsobjekten. Die Aufgabe ist kompliziert, da die 
zum Beleuchten besonderer Eigenheiten verwendeten Punktstrahler die Oberfläche der Objekte ungleichmäßig erhellen, aber auch, 
da indirekte Lichtquellen, zum Beispiel diffuses Sonnenlicht, im Laufe des Tages und saisonal in den Ausstellungsräumen zu 
stark schwankender Beleuchtung führen. In diesem Artikel wird eine Methodik zur Bestimmung der jährlichen Lichtmenge für 
zweidimensionale Objekte vorgestellt, bei der die Ergebnisse kontinuierlicher Lichtmessungen im direkten Umfeld des Objektes 
mit einmaligen Punktmessungen an dessen beleuchteter Oberfläche miteinander kombiniert werden; die Methode erlaubt eine 
weit akkuratere Bestimmung der absoluten Lichtdosis, als eine der beiden Messungen allein. Zwei Informationen werden für die 
Berechnung der Gesamtexposition gebraucht: erstens das Verhältnis von direkter und indirekter Beleuchtung, welches durch die 
Quantifizierung der auf das Objekt fallenden Lichtmenge relativ zu der auf die Umgebung fallenden erreicht wird; und zweitens 
die täglichen und jahreszeitlichen Schwankungen der Beleuchtung durch indirektes Licht, insbesondere diffuses Tageslicht. 
Zur Verfeinerung und Erprobung der Methode wurden zwei Gemälde verwendet, die in verschiedenen Ausstellungsräumen, 
verschiedenen Verhältnissen von diffusem Sonnenlicht und direktem Kunstlicht ausgesetzt wurden – das eine einem niedrige, das 
andere einer hohen Lichteinstrahlung..

Resumen — Las estimaciones precisas de la exposición acumulativa de luz es un pre-requisito importante para el establecimiento 
del control del daño fotomecánico a objetos de museo en exposición. Este asunto es complicado ya que los puntos de luz utilizados 
para resaltar ciertas características iluminan la superficie de los objetos desigualmente; además, las fuentes de luz indirecta, por 
ejemplo la luz solar difusa en los espacios de exposición, aportan variaciones totales de los niveles de iluminación dependiendo 
de la hora del día y de la estación. Este artículo presenta una metodología para determinar la exposición anual para objetos de 
dos dimensiones, combinando los resultados de lecturas continuas de iluminación adyacentes al objeto y de mediciones puntuales 
sobre la superficie iluminada. Es un método que permite una estimación más precisa de la exposición total que usando uno de 
los dos métodos independientemente. Se requieren dos grupos de información para calcular la exposición acumulativa: primero, 
la proporción de la iluminación directa con la indirecta, a la cual se llega al cuantificar la cantidad de luz visible a la que está 
expuesto el objeto en relación a la recibida por el entorno; y segundo, la variación diaria y estacional en iluminación de fuentes de 
luz directas, particularmente luz-día difusa. Para refinar y comprobar el método se escogieron dos cuadros en diferentes galerías 
expuestos a diferentes proporciones de luz solar difusa y de luz artificial directa, una en bajos valores y la otra en elevados.


