Chapter 5
The Time Value of Smell

As discussed in the previous chapter, Naudhaus has developed a se-
ries of economic models for climate problems. These models “medi-
ate” the relationship between various factors including ecology, so-
ciety, the economy, regional development, and human life in terms
of long-term benefits. The “mediation” here essentially concerns
temporality, that is, the trade-off between immediate payments and
distant benefits, as well as the utility of consumption at different
times. In economics, this trade-off reflects the time value of money.
For example, 1 CHF from 10 years ago has a different value than
1 CHF today because inflation, interest rates, reinvestment returns,
and market fluctuations affect the real value of money over time.
Consequently, time has value, an idea embedded in almost all valua-
tion models, and particularly reflected in discount rates. In essence,
time value involves value transfers, opportunity costs, and inverse
probabilities.

Similarly, smell has time value. In the human brain, the sense of
smell is closely linked to the mechanisms that operate on memory. In
the exploration of Artificial Intelligence, smells sometimes also fore-
tell the future. What do we gain from sensory experiences in the brief
passage of time as well as in the macro time dimension? And how
does this cognitive gain from temporal differences affect our past,
present, and future? This chapter explores the relationship between
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smells and time, or, rather, temporality, from an interdisciplinary
perspective that blends economics, physics, and philosophy.

The study of time spans over 2000 years, involving fields such
as physics, philosophy, and mathematics. As people’s knowledge of
space and time has enriched, understanding of time and temporality
has evolved accordingly. Scholars’ views on time at the philosophical
level broadly fall into two categories: time as an objective existence
versus time as related to individual consciousness. For example, Plato
believed that time was created based on the regularity of numbers,
and it takes shape within the finite material world. Time serves as
an imperfect copy, imitating eternity.! According to Immanuel Kant,
time is a priori, subjective, and perceptual. He distinguished be-
tween the a priori and transcendental.? In his theory of time, Martin
Heidegger categorized the objective level of time (everyday life, the
physical level) as “temporality,” while expressing the true temporal-
ity attached to Dasein as Zeitlichkeit in German. It is through the
temporality of future, present, and past that Dasein comprehends its
own existence.?

This research does not seek to examine existing perspectives
on subjectivity, objectivity, existence, and consciousness of time,
nor does it intend to analyze the differences between philosophical
schools concerning time. The “temporality” discussed in this chapter
is not Heidegger’s well-known notion of Zeitlichkeit. Rather, it is a
relatively neutral, general, scientific term.

1 Plato, Timaeus, Translated by W.R.M. Lamb (Cambridge, MA: Harvard Univer-
sity Press, 1925), Section 37c-38c.

2 Immanuel Kant, Critique of Pure Reason: Unified Edition (Hackett Publishing
Company, 1996),85-104. See Part I, Section 2 Time.

3 Martin Heidegger, Being and Time, trans. John Macquarrie and Edward Rob-
inson, 32nd printing (Malden, MA: Blackwell Publishing Malden, MA, 1962).
Also see Michael Wheeler, “Martin Heidegger,” in 7he Stanford Encyclopedia of
Philosophy, ed. Edward N. Zalta, Fall 2020 (Metaphysics Research Lab, Stanford
University, 2020), https://plato.stanford.edu/archives/fall2020/entries/heidegger/,
accessed May 5, 2024.
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Physicists and philosophers discuss time in different ways, though
the boundary between the two is sometimes ambiguous. Physicists
generally view time as a scale in the objective world, similar to an axis
in a coordinate system, representing a linear time scale. Some of the
most well-known views include Albert Einstein’s theory of relativity
and Stephen Hawking’s theory of black holes. Einstein’s theory of
relativity showed that space and time are interconnected, forming
a four-dimensional continuum with three dimensions of space and
one dimension of time, a concept later formalized by Hermann
Minkowski. The speed of matter affects time change, causing time
to slow down when traveling at speeds close to the speed of light.+
Hawking, on the other hand, discussed three arrows of time. First,
the thermodynamic arrow of time refers to things on Earth shifting
from order to disorder over time. Humans perceive time based on
the degree of disorder, or the increase in entropy, which causes ice
to melt, people to age and die, and things to become old. Second, the
psychological arrow of time, in which humans perceive the passage
of time from which they can recall the past. The third arrow of time
is the cosmological one, arising from the universe’s expansion after
its origin in the Big Bang. The universe began in a state of high order
(low entropy) at a spacetime singularity, where both space and time
were created. The ongoing expansion of the universe defines the
direction of the cosmological arrow of time, aligning it with the
thermodynamic arrow.? This chapter will use Hawking’s explanation
of the time’s arrow as the basis for the perception of time as a starting
point for further exploration of the relationship between smells and
the value of time.

4 Albert Einstein, “On the Electrodynamics of Moving Bodies,” Annalen Der Physik
17, no. 10 (1905): 891-921. The concept of spacetime played a central role in
Einstein’s theories of relativity, including the development of general relativity in
1915. Also see Hermann Minkowski, “Space and Time,” in The Principle of Rela-
tivity (Methuen & Co, 1923), 75-91.

5 Stephen W Hawking, “Arrow of Time in Cosmology,” Physical Review D 32, no. 10
(1985): 2489.
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Figure 5.1 Patrick Palcic, Scent Clock, Berlin, 2021. Photo by Janet Vof§ and Henrik

Kam.

144



'The Time Value of Smell

5.1 Increasing Entropy: Incense Clocks in East Asia

Time can be smelled.

Artist Patrick Palcic has created the Scent Clock (Figure 5.1),
a piece that transforms the time of day into changes in scents that
can be smelled. The Scent Clock consists of a metal shelf that can
be mounted on the wall, equipped with 12 holes for inserting glass
test tubes containing different perfume fragrances. An hourly scent
is released from one of the test tubes through a device located at the
port of each tube, with the scent changing every hour. Palcic believes
that the fast-paced life of modern society makes it difficult for people
to establish the concept of time without relying on numbers. Through
his work, people can gain a new perspective on time change. More-
over, time is no longer an abstract concept or a number to be read.
Instead, it is a substance that exists in the air and can be inhaled.

In China and Japan, scent has a very direct correlation with time,
where incense itself is regarded as a timekeeper.® In the true sense
of the word, scent clocks have existed and been used for at least
1000 years. It is common for people to measure time by observing the
traces of burning incense and perceive time by inhaling the scents in
the air. This idea and application of timekeeping are consistent with
the theory of entropy in the previously mentioned thermodynamic
arrow of time—burning incense creates entropy. The increase in en-
tropy records the passage of time. Burning incense for timekeeping is
an application of Hawking’s first arrow of time and exemplifies tem-
porality at the physics level.

Although ancient Chinese water clocks and sundials provided
more accurate timekeeping, incense clocks remained popular be-
cause it was unaffected by the environment and was easier to operate
(e.g., sundials were difficult to use on cloudy and rainy days; water

6 Silvio A. Bedini discusses this issue in his book and articles. Chapter 5.1 references
his works. See Silvio A. Bedini and P.S.A. Bedini, 7he Trail of Time: Time Mea-
surement with Incense in East Asia, Needham Research Institute Studies (Cam-
bridge University Press, 1994).
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clocks wasted scarce resources during drought). For most ancient
Chinese, the smell of incense, especially sandalwood, signaled the
passage of time. This association has spanned many centuries and
is one of the most common uses of incense in China. However, it is
difficult to determine exactly when and where the use of incense for
timekeeping originated. The spread of Buddhism in China may have
contributed to early incense clocks since most of the earliest scenes of
incense seals, incense spirals, incense sticks, and other timekeeping
tools were found in temple-related images and contexts.

In ancient China, incense was burned in the following ways to
keep track of time: burning incense sticks or spirals, burning incense
seals, and the dragon boat incense clock (Figure 5.2 and Figure 5.3).

Incense sticks and spirals are made from incense powder pressed
into stick or spiral shapes. The incense is marked with a scale. After
lighting a stick or spiral, people measure time according to its burn-
ing length. Generally, if the airflow is fairly constant and the incense
density uniform, certain specific lengths of incense would burn for ap-
proximately the same duration. A short incense stick typically burns
for around 60 minutes. In the Chinese language, the term “a stick of
incense” often refers to a period of about 60 minutes, thus becoming
a unit of time measurement. Incense spirals are usually much longer
and larger than sticks, with some capable of burning overnight, for
several days, or even dozens of days. They are commonly hung from
temple and shrine beams. Some incense spirals were equipped with
an alarm function—a small metal ball hung at a specific marking
would fall into a metal disk placed below or on the ground once the
burning reached that point, ringing out to mark the time.

The incense seal provides a more artistic timekeeping approach.
First, a wooden mold is carved with a pattern or Chinese charac-
ter, hollowed out continuously without breaks. Powdered incense is
then packed into this hollowed portion of the mold. Once the wood-
en mold is removed, the compacted incense powder forms an ornate
seal shape. People burn these seals to track time passing. The con-
tainer holding the incense seal is called the incense plate, which is

146



'The Time Value of Smell

Figure 5.2 Incense clock, 19th century, ©Musée d‘histoire des sciences de la Ville de
Geneve. Image credit: Rama, licensed under the CC BY-SA 3.0 FR.

Figure 5.3 Incense seal, 18-19th century, Science Museum Group. Image in the

public domain.
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Figure 5.4 Hundred Moments Incense Seal and one of the Five Nights Incense Seal.
Images from Zhou Jiazhou 7% (1582-ca.1659). Xiang sheng T A€ (The History
of Incense) Vol. 22. Reprinted in Siku Quanshu PUJE4E 7L il 88— 421
Z J&, 1778. Chinese Text Project. Accessed May 8, 2024, https://ctext.org/library.
pllif=gb&file=238229&page=61&remap=gb (page 61 & 63). Image in the public

domain.

considered a desktop “clock” for literati and monks. This type of clock
appears in various ancient paintings as well.

Historical incense handbooks provide details about incense
formulas, patterns, sizes, and the uses of various incense seals. For
example, the “Hundred Moments Incense Seal” was used to measure
the time of a day. Ancient Chinese divided a day into 100 “moments,”
with 100 corresponding marks on the incense seal (Figure 5.4). When
people burned the seal, they could tell the time by the remaining
patterns. There is also the “Five Nights Incense Seal,” a set of 13 seals
made according to different seasons, used to measure nighttime.
Each seal has a different size and number of marks based on that
season’s daylight hours.

Another timepiece with a clear clock form is the dragon boat
incense clock, which incorporates an alarm function. The clock is
shaped like a dragon boat. One or two incense sticks with markings
are placed on it. At different markings, a thin thread perpendicular
to the stick has its two ends tied to a metal ball. When the burning
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incense reaches the corresponding mark, the thread burned through,
causing the metal balls to drop into a container below, making a
sound to mark the time.

Japan burned incense for timekeeping similarly to China. The
difference is that incense burning was usually found in temples and
not common in ordinary people’s homes. This is because in ancient
Japan, timekeeping was primarily done by monks at Buddhist tem-
ples and Shinto shrines, with the timing message conveyed to ordi-
nary people through temple bells. Geisha venues used incense sticks
to keep time and calculate payments. Each girl in the Geisha house
was represented by a hole in a wooden box with a different number
of holes. As the geisha served the guests, the host lit an incense stick
in the appropriate hole, each burning for half an hour. Eventually, the
host calculated each girl’s earnings based on the number of burned
incense sticks in her hole.”

There are three types of incense clocks in Japan. The first, Senk-
ou-tokei, is an incense stick clock. In addition to geisha houses, tem-
ples also used these, albeit with incense sticks inserted into wooden
boxes with 12 rows by 9 holes. The second type is Jo-ko-ban, or con-
stant incense tray, a timepiece where a zigzag-shaped incense seal is
placed in a square container, with molds and other incense burning
tools stored in a drawer in the base. The third is Ji-ko-ban, or time
measuring incense tray. Essentially, it is an incense tray also con-
taining seals, but usually used during the annual Mizu-tori festival
at Nara Todaiji Temple. During the festival, the day was divided into
six periods, with the Ji-ko-ban employed to measure the intervals.
The Ji-ko-ban has two tiers. The upper tier contains the M-shaped
incense seal track for filling powdered incense, with eleven parallel

7 Silvio A. Bedini, “The Scent of Time. A Study of the Use of Fire and Incense for
Time Measurement in Oriental Countries,” Transactions of the American Philo-
sophical Society 53, no. 5 (1963): 28.
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tracks for placing bamboo sticks, which serve as time markers. The
lower tier held incense tools.?

Japanese incense clocks also used different incense types to dif-
ferentiate time.® For example, the bamboo stick time markers were
sometimes replaced by different formulations of incense blocks or
sticks. When a certain time was reached, the markers burned, allow-
ing people to detect the time change by the changing smell.

In short, the process of incense transforming from tangible ob-
jects to intangible smells demonstrates the law of entropy increase
in physics. It is another manifestation of the second law of thermo-
dynamics and Stephen Hawking’s thermodynamic arrow of time.
Entropy measures disorder. According to the physical formulation,
entropy cannot decrease in an isolated system, and the transition
from “order” to “disorder” (or diffusion) is irreversible. The entro-
py of an isolated system can therefore determine the time direction,
with higher entropy systems having a higher probability of occurring
later on the time axis. Entropy increases as time passes. By burning
incense, heat energy is converted into diffuse smells with a higher
degree of disorder. Additionally, the energy transfer is also a value
transfer—incense’s physical value is transformed into time value,
with the smells carrying this time value transformation.

5.2 The Smell of Memory: Modeling Time Series

According to Hawking’s theory, the second arrow of time, the psy-
chological arrow of time, is based on the thermodynamic arrow of
time. It explains why people have memories of the past rather than
the future. For the brain to remember things, it needs to move from

8 Bedini 1963, 29-30.
9 Bedini 1963, 37.
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disorder to relative order, consuming energy that increases disorder
in the rest of the universe. So, throughout the memorization process,
despite the brain gaining some order, the universe’s disorder increas-
es even more. Humans acquire memories in the process of increasing
the universe’s disorder (entropy).

Human senses, particularly olfaction, are intimately linked to
memory formation. The olfactory epithelium in the nasal cavity con-
tains millions of chemoreceptors that detect odor molecules. When
these molecules enter the nasal cavity, olfactory sensory neurons in the
olfactory epithelium detect these odors and transmit neural signals to
the olfactory bulb, which has direct connections to the amygdala and
the hippocampal—brain regions involved in emotional processing and
memory storage, respectively. Through complex neurotransmission
mechanisms (that is, the Predictive Coding discussed in the Introduc-
tion), odors become associated with specific memories and emotions,
forming olfactory memories.® Remarkably, humans can distinguish
approximately 1 trillion of odors," although individual variability in
odor memory capacity currently remains largely unexplored.'? Smells
are potent memory triggers, evoking vivid recollections of people,
places, and experiences, along with the emotions once felt. This asso-
ciation is also known as the Proust effect.3

10 Roxanne Khamsi, “Unpicking the Link between Smell and Memories,” Nature
606, no. 7915 (June 23, 2022): S2—4. Kensaku Mori, Hiroshi Nagao, and Yoshi-
hiro Yoshihara, “The Olfactory Bulb: Coding and Processing of Odor Molecule
Information,” Science 286, no. 5440 (October 22, 1999): 711-15.

11 C. Bushdid et al., “Humans Can Discriminate More than 1 Trillion Olfactory
Stimuli,” Science 343, no. 6177 (March 21, 2014): 1370-72.

12 Avery Gilbert, What the Nose Knows: The Science of Scent in Everyday Life (Cre-
ateSpace Independent Publishing Platform, 2015), 1-24.

13 The Proust effect can be traced back to Marcel Proust’s early 20th century novel /n
Search of Lost Time. In Proust’s descriptions, the smells and tastes of cake and tea
stimulated the narrator’s memory of childhood. Today, the Proust effect is a term
used in psychology to describe the vivid revival of memories triggered by specific
sensory experience. Cretien van Campen, 7he Proust Effect: The Senses as Doorways
to Lost Memories (OUP Oxford, 2014).
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British artist Thomas Buckley explores this sensory-memory
connection through his multimedia project, Memory Box.'* During
the 2021 COVID lockdown, Buckley was commissioned by ArtHouse
Jersey to create a series of Memory Boxes for elderly individuals
living alone on the island of Jersey, UK, in an effort to alleviate their
loneliness. Each memory box features real-life experiences and
inspirational stories from Jersey residents, brought to life through
multimedia and multi-sensory technologies including sound,
projection, and smells. The Memory Box transforms the memories
of other residents into a unique and immersive art experience.
Participants are able to engage in the stories through their senses as
they see the images, hear the sounds, and smell the scents.

Buckley’s goal is for these shared stories to foster a sense of con-
nection and hope among the isolated elderly. He believes that human
experiences are universal, and individuals can relate others’ stories
to their own lives.

The antithesis of remembering is forgetting, a concept explored
by artist Anicka Yi in her 2015 exhibition “7,070,430K of Digital Spit”
at Kunsthalle Basel in Switzerland.'s The exhibition serves as both a
retrospective and a reinterpretation of her works from the past five
years. Many elements from Yi’s previous works are incorporated into
this exhibition, including petri dishes, bacteria, fried flowers, rot-
ting food, resin, grease, and snail feces. Yi modified these works to
varying degrees, rendering them simultaneously familiar and unfa-
miliar. However, the purpose of this exhibition transcended merely
displaying these works and their meanings. Instead, it aimed to de-
scribe the process of different substances slowly cooking, rotting, and
melting—even dripping grease onto the gallery walls, leaving traces

14 Jersey Arts Centre, “Memory Boxes,” Jersey Arts Centre, accessed May 5, 2024,
hteps://www.arthousejersey.je/our-work/memory-boxes.

15 See the exhibition page on the Kunsthalle Basel’s website. “Anicka Yi: 7,070,430K
of Digital Spit 12. June 2015-2016. Aug 2015,” Kunsthalle Basel, accessed May 5,
2024, https://www.kunsthallebasel.ch/en/exhibition/anicka-yi/.
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Figure 5.5 Anicka Yi, 7,070,430K of Digital Spit, exhibited in the Kunsthalle Basel,
2015. Photo by Philipp Hinger / Kunsthalle Basel.

of dissipation. It appeared as if Yi had traveled back five years, grad-
ually erasing the past that symbolized denial, separation, and death.

Yi collaborated with a perfumer to devise a scent of oblivion
(Figure 5.5), derived from the odor of a fetus in an amniotic sac. She
also incorporated smells imagined by Alzheimer’s patients: the smell
of metal, sterile hospital beds, medication, and despair. According to
Yi, “The smell of forgetting is also an imagined apocalyptic end when
all memory is eradicated.”® She attached this smell of oblivion to the
printed memoirs for the exhibition. In one gallery section, Yi created a
white tile “oven” in which she placed a white candle. Her memoirs were
suspended above the lit candle, releasing the smell of oblivion as they

16 For further details, refer to the exhibition text available on the Kunsthalle Basel’s
website. Accessed May 5, 2024, https://www.kunsthallebasel.ch/wp-content/upu
loads/Saalblatt-Yi-RZ-DEF-EN-ES.pdf.
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baked in the fire. Yi invited audiences to burn the book after reading it,
releasing the embedded scent of oblivion and thus forgetting her.

The situations Yi created concretely represented the thermody-
namic arrow of time. As the process progressed, entropy, which rep-
resents the degree of disorder, increased, time passed irreversibly,
and oblivion became an inescapable destiny. When time cannot be
transformed into memories to realize its value, forgetting also signi-
fies the passing of history.

Thomas Buckley, Ned Lawlor, and Renske van Vroonhoven have
explored the memories of Jersey Island inhabitants through olfactory
and gustatory sensations, creating the ongoing art installation
Memory Bar since 2020.7 The artists interviewed survivors of
Jersey’s Nazi occupation during World War II and presented their
stories through a multimedia dining experience. The dinner features
a five-course meal, accompanied by interactive projections, sounds,
perfumes, and cocktails. By smelling and tasting, participants gain
access to another person’s memory, establishing a connection to that
historical period. The artists believe that Memory Bar elicits empathy
through its multi-sensory participation, allowing individuals to step
into another’s world and experience their memories, making old
memories transform into new, shared memories.

Buckley’s work artistically reproduces the time series model of
econometrics. Econometric studies primarily focus on cross-sectional
and time series data. Cross-sectional data examines the relationship
between different individuals or units at a single point in time, while
time series data analyzes the behavior of a single variable or multiple
variables over time. Simply put, can we apply regression models to
analyze relationships between different variables in cross-sectional
data, and use autoregression models to analyze how variables change
over time? Is it also possible to determine the relationship between

17 See the official website of the project. Society of Cockrails, “Memory Bar,” Society
of Cockrails, https://www.societyofcocktails.com/memory-bar, accessed May 5,
2024.
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the same individual across different time periods? For example, what
is the relationship between crude oil prices ten years ago, last year,
and this year? Based on the temperature trend over the past 50 years
and their inherent correlation, what predictions can be made about
future temperatures.

Through econometrical analysis, we can quantify relationships or,
more precisely, correlations that may not be discovered or explained
through direct observation alone or through theoretical analysis.
While econometric analysis primarily deals with measurable eco-
nomic variables, its principles can be extended to understand other
temporal relationships, such as the role of memory in shaping present
experiences. The past is intimately connected to the present, and the
value of time lies precisely in this correlation. This translates into the
strength of the past/memory in explaining the present individual—
how significantly does “one’s” past contribute to “one’s” present?

However, the Memory Box and Memory Bar explore the impact
of one individual’s memory on another’s. This does not solely refer
to cross-sectional data or time-series data but also the impact of dif-
ferent time-series: that is, how an individual’s past influences their
present, and to what extent the interpretation of the past shapes who
they are. In the field of econometrics, a series of time-series model
testing developed by Nobel Laureate economist Clive Granger, deter-
mines correlations between multiple variables across different times,
known as the Granger causality test.'®

The Granger causality test reveals whether an independent vari-
able X helps predict a dependent variable Y through a series of tests
in an autoregressive model. The following shows the basic bivariate
Granger causality model. Specifically, if we can use the past of event
X(@(e,X ,X

t-17 © -2

X, ,--) to make a prediction about the present of event

18 C. W. J. Granger, “Investigating Causal Relations by Econometric Models and
Cross-Spectral Methods,” Econometrica 37, no. 3 (1969): 424-38. And C. W. J.
Granger and Paul Newbold, Forecasting Economic Time Series, Economic Theory
and Mathematical Economics (New York: Academic Press New York, 1977).
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Y, and this prediction is statistically better than using only the past
Y

values of Y (ie.,, Y, , Y, ,

t-1°
cause” of Y. Its mathematical form is:

Y, 3...), then X is considered the “Granger

Yr = g+ onls-1 + 0oz + o+ nYsm + BpTip + o+ Byig + &
where, y, represents the current value of the dependent variable Y; x,
represents the values of the independent variable X; a_ is the constant
term; a and 3 are the coefficients; m and q represent the number of
lags included in the model; ¢, is the error term.

For example, predictions of tomorrow’s flight delay (event Y) can
be informed by whether the same flight was delayed in the past month
(Ge,Y .Y

17 Tt-2?

Y, ,..). More often, we make predictions based on the
X, peeo)-
These two or more factors collectively improve our predictive ability.

weather conditions (event X) in the past 48 hours (ie., X _, X,

Although Granger’s model is called a “causality test,” it is not used
to indicate strict causality. Instead, it indicates a time-value orienta-
tion. In the examples of this research, the memories of Jersey Island
residents are the X. The elderly opening the memory boxes and the
participants of the Memory Bar are Y. At a given moment, these par-
ticipants’ sensory experiences (i.e., Y) were influenced by both Jersey
X, »» X4 and their

residents’ memories at other moments (ie., X _, X _,
Y, ,...). In this work, smell ac-

t-1°
Y

t-27

own memories across time (i.e., Y, ,
tivates this temporal causal relationship. The value of time becomes
tangible in this quantitative description of correlation—it is not an
abstract concept, but a testable relationship with implied explanatory
power.

When aggregated across multiple participants, the interconnected
sensory experiences form a collective memory. History influences the
formation of collective memory, which in turn shapes historical un-
derstanding. Both the collective memory and the history have their
own time series—the past relates to the present, with the “past” hav-
ing explanatory power for the “present.” Beyond that, these intercon-
nections contribute to constructing more comprehensive and macro
models of time series and causal relationships. Nevertheless, how are
these complex connections activated?
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From a macro perspective, considering smell as an activator of
history and collective memory transforms the complex time series
and Granger causality involved into two questions. Specifically, what
does history smell like (or how does our past influence our present)?
And what does collective memory smell like (what makes us today
distinctive from others yet interconnected)? The following two sec-

tions will examine these questions.

5.3 The Smell of History: “Three Times” by Daniel
Arasse

What does history smell like? Historians, art historians, and anthro-
pologists may find that the foul streets outside Leonardo da Vinci’s
studio existed contemporaneously with brilliant Renaissance art;
that strong perfumes and flower scents accompanied the magnificent
Rococo féte galante; and that the relative absence of olfactory stim-
uli contrasted with the visual vibrancy Romantic and Impressionist
artists brought.

However, in modern museum exhibitions, how does one present
the smells hidden behind historical collections? What smell can rep-
resent this historical memory? Is it the smell of the time when the
work was created? Is it the smell of the atmosphere evoked within the
work itself? Is it the smell of the environment in which the work is
viewed by audiences across generations? Or is it the smell that differ-
ent individuals translate their perceptions of the work into?

These questions correspond to the three times of artworks
mentioned by Daniel Arasse: the time of creation, the time we live in,
and the period between creation and our present time. According to

b 13

Arasse, an artwork’s “past” had already merged with the “present” at its

creation, and the accumulation of concepts, visions, and information
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from different eras leaves a temporal trace.’® The previous chapter
recounted the anecdotes of the 10th-century scholars Huang Tingjian
and Su Shi and the 18th-century Dong Qichang, burning incense
while appreciating paintings. Historical records allow reconstructing
incense from different periods to restore those famous historical
viewings. This viewing process by historical audiences creates new
olfactory information about the paintings themselves, constituting
their temporal traces. Beyond that, when modern exhibitions present
the scents of the artworks, which temporality are they presenting?

In 2022 the Museo del Prado in Spain presented its collection
from an olfactory perspective through work Smell, created by Peter
Paul Rubens and Jan Brueghel the Elder in 1617-1618. One of five
paintings representing the senses, Smell depicts a cultivated garden
overflowing with fragrant flowers and smelly animals (guinea pigs).
The other paintings portray sight (paintings, sculptures, globes),
hearing (instruments, scores), taste (food, dead animals), and touch
(gentle caresses versus armor/weapons). The artists visualize sen-
sory enjoyment through concrete objects, while leaving the invisible
sensory spaces beyond sight to the viewer’s imagination.

With the help of “AirParfum” technology developed by Puig, per-
fumer Gregorio Sola created ten fragrances related to elements of the
Smell painting. The aim is to recreate the smellscape of the depicted
garden, providing visitors a truly immersive multi-sensory experience
of the work’s subject matter. Interactive touch screens and scent diffu-
sion systems in the gallery allow visitors to activate the scents.2°

The ten recreated scents are: Fable, Glove, Fig Tree, Orange Blos-
som, Jasmine, Rose, Iris, Narcissus, Civet Cat, and Spikenard. The
six botanical fragrances evoke the floral scents one might anticipate

19 Daniel Arasse, “La Contemporanéité Anachronique de Loeuvre D’art.” In Peut-on
Apprendre & Voir (Paris: ENSBA, 1999), 284-288.

20 Museo Nacional del Prado, “The Essence of a Painting: An Olfactory
Exhibition,” Museo Nacional del Prado, accessed May 5, 2024, https://www.

museodelprado.es/en/whats-on/exhibition/the-essence-of-a-painting-an-olfactory-
exhibition/07849a71-d9b0-faeb-94c1-689£2614{8d0.
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in the 17th-century garden as well as today. Civet and Spikenard
are elements depicted (a stone relief shows a biblical scene of Mary
anointing Jesus’ feet with Nard balm). Allegory represents the Venus
figure’s fragrance—she holds a bouquet of roses, jasmine, and carna-
tions, components contained in the “Fable” perfume.

The “Glove” scent is typical of the 17th-century elite European
fragrance usage to perfume leather gloves and conceal their tanned
odor. Wearing perfumed gloves was highly valued in the 17th-century
Spanish court, and Rubens gifted them to Queen Isabel Clara
Eugenia. The exhibition’s glove scent replicates a 1696 amber scented
glove formula with resins, balms, wood essences, flower essences,
and a hint of suede.

Using scents, this exhibition recreates what Arasse refers to as the
first time (Temps 1), the smell of the time when the work was created.
It represents both the historical era’s associated olfactory messaging
reflected in the image and the sensory experience the artists intend-
ed to convey, namely, how would a modern audience experience this
piece with a 17th-century nose?

In contrast, Tate Modern’s 2015 exhibition Sensorium exhibits
the Temps 2, the time in which the modern audience lives. The ex-
hibition features four 20th-century paintings from the Tate collec-
tion by Francis Bacon, David Bomberg, Richard Hamilton, and John
Latham. The exhibition stimulates audience’s memory and imagi-
nation through multisensory interpretations engaging sight, smell,
taste, hearing, and touch. For example, for Bacon’s 1945 abstract
painting, Figure in a Landscape, the curator places special choco-
lates containing edible charcoal, sea salt, cocoa nibs, and smoked
tea in front of the painting. The combination creates a sensory de-
piction of the gray and imposing body on the lonely bench, aiming
for audiences to sense the weary souls of a brutal city. For Hamilton’s
Interior II, a more figurative work, the perfumer blends the scent of
vintage hairspray and glue with household noises. Special bio-mea-
surement devices are also available to visitors in order to track their
reactions and excitement levels during this multisensory experience.
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The Sensorium exhibition promotes appreciating modern art
through different senses, and this cross-media multisensory expres-
sion embodies the present time. It is not a presentation of historical
time and memory; it does not require the visitors to walk into the
work with eyes and noses that are decades old. Nevertheless, it offers
a subjective and personal interpretation—the curator’s guided senso-
ry experience. While this controlled and multi-sensory tour cannot
match contemporary art’s immersive and participatory nature, it en-
courages audiences to perceive other works through their senses.

The olfactory installation Within the Smells of History (Figure 5.6)
by Brazilian artist Josely Carvalho explores the traces of time (the
time between Arasse’s Temps 1 and Temps 2) condensed in artworks
from the perspective of smell. The artist used the cannons as histor-
ical objects, presenting Brazilian history through the sense of smell
rather than sight.>

The 49 cannons surrounding the courtyard of the National Mu-
seum of History in Rio de Janeiro are products of war, documenting
Brazilian history since European colonizers’ arrival in the 16th cen-
tury. Symbols of power, force, death, and violence, Carvalho infused
20 of their barrels with different scents for visitors to smell through
the cannon mouths. Her display does not narrate a specific historical
period nor reflect national heroism. Instead, it offers a deconstruc-
tive and fragmentary reflection on war, power, oppression, coloniza-
tion, gender conflict, and other issues haunting Brazil for centuries
through smells. These critical perspectives are hidden from usual
macro-narratives, contrasting the historical memories that the rusty
cannons bring to mind on a visual level.

Moreover, Carvalho emphasized perceiving this particular
“smells of history” from a female perspective. The patriarchy brought
about by the colonizers, along with the sexual violence, sexism, and

21 Josély Carvalho, “Within the Smells of History,” Museu Histérico Nacional in Rio
de Janeiro, heeps://www.joselycarvalho.com/within-the-smells-of-history, accessed
May 5, 2024.
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=% Yl
Figure 5.6 Josely Carvalho, Within the Smells
o of History, exhibited at the Museu Histérico
Nacional in Rio de Janeiro, 2022-2023.
Left: photo by Pat Kilgore.

Right: photo by Josely Carvalho.

inequality that have existed in Brazil and around the world for cen-
turies, becomes a particular starting point for the artist to question
male-dominated historical interpretations. As a result, the cannon
is no longer a monument to the victory of the war, but a memory of
violence against women and children.

In the case of a cannon named “El Cristiano,” the olfactory theme
is incense, infused with myrrh-based gas, a smell typically found
in Christian churches. The bronze used for casting this cannon was
sourced from Christian churches in Paraguay, where Paraguayans
melted down church bells to defend their country. It was later cap-
tured by Brazilians during the war with Paraguay. Through incense
and the cannon, Carvalho explores the complex and oscillating rela-
tionship between state and religion, where individuals may at times
prioritize policies aligned with personal religious beliefs over nation-
al interests.
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Another cannon, once protecting the Brazilian coastline, is given
an oceanic olfactory theme. Additional bronze is added to adapt it
to the sea breeze and seaside environment. Carvalho infused it with
the scent of seaweed from Brittany, France—evoking the freshness
and naturalness of the ocean, a scent remembered by sailors and
coastal dwellers. Additionally, she also added excessive ozone and
fishy odors to represent the pollution that followed the colonial era,
when the sea was contaminated with garbage and sewage—alluding
to the substantial ecological impact of the 2019 oil spill on the entire
Brazilian coastline.

Among all the cannons, most were infused with a death-related
theme. For example, three cannons are imbued with an odor named
“Death’s Mouth.” They were discovered at the site where Brazilian
Marshal Carlos Bittencourt was assassinated. This is the same mar-
shal who suppressed the Campanha de Canudos, resulting in hun-
dreds of innocent deaths, including Indigenous and Afro-Brazilian
people. Carvalho mimics the pungent, animalistic, and carnal odor
of decomposing bodies in their early decomposition stages, similar to
musk and amber. She added other ingredients to create a damp, gray,
and cold sensation, as well as a narcotic and floral aroma. Through
this work, the artist alludes to structural racism in Brazilian society,
where marginalized groups like Black people continue suffering in-
equality and deadly violence. The smell of death is everywhere.

Through associating cannons and smells, Carvalho evokes a heavy
and sorrowful collective memory filled with angst, anxiety, scars,
bloodshed, conflict, and resistance. However, she does not present the
smells of Brazilian history in a purely linear manner, despite the titles
of the work suggesting such a chronological approach. Her approach to
correlating smell and temporality is dual. On one hand, she attempts
using smells familiar to modern Brazilian audiences to evoke revisit-
ing the complex and sensitive history represented by the cannons. On
the other, the work contrasts and reflects on the conflicts and prob-
lems of contemporary Brazilian society through the story behind each
cannon. This bidirectional correlation creates an atmosphere where
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visitors can feel the interplay of past and the present. The smell of
history Carvalho creates is both of the past and present.

The Prado and Tate’s exhibitions and Carvalho’s work present the
smell of history from different temporal dimensions. The time value
embedded in them transforms “our” past into “our” present percep-
tion and cognition. This is the first part of the time series model dis-
cussed in this chapter. Then, how do we transform this perception,
based on our own time series, into a broader and continuous percep-
tion that makes us distinct yet interconnected with others and other
groups today?

5.4 The Smell of Cultural Memory: The Net of Indra

In-depth discussions of collective cultural memory are provided by
Aby Warburg and Jan Assmann. According to Warburg, art functions
as an organ of social memory, continuously preserving and presenting
humankind’s deepest, original collective memory. Artworks contain-
ing the “pathosformel” acts as carriers of cultural memory.2? According
to Assmann, cultural memory comprises fragments in human history,
and is condensed into symbolic figures to which memory is attached.2s
Collective cultural memory transcends individual experience and
time, involving the ancient, unconventional, and the abandoned.>+
While Warburg’s theories can still be applied to the cannons in
the Brazilian National Historical Museum courtyard and the smells

22 E.H. Gombrich and F. Saxl, Aby Warburg: An Intellectual Biography (Warburg
Institute, 1970), 239-259.

23 Jan Assmann, Cultural Memory and Early Civilization: Writing, Remembrance,
and Political Imagination (Cambridge University Press, 2011), 37.

24 Jan Assmann, Religion and Cultural Memory: Ten Studies, trans. R. Livingstone,
(Stanford University Press, 2006), 27.
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therein, Carvalho’s work goes beyond pictorial elaboration. It may
be difficult to identify Warburg’s “pathosformel” in the artwork of
smells. Although Carvalho’s Within the Smells of History intensively
analyzes a country’s memory across time and space, this temporality
provides a focused examination of regional memory, primarily appli-
cable to Brazil as an individual entity or similar cultures.

Some artists have taken a macro view of collective cultural memo-
ry. In 1996, Scandinavian artists Christian Skeel and Morten Skriver
collaborated on a smell-mediated work Babylon. This scent instal-
lation consists of 29 porcelain jars of four different sizes, arranged
systematically on a 16-meter-long cabinet and table. Twenty-eight
jars are filled with fragrant oils distilled from flowers, fruits, and
other aromatic materials sourced from 23 countries across five conti-
nents. For example, the No. 8 jar contains lemon balm from Italy; the
No. 10 jar contains sandalwood from India; the No. 23 jar contains
fennel balm from Spain; and the No. 25 jar contains Lillial (formu-
la: C H, 0), a chemically produced aromatic, from the UK. Centrally
positioned is the largest 29th jar containing an equal mixture of 28
other fragrance oils.

The title “Babylon” provides visitors an ancient and intuitive
context connecting to humankind’s more primordial memories—a
trade center and a melting pot of languages and cultures. In Hebrew,
“Babel” (Babylon) and “Babel” (Babel) share the same name, with the
latter associated in the Bible with the idea of “chaos” due to the story
of the Tower of Babel (though the original name derives from the Ak-
kadian Bab-ilim, meaning “Gate of God”). The work is thus imbued
with the dual connotations of the myth of the Tower of Babel: the uni-
ty of generations of humanity and the communication barriers creat-
ed by different languages. Even though people from 23 countries may
communicate in various tongues, scent becomes a common language
among them. The work Babylon evokes associations with lost civili-
zations as well as the pleasant dreams and memories of humanity.
This connection stems from the unique position of olfaction within
the human brain structure—the olfactory nerves are closely linked to
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deep-seated psychological functions such as memory, emotion, and
dreaming, and it is the earliest sense to develop in the embryo.25

World Sensorium is an ongoing art project founded by American
artist Gayil Nalls over 20 years ago.2° In 1989, during the fall of the
Berlin Wall, after being pushed to the top of the crowd, Nalls realized
that there was a need for a worldwide sensorium accounting for all
individuals. In the artist’s program, this sensorium takes the form of
a worldwide scent.

Since 1990, Nalls has researched and collected botanical, cul-
tural, and olfactory data from 230 countries and regions. In her re-
search, a region’s plants have a special relationship with human life,
preserving its memory. Therefore, Nalls extracted essential oils from
the most iconic plants in each region’s culture. She then synthesized
these scents (aromatic extracts) proportionally to each country’s pop-
ulation and created 2 million copies, each containing 10 grams of liq-
uid and accompanied by written instructions. This ongoing artistic
project premiered during the 2000 millennium celebration in New
York Times Square, where she released the perfumed copies from
skyscrapers into the crowd. Through this collective fragrance, Nalls
intended to create a scent representing global cultural memory and
evoking human coexistence with nature.

After 2000, Nalls continued the work from a different perspective.
She created a website dedicated to the World Sensorium, describing
each region’s represented plants and their cultural significance. She
monitored the impacts of climate change on these areas and docu-
mented local responses.

From the perspective of cultural memory, both World Sensorium
and Babylon construct assemblages consisting of “time series” of
individuals from diverse cultures. They do not occur on a unified

25 Christian Skeel and Morten Skriver, Babylon (Helsinki: Nykytaiteen museo,
1997), 15.

26 See the official website of World Sensorium/Conservatory, digital archive of scents,
accessed May 5, 2024, https://worldsensorium.com/.
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timeline, but simultaneously or staggered across their respective
timelines. How is this time value manifested? Specifically, how does
the correlation of different groups and their interpretations of each
other across time come into play? The artists of these two works mixed
smells equally or proportionally to population without exploring the
inter-group correlations and the value of this time.

Buddhism offers a more concrete description of the correlation
between different individuals in the universe through the metaphor
of Indra’s net. This net describes the interpenetration of the
microcosm and macrocosm. It also describes how all phenomena in
the universe are interconnected. This description appeared in Hindu
classics before the 3rd century and was later developed in Buddhism.
According to the Buddhavatamsaka Sutra (also known as Avatamsaka
Sutra), there was a god called Indra who hung an infinite net in his
palace, extending infinitely in all directions, with a glittering jewel
tied at each knot. The net and jewels were infinite, with the polished
surface of each jewel reflecting every other jewel in the net. And each
jewel appears simultaneously in all the others. Moreover, “each of
the jewels reflected in this one jewel is also reflecting all the other
jewels.”” This mirroring process continues infinitely.

The metaphor of Indra’s Net emphasizes that all phenomena in
the world are interrelated: “Each thing that exists is dependent for
both its existence and its identity upon every other thing that exists.”®
While not explicitly stating the net’s temporality, as a description

27 See Francis H. Cook, Hua-Yen Buddhism: The Jewel Net of Indra (University Park:
Penn State Press, 1977), 2. The original text is: PIRIR Ers R, SR
B (S DE SR EL, RERER, SCUIRR AR, RUBIIRN. Bk B
R BRI, SBITRY. — R, BIRRY . TRIKIE T, HAH B ﬁfﬁﬁ
b, TT/\EH FASRBASR, R, S BERT, sl — DI, DTfEn%fffi
WBRIUHE, & T H, S0, TETBERE D, INE ). TR, Y
iﬁﬂmo iﬂ?ﬁﬁ@, e Bk Zl[] Eachl, HERE, R R, EE .

28 Bryan Van Norden and Nicholaos Jones, “Huayan Buddhism,” in 7he Stanford En-
cyclopedia of Philosophy, ed. Edward N. Zalta, Winter 2019 (Metaphysics Research
Lab, Stanford University, 2019), accessed May 5, 2024, https://plato.stanford.
edu/archives/win2019/entries/buddhism-huayan/.
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of all phenomena and existence, temporality is necessarily present.
When examining Indra’s net through the temporal dimension, each
jewel (i.e., each being or phenomenon) has its own temporality (time
series). The time series of each jewel builds its own physical structure
while simultaneously appearing on the surface of the other jewels,
whose surfaces also map the time series of the other jewels. It is in-
teresting to note that this correlation is consistent with the ideas in
econometrics discussed earlier.

English artist and poet William Blake describes the cosmology
and temporality reflected in Indra’s Net in a similar manner: “To see
a World in a Grain of Sand, And a Heaven in a Wild Flower, Hold
Infinity in the palm of your hand, And Eternity in an hour.”® Thus,
whether Babylon or a plant in the World Sensorium, like a jewel in
Indra’s Net, it reflects the whole universe. More specifically, the four
dimensions of space-time that Einstein proposed.

The previous three sections examined the relationship between
smell and memory through the lens of Hawking’s second arrow of
time—the psychological arrow of time. Time series were used to ana-
lyze how time value transforms into memory. This association shows
itself in the influence of one’s past self on the present self, as well as
the impact of others across different times. Each individual’s time
series shapes their personal memory, while the assemblage of diverse
individuals’ time series constitutes a group’s history and memory.
The mutual mapping between different groups forms the collective
cultural memory, which allows for difference, plurality, and intercon-
nectedness with others.

Once we recognize these associations and potential causal rela-
tionships, what else can we do? Can we intervene in this process to
achieve desired outcomes? Or can we engage in counterfactual rea-
soning based on hypothetical scenarios and potential futures, to

29 W. Blake, D. Erdman, and H. Bloom, “Auguries of Innocence,” in The Complete
Poetry and Prose of William Blake (University of California Press, 2008), 490.
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understand what we should do now?3° The next section will discuss
these questions.

5.5 Symmetric Time: Bayes’' Theorem

Hawking’s third arrow of time addresses temporal directionality from
a macro cosmic perspective. According to his interpretations, time is
asymmetrical, with its arrow pointing solely toward the heat death
of the universe. In other words, we can progress from the past to the
future, but not from the future back to the past. However, Hawking
does not entirely dismiss the possibility of space-time folding and
time travel.3* In theoretical physics, intense gravitational forces can
distort space in a manner akin to folding a piece of paper, theoreti-
cally enabling rapid transit across vast distances of space-time. Black
holes possess this space-warping capability. Consequently, time trav-
el is theoretically possible over a short period of time without exceed-
ing light speed. Wormholes are proposed as tunnels facilitating such
time travel.3

Quantum physics has also demonstrated time’s reversibility. Ac-
cording to experimental findings by scientists, under certain condi-
tions, quantum particles can transfer thermal energy from colder
particles to hotter ones, violating the previously mentioned principle

30 This method aligns with the three levels of “causal inference” in statistics: associ-
ation, intervention, and counterfactual. For a detailed discussion, see Judea Pearl
and Dana Mackenzie, 7he Book of Why: The New Science of Cause and Effect (Har-
low, England: Penguin Books, 2019), Figure 1.2.

31 Stephen Hawking, “Stephen Hawking: How to Build a Time Machine,” Daily-
mail, April 27,2010, heeps://www.dailymail.co.uk/home/moslive/article-1269288/
STEPHEN-HAWKING-How-build-time-machine.html. accessed May 5, 2024.

32 John Moffat, The Shadow of the Black Hole (Oxford University Press, 2020), 72—
87.
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of increasing entropy (the second law of thermodynamics). This phe-
nomenon therefore implies that at the quantum scale, the direction of
the arrow of time can be reversed.33

On a philosophical level, Heidegger’s theory of Zeitlichkeit em-
phasizes the future as a critical dimension in understanding Dasein.
For Heidegger, the future, along with the past and the present, con-
stitutes the temporal structure of Dasein, and the projection toward
future possibilities forms a central aspect of existence. This future
orientation allows humans to plan, act, and understand themselves
as beings that are always “becoming.”4 Interpreting this metaphor-
ically through the lens of time series modeling, one might say that
future states of Y (i.e., Y.

t+1°

Y,,,...) are shaped by the present but also
represent potential trajectories that influence how the present (i.e.,
Y) is understood. However, unlike mathematical models, Heidegger’s
future is not determined by the past or present but reflects the open-
ness of human existence.

The 18th-century mathematician Thomas Bayes proposed a
method for updating probabilities in light of new evidence, which his
followers later developed into the formal field of inverse probability.
This methodology, now termed Bayes’ Theorem,35 forms the foun-
dation of Bayesian networks and has broad applications in modern
technologies like big data, artificial intelligence, and systems such as
ChatGPT. Besides, it provides an alternative interpretation of the re-
lationship between past, present, and future.

33 Kaonan Micadei et al., “Reversing the Direction of Heat Flow Using Quantum
Correlations,” Nature Communications 10, no. 1 (June 5, 2019): 2456.

34 Martin Heidegger, Being and Time, trans. John Macquarrie and Edward Robinson,
32nd printing (Malden, MA: Blackwell Publishing Malden, MA, 1962). Also see
Michael Wheeler, “Martin Heidegger,” in 7he Stanford Encyclopedia of Philosophy,
ed. Edward N. Zalta, Fall 2020 (Metaphysics Research Lab, Stanford Universi-
ty, 2020), heeps://plato.stanford.edu/archives/fall2020/entries/heidegger/, accessed
May S, 2024.

35 L.N.Hoang, La Formule Du Savoir: Une Philosophie Unifiée Du Savoir Fondée Sur
Le Théoréme de Bayes (EDP sciences, 2018).
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Bayes’ theorem can be expressed simply in mathematical formu-

las as follows:
P(A) x P(B|A)

P(A|B) = )

In this formula, P refers to probability. A and B are random events.
P(A|B) refers to the posterior probability—the probability of event A
occurring, given that B has occurred. P(A) is the prior probability of
event A. P(B) is the marginal probability of event B. P(B|A) is the likeli-
hood—the probability of event B occurring, given that A has occurred.
In its fundamental form, Bayes’ theorem represents the idea that
when encountering new information, we can update our prior beliefs
to form posterior beliefs, refining predictions for greater accuracy.
This concept finds widespread application in various fields, from sci-
entific research to machine learning. In artificial intelligence, Bayes-
ian thinking enables technologies to handle uncertainty and adapt
based on probabilistic reasoning. For example, ChatGPT benefits
from periodic updates to its training data and algorithms, ensuring
more accurate and contextually relevant responses over time.
Bayesian thinking-based artificial intelligence has also found nov-
el applications in the field of olfaction. Dutch artist Frederik Duerinck
has collaborated with scientists and perfumers to explore Al-gener-
ated fragrances. Since 2018, he has exhibited his work, Algorithmic
Perfumery (Figure 5.7). It is a multisensory installation that synthe-
sizes machine learning, personal social media data, and perfume de-
sign to produce individually customized scents. Project participants
serve as inputs for the installation, providing personal information
through questionnaires and connecting their social media accounts.
This data, along with individual preferences, comprises the training
sets for the AI system. Through continuous learning, the AI deter-
mines each participant’s likely scent preferences. In the exhibition,
computers equipped with the AI system are connected to fragrance
synthesis equipment. Upon making its determination, the artificial
intelligence matches a specific perfume recipe and completes the per-
fume production. Duerinck’s production line currently consists of 48
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streamlined perfume ingredients, of which the AI selects between 2
to 20 to combine at a time. Apart from continuing to experiment with
scent and artificial intelligence, Duerinck is gradually commercializ-
ing the device for customized perfume creation for individuals and
businesses.

According to Duerinck, this work not only creates personalized
sensory experiences through Al training, but also alters how humans
interact with smells. Humans control their bodies through scents
created by machines. This process differs from passive acceptance
of natural smells or commercial fragrances. It is not a simple exter-
nal imposition, but a possibility derived from the individual’s own
data combined with big data algorithms. It defines who we are based
on our past experiences combined with universal logic (through big
data that maps multiple individuals) and helps us get closer to who
we want to be. This approach echoes Indra’s net mentioned earlier,
wherein each individual is closely linked through AI perfumery. An
individual’s scent encapsulates their own past alongside collective
logic derived from aggregated data, jointly defining their present self.
Simultaneously, one’s own data contributes to shaping others’ scents.
Through this process, smells become tangible manifestations of ab-
stract identities, linking individuals across time dimensions, and en-
abling dialogue across time and space.

Therefore, Bayes’ theorem is not limited to information process-
ing. It essentially represents inverse probability—reasoning about
the occurrence of unknown things. In certain application scenarios
(e.g., Al speculating on personal preferences, ChatGPT answering
questions), the idea of inverse probability actually implies an arrow
of time that opposes the second law of thermodynamics. Combined
with the formula of Bayes’ theorem, this temporal relationship can
be interpreted as: when the future of a thing is unknown (posterior),
we can rely on our own experience (past, prior) as well as the likeli-
hood of the future of another relevant thing (posterior) to judge the
likelihood of its occurrence. This helps us make present judgments to
navigate toward desired futures.
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This logic of thinking is similar to Heidegger’s Zeitlichkeit. Bayes’
theorem mathematically illustrates how the future affects Dasein
and how we move from the self of the past to the self of the present.

Moreover, from the mathematical form of Bayes’ theorem, it can
be seen that the relationship between A and B is symmetric. Specifi-
cally, P(A|B) and P(B|A) are related through the same formula:

P(A|B)P(B) = P(B|A)P(A)

Then, we can derive the following formula:
P(B) x P(A|B)

P@BIA) =——F 5

Thus, P(B|A) can also be posterior, while P (B) can be prior.

When considering the temporal dimension, this mathematical
symmetry may have implications for how we understand temporal
relationship—the symmetry of time. Namely, we can move from the
past to the future, and from the future back to the present. Potential
temporality is expressed as probability, and the value of time can be
realized through improved probabilistic assessments.

More recently, some smell-mediated works also reflect artists’
exploration of inverse probability, or symmetric time. For example,
Peter de Cupere and Sissel Tolaas (and Christina Agapakis, Alexandra
Daisy Ginsberg, and their team) have created works addressing
potential effects of climate change on plants. Both of their works
establish comparable probabilistic events A and B. Specifically, event
A: what plants smell like; and event B: extreme ecological changes.
Their posterior scenarios (A|B) are also the same, that is, what the
plant smells like when the ecology undergoes extreme changes.
However, the two works have completely different ways of addressing
temporality.

Peter de Cupere’s Salt Flowers, exhibited at the 2017 Ijssel
Biennale in the Netherlands and the 2018 Venice Biennale, responds
to climate change. The artist hypothesizes an extreme scenario in
which rising temperatures melt polar glaciers, elevating sea levels
and detrimentally eroding land and marine habitats while altering
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Figure 5.7 Frederik Duerinck, Algorithmic Perfumery, exhibited in the exhibition
HUM(AI)N, Phi Centre, Montréal, 2019. ©Sandra Larochelle/ >HUM(AI)N
exhibition at the Phi Centre.

ecological diversity. The work consists of a series of white and
crystalline plants in different forms. Using 3D printing, de Cupere
made white crystals grow on plastic petals, which were displayed
in large transparent boxes. Visually, the salt flowers appear to be
pristine white, allowing visitors to appreciate the delicate details and
structure of the flowers more clearly. However, these so-called “salt
flowers” are not made of salt. The artist used glass to replicate the
granularity and crystal structure of salt.

On an olfactory level, visitors can smell the flowers through air
vents in the boxes. De Cupere has imbued each flower with a distinct
smell, either fresh or foul, but none represents the plant’s natural scent.
Two of the flowers emit smells mimicking organic nitrogen derived
from blood meal and sturgeon food, respectively. The blood meal is
commonly used as fertilizer, while the sturgeon food usually emits an
unpleasant odor and contributes to water pollution. Excessive use of
fertilizers destroys soil structure, and these chemicals find their way
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into rivers or the sea, further polluting water resources. Additionally,
human overfishing has a negative impact on fish populations and water
quality, an issue Tolaas discusses through her work on salmon smells
(see Chapter 2). The aromatic salt flowers are scented with bathroom
fresheners, laundry products, and artificial aromatics—synthetic
fragrances occupying our olfactory space, constructing everyone’s
body odor, while the fragrance industry pollutes the environment.
According to the artist’s hypothetical scenario, humans would no
longer be able to experience natural scents. Artificially simulated
plant scents would control and change our olfactory perceptions.

Salt Flowers is a deeply metaphorical work. Salt crystallizes from
the ocean, forming a delicate crust upon seawater evaporation—the
“Fleur de Sel” (flower of salt) from Brittany being considered the
finest seasoning. In a sense, the salt flower can also be considered a
crystallization of nature, reflecting the sea’s history. Moreover, salt
is revered across cultures both in the East and West as a symbol of
holiness, value, and preciousness. It preserves flesh and keeps it from
decaying. It is also an essential element for human survival.

De Cupere’s salt flowers represent a two-way causal relationship:
where humans’ continued environmental destruction will radically
alter human living conditions. Thus, in the future, strange crystalline
“salt flowers” may arise as fossilized records of human history.
Concurrently, the extreme ecosystem causes mutated plants to emit
unusual smells, taking us back to the past, the cause and source of
these odors. This two-way causality reflects the value of time.

If de Cupere’s work is future oriented, Tolaas and her peers
construct a virtual present. Resurrecting the Sublime is an
interdisciplinary collaborative project aimed at reviving the scents
of flowers that have become extinct due to human activity.3® This is
accomplished through the application of synthetic biology and the
science of olfaction. The project is carried out by Tolaas, Christina

36 Artist Collective, “Resurrecting the Sublime,” Resurrecting the Sublime, accessed
May 5, 2024, https://www.resurrectingthesublime.com/.
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Agapakis, Alexandra Daisy Ginsberg, and an interdisciplinary team
of engineers from Ginkgo Bioworks. The first results of the project
were presented at the “La Fabrique du Vivant” exhibition at the
Centre Pompidou in Paris.

To recover the scent of extinct flowers, the project extracted trace
amounts of DNA from three flower specimens stored at Harvard
University Herbaria. Ginkgo scientists used synthetic biology
to predict and reconstruct gene sequences potentially encoding
fragrance-producing enzymes. Based on scientific findings, Tolaas
reconstructed the scents of the three flowers in her lab using
identical or similar smell molecules. The flowers are Hibiscadelphus
wilderianus (native to Hawaiian lava fields), Orbexilum stipulatum
(native to the U.S., also known as Falls-of-the-Ohio Scurfpea), and
Leucadendron grandiflorum (once grew in Cape Town, South Africa).
Their extinction occurred due to various factors. For example,
colonial cattle ranching destroying Hibiscadelphus wilderianus’s
habitat, leading to the last tree’s demise in 1912. While Orbexilum
stipulatum’s habitat was flooded by the U.S. Dam 41 in the 1920s.

Since scientists are unable to determine the precise molecular
compositions of each flower’s scent, artists face difficulties fully
recreating the fragrances. Thus, in an installation designed by
Alexandra Daisy Ginsberg, this uncertainty is conveyed through
diffusing and mixing elements of each flower’s scent. In the
exhibition, boulders represent this lost landscape in its original
geological form. Images are projected on screens near the boulders,
simulating how these plants grew in their natural environment and
their surrounding smellscape. This enables visitors to visualize
flowers blooming on volcanic slopes, in mountain shadows, or along
barren riverbanks.

According to the artists, as visitors interact with these extinct
scents and stones, humans themselves become the specimens on
display. Humans are able to recreate the scent of extinct flowers
through genetic engineering techniques, which is both exciting and
potentially frightening as it allows humans to again experience
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what they have destroyed. This sensation evokes an aesthetic state
of the “sublime.” Through this multi-sensory experience, visitors
are encouraged to reflect on their place within the vast context of
nature.

Resurrecting the Sublime reconstructs lost landscapes and
smellscapes through synthetic biology, and the underlying idea of
this reconstruction is Bayes’ theorem. This involves integrating
currently available biological and geological information to predict
how a predetermined event would happen. Specifically, what would
extinct plants smell like if still alive, and how would they relate to
humans and their surroundings? The creators of this work do not
provide definitive answers. The fragmented scents and ambiguous
molecular structures reflect an invisible graph of data distribu-
tion—an expression of probability, and the most accurate descrip-
tion possible.

Viewed through the framework of Bayes’ theorem and symmetri-
cal time, Tolaas and de Cupere’s work provides understanding of the
relationship between our future and present selves, with the senses
becoming a crucial channel for understanding and presenting this
connection. However, the greater role of Bayes’ theorem and cogni-
tive foundations was to advance the rapid development of artificial
intelligence. As disembodied intelligent brains are molded to con-
tinually intervene in the human world and sensory experience, how
much significance does the existence of organismal senses retain?
How useful can human perception be for cognition?

Machines do not need to perceive the objective world through
senses, but living organisms must exchange information through
sensory means. From living organisms’ need for sensory perception,
the concept of Physical Intelligence emerged. The term refers to
the ability of an individual or system to understand the physical
world, solve problems, and adapt to the environment through
perception, movement, and interaction with one’s surroundings.
Unlike traditional notions of intelligence focused on language, logic
and math skills, physical intelligence highlights the importance of
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an entity’s sensory inputs and its embodied interactions within the
environment.?” Therefore, true intelligence involves not just abstract
reasoning, but is closely tied to processing multi-sensory information
from the physical world. Anicka Yi thoughtfully presents the outlooks
on sensory experience, physical intelligence, and how they relate to
human civilization.

In the work In Love with the World, Anicka Yi attempts to answer
three questions: can artificial intelligence autonomously generate
perceptual experiences about the objective world? Can AI exchange
information with living organisms on Earth? Can humans share the
world with self-evolving machines? To explore these questions, she
has created a novel species of aerobe, which is a fusion of machine and
organism. These organisms resemble sea creatures and mushrooms
and take on varied forms. They are governed by specific algorithms
and demonstrate varying patterns of communication and interaction
when exposed to different environmental conditions. In 2021, Yi ex-
hibited her aerobes in Tate Modern’s Turbine Hall. These robotic crea-
tures float in the air and hover above visitors. They are able to detect
human presence but make no physical contact with visitors.

The aerobes also emit smells that vary weekly. Yi simulated smells
of the Tate Modern site (once a power plant) across different geologi-
cal and historical periods, including: the Precambrian Ocean smells
of the area’s pre-human environment; smells of vegetation during the
Cretaceous period; smells of spices once thought to have warded off
the 14th-century Black Plague; smell of coal associated with the in-
dustrial age; and ozone smells linked to air pollution. Through these
aerobes and their smells, the site’s ecological history spanning hun-
dreds of thousands of years converges in the same space and time as
present-day visitors.

Yi’s work presents a grand narrative of biological evolution that
spans beyond human civilization. However, she does not exhibit any

37 Metin Sitti, “Physical Intelligence as a New Paradigm,” Extreme Mechanics Letters
46 (July 1, 2021): 101340.
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signs of anxiety or fear regarding biological evolution. Contrary to
many science fiction novels, Yi depicts a future in which humans
do not have to fight against machines or alien civilizations. “Intelli-
gence” eventually evolves into the original state of living organisms,
returning to an ecology akin to that of the sea; whereas the “intelli-
gent brain” based on reason and logic returns to the original senso-
ry interactions between organisms. Perhaps in a rational world, the
arrow of time moves unidirectionally towards the heat death of the
universe. However, in the sensory world, time may be perceived as
reversing, returning to its original state, or starting point.

This chapter examines how smell’s value appears across the tempo-
ral dimension. This unique value includes three aspects: temporal
value transfer, interconnections between different temporal-spatial
domains and individuals, and investigations into time’s directional-
ity. Firstly, within East Asian cultures, scent itself serves as a means
to measure time, embodying entropy increase—the thermodynamic
time’s arrow—on a material plane. Secondly, the psychological time’s
arrow explains the origins of human memory, with smell acting as a
mnemonic trigger, intimately intertwined with individual, collective,
and cultural recollections. Moreover, scientific progress and inter-
disciplinary collaboration have deepened our comprehension of the
cosmic time’s arrow, providing avenues for exploring the symmetry
of temporality. In this era of rapid artificial intelligence advancement,
the senses coordinate the relationship between humans and intelli-
gence, and smell can aid in reshaping interconnections across diverse
spatiotemporal domains.
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