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1 Deep Time as a Novel Lens of Planetary Politics

When viewed in deep time, things come alive that seemed inert. New responsibil-
ities declare themselves. A conviviality of being leaps to mind and eye. The world
becomes eerily various and vibrant again. Ice breathes. Rock has tides. Mountains
ebb and flow. Stone pulses. We live on a restless Earth.

(Macfarlane, 2019, pp. 15–16)

This Element investigates the politics of deep time as the realm in which

societies interact with processes on a geological or even cosmic timescale.

The aim is to examine deep-time interactions in order to provide a rationale

for and conceptualization of the politics of deep time. As of now, the temporal

depth of human actions conflicts with the short-termism of current political

systems and institutions, which remain dominated by the election cycles of just

a few years or policy programs of a few decades at best. Yet, the Anthropocene

as an ongoing planetary event has brought to the foreground deep-time inter-

connections of human agency with the Earth system and, to an even greater

extent, has highlighted that the Earth, while on very long timescales, is

a restlessly changing and always provisional planet irrespective of human

influence (Bauer et al., 2021; Gordon, 2021; Macfarlane, 2019). Despite this

recognition of strong temporal interdependencies, we still lack a basic under-

standing of how societies can politically handle the interconnections between

several decades, centuries, millennia, or eons, as well as the potential gener-

ations to come. In line with a previous call for “deep-time organizations” that

exist over long periods of time to address deep-time challenges, this Element

argues for the internationally coordinated establishment of a “deep-time obser-

vatory” (Hanusch & Biermann, 2020). The goal of the observatory would be to

compile an inventory of deep-time interactions, in order to develop an evidence-

based foundation for the politics of deep time as a core pillar, keeping the planet

habitable and enabling the autonomy of future generations in the long run.

Within this introduction, I aim for a concise approximation of this politically and

rather unfamiliar realm of deep time. I aim to showwhy it is distinct from and yet in

most cases incorporates similar notions as other political concepts, such as the time

policies for sustainability politics, politics of future generations, or long-term gov-

ernance (Boston, 2016; Reisch, 2015; Underdal, 2010). Futures that referred to

children’s children in a sustainability context are replaced by Earth time periods, in

which it is not even clear whether and in what form human societies will experience

these (Horn, 2017). The politics of deep time are thus related to yet are distinct from

politics concerned with a handful of generations in the past or future. Drawing from

the spatial notion of multilevel governance, one has to develop the notion of a

“multitemporal governance,” this has only been conceptualized for the short-term

1The Politics of Deep Time
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level of election periods and the medium- to long-term level of certain future

generations; the level of processes taking place within cosmic timescales, however,

has to date been omitted. Therewith, I contribute to a wider paradigm shift in the

global environmental politics research in the Anthropocene (Biermann, 2021).

Deep time is a realm far beyond human existence yet entangled with it. To better

understand the character and scales of deep time, I start here with a brief analogy

with everyday life, namely, food. First, imagine buying food for the next seven days.

Onewould probably select certain foods thatmust be eatenwithin the first few days,

such as lettuce, but onewould also purchase items that can be cooked in aweek from

now, such as potatoes. Next, consider the seven-generation principle of the

Haudenosaunee, according to which decisions today should benefit seven gener-

ations in the future. To guarantee that the seventh generation in the future can enjoy

food, one would have to plant olive trees, so that future generations can also enjoy

tasty food and make dining tables from the wood of the olive trees. Finally, try to

imagine how food relates to the next seven geological epochs. The Cenozoic era,

spanning approximately 66 million years, consists of seven geological epochs,

namely, the Paleocene, Eocene, Oligocene, Miocene, Pliocene, Pleistocene, and

Holocene. Within this timeframe, the Chicxulub asteroid impact occurred around

66 million years ago, leading to the extinction of non-avian dinosaurs. Thinking

about our relationship with food that operates within these vast timeframes means

ensuring that the genetic diversity of crops, which has been forming overmillions of

years, does not become extinct and allows the regeneration of biogeochemical soil

flows that enable respective plantation.Within the last 2.5 billion years, for example,

no other force had a greater impact on the nitrogen cycle than humans, largely due to

nitrogen fertilizers used in agriculture (Canfield et al., 2010). Yet, we overlook

political practices and institutions that are capable of dealing with these kinds of

timeframes, timeframes so vast that numbers lose meaning. This encapsulates the

politics of deep time.

While such relations with Earth system processes, which form over cosmic

timescales, may sound fairly distant and technical at first glance, they are vastly

politicized and drive world politics. When US president Trump, for example,

claimed “OIL (ENERGY) IS BACK!!!!” (Trump, 2020), a “Great Again”

retrotopia of a romanticized past based on fossil-fuels, formed ca. 286 to

360 million years ago, became a powerful future image of reactionary move-

ments around the world (Hanusch &Meisch, 2022). This indicates that changes

in civilizations are profoundly interrelated with changes in their conceptions of

time. While several other disciplines have started investigating these interrela-

tions, such as philosophy (Landa, 2000), history (Chakrabarty, 2009), or educa-

tional sciences (Zen, 2001) among others, an explicit treatment of the politics of

deep time is overdue.

2 Earth System Governance
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When comparing the politics of deep time to related temporal concepts in

social science research, its distinct character can be further distilled. First,

political time is concerned with diverse temporal understandings that are

determined by political institutions and actors within the political process

itself, such as the timing of decision-making or regime change (Goetz,

2019). Consequently, long-term politics refers to the long-term problems

and policies over years, decades, or centuries, but rarely millennia or more

(Siebenhüner et al., 2013). In a similar vein, anticipation studies, such as

research on emerging technologies, are a methodological approach aiming to

understand possible future trajectories and to act accordingly, mostly within

a maximum time range of decades (Poli, 2017). Studies concerning the

politics of future generations overwhelmingly focus on a few generations

into the future (Boston, 2016; González-Ricoy & Gosseries, 2016), with the

exception of some concepts proposing timeless trusteeship ideas

(Thompson, 2010; see Section 3.2). Similar to geohistory or “une histoire

quasi immobile” and the notion of the “longue durée” (Braudel, 1966, p. 16),

Big History or the Climate of History can be partly related to the politics of

deep time, as it strives to integrate human history with the history of the

universe, without exemplifying what this means in terms of politics

(Chakrabarty, 2021; Christian, 2011). Timescapes are yet another and prob-

ably the most encompassing approach in social theory that comprise a cluster

of various interacting temporal phenomena, ranging from timing, tempo,

duration, sequence, and timeframes to modalities of past, present, and future,

but have primarily served as a theoretical approach (Adam, 1998). While the

politics of deep time incorporate a range of the above-mentioned and similar

approaches – the generation of our great-grandchildren is, for example,

a tiny part of this – an explicit and comprehensive treatment of the inhuman

cosmic timescales from a political perspective is, to the best of my know-

ledge, lacking.

This Element proceeds as follows: in order to outline a conceptual frame-

work of the politics of deep time (Section 5), I investigate why deep-time

interactions make the politics of deep time essential (Section 2), how deep

time is currently politicized (Section 3), and what concrete cases should be

treated as politics of deep time (Section 4). I thus introduce the notion of the

politics of deep time from scratch as both an analytical framework and

a political necessity. After all, we must learn to talk temporally about

time. Acquiring a temporal view is a demanding exercise, yet it allows for

novel insights into the ever-changing relationships between humans and the

planet.

3The Politics of Deep Time
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2 The Why: Deep-Time Interactions

Rocks are not nouns but verbs.

(Bjornerud, 2018, p. 8)

This section develops the very basis of a new kind of politics. It starts by

defining deep time as the realm in which societies interact with processes on

a geological or even cosmic timescale. Thereafter, deep-time encounters are

investigated to unveil deep-time interactions. Based on this, I identify norma-

tive objectives for the politics of deep time, namely, democracy and habitability.

2.1 Definition of Deep Time

I define deep time as the realm in which societies interact with processes on

a geological or even cosmic timescale. Deep time is thus a relational concept

that covers the interactions between societies and processes taking place within

geological and cosmic times. Although often used interchangeably, particularly

in a non-geological discourse, deep, geological, and cosmic time can be distin-

guished with regard to their definition (Burchfield, 1998; McPhee, 1981).

Cosmic time encompasses the timeframe since the Big Bang ca.

13.8 billion years ago until the ultimate fate of the universe, which will

eventually manifest in the form of a Big Crunch in ca. 20 billion years, a Big

Rip in ca. 50 billion years or a Big Chill in ca. one googol year. Cosmic time is

thus a synonym for the age of the universe, whereas geological time refers to the

timeframe of the Earth’s existence, ranging from its formation 4.54 billion years

ago to its absorption by the Sun in ca. 7.5 billion years. Geological time is thus

synonymous with the age of planet Earth. Geological time is part of cosmic

time, with “us as creatures of this earth, as beings that are constituted by

a double temporality: rhythmically structured within and embedded in the

rhythmic organisation of the cosmos” (Adam, 1998, p. 13; see Figure 1).

The discovery of these vast amounts of time relating to the existence of the

Earth and the Universe was in some cultures, at least in the Christian dominated

parts of the world, preceded by a much more anthropocentric interpretation of

the beginning of everything. A prime example is the assumption that the Earth is

no older than a few thousand years (see Figure 2).

The proposition of a much older Earth, based on geological, rather than

religious, timescales, dates back to at least the eleventh century to two poly-

maths, namely, Ibn Sina during the Islamic Golden Age and Shen Kuo during

the Song dynasty. Going further back, Hinduism and Buddhism refer to the idea

of “kalpa,” which is similar to the notion of a cosmological eon. However,

James Hutton is mostly referred to as the discoverer of geological time in which

4 Earth System Governance
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“we find no vestige of a beginning, no prospect of an end” (Hutton, 1788/2010,

p. 304). In 1788, at Siccar Point on the east coast of Scotland, Hutton observed

how two different rock types layered on top of each other, later known as

“Hutton’s unconformity,” and concluded that the Earth’s surface is the result

of cyclic geological processes that are too slow to have taken place in biblical

timeframes (see Figure 3). Stones thus may be perceived as a critter themselves;

at least they have the potential to transfer people into nonhuman scales of time

(Cohen, 2015; Reinert, 2016).

As his “Theory of the Earth” (1788/2010) was criticized as illogical and

atheistic, for example, by other geologists such as Richard Kirwan, he published

“An Investigation of the Principles of Knowledge and of the Progress of

Reason, from Sense to Science and Philosophy” as a three-volume edition

including his “Theory of the Earth” and additional material to justify his

findings. John Playfair, a colleague who accompanied James Hutton at Siccar

Point, described the recognition of the discovery a few years later as follows:

We felt ourselves necessarily carried back to the timewhen the schistus onwhich
we stood was yet at the bottom of the sea, and when the sandstone before us was
only beginning to be deposited. . . .Revolutions still more remote appeared in the
distance of this extraordinary perspective. The mind seemed to grow giddy by
looking so far into the abyss of time; and while we listened with earnestness and
admiration to the philosopher who was now unfolding to us the order and series
of these wonderful events, we became sensible how much farther reason may
sometimes go than imagination can venture to follow. (Playfair, 1805, p. 73)

Geological time, in this vein, becomes materially accessible and visible through

its presence in the here and now, “palpably present in rocks, landscapes,

groundwater, glaciers, and ecosystems” (Bjornerud, 2018, p. 162), but remains

in part invisible and inaccessible in the depths of the Earth or in the vastness of

outer space (Chakrabarty, 2018; Szerszynski, 2017).

The discovery of geological time was not only a revolutionary moment in

geology. It inspired the great theories of the sciences, including Charles Darwin’s

“TheOrigin of Species” (1859), as well as poets and novelists alike in terms of the

implications for the missing justification of humans as the pride of creation

(Buckland, 2013; Ziolkowski, 1990). As a consequence, it is argued that the

discovery of geological time is next to the Copernican Revolution, Darwin’s

theory of evolution, and Freud’s theorization of the subconscious, one of the four

great revolutions which led to a decentering of human subjectivity: “What could

be more comforting, what more convenient for human domination, than the

traditional concept of a young earth, ruled by human will within days of its origin.

How threatening, by contrast, the notion of an almost incomprehensible

5The Politics of Deep Time

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/9781108936606


https://doi.org/10.1017/9781108936606 Published online by Cambridge University Press

https://doi.org/10.1017/9781108936606


Figure 1 The cosmic time spiral starting with the Big Bang and a focus on the geological time of the Earth. A 90-degree stretch covers

one billion years, with the most recent 90 degrees corresponding to only 500 million years.

Source: Reprinted with the permission of Pablo Carlos Budassi (2020), available at www.pablocarlosbudassi.com/2021/02/nature-timespiral.html

https://doi.org/10.1017/9781108936606 Published online by Cambridge University Press

http://www.pablocarlosbudassi.com/2021/02/nature-timespiral.html
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immensity, with human habitation restricted to a millimicrosecond at the very

end!” (Gould, 1987, p. 2).

Therefore, human societies should comprehend the fact that planet Earth

existed before and during, and will exist after Homo sapiens. Consequently,

the past covers a timeframe ranging from the first Homo sapiens ca.

315,000 years ago back to the Big Bang. A closer look at processes taking

place within this timeframe demonstrates that the separation between cos-

mic, geological, and biological timeframes becomes blurred. Not only are

there bacteria, and thus life, in Siberian soil which can repair their own

DNA and survive for at least 500,000 years (Johnson et al., 2007), but also

the origin of many minerals is related to biological processes, demonstrating

Figure 2 Details of Sebastian C. Adam’s Synchronological Chart (1881)

showing the chronology of the Earth according to James Ussher’s (1650)

Annals of the World, beginning at 6 pm on October 22, 4004 BC, with the

creation of Adam and Eve. The chart was reproduced in Bibles by the Oxford

University Press until 1910.

Source: © David Rumsey Map Collection, David Rumsey Map Center, Stanford
Libraries, CC BY-NC-SA 3.0; available at www.davidrumsey.com/luna/servlet/detail/
RUMSEY~8~1~226099~5505934:Composite–Adams–Synchronological-

8 Earth System Governance
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the coevolution of life and minerals as a result of permanent interchange

(Ehrlich, 1996). The time during the presence of Homo sapiens on planet

Earth covers the timeframe of the existence of Homo sapiens from ca.

315,000 years ago toward a yet unknown point in the future, when

a “homo noveau” might start to form, for example, by natural mutation,

by separation of Homo sapiens on two planets, by genetic engineering or, in

a transhuman manner, by integrating artificial intelligence devices, with the

resulting relationship between both unfolding its agency. A future after the

existence of Homo sapiens covers a timeframe ranging from the emergence

of a homo noveau to the unknown fate of the universe. In the meantime, the

Atlantic Ocean will close again and in ca. 250 million years, a new super-

continent, Pangea Proxima, will form; whether humans will exist then is

unknown (Williams & Nield, 2007). Of course, such timeframes are hard to

imagine, and yet, the very moment one reads these sentences, once also

“used to be the unimaginable future” (Brand, 1999, p. 164).

Hutton’s discovery thus brought about a bifurcation of the Earth’s and

human history, which the notion of the Anthropocene is reuniting again.

This reunion becomes explicit by illuminating human interactions with

processes taking place within geological timescales in the form of

Figure 3 Hutton’s unconformity at Siccar Point, Scotland. The lines illustrate

the differing orientation of the strata between the two stone types from different

ages.

Source: Image byMike Brooks ©Herefordshire &Worcestershire Earth Heritage Trust;
available at https://deeptime.voyage/siccar-point/

9The Politics of Deep Time
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stratigraphic, biostratigraphic, and chemostratigraphic signatures and the

physical stratigraphic signatures of the Technosphere (Northcott, 2015;

Zalasiewicz et al., 2019).

How societies know about and perceive time on the one side, and how they

are organized and govern themselves on the other side thus depend on each

other. Societal relations regarding knowledge of the timeframes of the

Earth’s and the Universe’s existence changed during the course of history

and will likely be subject to change in the future. How societies perceive their

relationship to these large timeframes fundamentally changes worldviews.

Depending on societies’ perception of the Earth’s age, whether it is some

thousand or some billion years old, their self-conception and politics differ.

When it comes to such vast amounts of time, which may be measurable but

are yet so unfamiliar that they can barely be comprehended, the way in which

relationships with these are shaped become particularly important. This

characterizes deep time.

In theoretical terms, the separation between societies and their understanding

of time, in contrast to geological and cosmic time, aligns with the distinction

made between an A- and B-series in time philosophy (McTaggart, 1908). The

A-series refers to the subjective experience of time, where events are ordered

dynamically according to their position in relation to the present moment,

namely, past, present, or future. The Heraclitean character of the A-series can

thus be closely aligned to societal time perceptions. The B-series refers to

a rather objective and fixed sequence of events with either earlier or later than

other events in t1, t2, t3, and so on. The Parmidean character of the B-series thus

aligns with the block universe underlying cosmic and geological time. Several

concepts exist that potentially connect the A- and B-series, including the

“specious present” (James, 1893; Kelly, 1882), “tensed facts” (Swinburne,

1990) and “time consciousness” (Dainton, 2023). However, these concepts

usually refer to the individual and not societal level. Deep time is conceptual-

ized here as a means of connecting the A- and B-series at a societal and political

level. The societal experience of time is closely tied to the events that societies

perceive taking place around them, while it is difficult to comprehend the vast

timescales of geological or even cosmic time within societal experiences. Deep

time can provide a bridge between the A-series and B-series of time. Deep time

allows to connect the societal experiences of time with the reality of the

universe, as deep time explicates the interactions between both.

In methodological terms, “Numbers do not seem to work with regard to deep

time. Any number above a couple of thousand years – 50,000, 50 million – will

with nearly equal effect awe the imagination” (McPhee, 1981, p. 21; see also

Ginn et al., 2018, p. 214). An illustrative example of this is that 85 million years
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lie between the appearance of the stegosaurus and the tyrannosaurus, and “only”

67 million years separate the appearance of the tyrannosaurus from the inven-

tion of the mobile phone. If, therefore, geological and cosmic time are the

quantitative accounts of these huge timeframes, which are hardly accessible to

the human mind, deep time can be understood as its qualitative account; we live

within geological time and interact with it through deep-time interactions. My

definition of deep time is thus a temporal explication and basis of politicization

of the notion of “earthly multitudes” as the various connections diverse societies

establish with the “planetary multiplicity” of an ever-changing planet (Clark &

Szerszynski, 2021, pp. 171–172; see Figure 4).

More precisely, societal interactions through deep time with processes taking

place within geological or cosmic timescales can include, for example, the way

soils, formed over billions of years, enable or disable certain types of societal

development, how currently produced nuclear waste will radiate a million years

into the future, and the possible terraforming of Mars. The differentiated

meanings and relationships of cosmic, geological, and deep time are shown in

Figure 5.

Even though human evolutionary history is characterized by these inter-

actions, most humans do not take notice of these; neither do societal institutions

explicitly address them (Pahl et al., 2014).

2.2 Deep-Time Encounters

Having defined deep time, I now take a closer look at the kind of interactions

between societies and processes taking place within geological timescales by

asking: How has awareness of the importance of deep time as a policy-relevant

dimension evolved? What characterizes deep-time encounters? Why are deep-

time encounters politically relevant?

Figure 4 Planet Earth changed markedly many times in the past and will

continue to do so in the future.

Source: © NASA/JPL-Caltech/Lizbeth B. De La Torre (2020); available at https://
exoplanets.nasa.gov/resources/2245/planet-earth-through-the-ages/
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First, how has awareness of the importance of deep time as a policy-relevant

dimension evolved? While the human impact on the long-lasting processes of

the Earth’s surface, through fire, extinctions, and deforestation, has been

a traditional object of study in geomorphology for decades, the emergence of

proto-Anthropocene planetary knowledge since the 1950s, in particular, later

known as Earth system sciences, pointed to the entanglements between time-

scales and led to the respective integration into a geo-anthropological time

(Goudie, 2020; Sörlin & Isberg, 2021; Figure 6). It became increasingly clear

that humans are not only living on a planet, but are part of it, yet many are

missing planetary knowledge that could form the basis for respective action

(Hanusch et al., 2021). Moreover, such knowledge and the considerable time-

scales to which it relates were for a long time and are still partially denied and

declared insignificant by large parts of the humanities and social sciences:

How could it make any kind of sense to insert into the totality of the
evolutionary process of the universe this tiny portion of a timespan that is
illuminated by the light of tradition? Yet, what imposes itself upon us when it
comes to broadening the historical horizons is precisely to stop thinking of
this gigantic framework into which the little bit of human destiny called world
history almost disappears. (Gadamer, 1988/2016, p. 27)

This is changing, as a distinct deep-time perspective is seen as fundamental to

understanding human life itself: “To isolate life from these geological flows is to

distort our understanding of society and of humanity. Yet all too often the focus

upon an inflated present abducts contemporary activity from the geological

duration needed to fully understand its significance – an extraction of the

contemporary moment from deep time that threatens rupture” (Irvine, 2020,

pp. 2–3). A respective thought experiment asks: What if humans lived for

cosmic time = 13.8 + x bn years

geological time = 12 bn years

Big Bang
13.8 bn years ago

formation of Earth
4.54 bn years ago

absorption of Earth
in 7.5 bn years

fate of universe
in unknown future

deep time = realm in which societies interact
with processes happening on a geological

or cosmic timescale

societies

Figure 5 The differentiated meanings and relationships of cosmic, geologic,

and deep time.
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20,000 years and could see mountains moving or seas rising? (Chakrabarty,

2021, p. 191). They would not see rocks or deserts as part of a background

landscape but part of an ever-changing planet: “The body of the earth is in

motion, and our bodies within it” (Irvine, 2020, p. 189).

With all the knowledge regarding the temporalities of the Earth’s systems, the

formulation of the notion of the Anthropocene has to be viewed as an epistemic

event that also called the humanities and social sciences to action (Bai et al.,

2016; Bonneuil & Fressoz, 2013/2016). Not only has it diminished the separ-

ation between nature and culture, it has also brought the understandings of time

implied in each of the concepts closer together. The Anthropocene opened an

entry point into deep time that brought the distant past and the far away future

into the present. This does not only include (potential) human influences –while

making a “human planet” – comparable to a meteor that ended the Cretaceous

66 million years ago, but also an understanding of “how the forces of strata and

Earth system work through us” (Clark & Szerszynski, 2021, p. 60; see also

Chakrabarty, 2021, p. 8; Lewis & Maslin, 2018; Zalasiewicz & Kunkel, 2017;

see Figure 7). This marked a counterpoint to the marginalization of the human

by the vast geological timescales. During the Anthropocene, diverse societies

gained agency to different degrees. This agency arises and operates on short and

Figure 6 Proto-Anthropocene synchronization efforts to integrate various

timescales into a geo-anthropological timeframe.

Source: Oeschger (1985, p. 10) © American Geophysical Union (AGU)
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very long timescales, and brings about ruptures as well as steady processes that

often surpass any measure and phenomenological ground of the human

(Chakrabarty, 2021, p. 190; Clark & Szerszynski, 2021, p. 20; Hamilton,

2016). The role of humans became ambiguous; not only are they influenced

by processes taking place within timescales of billions of years, but they are

also, in part, capable of influencing, although not controlling, these processes.

This influence can be used by some as a political force with the unifying notion

of the Anthropocene as a “humanity-as-strata,” readable after human extinction

(Yusoff, 2016, p. 9, 2018b). This invokes more pluralistic notions, such as the

Chthulucene, that places emphasis on the temporal plurality of permanently

ongoing multispecies rearrangements (Colebrook, 2017, p. 10; Haraway, 2015).

Second, what characterizes deep-time encounters? These redefine agency in

a twofold and reciprocal manner: on the one side, human societies have agency

to shape processes taking place within geological and cosmic timescales; and on

the other side, these processes themselves exert nonhuman agency influencing

human societies. This is what I call deep-time interactions (see Figure 5).

Figure 7 Humans are in their daily life surrounded by and part of manifold

deep-time interactions. Often these go unnoticed: in this picture people enjoy

their time at Itzurun beach in the Spanish Basque Country, where the Earth’s

strata are only perceived as a backdrop for typical beach activities.

Source: © Dosfotos/Axiom (Design Pics Inc)/Alamy (2011), available at www.alamy
.com/EYDB3C
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Accordingly, deep-time interactions are always bidirectional. This means that

in terms of the past, today’s societies are influenced by processes that took place

within a cosmic timescale, hundreds of thousands or even millions and billions

of years ago; and, second, that societies influence these processes. Regarding

the latter, this is not about time travel, but understanding, on the one side, which

kind of memory the Earth as a planet practices and, on the other side, the way

societies relate to these processes, for example, by declaring a geological site or

a landscape a natural World Heritage Site, thus attaching value to a place that

formed a very long time ago, which should not be altered or from which

resources should not be extracted (Graeber & Wengrow, 2021; Szerszynski,

2019). In terms of the present, this means that societies of Homo sapiens are

influenced by events in the here and now, caused by processes taking place

within a cosmic timescale and that societies influence these processes. They

may interact with resources that developed in the distant past of the Earth’s

history, using resources and thus potentially erasing parts of the Earth’s mem-

ory, making it disappear. In addition, regarding the future, this means that

today’s societies are influenced by processes that are likely to take place within

a cosmic timescale in the distant future and, second, that societies influence

these processes. Once again, this does not relate to time travel, but whether and

how societies react to future events predicted by evidence-based models, such

as giant solar flares hitting Earth, and which tools are being invented to deal with

future events taking place within cosmic timescales, ranging from technologies

to cultural practices enabled by respective political arrangements.

The term “bidirectionality” thus refers to the reciprocal and interactive nature

of the relationships between human societies and processes operating within

geological or cosmic timescales. It recognizes that human activities and deci-

sions can have an impact on these long-term processes, while acknowledging

that the outcomes of these processes can, in turn, affect human societies.

Bidirectionality emphasizes the interconnectedness and interdependence

between human actions and the larger planetary or cosmic systems. It empha-

sizes that human societies are not isolated entities, but part of a complex web of

interactions where deep-time interactions can be mutually influenced and coe-

volve between human societies and processes within geologic or cosmic time-

scales. Accordingly, bidirectionality is fundamentally different from unilateral

causality, taking into account the construction of deep-time images and possi-

bilities, their emergence, contextual embedding, and path dependencies (Polak,

1973). Geological processes, for example, erosion, sedimentation, and tectonic

movements, shape the Earth’s landforms over long periods of time. These

processes, in turn, influence the development and change of cultural landscapes.

The formation of valleys, mountains, and coastlines can affect settlement
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patterns, transportation networks, and the cultural practices of local communi-

ties, while at the same time, human societies rebuild these landscapes, even

creating new islands (Sreekumar & Hassan, 2020).

One key characteristic of the twofold relationship of deep-time interactions is

that nonhuman agency enables human life, yet it remains indifferent to it

(Colebrook, 2017, p. 3). This agency is not only executed through geological

material, such as soil or events like volcanic eruptions. The geological and

biological are deeply intertwined in the Earth’s history; bacteria which, as the

sole inhabitants of Earth for a timespan of three billion years, laid the foundation

for more complex and thus human life. They drove chemical reactions, trans-

forming a previously purely geological planet and inventing the biosphere

(Blaser, 2014); for this reason, “animals figure disproportionately in the main-

tenance of the modern Earth System, not least because they invented it”

(Butterfield, 2011, p. 86). Being an active force that transforms the Earth’s

systems is thus not even exclusive to human life, it has been done before, albeit

in a direction that in most cases increased diversity instead of diminishing it:

“The first cell never died, it bifurcated in time, generated all biology, all of us,

and all technology” (Walker [@Sara_Imari], 2022). Applying a deep-time lens

goes beyond the very basics of what life is: it transforms the definition of life

and living creatures to reflect the notion of holobionts, which emphasizes the

importance of symbiosis and even symbiogenesis for the formation of life,

instead of placing individuals first (Gilbert, 2014; Ginn et al., 2018, pp. 214–

215). As I will discuss later, this also has consequences for the meaning of

biodiversity loss beyond the conventional definitions of the loss of certain

distinct species in the here and now. Life forms through genealogies, it pre-

serves the past and binds time, it is “expanding complexity and creating new

problems for itself” (Margulis & Sagan, 2000, p. 86).

Those primary forces – underlying but also including life itself – operating

within geological timescales impacted humans much more directly than con-

temporary societies. Their impact, for example, through glacial action or shifts

in vegetation and fauna, was not mitigated by modern infrastructure, such as

larger cities or state organizations. This is why “the paleoenvironment and

human response to it may be considered as two cogs within a well-calibrated

precision instrument, where even the slightest changes in the former can

catalyze changes in the latter” (Jacobson-Tepfer, 2020, p. 77). When societies

had built their shields but started to interfere intensively with processes on

a geological timescale, they did so based on a modern idea of time, which no

longer included those early and immediate experiences from generations ago.

Generally speaking, modernity’s dominant singular temporality is primarily

characterized by a dominant and linear vision of newness. Even though
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concepts, such as justice or belonging, carry temporal components, they are

usually bound to rather short timeframes, and counter-temporalities inhabiting

ruin or destruction or non-Western concepts of rhythms and endurance could

hardly compete, resulting in temporal dislocation (Ginn et al., 2018, pp. 213–

214; Serres, 1995). At the same time, the vast ignorance of deep-time inter-

actions, for example, the burning of fossil fuels, led to industrialization and

enabled, at least in Western societies, the growth of democracy and economic

prosperity. However, staying with the example of fossil fuels, these develop-

ments come with “subterranean geologic debt” (Yusoff, 2018a) that conditions

freedom in the future. The consequences of climate change limit the range of

political options, opportunities, and flexibility available within a given context,

namely, the room for maneuver: “deep time is not therefore antecedent to the

present but continues to organize and differentiate arrangements of energy and

matter . . . to place current concerns into a much larger flow of planetary history

and futures, nudging deep Earth forces to disrupt our received narrative strat-

egies and moral imaginaries and in so doing provincialize Anthropocene narra-

tives” (Ginn et al., 2018, pp. 216–217; see also Clark et al., 2016). In general,

energy flows, in the context of heat, light, or motion, as they appear in the

burning of wood, wind turbines, or solar radiation cycles, are a prime example

of how deep-time interactions are based on twofold agency (Walker, 2021).

Therefore, deep-time agency, regardless of being human or nonhuman, can

“take anywhere from seconds to eons to do their work” (Clark, 2011, p. 201).

Third, why are deep-time encounters politically relevant? As previously

explained, they are not only co-made by humans and influence public as well

as private life, they also shape political room for maneuver. This is barely

recognized, as political infrastructures are adjusted to anthropogenic time-

frames without taking deep-time interactions into account. While the recogni-

tion of processes taking place within geological timescales is a challenge for the

human experience, it is not a risk to politics as such. The risk is that the massive

scale is misinterpreted as rendering politics obsolete; however, it rather forces

a rethink of government (Bonneuil & Fressoz, 2013/2016). Remembering that

politics is based on the plurality of people (Arendt, 1950/1993, p. 9), the

opposite is true; deep time and the multiplicity of cultural origins as the

necessity and basis of democratic politics are not only compatible, they are

necessarily interconnected and condition one another (Zielinski, 2013, p. 7).

What has been perceived as the “outside” or the “far away” does not exist

anymore; it is, at least implicitly, already part of politics (Chakrabarty, 2018,

p. 29; Westermann & Rohr, 2015). Instead of including children or grandchil-

dren in political decision-making, novel ways to establish trusteeship for demo-

cratic processes, combined with forms of political kinship with radical alterity
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of nonhuman temporalities, need to be investigated and implemented (Haraway,

2016; Thompson, 2010). As I will discuss later, the recognition and inclusion of

deep-time interactions is about to become the next democratic revolution (see

Section 3.2).

The challenge is not only to characterize deep-time interactions as a new

basis on which to think and do politics, but also to focus the existing political

infrastructure on anthropocentric conceptions of time (Bjornerud, 2018,

pp. 11–12). This includes fiscal years as well as parliamentary terms that

award short-term acting – ranging from less than a year or a congress period

to only one human life span –with the prime example that “[b]y discounting at

standard rates, the inevitable collapse of the living systems on this planet

several hundred years from now could be counterbalanced by relatively trivial

economic gains in the immediate future” (Randall, 1988, pp. 219–220). Thus,

politicizing biodiversity in a deep-time manner has to acknowledge that it “is

perhaps the most precious planetary resource, for which the timescale of

replenishment, known from past mass extinctions, is tens of millions of

years” (Langmuir & Broecker, 2012, p. 580). Destroying biodiversity trans-

lates into distinct forms of temporal violence as it is an act of irreversibility

(Hamilton et al., 2015). However, the processes taking place within geological

timescales without human influence might diminish political room for man-

euver, for example, if an incident of the magnitude of the Great Oxygenation

Event 2.45 billion years ago were to occur. Visible in rust belts (iron oxides)

around the Earth, this event brought along the extinction of many species.

Deep-time interactions are thus woven into our everyday life, and they should

equally be woven into planetary politics. With the conceptualization of the

politics of deep time in this Element, I aim to take a first step toward the

formulation and institutionalization of such politics of deep time.

2.3 Normativity in Deep Time

If deep time is the realm in which societies interact with processes taking place

on a geological or even cosmic timescale, questions arise as to how societies

should act in and shape this realm, which shaping is desirable and which is

undesirable. In a procedural manner, these questions require a permanent and

democratic process of societal self-understanding, as discussed later (see

Section 3.2). My aim here is to identify core issues that such a process needs

to deal with. As of now, “[t]alk of ethics renders banal a transition that belongs

to deep time, one that is literally earth-shattering. In deep time, there are no

ethics” (Schmidt et al., 2016, p. 2). I, however, suggest there are, or should be,

and I try to understand which entry points might pave the way to these core

issues in three steps.
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First, no deep-time interaction is neutral (Yusoff, 2018b). Even though, in

terms of planetary transformations initiated by humans, one might say that “We

are as gods and might as well get good at it,” at times, it might be better to

withhold our powers, as we first “HAVE to get good at it” (Brand, 1968, p. 2;

2009, p. 1). Different geological formations are foundational to enable the

extractive economies of the Anthropocene, even colonialism and slavery are

closely tied to geologic realities. The dispossession of land, a common theme in

world history, was never executed without coercion. The American slave trade

was from its beginning closely entangled with mining activities, such as the

Brazil Gold Rush, with half a million slaves forced to mine (Machado &

Figueirôa, 2022; Yusoff, 2018b, p. 14).

No deep-time interaction is neutral and the way this is circumscribed influ-

ences the way one thinks about and acts in the world. What “a social geology”

can thus help to understand is “not to ‘humanize’ geology so much as it is to

understand how the languages that already reside within it are mobilized as

relations of power – and how a different economy of description might give rise

to a more exacting understanding of geologic materiality that is less deadly”

(Yusoff, 2018b, p. 12). Who or what is valued as having agency matters. The

agency of those who were forced to bring the Anthropocene into being, in

addition to the agency of those who forced them and the agency of geological

realities themselves, needs to be explicated. Then, it becomes clearer who is

responsible for which kind of deep-time interactions, making the normativity of

deep-time interactions visible, including the close ties of geological material

and bodily work, and alternative futures (Yusoff, 2018b, p. 103). The decision,

for example, on whether a geological event like the Anthropocene began in

1950, which represents an understanding of history in line with a “Western

understanding of time according to which the past is resolutely over and done

with rather than being simultaneously here in the present” (Smail, 2021, p. xi),

or whether one takes into account the deep roots of the Anthropocene that may

be traced back up to ca. one million years ago when fire was first used as a tool,

determines whose agency is included and whose is not, whose sufferings are

overheard and whose benefits accumulate (Ellis et al., 2016).

It is, therefore, hardly surprising that an analysis of the power relations of

deep-time interactions enables to see a new kind of violence that is often

extremely slow but can also rupture in brief moments of time. Most closely

related to such an understanding of violence is the notion of slow violence:

By slow violence I mean a violence that occurs gradually and out of sight,
a violence of delayed destruction that is dispersed across time and space, an
attritional violence that is typically not viewed as violence at all. . . . Climate
change, the thawing cryosphere, toxic drift, biomagnification, deforestation,
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the radioactive aftermaths of wars, acidifying oceans, and a host of other
slowly unfolding environmental catastrophes present formidable representa-
tional obstacles that can hinder our efforts to mobilize and act decisively.
(Nixon, 2011, p. 2)

Such slow violence hits poor people the hardest and devaluates their ability to

become involved in the decision-making of deep-time interactions, such as the

sixty-seven “nuclear tests” from 1948 to 1958 on the Marshall Islands and the

consequent radiological and chemical violence, which serves as a prime

example (Cohen, 2018; Nixon, 2011, pp. 6–7). Deep-time agency was taken

from the people of the Marshall Islands, making their homes uninhabitable.

Slow violence causalities are a major challenge to scientific, legal, political, and

representational practices, as they extend toward the invisible, contrasting the

temporalities of planetary biophysics with the human’s senses and respective

brain’s neural circuitry rather than being wired to the human’s life span (Nixon,

2011, pp. 8–13). However, in terms of deep time, an extension from slow

violence toward what might be called “deep-time violence” needs to be devel-

oped. An extension from slow violence to deep-time violence would involve

examining the often-hidden effects of human interference on processes within

geological and cosmic timescales. Deep-time violence would encompass the

recognition that human activities can disrupt and damage the intricate web of

life and the complex processes that unfold over extended periods of time,

affecting not only future human generations, including a possible successor of

Homo sapiens, but also the nonhuman world. This concept recognizes that harm

and violence can occur over vast periods of time, often hidden or overlooked

because of the limitations of our immediate temporal perspectives. An illustra-

tive example of deep-time violence is that of volcanoes. Today, there is growing

evidence that anthropogenic climate change also affects volcanic activity

(Doocy et al., 2013; Fasullo et al., 2017; Kutterolf et al., 2013; Sigmundsson

et al., 2010). Evidence from the past helps to predict what might happen in the

future due to human activity. The rapid retreat of ice sheets that preceded the

Holocene increased seismicity by way of a postglacial expansion of the litho-

sphere: the Earth’s crust became less solid, and magma would find its way to the

planet’s surface more easily. In Iceland, the frequency of volcanic eruptions

increased by more than 10 times by the end of the last glacial period, and

volcanoes from such bygone geological eras can also be found in Antarctica

(Palmer, 2020; Wilson et al., 2012). In a normative sense, the question arises

which concepts can provide guidance to include the agency of those excluded

from decision-making on deep-time interactions and transform deep-time vio-

lence into deep-time opportunities through deep-time politics.
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Second, the core normative purpose of the politics of deep time is to under-

stand how deep-time interactions define our world, in order to formulate search

spaces for who or what, and how to include them in the making of these worlds

and establish what should be possible within them. There is no ideal way to

handle deep-time interactions which stretch across unhuman dimensions

(Chakrabarty, 2019, p. 25). To open the search space, the distinction between

the geological and the biological at least becomes fluid. The distinction made

since the nineteenth century fostered great progress, but at the same time, this

must be understood as having been grown historically and rooted in theWestern

world view: the distinction between what is perceived as cosmos, geos and bios

is culturally and geographically connotated. Many, particularly Indigenous,

means of understanding across the world work without it (Bobbette &

Donovan, 2019; Whatmore, 2006). What once was alive becomes inorganic,

what once was inanimate can be brought to life. To an even greater extent,

matter, in this vein, can be defined as frozen action, that is, “not snapshots of

preexisting things frozen in time – caught in the act as it were – but rather

condensations of multiple material practices across space and time” (Barad,

2007, p. 360). Humans are thus no longer the pride of creation, even though they

might assume responsibilities hardly attributable to the nonhuman. For this

reason, the multispecies and even the more-than-human perspectives with their

relational ontologies are particularly insightful for the politics of deep time

(Celermajer et al., 2021; Srinivasan & Kasturirangan, 2016).

All this requires political experimentation and even artistic speculation, with

novel arrangements that take deep-time interactions seriously (Bakke, 2017).

When it comes to the question of whom to include in the shaping of deep-time

interactions and thus the creation of new worlds, the demos needs to be defined

in the broadest sense: it is necessary, for example, to experiment with ways of

including, probably sensor-based and with the support of machine learning, the

processes taking place within cosmic timescales in the political process or, more

anthropocentrically, ways of representing different geological eras in the polit-

ical arena, for example, through spokespersons. In a similar manner, the

Indigenous Maori requested that the Whanganui River, Mount Taranaki, and

the Te Urewera Forest be granted personhood rights in New Zealand. What

these spokespersons bring to the fore are forces of reproduction such as earth

care labor and they emphasize the “agency of reproductive and subsistence

workers as those subjects that, through both daily practices and organized

political action, take care of the biophysical conditions for human reproduction,

thus keeping the world alive” (Barca, 2020, p. iii). Life in this sense results

“from human-independent evolutionary processes stretching back into deep

time” (Palmer et al., 2014, p. 429), putting the idea of cosmovivialism at center
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stage: “[C]osmovivir may be a proposal for a partially connected commons

achieved without canceling out the uncommonalities among worlds because the

latter are the condition of possibility of the former: a commons across worlds

whose interest in common is uncommon to each other” (De La Cadena, 2015,

pp. 285–286). Extracting a chronopolitan perspective from this, the world is “an

evolving system of changing temporalities. It presupposes the global present,

but transcends it by opening up to alternative pasts and futures, and also to the

diversity of intersecting rhythms of life” (Cwerner, 2000, p. 337). Necessarily,

and particularly in terms of societal deep-time interactions with processes

taking place within a cosmic timescale, the chronopolitan perspective has in

the sense of cosmovivir been spatially perceived as multiplanetary to ensure, for

example, that the resources of the solar system, ranging from solar energy to

minerals possibly extracted from asteroid mining, are available to everyone on

Earth in potential deep-time interactions (Losch, 2019).

Third, regarding both of the aforementioned substantive issues – no deep-

time interaction is neutral and we need to understand who or what should be

included in their shaping – each results in a distinct task: to shape deep-time

interactions that keep both humans and nonhumans safe and alive (realization of

habitability) and to establish a political process that guides the way in which

deep-time interactions contribute to worldmaking (the realization of democracy

in a deep-time manner).

The latter is, from a deep-time perspective, best addressed by enabling

“natality” of the political again and again anew (Arendt, 1958). This should

result in a constant refining of democracy as a government of, by and for the

people and the planet (drawing on Lincoln, 1863) to realize positive freedom as

the possibility to unfold one’s life and realize one’s purposes (Berlin, 1969), as

I explain later in more detail (see Section 3.2).

The first-mentioned aspect, the realization of habitability, is, on the other

hand, concerned with the fundamental protection of negative freedom, which

entails the absence of barriers, constraints and obstacles (Berlin, 1969). The fact

that Earth is habitable is not just due to its appropriate distance from the Sun.

Other requirements for enabling and sustaining life include the presence of

sufficient energy to sustain the metabolism and reproduction of living beings

and the availability of water and carbon to build complex molecules (Cockell

et al., 2016). To further enable habitability in a deep-time manner, responsibil-

ities declare themselves due to the interferences humans created with the

conditions of habitability. This encompasses responsibility for (in)animate

areas, such as those zones least transformed by humans, but also for artificial

objects created by humans, such as nuclear waste and hybrid objects character-

ized by flows between humans and their environment, such as infrastructures.
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However, while planet Earth possesses the characteristics of habitability, it is

indifferent to life at the same time. According to Hegel’s reflections, when

living through the so-called year without a summer in 1816, it is thus “an

assertion that we should not – under any circumstance – let the contingent

rumblings of the Earth undermine hard-earned political rights and entitlements”

(Clark & Szerszynski, 2021, p. 122). In a situation where the potential under-

mining of political rights and the disregard of responsibilities arising from

human interferences with planetary habitability can never be ruled out, the

politics of deep time has, in a normative sense, also been thought of as

a security project (Mathews, 2020, p. 74). At a very fundamental level, this

combines three different features: dealing with potential collapse, avoidance of

existential risk and deep adaptation.

Currently, systemic disaster discourse predominantly builds on an idea of

sustainability, which still advocates prevention, yet is not ready to factor in

either an ecological or a social collapse in a deep-time manner. Dealing with the

real possibility of collapse, where basic needs may no longer be met, requires

forms of anticipation that are scientifically grounded, socially and existentially

enriched, and ethically oriented to understand how to behave if “the state of

emergency threatens to become the normal state” (Beck, 1992, p. 79; see also

Servigne et al., 2021; Servigne & Stevens, 2020).

To avoid a situation in which the capabilities to deal with collapse are needed,

the prevention of existential risks becomes essential. This especially includes

events that combine high impact with low probability: these are often charac-

terized by irreversibility and range from full-scale nuclear war to sun storms and

asteroid impacts, to the release of engineered pathogens and the complex risks

of artificial intelligence (Bostrom, 2013; Ord, 2020). Of course, there is a need

to democratize existential risks and to avoid dangerous long-termism that plays

off current against possible future generations (Crary, 2023; Cremer & Kemp,

2021; Torres, 2021).

In the case of such existential risks or the interplay of core risks, including

“failure of climate change mitigation and adaptation; extreme weather

events; major biodiversity loss and ecosystem collapse; food crises; and

water crises” (Future Earth, 2020, p. 15) leading to great instability, consid-

erable adaption is inevitable. This includes preparation for “starvation,

destruction, migration, disease and war” based on “resilience, relinquish-

ment, restoration and reconciliation” (Bendell, 2018, pp. 12, 21). Thus, it

seems as if the realization of negative freedom in a deep-time manner would

have to go hand in hand with a strong democratic counterpart to also enable

positive freedom.
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3 The How: Politicization of Deep Time

Addressing these sorts of “deep-time” questions forces us earth system governance
scholars to broaden our empirical and methodological portfolio and move beyond
conventional analyses of environmental regimes, institutional interactions, and
global governance studies, which tend to focus on much shorter timeframes.

(Galaz, 2019, pp. 115–116)

In this section I analyze how deep time is currently politicized. It starts by

explaining the scattered landscape of the mostly implicit politics of deep time,

discusses the democratic challenges of deep-time interactions, and, by drawing

on the definition of deep time (see Section 2.1), develops an analytical frame-

work to map and analyze eras of the politics of deep time.

3.1 Scattered Politics of Deep Time

The politics of deep time is neither coherent nor fragmented; it is scattered as it is

vastly inexistent, which is why conventional conceptual, methodological, and

empirical tools within Earth system governance research reach their limits (Galaz,

2019, pp. 111–116). More precisely, I agree with the rationale that current

societies are approaching a new stage of complexity. Throughout history, humans

have created organizations for their survival in order to face an increasing number

of new challenges. At the beginning, organizations focused on basic human needs

like food and shelter at local level, then on settlements and their interactions at

regional level. During the industrial revolution national coordination became

necessary, which was followed by the rise of international organizations to enable

the exchange between nation-states at global level. The last few decades saw the

rise of a largely network-based world society, which corresponds with the rise of

transnational organizations (Battersby, 2017; Shinohara, 2016). At this point, it

seems that the end of spatial differentiation has been reached, as political institu-

tions, even if partially fragmented, exist at and across all levels.

My rationale in terms of deep time is as follows: I argue that societies,

after having differentiated for centuries within the dimension of space

across multilevel political architectures, now enter the dimension of time,

which requires novel multitemporal political mechanisms and institutions

(Hanusch & Biermann, 2020, p. 33). The temporal scope of multitemporal

politics ranges from ultrafast algorithmic processing in microseconds to the

eras of geological and cosmic processes (Galaz, 2019, p. 122).

While the number and intensity of deep-time interactions have grown almost

exponentially over the last few decades, the respective political architectures

have not formed, and responsibilities have not been assumed. This is hardly

surprising as the exponential growth of deep-time interactions started
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overwhelmingly at the same time as the Great Acceleration in the 1950s

(Steffen et al., 2015) which could be observed in the simultaneous rise of

various socioeconomic indicators (e.g., world population, transport, telecom-

munication) and Earth systemmeasurands of human activity (e.g., domesticated

land, ocean acidification, loss of tropical forests). At this point, however, the

constitutions of most states contributing most to these developments, such as

the Constitution of the United States from 1788, as well as those of international

organizations, such as the Charter of the United Nations from 1945, were

already written, without being aware of the need to govern deep-time inter-

actions. Changes to such documents, which would need to include deep time,

for example, taking nonhuman agency into account (see Section 2.2), would be

fundamental and would require a new constitutional moment. The fact that such

a constitutional moment will be fostered top-down by political leaders or

demanded bottom-up by grassroot movements is, at the moment, rather

unlikely, given the fact that deep time is barely an issue of political contestation

which reveals a limited deep-time literacy throughout world societies. The

politics of deep time is from a current point of view more likely to emerge

organically, with specific organizations as prototypes, such as the Svalbard

Global Seed Vault, as an example of an existing organization that is meant to

last essentially forever to preserve genetic information of cultural crops, or final

depositories for nuclear waste in the making, that might in sum and over

timescale up internationally (Ialenti, 2020; Westengen et al., 2013). The chal-

lenge for any politics of deep time then becomes the required longevity of

respective organizations (Hanusch & Biermann, 2020). Not only are political

arrangements needed that are capable of processing deep-time interactions into

politics, while accounting for various temporalities such as speed, rhythm, and

acceleration, but deep-time political arrangements also need to last over very

long periods of time. As of now, organizations that have survived – only – a few

millennia or centuries are hard to spot, and some of those that exist, such as the

Japanese monarchy or the Catholic church, can only partially serve as a model

for the democratic societies of the twenty-first century and beyond. Thus, what

is needed is a focus on the politics of deep time enabling continued democratic

connections between people and planet in a deep-time manner.

3.2 Deep Time as a Challenge for Democracy

Deep-time interactions are political and the sheer number of possibilities of how

they can be arranged, on the one side, and their importance for life on planet

Earth, on the other side, demand adequately equipped democratic politics.

Before I outline how the democratic politics of deep time might look,
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I explain why deep time is a substantial challenge for the current democracies’

presentism and the kind of requirements for the democratic politics of deep time

can be deduced from this. I also discuss why approaches that aim to include

future generations fall short when it comes to the huge timespans of geological

or even cosmic processes.

First, why is deep time a challenge for democracy? While some challenges

for democracies through deep time are rather explicit and easily observable,

others are more implicit. The explicit challenges can be traced back to the

human lifespan, the respective incumbent interests, and, accordingly, the time-

frames inscribed in societal institutions: they lead to short-termism and

a presentist bias in democratic politics, as, for example, in the democracy-

climate nexus (Hanusch, 2018). Most obviously, this includes election cycles

of four or five years and evenmore autocratic states align their political planning

to similar timeframes, including China’s five-year plans. Decade-long demo-

cratic planning, as in plan approval procedures when major infrastructures are

developed and implemented, for example, the installation of renewable energies

and respective power lines, is only a fraction of the time in contrast to deep time.

Obviously, there is no quick fix, as adjusting election cycles to the timeframes of

geological processes, which confront “the political with forces and events that

have the capacity to undo the political” (Clark, 2014, pp. 27–28), would only

give rise to some sort of deep-time technocracy.

Even more difficult, yet providing a clear set of tasks, are the implicit deep-

time challenges for democracy. In the study of time, a distinction is made

between future presents and present futures (Adam & Groves, 2007;

Koselleck, 1979/2004; Luhmann, 1976). Present futures are an anticipation of

the future from the present point of view and allow for planning for various

expected changes. In contrast, future presents – as the actual futures once

enacted – are largely subject to the unknown, as they put unexpected change

at center stage. Therefore, future presents are those that might be of primary

importance when it comes to deep-time interactions and timescales so vast that

uncertainty clouds the imagination as to what the interests of any future beings

might be. They simply can longer be accessed using the techniques and methods

of imagination, forecasting, or anticipation. In other words, two fundamentally

different modes of futuring can be distinguished: futuring that addresses

expected change or futuring that addresses unexpected change (Monda, 2018;

Szántó, 2018). Within deep time, both are of relevance but future presents, in

a deep-time manner, are central to the question of how the politics of deep time

can be democratized: how can unexpected change taking place within geo-

logical timescales be incorporated into democratic politics?
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Second, why do approaches that focus on the inclusion of future generations

not tackle deep-time challenges? In short, even though experimentation relating

to the inclusion of future generations in democracies’ institutional design might

be promising for the generation of children and grandchildren (Boston, 2016;

Köhler, 2017; Smith, 2021), this approach cannot cope with future presents, as

these are characterized by unexpected change and are thus largely unknowable

to human imagination (Whiteside, 2018). This includes attempts to reform

legislatures, for example, through proxy representation of future generations,

by including the veto votes of sub-majorities against legislation that impacts

future generations negatively or by introducing offices of future generations,

such as in Israel, Hungary, or Wales, which, as elite institutions, often lack

democratic legitimacy in the first place. This also includes mini-publics in the

form of citizens’ assemblies and citizens’ juries, such as those practiced in the

French La Convention Citoyenne pour le Climat or the Scottish Climate

Assembly, which aim to realize high degrees of deliberation, independence,

and diversity through random selection. While the latter approach might, to

a certain degree, enable forms of deep-time thinking through deliberation,

random selection itself is only one way of representation that has no direct

connection to deep-time interactions. Moreover, future generations might iden-

tify other selection procedures that may bemore democratic and better equipped

to deal with deep-time interactions. In addition, the idea of random selection is

not neutral but is rooted in an Athenian tradition of doing democracy. Both,

deliberation and random selection are based in present futures, as they hardly

allow future communities to self-select and self-represent with their own

selection strategies from their time. This makes random selection a practice

that potentially leads to exclusionary standards, demanded under unequal

conditions, as future generations cannot be present in the here and now

(Morán & Ross, 2021); the politics of future generations in general could be

an excuse strategy to act in the here and now (Humphreys, 2022).

Third, what are possible pathways to deal with deep-time interactions demo-

cratically? In short, I propose a combination of deep-time literacy, inclusion of

the nonhuman and a trustee conception of sovereignty.

Starting with deep-time literacy, it is necessary to empower people to exercise

their citizenship in a deep-time manner. Deep-time literacy can be characterized

as an expanded awareness and understanding of the interactions, effects, and

implications of human interference with processes taking place within geo-

logical or cosmic timescales. This includes the cultivation of a mindset and

knowledge base that goes beyond the immediate present of the current and a few

generations in the past or future and considers the temporal interwovenness of

the long-term influences and consequences of human’s actions, building on such
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approaches as technological citizenship or futures literacy (Frankenfeld, 1992;

Miller, 2018). The core democratic approach is to enable literacy, in order that

knowledge of deep time becomes part of thinking and acting in the daily

lifeworld and in democratic politics; in this vein, people become educated in

deep time and can act accordingly as democratic citizens. Such deep-time

literacy of the long ago past is particularly palpable in fossils, strata, or meteor

craters, which help to make this distant past tangible to the human senses.

A deep-time literate person obtains a sense of “timefulness,” defined as the

ability to locate ourselves within eras and eons, rather than weeks and months,

comprehending “an acute consciousness of how the world is made by – indeed,

made of – time” (Bjornerud, 2018, pp. 5–6; see also Wood, 2018). This also

includes re-learning the languages of lost worlds, such as Native American

myths which are embedded in the landscapes: in contemporary Europe, such

land-connectedness is mostly lost or turned into fairytales and bizarre spiritual-

ity, with deep-time amnesia prevailing in its highly industrialized and digitized

societies (Du Cann, 2021). All this can contribute to an actively enacted, deep-

time culture and respective bottom-up norm formation, which is to date barely

existent, but is tentatively approaching in the arts (Saltmarshe & Pembroke,

2019). This could bring about a more temporally aware society, and ultimately

a poly-temporal world view (Toulmin & Goodfield, 1982).

Democratizing the inclusion of the nonhuman requires, for example, the

already tested yet still anthropocentric construction of human proxy represen-

tations or, in a more experimental manner, the direct and technology-based

inclusion of processes taking place within geological timescales, with which

current societies are interfering (see Section 4.2). A prime example is the

interaction between ice sheet cycles and the deposition of nuclear waste,

the final depositories of which need to last for ca. one million years. During

the 100,000-year ice age cycles, ice sheets thousands of meters thick are

formed, the sea level fluctuates by 120 m and considerable land subsidence

and uplift occurs due to the ice load, all of which can severely deform and

damage a repository and therefore jeopardize its safety (Ganopolski & Brovkin,

2017; Willeit et al., 2019). More generally, a proxy representation of ice sheet

cycles, macroevolution, seasonality, and similar processes means to monitor

and represent processes taking place within a geological or cosmic timescale in

an evidence-based manner, through nonhuman processes that have similar

transformative potential as human societies in regard to planetary change. If

we look back at the history of democracy, a central factor that democratized

democracies was the process of inclusion. When those, who were thought to

lack agency and who were seen primarily as a human resource for labor or

reproduction, such as slaves, non-whites, or women, were included in

28 Earth System Governance

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/9781108936606


democratic decision-making, democracies became more democratic, new pos-

sibilities opened up, and the quality of life improved. Which possibilities would

open up if we now included planetary processes taking place within geological

timescales in democratic decision-making? What, at first glance, seems to be

a thought experiment has already become a real democratic trial run for the

inclusion of the nonhuman, as previously explained, in terms of the Indigenous

Māori speaking about a river, a forest or a mountain. Similar pathways of

representation for other nonhuman entities in a deep-time manner, such as ice

sheet cycles or the process of evolution, are thus equally feasible. Moreover,

novel, sensor-based technologies together with machine learning algorithms are

imaginable as a tool for more direct forms of inclusion. Together, they could

possibly generate a certain kind of “will” of planetary forces proceeding within

geological or even cosmic timescales (Bakker, 2022; Bridle, 2022). However,

these experiments can face serious practical challenges, as the proposed solu-

tions might not work as intended, might lead to secondary non-intended effects,

or might not fit into the context for which they were intended; therefore, they

may not be as forceful as expected. This can be partially observed in Ecuador

and Bolivia, where the adoption and practice of buen vivir and The Law of the

Rights of Mother Earth are an ongoing experiment and learning process.

Lastly, the trustee conception of sovereignty allows for every future gener-

ation to live with great degrees of autonomy. A trustee conception is fundamen-

tally different from conceptions of future generation representatives that only

allow for present futures imagined by the current generations. A generation

living in 1,000 or 200,000 years from now cannot be imagined, and the kind of

interactions they will practice with processes taking place on a geological

timescale, which might range from continued large-scale geoengineering to

interplanetary space mining, cannot be anticipated. A trustee conception of

sovereignty is also different from what might be termed deep-time justice, as

it requires no reference to individuals, other cultures, or future societies. Thus,

the main idea of a trustee conception of sovereignty is not focused on the

content of deep-time interactions but on the process: “Present sovereigns can

represent future sovereigns by acting as trustees of the democratic process”

based on the general principle that “present sovereigns should act to protect

popular sovereignty itself over time” (Thompson, 2005, p. 248). Accordingly,

representatives are neither trustees of the interests of future citizens nor of

a specific form of democracy, but trustees of the conditions empowering future

citizens to establish a democratic process and make collective choices in

a democratic manner (Thompson, 2005, p. 249). A trustee conception of

sovereignty would come with a set of institutions. These include, for example,

posterity impact statements of governments on the potential effects of future
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sovereigns on democratic capacities or constitutional conventions to align these

with the changing values of a democratic process (Thompson, 2005, pp. 256–259).

In this vein, the challenge of rendezvous in deep-time interactions is addressed,

namely, to coordinate and synchronize societies that act or come to exist at

different points in time, in order to have a chance to repeatedly readjust their

respective politics of deep time (Saraç-Lesavre, 2021). The fundamental idea that

even “[t]he making of any constitution is potentially an act of inter-temporal

tyranny” (Thompson, 2005, p. 251) is nothing new, and, as a consequence, the

democratic process itself needs to be renewed until eternity.

Amidst the tumult of the French Revolution in 1789 and shortly before his

return to the United States from Paris, where he acted as ambassador, Thomas

Jefferson expressed his thoughts on “[t]he question whether one generation of

men has a right to bind another” in a letter to James Madison (Jefferson, 1789/

1958). At this time, theWestern world was busy negotiating the nature of modern

democracy against the backdrop of a new conception of time: the space of

experience was increasingly separated from the horizon of expectation so that

the future seemed open, the present no longer God-given, and the past as one of

many versions (Koselleck, 1979/2004). This was taken as a carte blanche, along

with amisconstrued idea of progress, but Jefferson insisted “that the earth belongs

in usufruct to the living” (1789/1958). It cannot be utilized at will but must be

handed over to the next generation in a state at least as good as we received it, and

without debts. The future president derived a radical proposal from these deliber-

ations: the constitution and laws were to expire with those who willed them into

being; otherwise, the dead would govern the living.

Behind this idea is the assumption of contingent futures. However, since the

unborn cannot be represented politically, the independence of generations has to

be ensured. Each of these must be free to begin anew, “that is the actualization of

the human condition of natality” (Arendt, 1950/1993, p. 178, own translation).

Jefferson’s insights point to the temporality of democracy. Each generation

must obtain self-efficacy through an act of foundation and negotiate whether

path dependencies, like the subsidization of fossil fuels, are compatible with the

principle of usufruct. By letting go of the old and creating their own constitu-

tion, new generations would reinforce the democratic way of life in a deep-time

manner. Jefferson closed his letter to Madison with the remark that his proposal

will “[a]t first blush . . .may be rallied, as a theoretical speculation: but examin-

ation will prove it to be solid and salutary” (1789/1958). Indeed, it is high time

that we engage in such an examination. In planetary times, the belief that our

democracy will forever be stable is just plain naïve, much more so than the

ongoing experiments that aim to renew it with confidence and courage, such as

experimentation with democratic forms of the politics of deep time.
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3.3 Analytical Scheme of the Politics of Deep Time

Based on the rationale substantiated in Sections 2 and 3, the aim of Section 4 is

to investigate the deep-time interactions, in order to provide an outline for the

main traits of future politics of deep time in Section 5. The focus is thus on

identifying the main characteristics of deep-time interactions, to understand the

kind of politics of deep time that are needed. The respective guiding question for

the analyses of empirical cases is: what characterizes the deep-time interaction

and the respective politics of deep time?

To answer the guiding question, I first provide a definition of politics and

categories of investigation, second, an explanation of the methods used and

third, a justification of the case selection.

First, the categories of investigation result from the definition of politics

applied. Contemporary definitions of politics often have a strong focus on

a certain issue, most often on the role of the state and the government. In

contrast, the largely unmapped territory of deep-time interactions and the

respective exploratory character of this Element, based on an inductive research

design, best align with a broad and open definition of what is understood as

politics in the politics of deep time.

A starting point for such a broad definition is best found when considering

the etymological root of the word politics, which comes from the ancient

Greek term, “polis,” referring to the city-state. Politics in that sense encom-

passed all aspects and matters related to the city-state. The term “politics”was

thus an integrative term that did not differentiate, for example, between the

government and the state, the state and society, society and personal life, or

any of the aforementioned and morality. This old understanding of politics is

surprisingly close to the most recent attempts in political science that aim to

capture the vast array of activities influencing politics, such as the term

governance. This is to say that the term “politics” was, in previous decades,

largely reduced to the activities of the state and government, as the dominant

view was that these are the only or most important categories to be

investigated. This does not and never did hold true in a world where not

only non-state actors but also nonhuman forces influence societal, political,

and planetary change.

This study aligns with and aims to reinvent the original understanding of

politics. Accordingly, politics in this study is defined as all aspects and matters

related to deep-time interactions. The analytical categories I apply to investigate

all these aspects and matters related to deep-time interactions are: dynamic,

agency, and architecture. Indicators of this exploratory and indicative study are

defined openly in order to be able to depict a variety of characteristic values. In
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other words: the aim is to map the core elements of the politics of deep time,

a largely unmapped territory.

The category dynamic explicates the constantly changing nature of deep-time

interactions that needs to be governed. Here, I aim to investigate the core

characteristics of deep-time interactions, understanding them as “earthly multi-

tudes” or, in other words, as the various connections which diverse societies

establish with the “planetary multiplicity” of an ever-changing planet (Clark &

Szerszynski, 2021, pp. 171–172). Therewith, I focus on the bidirectionality of

deep-time interactions, meaning I take into account the societal influence on

processes taking place within geological and cosmic timescales, as well as the

influence these processes have on human societies. Respective indicators

include: processes within geological and cosmic timescales relevant to soci-

eties; opportunities and constraints for societal (re)actions; feedback loops and

iterative processes of the interaction; potential tipping points or critical junc-

tures through (inter)planetary events; mechanisms that recognize, politicize,

and address interactions.

The following two categories, agency and architecture, are also conceptual-

ized in an analytical manner through indicators. Yet, as explained in the previ-

ous sections, an intentional politics of deep time does not currently exist. For

this reason, in the analyses of the case studies, the aim cannot be to investigate

the current status of the politics of deep time. Instead, the aim is to explicate in

an anticipatory manner the way in which these should be practiced under the

normative principles of democracy and habitability, as part of intentionally set

up political arrangements. Adequate political arrangements would have to

enable the autonomy of all possible future generations to exist on a habitable

planet.

The category, agency, investigates which human and nonhuman entities

actively influence deep-time interactions: on the one side, human societies

have agency to shape processes taking place within geological and cosmic

timescales and on the other side, these processes themselves exert nonhuman

agency influencing human societies. This requires novel definitions in terms of

“the complete integration of human and nonhuman agency [that] breaks down

conceptual barriers between humans and their ‘surroundings’ and integrates

them in a complex understanding where agency is diffuse, interactions are

dynamic, and boundaries become blurred” (Biermann, 2021, p. 64).

Respective indicators include: the potential roles of human and nonhuman

entities in the politics of deep time; the symbolic significance of human and

nonhuman entities; the attribution and recognition of more-than-human agen-

cies from mental models to legal frameworks to actual participation; the power
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relationships between human and nonhuman entities; the co-constitution of

political outcomes by human and nonhuman entities.

The category, architecture, can be defined as the design, structure, and

physical manifestation of political systems, institutions, and spaces.

Architecture is seen as co-constitutive with the agencies that enact within and

through it, while human and nonhuman entities constantly and simultaneously

(re)create the architectures. In the context of deep-time interactions, political

architectures are a core category as they potentially shape the course of civil-

izations over very long time periods. The respective indicators include: formal

and informal values, beliefs, attitudes, rules, and norms; the distribution of

power and resources in decision-making processes; the degree of inclusivity

and representation; the role of information, knowledge, and communication; the

capacity and ability to adapt to changing circumstances.

Second, in terms of methods, the qualitative meta-analysis, which integrates

the primary and secondary sources of deep-time interactions, is exploratory and

inductive, in order to identify characteristic elements for the formulation of

a basic conceptual framework of the politics of deep time. The diversity of cases

investigated in this study may lay the foundation for broader and possibly an

increasing number of standardized quantitative studies.

The guiding question – what characterizes the deep-time interaction and the

respective politics of deep time – is therefore divisible into four sub-questions:

(i) Why is this case relevant for the politics of deep time? (ii) What are the core

dynamics, that is, the aspects and matters related to deep-time interactions, that

need to be governed? (iii) Who should – based on the principles of democracy

and habitability – possess agency to change the interaction? iv) How should the

political architecture – based on the principles of democracy and habitability –

be developed?

Third, not only are the planetary challenges facing contemporary societies

complex, they also interfere with one another forming a “polycrisis” (Tooze,

2022). The interconnectedness and interdependence of risks have the poten-

tial to trigger a chain reaction and lead to a systemic crisis. As described

previously, climate change, the occurrence of severe weather, significant

biodiversity loss and ecosystem collapse, food shortages, and water scarcity

must, therefore, be understood not only each as a risk for itself, but their

interaction and interdependence create the greatest challenge (Future Earth,

2020).

To understand and address this complexity their fundamental material, spa-

tial, and temporal dimensions have to be investigated. The latter renders them

a genuine case for the study of the politics of deep time. Thus, the cases

investigated in the following section are complex and cannot be explained by

33The Politics of Deep Time

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/9781108936606


a deep-time perspective alone, yet they are genuinely characterized as inter-

actions between contemporary societies and processes taking place within

a geological or even cosmic timescale. Each of the deep-time interactions

takes place in another of planet Earth’s interrelated spatial spheres or even

outer space and represents a material process occurring within geological or

cosmic timescales. Again, the aim is to inductively gather diverse empirical

insights and recognize patterns that will allow me to identify a broad range of

elements to compile a rich conceptualization of the politics of deep time. This

results in the following case selection scheme (see Table 1).

Based on the criteria of diversity regarding the spatial sphere and the material

process, the cases selected are as follows: the influence of biogeochemical soil

formation on the election results in Alabama is presented as an example of deep-

time interactions with the geosphere; the way in which karst aquifers enable

societal flourishing showcases the impact of the hydrosphere and its freshwater

cycles on societies; the interrelationship between the cryosphere, its glacial

cycles, and human activities is analyzed by considering the search for a final

depository for nuclear waste in Germany; the Pleistocene Park in Siberia,

Russia, is presented as an example of human interaction with the biosphere

and the process of evolution; solar cycles interfering with the Earth’s magneto-

sphere are a case of possible space weather mitigation; the potential terraform-

ing of Mars as planet (re)formation calls for respective multiplanetary politics

or a Martian government.

Of course, most of the deep-time interactions investigated exist in the past,

present and future. For example, biogeochemical soil formation or solar

cycles took place before the existence of Homo sapiens, are currently taking

place, and will also take place in the future. Deep interactions thus make

new causal connections between widely separated periods in the Earth’s

history.

Table 1 Case selection of the politics of deep time

spatial sphere material process deep-time interaction

geosphere soil formation plankton vote democrats
hydrosphere fresh water cycle living with karst aquifers
cryosphere glacial cycles nuclear rendezvous
biosphere evolution rewilding the Pleistocene
magnetosphere solar cycles space weather mitigation
outer space planet (re)formation terraforming Mars
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4 The What: Explicating the Politics of Deep Time

In deep time, everything is provisional. Bones become rock. Sands become moun-
tains. Oceans become cities.

(Gordon, 2021, p. 10)

This section focuses on which concrete cases are in need of deep-time politics.

Diverse empirical insights and patterns are identified that provide the basis for

a draft conceptualization of the politics of deep time in the Section 5. Within each

deep-time interaction, I first investigate the case in terms of its overall political

relevance; second, I explicate the core characteristics of the dynamics of the deep-

time interaction; and third, I outline the required political arrangements in terms

of agency and architecture. The cases may sound unfamiliar or even irrelevant at

first, as a deep-time perspective and the cosmic timescales are novel in the realm

of political research. Yet, as I will demonstrate, these are of utmost significance

for numerous people across many generations currently as well as in the future.

4.1 Plankton Vote Democrats

First, the Black Belt region of Alabama is an area of political confrontation. The

region is named for its dark, fertile soil and is made up of predominantly African

American communities. The area has a rich history of black activism and struggles

for civil rights, including the Montgomery bus boycott and the Selma to

Montgomery march. The large African American population, historically disen-

franchised and marginalized in the political process, has faced voter suppression

and gerrymandering, aimed at diluting the voting rights of African Americans. In

recent years, efforts have been made to mobilize the Black Belt electorate and

increase the political participation of African Americans, as they have the potential

to be a significant voting group in statewide elections. In addition, the Black Belt

region is often cited as an example of racial and economic inequality in the United

States. The region is one of the poorest in the country, with high rates of poverty and

unemployment, and limited access to healthcare and education. TheBlackBelt thus

serves as a reminder of the systemic inequalities that persist in theUnited States and

the need for policies to address them.As Iwill show, the evolution of the BlackBelt

is associated with the politics of deep time as the Cretaceous evolution can be

related to contemporary electoral behavior, a case of deep interaction between

societies and soil formation processes within the geosphere.

Second, what are the core dynamics of deep-time interaction? The case in

focus is a deep-time interaction between biogeochemical soil formation pro-

cesses and local societies, which manifested in a region now known as the US

state of Alabama. More precisely, the interaction takes place in the so-called

Black Belt that stretches through Alabama toward northeasternMississippi. It is
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a core agricultural region in the United States, where cotton was the main crop

until the American Civil War. Later diversification with corn, soybeans, and

beef cattle, among others, took place.

The deep-time interaction can be clearly visualized by comparing different

maps of the region over time. To start with, the reason for the fertility of the soil

dates back to the Late Cretaceous, lasting from 100.5 to 66 million years ago,

when the eastern part of North America formed a continent called Appalachia

(see Figure 8).

Figure 8North America in the Late Cretaceous Period, around 75 million years

ago.

Source: Ron Blakey © 2013 Colorado Plateau Geosystems Inc.
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On the southern coast of Appalachia, sediments were deposited. The ocean

temperature and the sea level were higher back then; plankton died near the

coast, resulting in massive chalk deposits from their skeletons. As time went by,

oceans cooled down, receded and the chalk, now above sea level, made the soil

in the former coastal region alkaline, fertile, and dark. The so-called Black Belt

was formed. Today, this former coastline runs through Alabama and continues

east and west into neighboring states. Older rocks can be found north of the

Black Belt, as this part of Alabama was already part of the landmass before the

Cretaceous. The landmasses of southern Alabama, however, were formed after

the Black Belt and are, therefore, dominated by younger rocks (Dutch, 2020;

McClain, 2012).

In the 1800s, white farmers set up cotton plantations along the Black Belt

(Silkenat, 2022). As many of the Indigenous peoples, who initially lived there,

were killed, the farmers forced the enslaved people of African descent to till the

fields and pick cotton. The vast exchange of flora, fauna, and culture across the

Atlantic after 1492, known as the Columbian Exchange, included the violent

enslavement and displacement of 11.7 million Africans: European colonists

preferred enslaving Africans over the Indigenous population, as Africans were

assumed to be better suited for hard labor, as they showed a greater immunity to

diseases brought to the Americas by European colonizers (Crosby, 1972; Mann,

2011). In this context, the agency of biogeochemical soil processes comes to the

forefront. Counterfactually argued, without dead plankton on the southern coast

of Appalachia, leading to the fertile soils of the Black Belt, slaves would not

have been needed to plant and pick cotton, at least not in this region.

At the beginning of the twentieth century, ca. six million African Americans

moved northward as part of the Great Migration, also known as the Black

Migration. However, many also stayed, and as a result, the majority of people

in counties in the Black Belt today are African Americans. They stayed, not

only because they were too poor to leave, but also because they had worked the

soil for generations and now saw an opportunity to own this land after the

enslavement was over, at least legally (English, 2020). The soil that once was

the reason for their exploitation was believed to become a source of prosperity

for them, even though this did not come true.

The close connection between soil and society is evident from the fact that the

name “Black Belt,” once used to describe the fertile soil of the region was later

used to refer to the large number of Black (former) slaves living there:

I have often been asked to define the term “Black Belt.” So far as I can learn,
the term was first used to designate a part of the country which was distin-
guished by the colour of the soil. The part of the country possessing this thick,
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dark, and naturally rich soil was, of course, the part of the South where the
slaves were most profitable, and consequently they were taken there in the
largest numbers. Later, and especially since the war, the term seems to be
used wholly in a political sense – that is, to designate the counties where the
black people outnumber the white. (Washington, 1901, p. 3)

“Black Belt” is thus a very vivid linguistic expression of how societies are

entangled with biogeochemical processes forming soil.

As African Americans were prevented from voting, even a century after the

Civil War ended, the Black Belt with its African American majority became

the center of the Civil Rights Movement. One major historical event, the

Selma to Montgomery Marches in 1962, took place on what is called the

Selma Chalk, a geologic formation the name of which dates back to the

Cretaceous. Voter suppression of African Americans is still in existence

today, as the Supreme Court suspended the Voting Rights Act in 2013.

Nonetheless, since most African Americans voted and still vote for

Democrats, whereas the remainder of Alabama is dominated by

Republicans, the outline of the Black Belt is still clearly visible in the maps

of election results. In other words and illustrated in Figure 9, dead plankton

from 100 million years ago favored the ruthless exploitation of enslaved

people, which after centuries of oppression led to the Civil Rights

Movement and as a consequence, to voting rights for African Americans,

resulting in contemporary political maps which reflect biogeochemical pro-

cesses from the distant past (Dutch, 2020; McClain, 2012): “The long-

conceded regional identity of the Black Belt roots no more deeply in its

physical fundament of rolling prairie soil than in its cultural, social, and

economic individuality” (Gibson, 1941, p. 1).

Similar patterns of deep-time interactions can be found in different places,

with the German Ruhr region serving as an example. As a major region for coal

mining, the distribution of coal across different areas correlates with contem-

porary voting patterns. Coal reserves in the Ruhr are not evenly distributed but

become deeper the further north one goes. Consequently, the industrialization of

the Ruhr region proceeded in a northerly direction, which is referred to as

“northward migration.” Today, primarily the southern regions, where the

wealthier sections of the population live, have been transformed into renatur-

alized areas, while the northern regions are home to the remains of the former

coal mines and the communities that depended upon them until a few decades

ago. As a result, there is a remarkable discrepancy in voting behavior, with the

majority of the northern population voting Social Democrat by comparison with

the south.
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Third, what political arrangements are needed to enable deep-time habitability

and autonomy? The case of the Black Belt demonstrates the interwovenness of

today’s societies with biogeochemical processes: these occurred millions of years

ago but reveal themselves currently as deep-time interactions. Agency, which is

relevant for conceptualizing the politics of deep time, is neither primarily

embodied in the biogeochemical process causing fertile soil nor the societies

that live on the site where the process took place. Instead, it is the relationship

between both societies and biogeochemical soil processes within geological

timescales, which exerts agency as a deep-time interaction. Regarding the poten-

tial politics of deep time, the question then arises, how this interaction needs to be

governed to enable many to thrive. However, as a respective political architecture

wasmissing for decades, if not hundreds of years, deep-time interactionswere not

steered with the public interest inmind; instead, agencywas only exerted by a few

predominantly white menwhomisused it for their own purposes. Obviously, such

deep-time interactions, although intuitively believed to be in the past, also require

politics in the here and now.

Political architectures are needed to prevent the potential that accumulated

over geological timescales, such as fertile soils in the Black Belt, from getting

exploited and, in addition, from being used to exploit humans. Instead, such

potential, in accordance with the usufruct principle, would probably need to be

governed as deep time and thus planetary commons. In addition, deep-time

reparations, similar to war reparations, which would compensate the degrad-

ation of fertile soils by exploiting humans for one’s own benefit, are a tool to, at

least partially, compensate for undemocratic worldmaking and, even more

importantly, to allow for hopeful futures (Táíwò, 2022). Such deep-time repar-

ations could, in the case of the Black Belt, include the restoration of overused

agricultural areas – even though the effects of past agricultural land use may be

irreversible in historical timescales (Dupouey et al., 2002) – the compensation

of communities, whose ancestors were enslaved and exploited or the remodel-

ing of ownership structures. In this sense, the first colonial agricultural use of

the Black Belt is not very different from the practices in the first agrarian states

in Europe: the accumulation of domestications, including plants, captives, and

women in patriarchal families served to gain control over reproduction (Scott,

2017). Furthermore, the remodeling of ownership structures includes the aboli-

tion of disadvantages resulting from property laws, which particularly affect

low-income rural populations, mostly African Americans and Native

Americans who often die without a will, in highly fractionalized ownership

(legally known as “tenancy in common”), contributing to perpetual poverty in

the Black Belt (Dyer et al., 2008). Racial discrimination is a persistent feature of

contemporary societies, particularly from a deep-time perspective,
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Figure 9 Processes on geological timescales shape human societies: exemplarily the influence of sediment distribution on elections is shown

for the US state of Alabama. (a) Shows the distribution of cretaceous sediments across the state. (b) Depicts the distribution of soil types in

Alabama. Rich prairie soils are distributed along the lines of the sediments, earning the region the name “Black Belt.” Fertile soils favor the

establishments of farms, therefore, as a consequence (c) the average farm size is largest within the belt. In (d) and (e) a similar pattern can be

seen in the dispersion of the slave population in 1860 and the African American or Black population in 2010. Finally, (f) illustrates the results

of the 2020 presidential election. The Black Belt is the only region in Alabama that voted for the presidency of Joe Biden. Please note that the

2020 election constitutes the ideal case and other election results do not replicate this pattern as clearly. However, a general trend is

observable in most elections.

https://doi.org/10.1017/9781108936606 Published online by Cambridge University Press
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Figure 9 Source: (a) Image used with the permission of the AlabamaMuseum of Natural History, published in Ikejiri et al. (2013); (b) image,

and (c) data: courtesy of Alabama Maps– aproject of the University of Alabama; (d, e) data from the US Census Bureau; (f) data from the

Alabama Secretary of State; county and state boundaries: (1) for 1860 (d): georeferenced map reproduction courtesy of the Norman

B. Leventhal Map & Education Center at the Boston Public Library; (2) for present day (c, e, f): Database of Global Administrative

Boundaries (GADM).
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[t]he planet did not begin with these [racial] divisions, and there is no reason
why they should persist as a taxonomic bedrock, a rationale for carving up the
world’s populations into discrete units. There is such a thing as a preracial
planet. Its reference point is geological time, at the tail end of which Homo
sapiens emerged, a small tawdry band, its survival uncertain, standing or
falling as a species, and only as a species. (Dimock, 2008, p. 177)

4.2 Living with Karst Aquifers

First, the Kendeng Mountains in Indonesia constitute a significant ecological

and cultural area that has been affected by large-scale cement production and is

thus characterized by political confrontation. One of the main problems associ-

ated with this industry is the extraction of limestone from karst aquifers, which

has been shown to cause severe environmental damage, including the depletion

of water resources and the pollution of groundwater. Political disputes around

this issue involve a range of stakeholders, including local communities, envir-

onmental activists, government officials, and cement companies. At the heart of

politics surrounding karst aquifers in Kendeng is the tension between economic

development and environmental protection. Cement production has been touted

as a major driver of economic growth and job creation in the region, which has

been a key reason for government support of the industry. However, this has

been at the expense of ecological integrity, the health, and livelihoods of the

local population. For this reason, activists and local communities have opposed

cement production and the extraction of limestone from karst aquifers. From

a deep-time perspective, this case is particularly important, as it demonstrates

a deep-time interaction between societies and the freshwater cycle within the

hydrosphere.

Second, what are the core dynamics of the deep-time interaction? Before

I analyze the concrete case, I will explain the general functioning of karst

aquifers. They are, as of now, quite unfamiliar to political science research,

not only because they are invisible below the surface and are hardly accessible

and measurable even for karst researchers, but also because they were formed

within geological timescales that only become visible through a deep-time lens

and might otherwise have been taken for granted as a stable background

condition.

Karst landscapes form unique and complex ecosystems due to the “processes

of karst dissolution, the permeability of the solutionally developed landscape

surface, the presence of a well-developed and open subsurface, fewer surface

streams, and an overall calciumrich environment” (Stokes et al., 2010, p. 377;

see also Hartmann et al. 2014). Karst aquifers contain 13 percent of the world’s

groundwater and supply ca. 25 percent of the world’s drinking water,
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constituting almost the sole groundwater source for large cities such as Vienna,

Rome, or Damascus (Onac & van Beynen, 2020). They exist around the world

and form large underground systems that cross national borders (Stevanović,
2019; see Figure 10).

Karst aquifers form in soluble bedrocks where the chemical processes of

water containing CO2 create underground fractures and channels. Once the

water exits the underground system, it forms springs with a high degree of

hydraulic volatility (see Figure 11). Karst aquifers have formed over many

geological eras, for example, the aquifers in the Blue Grass region in

Kentucky date back to the Ordovician age, 430 to 500 million years ago,

which is why the respective caves are also archives of our past life. The widely

ramified underground system makes them highly vulnerable, not only to chem-

ical and microbiological pollutants, which can easily enter and manipulate the

aquifer system, but also to adverse interactions with human infrastructure, such

as dams, mines, tunnels, or railways, due to problems with sinkholes, flooding,

or leakage (De Waele et al., 2011, p. 1; White et al., 2018; Zapletalová et al.,

2016).

Karst aquifers are intriguing sites, demonstrating how humans interact with

the results of processes that have evolved over millions of years. For example,

the Leang Tedongnge cave, a karst cave in Sulawesi, Indonesia, contains the

oldest art work known to man, a 45,500-year-old Sulawesi warty pig (Brumm

et al., 2021; Uomini, 2016). As karst aquifers exist worldwide, karst aquifers

and human culture have been interacting since the beginning of human history:

For example, in Australia, karst aquifers have been used for partially still

unknown cultural practices from at least 10,000 years ago (May & Tacon,

2014; Spate & Baker, 2018), in Belize, the Maya altered karst aquifer geo-

morphology for their agriculture which is likely to have contributed to their

downfall (Beach et al., 2015), and in Greece, karst aquifers are even identified as

the “hydrogeological basis of civilization” (Crouch, 1993, pp. 63–82).

A key characteristic of deep-time interactions with karst aquifers, which can

be of particular importance for the politics of deep time in general, is the

development of “geomyths” and “hydromyths”: These contain insights into

natural history, as myths often concern humanized geo- and hydrological events

and therefore include relevant information to help understand how processes

taking place within geological timescales influence contemporary societies

(Clendenon, 2009a; Mayor, 2005; Montgomery, 2012; Murphy, 2023;

Vitaliano, 1973). Myths are not fairy tales or fables; “they are the science of

cultures that do not verify the truth by means of experimentation” (García &

Gaviro, 2017, p. 186; see also Chakrabarti, 2020). To identify real events within

myths, heuristic techniques, namely, euhemerism, can be applied. These
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Figure 10 The Global Karst Aquifer Map shows the distribution of the different types of karstifiable rocks which represent potential karst

aquifers.

Source:World Karst Aquifer Map (WOKAM)©Bundesanstalt für Geowissenschaften und Rohstoffe (BGR), International Association of Hydrogeologists
(IAH), Karlsruhe Institute of Technology (KIT) and UNESCO (2017); map modified by Goldscheider et al. (2020, p. 1665), CC BY 4.0

https://doi.org/10.1017/9781108936606 Published online by Cambridge University Press

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/9781108936606


techniques allow to situate dates, places, and persons of myths in

a multidisciplinary manner in actual historical settings: “In a world full of

hazards, myths confirm that a pattern exists” (Back, 1981, p. 257).

Myths, in particular, in karst regions deal with the appearance and disappear-

ance of creatures in caves, sinkholes, or springs. Ancient civilizations and

Indigenous people narrating these hydromyths largely perceive “water not

only as a resource, a place, a flow or a particular belief, but it integrates

everything into a single worldview, which is what we can call water culture of

that place” (García & Gaviro, 2017, p. 189). Especially in Greece and Turkey,

research has shown that the extrapolations of mythological explanations, for

example, regarding local karst hydrogeology and the karst water transportation

systems over dozens of kilometers, withstand modern scientific experiments

(Clendenon, 2009b, 2009c).

The deep-time interaction in the Kendeng Mountains is also shaped by such

myths that are narrated by the Indigenous people living in North Central Java,

Indonesia, who call themselves Sedulur Sikep, “the friendly ones,” yet are some-

times referred to as Samin people (Benda & Castles, 1969; Korver, 1976; Maliki,

2019; Putri, 2017). The Sedulur Sikep came to prominence due to the activism of

Samin Surosentiko, born in 1859, who opposed Dutch colonialism and preached

resistance and free access to the forest as a common resource as traditionally

practiced by Indigenous communities (Benda & Castles, 1969, pp. 234–235).

The Sedulur Sikep movement practices the fusion of some other cultural
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table
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stream
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Figure 11 Typical physiographic and hydrologic features of a well-developed

karst terrane, using the example of the Western Pennroyal Karst in Kentucky,

USA.

Source: Currens (2001) © Kentucky Geological Survey, University of Kentucky
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accounts, particularly a Western perspective, opposing qualities, such as

spirituality and materialism, with their ritual practices extending toward the

longue durée, aiming for practices even beyond generational thinking and

acting (Sumarlan & Rumpia, 2021).

For the peasants leading a life in line with traditional Indigenous order, their

identity is rooted in close relationships with the land and in respective self-

sufficiency. The myths of the region are mostly oral and thus provide a holistic

perspective rather than precise measurements, as they can be found in some

Greek mythologies. Karst aquifers are part of a larger integrated worldview that

centers around balance and harmony, referring to Mother Earth as the central

figure. Thus karst aquifers, as well as the Kendeng Mountains area to which

they belong, are both a medium expressing spirituality and a freely accessible

common resource. The landscape of the KendengMountains is characterized by

teak trees and rice fields, crossed by rivers and numerous springs and caves. The

Kendeng Mountains are, in the perception of the Sedulur Sikep, more than

a physical landscape. Accordingly,

[s]ome sacred sites used by the Sedulur Sikep to have meditation-like rituals
or prayers to God for specific purposes, as well as the water springs and caves
that irrigate Sikep houses and rice fields receive special blessings and offer-
ings. This way of treating the elements of the KendengMountains, especially
those that directly benefit the people, is hoped to help maintain and conserve
their sustainability and express the people’s gratitude to Mother Earth. (Putri,
2017, p. 310)

LikeMother Earth, the KendengMountains do not know administrative borders

in view of the Sedulur Sikep, but “stretch across five regencies as one single

entity” (Putri, 2017, p. 319).

Knowledge of the karst aquifers and their importance for water catchment

became threatened when cement companies, namely, Indocement, a subsidiary

of the German HeidelbergCement (HC), started extracting limestone from the

Kendeng Mountains to produce cement. As a result, not only are huge amounts

of energy needed in the sintering process, but also the karst aquifers were, are,

and might be irreversibly damaged by destroying the structure of underground

systems and, therefore, changing water paths, which leads to erosion and results

in flooding and landslides. Policies advocating living in a deep-time manner

with karst are lacking; rather, it can be recognized as “problems surrounding

the legal politics of limestone exploitation in the karst area, which often ignore

the legal politics of the safety of the womb and the life chain of the karst

ecosystem, which results in inequality between generations of the karst area”

(Konradus, 2021, p. 2). The Sedulur Sikep oppose the exploitation of the
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Kendeng Mountains in the form of the “Jaringan Masyarakat Peduli

Pegunungan Kendeng” (JMPPK), the “Network of the people who care

about the Kendeng Mountains,” particularly because they interfere with its water

resources and thus endanger agricultural activities. In 2021, one of the activists

named Gunarti wrote an open letter from the Kendeng Mountains stating:

11 years ago, life at the Kendeng Mountains was still undisturbed. In the
morning the roosters loudly welcomed the new day. The birds were chirping.
And from many springs of the mountain water flowed in streams into the
valley. We lived in peace and balance. . . . The year 2021 also began for us
with floods. To this day, we have flooded rice fields in the Kendeng
Mountains, where the harvest has failed. It is a disaster that is man-made.
The flooding of villages and fields happens because people continue to rape
Mother Earth. They do violence to her by mining and cutting down forests
until whole swaths of land are left bare. And then there is nothing left to stop
the water. If there are no more fields to grow anything, what will you eat? If
there are no more farmers like us, who will provide you with food? . . . You
should honor and preserve the earth, which has given you everything you
enjoy in your lives. You should not make the earth angry. (Gunarti, 2021)

Third, what political arrangements are needed to enable habitability and dem-

ocracy in a deep-time manner? Three aspects come into focus: to better under-

stand karst aquifers and their agency, to develop architectures that treat the

irreversibility of their karst destruction, and, finally, to understand the past and

formulate novel narrations that can be passed on to numerous generations.

To start with, the hydrogeological process that forms the karst aquifer has

agency in its own manner. Yet, this process and most karst aquifers resulting

from it around the world are barely understood in terms of their functionality,

particularly the way in which humans interact with it. Not only are karst aquifers

barely visible as they mostly lie underground and are physically hard to explore,

but they are also taken for granted: karst aquifers and many other natural

resources have been exploited long before humans even began to understand

their importance for the long-term functioning of the Earth’s systems. The

world’s first karst aquifer map was completed just a few years ago (Chen

et al., 2017; see Figure 10), a karst disturbance index was developed once but

has not been continuously and comparatively applied (Van Beynen &

Townsend, 2005), and, to the best of my knowledge, only one genuine institute

devoted to karst research and outreach, the National Cave and Karst Research

Institute in the USA, exists worldwide. To raise awareness, the International

Union of Speleologists even declared 2021–2022 the “Year of Karsts and

Caves,” outlining: “Karst aquifers are the most complex, least understood,

most difficult to model, and most easy to contaminate water supplies. They

47The Politics of Deep Time

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/9781108936606


are often able to rapidly transmit pathogens and chemicals tens of kilometers

undetected to vital human and ecological water sources. . . .Many governments

do not recognize caves and karst at all or fail to recognize their importance”

(International Union of Speleology, 2021). Thus, to develop the evidence-based

politics of deep time, there is a need for more knowledge on the agency of the

hydrogeological process that forms karst aquifers which, in turn, deliver fresh-

water for hundreds of millions of people. This includes political and social

sciences that have just recently been identified as relevant for the future of

functioning karst aquifers (Younos et al., 2018, p. xi).

Regarding the irreversibility of karst aquifer destruction, the respective

political architecture is needed to ensure their protection. First and foremost,

a non-extraction agreement is required that applies to all those deep-time

interactions which are characterized by missing regenerative capacities for

essential hydrogeological processes: such processes which are of upmost

importance for the habitability of the planet and the autonomy of future

generations. Even a non-alteration agreement of karst might be considered,

as karsts are, despite their fragility, discussed as potential locations for storage

units of carbon capture and storage technologies. A respective karst law,

building upon circumstances as in Indonesia, would have to understand the

hydrogeological process, which formed karst aquifers and their respective

landscapes, as an irreplaceable and complete whole that enables life: they are

characterized by many springs, enable the formation of habitats and the

development of cultural heritage, and provide the basis of economic prosper-

ity (Konradus, 2021, p. 5). In addition, karst aquifers and the forests, which

often form around them, constitute a common for the Indigenous people that

needs to be protected. In this regard, positive inspiration might be drawn from

the Charter of the Forest of 1217 – the counterpart of the Magna Charter –

which survived almost 800 years, establishing the right for everyone to access

and use the common as their needs require (Linebaugh, 2008; Robinson,

2020). Yet, even in practical terms, the sustainable use of karst aquifers for

the needs of twenty-first-century industrialized societies seems to be possible.

In Miskolc, Hungary, for example, deep thermal karst water is used for the

operation of the largest geothermal heating plant in Central Europe, with

a capacity of 60 MWt (Miklós et al., 2020).

Lastly, one feature of the politics of deep time that becomes particularly

important when treating extremely long time periods are narrations and

especially myths, based on evidence, which can provide a stable framework

for the long-lasting politics of deep time. Myths allow to uncover and retell

processes taking place within geological timescales, as they extend the per-

sistence of information beyond the human lifespan, outlasting numerous
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generations into the future or, in ultimo, even getting passed down through all

human lifetimes. Myths can be the narrative circumscription of complex

relationships in deep time. They are needed as cultural techniques to enable

treatment beyond the existence of political institutions, as an alternative way

of long-term information processing (van der Leeuw, 2020). A starting point

for this could be the status of a World Heritage Site by UNESCO. In 2018, 37

karst areas were recognized asWorld Heritage Sites, with three of them having

a mixed, natural, and cultural status, namely, the Tasmanian Wilderness in

Australia, the Hierapolis-Pamukkale in Turkey, and the Pyrénées-Mount

Perdu in France and Spain (Trofimova, 2018). The evidence that past myths

transported to the presence is numerous, such as myths by Native Americans

about a fissure under Seattle having led to a major earthquake 1,100 years ago;

a myth by the Thai Moken with regard to tsunamis carrying a warning that

when the water moves back, a major wave follows – in fact, the tsunami of

2004 caused the death of 300,000 people but almost none of the Moken died –

or a myth about the Nyos Lake in Cameroon warning of the “deadly breath” of

the lake, which, in the form of sulfur dioxide and carbon dioxide emanating

from an extinct volcano below the lake, killed 1,700 people yet no Indigenous

people in 1986. However, such myths do not only prevent death, they also

relate springs to well-being, such as the sacred wells which can be found from

Madagascar to Indonesia to Siberia (Ray, 2019). To create new myths, one can

also draw on insights from archeology as a deep-time laboratory which

demonstrates, for example, a Classic Mayan cosmocentric worldview, where

not only people and animals, but also plants, rivers, stones, or clouds contrib-

ute to the maintenance of their world (Guedes et al., 2016; Hambrecht et al.,

2020; Lucero & Gonzalez Cruz, 2020). However, myths need to be evidence

based; otherwise, they might form, for example, stories about a young Earth,

a belief held so strongly that it is even institutionalized in the Institute for

Creation Research in Dallas or the Creation Museum in Petersburg in the

United States. Thus, there are also potential drawbacks of applying deep-time

myths as part of the politics of deep time. Myths can be subjective and open to

interpretation, leading to different understandings, which undermine their

effectiveness across cultures and potentially marginalize the perspectives of

minorities. They also carry the potential of being exploited or manipulated for

individual interests in the here and now. As with almost all potential tools

relating to the intentional politics of deep time in the making, deep-time myths

must also be seen as an experiment that has to be handled with care, in order to

identify evidence-based symbols, metaphors, and archetypes in a democratic

manner.
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4.3 Nuclear Rendezvous

First, the search for a final repository for nuclear waste in Germany is a highly

political issue per se, as Germany has a strong green movement, which fought

a decade-long fight against nuclear power. The process has been ongoing for

decades, and various sites have been proposed and then discarded due to local

opposition and environmental concerns. The latest plan is to store the waste in

a deep geological repository, built deep underground to prevent possible radi-

ation leaks. However, finding a suitable site has proven difficult, as many

communities oppose such a repository. As a result, the search for a suitable

site for the repository has become a source of political tension and a Federal

Office for the Safety of Nuclear Waste Management was established in 2014.

The decision to find a final repository for nuclear waste is thus not only

a technical decision, but also a deeply political one. Particularly from the

perspective of the politics of deep time, this involves a profound interaction

between societies and glacial cycles in the cryosphere.

Second, what are the core dynamics of the deep-time interaction between

glacial cycles and energy carriers, in particular, uranium, exemplified by the

German case of seeking a final depository for its nuclear waste? In general,

energy carriers, human development, and Earth system dynamics are closely

entangled. Coal and oil, for example, enabled industrialization, put forth unpre-

cedented wealth increase, provoked labor movements, degraded landscapes,

and facilitated climate change. In turn, uranium enabled large-scale electrifica-

tion, triggered green movements, brought about nuclear disasters, and required

final depositories for one million years. Thus, the energy carriers that human

societies choose not only influence the deep-time interaction with glacial-

interglacial cycles, especially when choosing to burn fossil fuels, but the

glacial-interglacial cycles also influence the way human societies must handle

energy carriers, as in the case of nuclear waste.

The Quaternary, which started ca. 2.6 million years ago, is the current period

of the Cenozoic Era.Within this time period, the climate alternated between two

extremes, ice ages and warm periods, with glacial-interglacial cycles spanning

ca. 100,000 years. During the last ice age, which ended ca. 10,000 years ago, the

global average temperature was five to six degrees and the sea level was 130 m

lower than today, due to 3-kilometer-thick ice sheets. In total, ca. 32 percent of

the Earth’s surface was covered with ice, compared to around 10 percent today.

Throughout the ice ages, the ice masses of the Arctic, the Antarctic, and the

mountains advanced greatly within a few hundred years, covering large parts of

Europe, Asia and North America. Traces of the ice ages include, for example,

moraines, glacial scars, and erratic boulders. Furthermore, ice sheets play an
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active role in the Earth’s carbon cycle, due to adapted microbial communities,

geochemical weathering, and the storage of organic carbon (Wadham et al.,

2019). Ice cores allowing for these environmental insights, thus, carry an

agency that transforms human’s temporal consciousness, situating it in cycles

of hundreds of thousands of years (Antonello & Carey, 2017).

One key reason for glacial cycles are changes in the Earth’s orbital geometry,

resulting from gravitational forces in the Sun-Earth-Moon system. Basically,

the shape of the Earth’s elliptical orbit around the Sun (eccentricity) changes

over periods of around 100,000 years, and as a consequence, this changes the

distribution of solar energy on Earth, with ice ages occurring when summer

solar irradiation in high northern latitudes becomes minimal. Other contributing

forces include, for example, the oceans which act as conveyor belts for heat,

such as in the Gulf Stream. Besides these changes within cycles of

100,000 years, cases of rapid temperature drops by 10 °C in 40 years also

exist. Such sudden drops in temperature can probably be ascribed to solar

activity and were the cause of the so-called Little Ice Age in the seventeenth

and eighteenth century. Why is this relevant for the politics of deep time in

relation to a final depository for nuclear waste?

Due to the use of ca. 100 million-year-old fossil fuels, human societies are

becoming a force with a similar magnitude to orbital variations, creating climate

impacts which last for hundreds of millennia (Archer, 2009). Recent models

calculating future glacial cycles estimate that the next glacial inception would

naturally occur within the next 50,000-90,000 years, but due to the current level

of anthropogenic emissions (500 Gt (Pg) of carbon), this is likely to be post-

poned to at least 120,000 years from today as a result of high emission scenarios

(3000 Gt (Pg) of carbon), with estimates suggesting that the next glacial

inception will not take place within the next 600,000 years (Talento &

Ganopolski, 2021). While the burning of fossil fuels by human societies will

impact glaciation in 10 or even hundreds of thousands of years from now, the

agency of glacial-interglacial cycles also creates demands for human infrastruc-

ture planning in the here and now, which in the case of nuclear waste dictates

planning one million years into the future.

The main resource used to generate electricity based on nuclear fission is

uranium. The uranium that exists on Earth is likely to have originated from

supernovas or the merger of neutron stars ca. 6.6 billion years ago. It, thus,

becomes obvious that within deep-time interactions the history of the universe

and that of Earth’s often intersect several times. Uranium is the main source of

heat inside the Earth; it can be found in the Earth’s crust and can even be

extracted from the seawater of the oceans. Today, the main extraction sites are in

Kazakhstan, Canada, Australia, Niger, and Namibia.
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While many intriguing deep-time interactions exist in the context of uranium,

such as a possible nuclear war leading to an artificial ice age, here, the focus is

on the impact of glaciation on nuclear waste disposals (Witze, 2020). To

illustrate this deep-time interaction, I analyze the German case.

In accordance with the “Act on the Search and Selection of a Site for

a Repository for High-Level Radioactive Waste (Gesetz zur Suche und

Auswahl eines Standortes für ein Endlager für hochradioaktive Abfälle

(Standortauswahlgesetz – StandAG)),” the respective site – in what is today

known as Germany – must shield highly radioactive waste from the environ-

ment for one million years. Looking back in time, there have been six cold

periods with glaciation in Germany in the last one million years (Brosig et al.,

2020). In terms of a maximum and based on a glacier in Scandinavia with

a thickness of up to more than 4000 m, the thickness of the overlying ice was

assumed to be 3,500 m for the North German Lowlands and around 400–450 m

for the southern margins. Within the timeframe of one million years and the

corresponding 100,000-year ice age cycles, not only did ice sheets thousands of

meters thick form, but the sea level also fluctuated by ca. 120 m, and there was

considerable land subsidence and uplift due to the ice load, which would have

deformed a possible final repository of nuclear waste. In order to evaluate the

long-term safety of a repository, it is not only necessary to know the current

hydrogeological properties and bounding conditions of a site, including ground-

water movement and groundwater temperature fluctuations; their possible

changes over the next one million years must also be taken into account.

Based on knowledge from previous ice ages, glaciation was a dynamic process

in all areas in Germany affected by the ice age. Material transports of several

hundred kilometers were common, and accordingly, their impact on a nuclear

waste repository has to be considered. Moreover, the stress change in the crust

associated with glacial loading enabled the reactivation of tectonic faults down to

a depth of at least 2 km across all areas, up to 300 km from the front of the

maximum glaciation, namely, Elster in eastern Germany and Saale in northwest-

ern Germany; therefore, the whole of Germany and thus all possible final

depositories of nuclear waste are impacted by glaciation (see Figure 12).

However, much is still unknown. Research projects on modeling the effects

of changing external boundary conditions on hydrogeologically relevant param-

eters are still in progress (Bundesamt für die Sicherheit der nuklearen

Versorgung (BASE), 2022b). For example, effects on the hydraulic permeabil-

ity and porosity of the rock, changes in the pathways of deep water and the

distribution of fluids in the subsurface are being considered. Special attention is

also paid to the mechanical loading and unloading of the subsurface, due to the

cyclical alternation of warm and cold periods.
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Even though much is still unknown, the present state of knowledge already

shows that some fault zones may have been reactivated during the last

one million years due to ice loading (Brosig et al., 2020, pp. 45–57). It is

assumed that faults and fractures can be reactivated all over Germany, creating

additional pathways for deep water to enter the repository. Moreover, model

calculations suggest that, regardless of the thickness of the unconsolidated rock

cover, further fault zones may be reactivated, at depths considerably lower than

1,000 m. Yet, the case of nuclear waste disposal sites are so intriguing, as they

demand that human societies deal with cosmic times in the here and now,

putting the temporal uncertainties at the table of contemporary politics in

a very concrete manner, as the infrastructures for the repository need to be

built currently.

Third, this leads to the question of which political arrangements are appro-

priate not only to successfully oversee the safe construction of nuclear waste

Figure 12 The extent of the ice and its estimated thickness (m) during the three

last glacial periods in Central Europe (Elster & Riss glacial maximum: approx.

350,000 years ago, Saale & Mindel glacial maximum: approx. 150,000 years

ago; Würm & Vistula glacial maximum: approx. 20,000 years ago). The extent

of the land masses shows the dimensions of the European continent with the sea

level lowered by 100 m.

Source: Reprinted with the permission of Springer Nature Customer Service Centre
GmbH: Springer Cham, The Geology of Germany by Meschede & Warr (2019)
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disposal sites in the here and now, but to take into consideration the next

one million years and the impact of the respective glaciation cycles. Two

features become apparent: the kind of organizations needed to deal with the

agency of glacial cycles and the cultural techniques accompanying the site as

informal political architectures.

Surprisingly, the political arrangements needed, due to the interference of

societies with processes happening within cosmic timescales in the context of

nuclear waste form only part of political science research. This research is

primarily concerned with the current politics of nuclear waste and barely

addresses the overall unique feature of nuclear waste politics and its temporal-

ity; it certainly does not explore political arrangements which take

one million years into account (Brunnengräber et al., 2015, 2018;

Brunnengräber & Di Nucci, 2019). One of the few proposals in this regard

refers to organizations dealing with nuclear waste as “deep-time organizations”

as these must exist over very long periods of time to deal with processes taking

place within cosmic timescales (Hanusch & Biermann, 2020). In Germany, the

Federal Office for the Safety of Nuclear Waste Management “performs regula-

tory, licensing and supervisory tasks for the German government in relation to

the disposal, storage, handling and transport of high-level radioactive waste”

and is thus the main organization responsible for nuclear waste disposal in

Germany (Bundesamt für die Sicherheit der nuklearen Versorgung (BASE),

2022a). We cannot expect such organizations to exist one million years into the

future, but a range of principles can be applied in their design to at least allow

them to last for as long as possible. These design principles, which historically

have been proven to guarantee longevity, include, among others, ensuring the

continuous support of elites, no diversification of core activities, and arranging

for the public to have ownership and responsibility in decision-making

(Hanusch & Biermann, 2020, pp. 31–32). Thus, organizations responsible for

nuclear waste should be designed carefully and holistically, not only focusing

on the geological and technological aspects of deep-time interactions, but also

emphasizing the political and social responsibilities. In other words, making

longevity the core and center of every physically existing organization respon-

sible for nuclear waste must be the distinct feature of nuclear waste politics.

However, an organization like BASE might cease to exist once its current

location is covered by thousands of meters of ice, at the latest during the next

glaciation period.

Another main characteristic of nuclear waste politics is, therefore, uncer-

tainty, which demands cultural techniques as a feature of the political architec-

ture, to enable the dissemination of knowledge regarding the final depository.

While the politics of uncertainty in a complex world is nothing new, the
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temporality of the deep-time interaction requires special treatment (Renn,

2008). The three ways to deal with uncertainty in a deep-time manner are

rendezvous, cultural techniques, and experiments. Regular and planned ren-

dezvous between different parties at different points in time might help to

deal with uncertainty and to adapt the final depository to new circumstances,

novel priorities or concerns, necessitating the alignment of temporal concep-

tions and meeting points (Saraç-Lesavre, 2021). Such temporal arrangements

of rendezvous need to be passed on to numerous generations, which rely on

cultural techniques lasting beyond the current nation state or even language

structures, such as myths, narrations, and practices around the site, similar to

those of sacred places (Foley, 2021; Hecht, 2018). This can include symbols

placed at the final depository, but also objects dealing with the deep-time

interactions visible in the daily lifeworld (see Figure 13 and Figure 14). New

monuments may be necessary and may appear, creating semiotic relations

that connect the history of humans and the Earth (Szerszynski, 2017; 2020).

Nuclear waste politics is thus not only about expertise and physically existing

organizations, but the imagination of possible future situations (Ialenti,

2020).

Figure 13 The “Landscape of Thorns” by Michael Brill and Safdar Abidi.

Source: © Sandia National Laboratories, concept by Michael Brill, drawing by Safdar
Abidi, originally published in Trauth et al. (1993); available on https://daily.jstor.org/
wp-content/uploads/2015/05/NuclearWaste_1050x700.jpg
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Lastly, experiments are needed to treat the uncertainty inherent in deep-time

interactions. To prevent the limitation of the character of such experiments,

these should be twofold. First, they should address the situation in the here and

now. This includes, in particular, the question of international cooperation in the

search for final depositories. A brief retrospect clearly demonstrates that it is

highly unlikely that the nation states as we know them today will exist within

the borders of the current territories in a couple of thousand or even hundreds of

thousands of years. A multinational approach, that is, a joint solution for

Figure 14 Nuclear plates (“Atomteller”) depict the landscapes surrounding

German nuclear power plants. This plate shows the plant Mülhheim-Kärlich near

Koblenz. Wall plates in Delft blue are memorials that became a common form of

nostalgia in many households in the European regions where windmills existed.

Nuclear power plants have taken over fromwindmills today: energy buildings that

shape the landscape. As materialized future memories, nuclear plates forecast and

grapple with the nostalgia that is tied to these toxic spaces. They constitute energy

buildings which, at least in Germany, are disappearing as did the windmills.

Source: Reprinted with the permission of Andree Weissert and Mia Grau (2019);
available at https://atomteller.de/Muelheim-Kaerlich-KMK
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repository projects from several countries, is, to date, only being considered in

Latvia, Slovenia, Slovakia, the Netherlands, and the UnitedArab Emirates, but no

concrete plans are currently under way. In Germany, such a solution would even

be prohibited by law. Second, experiments should address the distant future,

where deep-time interactions persist. A starting point, for example, is the

Råängen experiment in Sweden (Pelzer et al., 2021). Råängen is a piece of land

owned by the Lund Cathedral, which became part of a larger urban development

plan. The Cathedral aims to plan for a thousand-year-period, not only focusing on

financial and land use planning, but striving to engage a reflective and questioning

attitude, first and foremost through the arts, to approach the question of how long-

term futures can be brought into the present by imagination. Similar approaches

need to be experimentally transferred to the case of a final depository.

Even though possible future technological developments might finally enable

large-scale fusion power plants to produce a very small quantity of high-level

nuclear waste, the nuclear waste that has already been produced by traditional

nuclear fission power plants, serves as a reminder of the almost infinite conse-

quences for future generations, when a deep-time interaction is inventedwithout the

respective deep-time politics mechanisms being established simultaneously.

4.4 Rewilding the Pleistocene

First, the Pleistocene Park is relevant to the politics of deep time because it

represents a proactive approach to changing deep-time interactions with a past

epoch, relevant to current and future human societies. The politics around the

Pleistocene Park, which is organized as a foundation, can be understood as

a collaborative project involving multiple stakeholders, including scientists,

policymakers, local communities, and international organizations. The project

is guided by a set of principles that prioritize grassland, permafrost restoration

and conservation, and climate change mitigation. An important aspect is the use

of scientific evidence for decision-making, drawing on ecological research that

shows how reintroducing large herbivores can restore grasslands and enhance

soil carbon sequestration. Accordingly, ongoing scientific monitoring and ana-

lysis to assess the ecological impacts of reintroduced animals and to refine

management strategies takes place. The Pleistocene Park has also raised con-

cerns. The reintroduction of large herbivores into grasslands could have unin-

tended, ecological consequences, such as overgrazing and soil compaction, and

could potentially impact native species and habitats. There is also uncertainty

about the long-term outcomes of the Pleistocene Park. While the project has

shown promising results to date, it is unclear whether the restored grasslands

will be able to sustain the reintroduced animals for the long-term, or whether the
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carbon sequestration benefits will be maintained over time. The following deep-

time interaction between societies and the process of evolution within the bio-

sphere thus demonstrates how interference with the ongoing process of evolution,

which occurs within cosmic timescales, is capable of partially bringing back or,

more precisely, introducing bygone species. This is an intentional attempt at

manipulating the current and composing novel elements of the biosphere, thus

forever altering the evolution of genetic diversity deliberately, not by chance. In

this context, the politics of deep time refer to the effects of human interventions on

evolutionary processes over long periods of time. This refers to the ways in which

humans have affected and continue to affect the biosphere and geosphere, not

only through activities such as urbanization, deforestation, and agriculture, but

also through the use of technologies such as synthetic biology and Clustered

Regularly Interspaced Short Palindromic Repeats (CRISPR).

Second, what are the main dynamics of the case in focus, namely, synthetic

biology and its application in the context of the Pleistocene Park? In general,

synthetic biology is the biological counterpart of geoengineering. While the

latter relates to building artificial (parts of) geospheres, synthetic biology

involves designing artificial (parts of) biospheres. Humans have altered the

geosphere and the biosphere since their existence, yet to different extents.

Links between interspecific interactions, such as mutualism or competition,

and macroevolution, namely, evolutionary change taking place within cosmic

timescales, were a largely unintentional and irreversible process until the human

species emerged (Hembry & Weber, 2020). Humans were and are profoundly

altering the course of evolution, for humans themselves, but also modifying the

evolution of others, ranging from the first dogs thousands of years ago to the use

of bacteria to produce insulin in (CRISP)-technologies for gene editing (Cohen

et al., 1973; Shapiro, 2021).

Almost all land-use changes that can be attributed to humans, from urbaniza-

tion to deforestation to agriculture, have negative effects on biodiversity

(Cordier et al., 2021). Human population size is, with 96 percent accuracy,

a predictor for mammal extinction within the last 126,000 years, while other

factors, such as (non-anthropogenic) climate change, offer no better prediction

than chance (Andermann et al., 2020). In particular, extinctions of megafauna

tens of thousands of years ago have diminished species’ abundance and overall

ecological diversity to a great extent, such as the extinction of the mammoth and

the mammoth steppe it co-created (Johnson, 2009). Another, rather recent yet

profound, alteration of the biosphere is the so-called “Columbian Exchange,”

the transatlantic exchange of plants, animals, cultural practices, technologies,

diseases, ideas, and, of course, people between West Africa, Europe, and the

“New World” (Crosby, 1972; Mann, 2005, 2011). The colonization and
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the respective death of ca. 56 million Indigenous people even led to a drop in the

concentration of atmospheric CO2, a human-driven impact on the Earth system,

long before the industrial revolution (Koch et al., 2019). Increasing global

mobility meant that humans were no longer tied to and forced to adapt to the

ecozones surrounding them; instead, these ecozones became mixed when

millions of people were transported around the globe against their will, and

with them nonhumans of all kinds. These relocations occurred within short

timeframes, which are incompatible with the processes of evolution taking part

within cosmic timescales, causingmany species to become extinct, for example,

due to new opponents in the same ecological niche.

However, humans also invented technologies that could create novel species or

revive extinct species. Since it is all too clear that humans have contributed to the

Quaternary extinction, an increasing number of scientists call not only for more

nature preservation, but also for a comprehensive renaturation and rewilding of the

Earth, aiming to recreate a time when the human species did not exist or had no

relevant influence on the Earth’s systems (Donlan, 2005; Svenning et al., 2015).

In the case of the Pleistocene Park in East Siberia, the Pleistocene – the

geological epoch lasting from 2.58 million to 11,700 years ago, preceding the

Holocene – is currently re-created (Andersen, 2017; Macias-Fauria et al., 2020;

Popov, 2020; Zimov, 2005). The evolutionary tables are turned here: humanity

is not the child of its era, but humans create the era of their choice (Donlan et al.,

2006). Thus, on 16 km2 of Siberian tundra, a typical Pleistocenian wilderness is

in the making, where herbivores like Yakutian horses, reindeer, moose, musk-

oxen, bison, and yak are already living (see Figure 15).

The goal of the Pleistocene Park project is to revive a past ecosystem, which

was destroyed by humans, in the hope that this will lead to more permafrost and

thus less CO2 and fewer methane emissions. First, the large herbivores are

expected to trample snow into the ground; and second, the hoped-for conversion

of tundra (back) to steppe is expected to result from an increase in solar

reflection from the ground. This deep-time interaction thus interferes with the

process of evolution by reaching into the past to alter the future.

The focus species for de-extinction is the mammoth, as a megafauna species

which would profoundly shape a possible future Pleistocene grassland, with few

but promising results to date: scientists were able to demonstrate the biological

activity of a 28,000-year-old mammoth nuclei in mouse oocytes (Shapiro, 2015;

Yamagata et al., 2019). More precisely, this “mammoth” is a rather new

synthetic species called chimaera, in the form of a mix of mammoth and either

Asian or African elephants as surrogate mothers. Thus, taking the assumed

effects of this novel species into account, in the Pleistocene Park “synthetic

biology meets geoengineering” (Herridge, 2021, p. 387). Even though human
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societies have interfered with evolution for generations, this deep-time inter-

action could possibly kick-start a much more intense interference with much

deeper effects on the Earth’s biosphere, and probably geosphere in the long-

term, if synthetic biology is applied widely within the coming decades.

Third, this touches upon the question of how to govern deep-time interactions

that not only aim to bring back the landscapes of a past epoch, but to interfere

intentionally and possibly on a large scale with the process of evolution in an

irreversible manner, through synthetic biology.

Thus, this concerns the agency that artificially created parts of the biosphere

and the influence it may exert in the long term, including, for example, the

emergence of possible novel species, based on the “original creations” or

natural dissemination across other parts of the world. Of course, as is the case

with almost all new technology, the use of synthetic biology should not simply

be declared good or bad as such, but, instead, should be recognized as a tool that

can create effects in various ways and needs to be governed. Currently, the key

organization striving to bring back the mammoth is a start-up company named

Colossal, founded by a Harvard professor, the renowned geneticist, George

Church, and the entrepreneur Ben Lamm. Considering the potential effects such

Figure 15Artist’s impression of the landscape in the Pleistocene Park when the

mammoth chimaera will be alive.

Source:© Raúl Martín Demingo (2013), available at www.raulmartin-paleoart.com/g2/
g2/g2/g2/g2/g2/g2/g2/g2/g2/g2/g3/1
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a company might have, by creating and enabling a novel kind of agency to

influence the process of evolution, and thus influence the course of life on planet

Earth, the question regarding who should have a say in this process arises.

This leads directly to the question of democracy in relation to the political

architecture of deep-time interactions in two ways. First, the public needs to be

more closely involved in decisions that touch upon the very fundamentals of the

process of evolution as a common good. In particular, local communities whose

coexistence with local animals might be altered need to be involved, as these

populations might mingle and mix their genes with chimaeras. Currently, the

pace and irreversibility of these developments outpace legislation. The very first

initiatives on regulating scientific advances have only just been formulated,

ranging from rather broad groups like the Expert and Citizen Assessment of

Science and Technology (ECAST) in the USA to more specialized groups like

the Global Citizen’s Assembly on Genome Editing.

Besides the involvement of a broader human public, experiments are needed to

develop democratic and evidence-based inclusion of the process taking place

within cosmic timescales, namely, evolution and its various (possible) parts, such

as the genetic code of mammoth chimaeras that transfers genetic information

across time. This is because processes, which have similar transformative poten-

tial with regard to planetary change as human societies, need to be represented

democratically (see 3.2). Therefore, an observatory is needed to determine “how

the potential of science can be better steered by the values and priorities of

society” (Jasanoff & Hurlbut, 2018, p. 436). This should not only track and

analyze research and real-world developments on biosynthetic biology and soci-

etal effects but should also mediate between both and identify possible ways of

inclusion. If steered wisely, the democratization of synthetic biology might not

slow down developments, and instead may provide additional input, work as

a catalyst for innovation, and may anticipate potential risks and conflicts.

Of course, preventing extinction is the best way to make de-extinction arrange-

ments at least partially redundant, just as mitigating climate change would have

made adaptation redundant. For this reason, it is important to closely connect the

politics of synthetic biology to networks that strive for similar goals with different

means, such as the Legacy Landscape Fund, which aims to protect distinct

landscapes rich in biodiversity or the Global Deal For Nature.

4.5 Space Weather Mitigation

First, deep-time interactions between societies and solar cycles, mediated by the

magnetosphere, relate to the politics of deep time in terms of space weather

mitigation. At its core, space weather mitigation concerns the management of
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the potential impacts of space weather events, such as solar flares and coronal

mass ejections on various technological and societal systems, including power

grids, satellite networks, and communications infrastructure. Since space wea-

ther events can have global impacts, establishing an international framework for

data sharing and response coordination is essential. Another critical issue is the

allocation of resources for space weather mitigation. Given the complexity and

unpredictability of space weather events, it can be challenging to effectively

allocate resources to prevent or minimize their impacts during the short period

of time available after, for example, a major solar storm has been identified.

Since space weather events are not as visible as other natural disasters, includ-

ing hurricanes or earthquakes, they may not receive the same political attention

and resources. Space weather mitigation policies also raise questions regarding

accountability and responsibility. For example, if a space weather event causes

significant disruption or damage, who is responsible for mitigation and recovery

costs? Finally, the politics of mitigating space weather are tied to the broader

debates about the politics of new technologies and the role of science in

policymaking. As space weather events are a relatively new problem area,

there is a need for continued research and scientific monitoring to better

understand the impacts and to develop effective mitigation strategies.

Second, what are the main dynamics of the deep-time interaction? The solar

cycle describes the change in the sun’s activity based on the observation of

sunspots on its surface, with the activity also manifesting in solar flares, coronal

loops, and respective solar radiation. Solar cycles last on average 11 years and

result from a magnetic reversal of the sun’s poles, with maximum solar activity

taking place during the reversal. While this solar activity has an effect on the

Earth’s climate and most likely human health, here the focus is on solar wind,

particularly in the form of solar storms. They most likely, yet not necessarily,

occur during the maximum period of solar activity in the 11-year-cycle (Paleari

et al., 2022). Solar winds are part of cosmic rays, which also originate from the

Milky Way and distant galaxies. Solar winds are a stream of charged particles,

mainly protons, but also electrons and fully ionized atoms. Solar winds forming

a solar storm that disturbs the Earth’s magnetosphere, which usually exceeds the

effects of normal solar winds, need to be considered as deep-time interactions of

relevance for future societies.

If a solar storm, comparable to the so-called Carrington Event of 1859, which

caused worldwide auroras as a result of the disturbance of the Earth’s magneto-

sphere, hit Earth today, the damage would be considerable. It could potentially

lead to a total breakdown of the technological infrastructure and a blackout of

our power, navigation, and telecommunications systems, which would come at

an estimated cost of over US$40 billion per day (Oughton et al., 2017).
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Moreover, solar storms also have a direct influence on the human body, for

example, causing higher rates of miscarriages as could be observed in cabin

crew members (Baker, 2009; Belisheva, 2019; Grajewski et al., 2015;

Lanzerotti, 2017; Riley et al., 2018; see Figure 16).

On February 4, 2022, for example, the company SpaceX lost forty satellites

a day after its launch due to a geomagnetic storm. Moreover, the interruption of

telecommunications could result in major geopolitical conflicts, such as on

May 17, 1967, when the US Ballistic Missile Early Warning System broke

down in several countries (Knipp et al., 2016). Bombers loaded with nuclear

weapons were ready to make their way to the Soviet Union, as it was assumed

that the communist regime was behind the incident, as it was preparing its own

nuclear attack. Fortunately, the US Air Weather Service was able to clear up

matters in time: the cause was, in fact, a solar flare, and it had not only interfered

with the early warning system but also with the radio waves, so that it would

have been impossible to recall the bombers once they were in the air. As

societies increasingly rely on technology, the potential impact of solar storms

on ever more aspects of human life also increases; in 2015, solar storms

Figure 16 Solar winds and their influence on technology.

Source: © ESA/Science Office (2018), CC BY-SA 3.0 IGO, available at www.esa.int/
Space_in_Member_States/Germany/Weltraumwetter_Die_zerstoererische_Kraft_
der_Sonne
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interfered with the global positioning systems in the United States and thus with

self-driving cars. For how long (parts of) the world population would be without

power, should a strong solar storm hit Earth, is yet unclear but estimations range

from weeks to years.

Solar cycles and thus solar storms are likely to occur in the near future, but

also constitute risks in the distant future until the end of the human species. In

2012, the probability of the occurrence of a Carrington-like event within the

next decade was calculated at 12 percent (Riley, 2012). In that year, a solar

storm missed the Earth’s orbit by just nine days and would likely have cost

US$10 trillion, as well as many lives, due to the subsequent technological

disruptions (Baker et al., 2013). While solar cycles will thus influence all future

human societies in one way or another and human societies may not be able to

affect solar cycles, in turn, humanity may develop ways to mitigate and adapt to

them. Since the mid-twentieth century, there has been unintentional anthropo-

genic space weather, caused in no small part by the long-term effects of

atmospheric nuclear tests, such as Hardtack Teak in 1958 (Gombosi et al.,

2017; Guglielmi & Zotov, 2007). However, human activity may also have

a reverse effect on the magnetosphere: longitudinal waves used for communi-

cating with submarines provide additional protection from the Van Allen radi-

ation belt, a zone of highly charged and, therefore, deathly solar particles held at

a distance from the Earth by the magnetosphere. This leads to the question of

how human societies should shape their deep-time interactions with solar

storms and, more broadly, how they should design the politics of deep time in

relation to space weather mitigation. Unlike, for example, gene editing, which is

already applied to deep-time interactions in the context of reviving the mam-

moth, the technology that could possibly become essential for space weather

mitigation does not yet exist. To date, there are no ideas on how to strengthen the

Earth’s magnetosphere against a solar flare, how to manipulate the magneto-

sphere or whether, and how to govern such an attempt.

Second, from the perspective of solar storms and, more broadly, space

weather mitigation as deep-time interactions, at least four elements for the

respective politics of deep time can be identified: evidence, awareness, technol-

ogy, and the democracy question. While the first two relate to the agency

question, the latter two refer to the architecture.

The exact kind of agency of space weather and solar storms is, to a certain

extent, still unknown. This includes the question of what processes within the

Sun lead to major solar eruptions, which is why further explorations, such as the

space probe, Solar Orbiter, run by the European Space Agency (ESA) in

cooperation with the National Aeronautics and Space Administration

(NASA), are crucial to develop evidence-based politics. The temporal
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unfolding of strong solar storms, in particular, makes their agency so dangerous:

the probability of a Carrington-like solar storm hitting Earth is only 12 percent

over a 10-year period, but if it is detected, societies would be likely to have less

than a day, probably only 60 to 90 min, to protect and shut down technological

infrastructure that would otherwise be damaged.

This leads to another aspect related to the agency of strong solar storms,

namely, that it is necessary to raise awareness of their existence among the

general public. This deep-time interaction may seem outlandish or highly

speculative at first, but for the same reasons, most recommendations of virolo-

gists warning of a pandemic were brushed aside just a few years ago. Respective

research roadmaps are calling for “a coordinated international approach to

effectively provide awareness of the processes within the Sun–Earth system

through observation-driven models” (Schrijver et al., 2015, p. 2746). So far,

indications that humanity has but closely escaped such a catastrophe have

largely been ignored, but more recently, the first policies have been introduced:

In 2020, for example, the US House of Representatives passed and President

Trump signed into law the “Promoting Research and Observations of Space

Weather to Improve the Forecasting of Tomorrow Act” as a follow-up to

a related strategy brought forward by the Obama administration in 2015. This

kind of awareness raising among the broader public with regard to deep-time

interactions can be described as the familiarization with a probable yet unknown

future or, more precisely, the envisioning of events that only happen every few

centuries (i.e., within cosmic timescales).

Political architectures are needed which enable the development and imple-

mentation of appropriate societal practices and technologies to cope with space

weather. This includes building organizations. Of course, specialized institu-

tions, such as the ESA’s Space Weather Office, are still currently unable to

properly manage potential deep-time interactions with strong solar storms, as

their resources and equipment are vastly disproportionate to the possible mag-

nitude of the interaction. In addition, to reach a broader audience, space weather

forecasting needs to make its way into the daily lifeworld, such as becoming

part of daily weather forecasts and, finally, becoming part of a planetary culture

in which deep-time interactions are as recognized. Elders from different

Indigenous groups can provide insights into this, as many Indigenous narratives

and practices are rooted in the assumption that everything in the sky reflects

everything on land and in the sea, and vice versa (Hamacher, 2022). While

better forecasting is ultimately the best risk avoidance technique, the use of non-

magnetic steel in transformers and the increased use of surge protectors in the

grid are also approaches which are already available to build resistance against

the impacts of space weather. However, considerable interventions have also
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been proposed, including a gigantic space shield located between Earth and the

Sun (Lingam & Loeb, 2017). The shield, which resembles an electrified copper

loop, would have to be nearly as large as the Earth, would weigh 105 t and cost

an estimated US$100 billion. The questions that arise with such gigantic

infrastructures are not only whether they are feasible, which they could be at

some point in the future, but also whether, how, and by whom they could be

governed. This requires a reflexive element in the politics of deep-time inter-

actions, similar to technological impact assessments, yet extended to include

what might be called a “governability impact assessment.”

Lastly, the nature of societal interference with space weather and the respect-

ive forecasting in combination with novel technologies can potentially lead to

a technocracy. On the contrary, particularly with regard to the “planning” of

deep-time interactions, it becomes clear that this has to be done with great

emphasis on democratic principles. If the right to an unprojected future is seen

as a core normative deep-time principle, it would have been to be protected as an

inalienable right, which means that even political arrangements with regard to

a specific deep-time interaction must be able to be re-designed by future

generations. Perhaps future generations will find ways to of making productive

use of solar storms, requiring a 180-degree turn in their respective political

arrangements, which would most likely focus initially on resilience measures.

This is where the trustee conception of sovereignty assumes upmost import-

ance: trustees of a democratic process need to guarantee that this process takes

place across all generations, allowing future generations to build and shape

deep-time interactions with solar storms as they see fit.

4.6 Terraforming Mars

First, planet reformation, here the potential terraforming of Mars, that is,

purposefully altering the planet’s environment to make it more livable for

human life, is inherently a political issue. Just a few centuries ago, humans

landing on the moon was unimaginable, which is why the possibility of humans

on Mars should be taken seriously when considering possible deep-time inter-

actions. What once used to be part of science fiction, namely, a multiplanetary

human society, does not seem fundamentally impossible anymore, as there is

currently a renaissance of government and private spaceflight, which must be

researched, operated, and evaluated from the outset as a deep-time interaction.

While a wide range of policy areas have been analyzed by Earth system

governance scholars, research with respect to spaceflight is still rare (Ferretti,

2021; Newman & Williamson, 2018; Suchantke et al., 2020). The decision to

terraformMars involves complex ethical and political considerations, including
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issues of environmental impact, resource allocation, and power dynamics.

Proponents argue that terraforming Mars could create a new frontier for

human expansion and reduce the risk of human extinction by creating

a contingency plan for humanity. However, critics point out that the resources

required for terraforming could be better spent on solving pressing social and

environmental problems on Earth, and that the risks of irreversible ecological

damage or harm to potentially Indigenous life forms on Mars are too high.

Attempting to reshape an entire planet would require significant resources,

expertise, and collaboration among governments, corporations, and other

entities. This raises questions about who would have access to the benefits of

terraforming, who would bear the costs and who would have control over the

process. In addition, the colonization of Mars raises questions about imperial-

ism, neocolonialism, and the ethics of colonizing a new world. The politics of

terraforming Mars therefore involve complex tradeoffs and negotiations among

various stakeholders, including scientists, policymakers, entrepreneurs, and the

public, and require careful consideration of the ethical and political implications

of human expansion beyond Earth. The deep-time interaction between societies

and planet (re)formation thus relates to the politics of deep time in outer space

over extremely long timescales.

Second, what are the core dynamics regarding a possible terraforming of

Mars and which political arrangements – onMars and on Earth – are required to

prevent, shape or even foster this? When considering any form of Mars terra-

forming as a possible deep-time interaction, its feasibility needs to be inspected.

Private companies are currently investing heavily in space travel, making it

accessible at a lower cost. With this tailwind, major government-funded space

agencies are likewise refocusing their attention on destinations beyond the

Earth’s orbit, which is, to some extent, also part of their geopolitical strategy.

In recent years, the Moon has once again become a target for human spaceflight,

and thereafter, the next target is likely to be Mars. Thus, looking beyond space

tourism by billionaires, serious approaches of humanmissions toMars and their

respective stations or even settlements seem to be only a matter of time: this is

not only due to the aspirations of nation states in the so-called “new space age,”

especially on the part of the United States and China – China aims to build an

ultra-large spacecraft more than a kilometer in length – but also due to private

business investments which have accelerated cost reductions in space travel

(Capova, 2016; Chik, 2021). In particular, the cost per unit of mass transported

from Earth into outer space is becoming increasingly cheaper: launching a space

shuttle into orbit in the 1980s cost over US$50,000 kg-1, whereas the estimates

for the SpaceX’ Starship, which is scheduled to launch in the 2020s, are “well

under US$100 kg-1” (Musk, 2020; see Figure 17). Reusable launch systems, in
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particular, are crucial in this development, and future technological break-

throughs are also possible, such as the production of methane in outer space

as fuel for rockets. In other words, the temporal feature of acceleration can cause

deep-time interactions to become feasible in much shorter timeframes than one

could expect, based on current and past developments.

The main reason for managing the terraforming of Mars as a deep-time

interaction is, of course, its timescale. Planet reformation and the development

of habitable conditions for complex life, based on the only case known so far,

Figure 17 Cost reduction of space flight since 1960.

Source: © Visual Capitalist/Bruno Venditti and Sam Parker (2022), available at www
.visualcapitalist.com/the-cost-of-space-flight/
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requires millions and billions of years. Terraforming an already existent planet,

which, to the best of our knowledge, has never previously been done, not only

means interfering with and initiating processes taking place within cosmic

timescales in the distant future, but in the case of Mars, these plans are largely

aimed at accelerating these processes and compressing the timescale. The

techniques and timelines proposed to terraform Mars are manifold, pointing

to many unresolved implementation challenges (Beech et al., 2021; Green et al.,

2021). One of these timelines, for example, proposes two consecutive steps

after a pre-terraforming phase. The purpose of the pre-terraforming phase is to

collect more information regarding conditions on Mars, ranging from an inven-

tory of the number of certain chemical elements and their abundance to the

question of whether life exists on Mars and whether it should be interfered with

(Berliner & McKay, 2017). Subsequently, the first step of terraforming is

a warming phase of ca. 100 years, which aims to heat up Mars’ surface

from −60 °C to +15 °C, by releasing CO2 fromMars’ polar caps and greenhouse

gases produced by humans. The second step is an oxygenation phase of ca.

100,000 years, which will probably require the use of synthetic biology and

biotechnology since photosynthesis is unlikely to work on (all of) Mars. Here,

the bidirectionality of deep-time interactions becomes apparent. On the one

hand, and regardless of the feasibility, the notion of a possible terraforming of

Mars some 100,000 years from now is not only driving the technological

developments of outer space exploration, which can be used for purposes as

diverse as monitoring geodynamics and climate change through satellite geo-

desy and advancing the military buildup of, for example, the Unites States

Space Force, but is also shaping cultural narratives of space as the last frontier.

On the other hand, decisions here and now, ranging from non-terraforming

agreements to international collaborations to promote terraforming on Mars,

can influence and shape the future of Mars in the next hundreds of thousands of

years and beyond.

Whether terraforming is feasible is still an open question, since the complex

dynamics of the Earth system, that developed over billions of years, are

obviously difficult to reproduce, as the real-world experiment, “Biosphere 2,”

has demonstrated. The research facility, “Biosphere 2,” a closed miniature

ecosystem in the Arizona desert, was used in the 1990s to examine Earth system

processes on a small scale, not least with regard to the need for negative

emissions. “Engineered to be a self-sustaining mesocosm” (Avise, 1994,

p. 327) – that might one day be used for extraterrestrial purposes – Biosphere

2 boasted a number of different “natural” habitats: “tropical rainforest, marsh,

desert, savannah, streams, agricultural area, and even a miniature ocean com-

plete with coral reef” (Avise, 1994, p. 327). There were two long-term

69The Politics of Deep Time

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/9781108936606


experiments involving human settlers: one from 1991 to 1993 and another in

1994 (Nelson, 2017, 2018). Both crews failed to operate Biosphere 2 without

outside help. The main problems were that the concrete used for construction

reacted with carbon dioxide, binding oxygen in the process, and that the

microbes on the artificial field enriched the atmosphere with too much nitrogen

and carbon dioxide. What is more, “the miniaturization enormously accelerated

biological cycles” (Rand et al., 2016/2021). Finally, there were conflicts among

the crew, involving psychological, social and political aspects, in addition to

what was happening in the “natural” systems. In addition, Martian settlers

would have to understand not only the Earth system, but also the Mars system,

and there would be many open questions to address, such as how to feed larger

populations of Martian settlers (Cannon & Britt, 2019). Thus, more generally

speaking, deep-time interactions might require manifold iterations and feed-

back-loops in order to function and be shaped in a certain direction. This means

that a continuous and institutionalized process of monitoring, assessment, and

adjustment would help understand these interactions and would steer them in

the desired direction.

Third, even though Mars will not be terraformed by the end of this century,

a self-sustaining city on Mars is scheduled by SpaceX to be created within this

timeframe. Therefore, the issue of politics is more pressing than terraforming

timescales imply. Rather than envisioning a specific Martian government, this

involves the creation of conditions for a trustee process of sovereignty that

might, for example, allow a possible future Martian population to write its own

constitution. Thus, politics relating to deep-time interactions with terraforming

and the colonization of Mars can be separated into the terraforming politics on

Earth and, later, the politics of Mars on Mars.

The agency that the terraforming ofMars currently exerts barely goes beyond

the aspect of imagination. However, depending on whether and how the forma-

tion of respective visions aligns with the deep-time normative core principles of

habitability and democracy, corresponding path dependencies may unfold.

Once established, realities on Mars ranging from power structures to evolution-

ary processes, which potentially start to evolve with the first Mars station, may

be nearly impossible to reverse. Thus, the potential terraforming ofMars creates

an agency that requires respective capacity building in the here and now. On

Earth, capacity building initiatives for a political architecture, which supports

the realization of habitability on Mars, started rather implicitly with the foun-

dation of the United Nations Committee on the Peaceful Uses of Outer Space

(COPUOS) in 1959. However, in the context of the United Nations’ Sustainable

Development Goals, particularly the “Space2030 Agenda,” habitability initia-

tives have accelerated (Ferretti, 2021): the COPUOS established a working
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group on the “Space2030 Agenda” in 2018, and other sustainability activities

are being implemented under the heading “Long-term Sustainability of Outer

Space Activities,” including the United Nations’ “COPUOS Guidelines on

Long-term Sustainability of Outer Space Activities,” which were adopted in

2019. The ESA, to give another example, already engages in a broad range of

activities related to the 17 Sustainable Development Goals (https://sdg.esa.int).

Whether and how an extension and transfer of these activities pertaining to

planet Earth can be applied to the potential terraforming of Mars is still an open

question. Again, the potential terraforming of Mars, for example, by private

companies, requires that the politics of deep-time interactions take into account

processes taking place within cosmic timescales in the here and now.

Questions remain regarding the way in which deep-time interactions, related

to the terraforming ofMars, can be realized in a democratic manner, particularly

the way in which the sovereignty of any future Martian population can be

guaranteed and constantly renewed. What would be the outcome should

Mars’ population declare independence one day? Of course, the Outer Space

Treaty of 1967 acknowledges negative freedom by stating that “Outer space,

including the moon and other celestial bodies, is not subject to national appro-

priation by claim of sovereignty, by means of use or occupation, or by any other

means” (Article II). However, the current legal framework is incomplete, as it

does not provide any guidance on the way in which the notions of sovereignty

could govern a process of terraforming and government formation on Mars

(Leib, 2015; Van Eijk, 2020; Wójtowicz & Szocik, 2021). If viewed as an inter-

planetary common, the colonization, terraforming, and potential exploitation of

Mars, not only as a deep-time interaction but also as a deep-space interaction,

need to be regulated or better prepared than, for example, current deep-sea

mining activities. Otherwise, single states or companies might move forward

without the appropriate legislation in place. To illustrate this, I once again use

the example of SpaceX, as it is the company most likely to conduct a manned

mission to Mars and has already included a section on a future Martian

government in the terms and conditions of its satellite-based internet service,

Starlink: “For Services provided on Mars, or in transit to Mars via Starship or

other colonization spacecraft, the parties recognize Mars as a free planet and

that no Earth-based government has authority or sovereignty over Martian

activities. Accordingly, Disputes will be settled through self-governing prin-

ciples, established in good faith, at the time of Martian settlement” (SpaceX

Starlink, 2020). Therefore, it becomes clear that deep-time political architec-

tures need to be established in the here and now to enable a process that is not

dominated by individual interests, even if the eventual terraforming of Mars

will not be completed for another 100,000 years or so.

71The Politics of Deep Time

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://sdg.esa.int
https://doi.org/10.1017/9781108936606


5 A Conceptual Framework of the Politics of Deep Time

The human mind may not have evolved enough to be able to comprehend deep
time, it may only be able to measure it.

(McPhee, 1981, p. 127)

No politics will last one million years, not even 100,000, 10,000 or 1,000 years.

Yet, as I have shown, human societies in the realm of deep time interact with

processes taking place within a geological or even cosmic timescale. In other

words, no political arrangement can be expected to last as long as the epoch-

spanning processes that it deals with. The fewer deep-time political structures

that need to be kept in place, the better. These are hard to maintain because there

is no guarantee that they will outlive the next major war, that they will be shut

down due to financial restrictions or that they will slowly die and be forgotten.

Therefore, the challenge for the politics of deep time is that it must function not

only across various levels, but also across various eras, and yet, must always

remain situated in the here and now.

I propose the following overview of the politics of deep time as both

a conceptual framework and a political necessity (see Figure 18). Of course,

this overview is based on the insights that result frommy pioneering study of the

politics of deep time and might be adjusted based on the broader empirical

coverage of deep-time interactions and their respective deep-time politics.

While many nuances exist in each of the cases investigated, two main

characteristics of deep-time interactions have become apparent to varying

degrees across all of them: irreversibility and uncertainty.

Figure 18 Organic emergence and functioning of the politics of deep time

72 Earth System Governance

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/9

78
11

08
93

66
06

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/9781108936606


In terms of irreversibility, I have observed, for example, that if karst aquifers

are destroyed, they cannot be replaced, or that the terraforming of Mars, once

initiated, is nearly impossible to undo and instead takes on a life of its own.

Irreversibility thus refers to the fact that once certain processes have been set in

motion over geological or cosmic timescales, it is impossible to reverse or undo

their effects on human and nonhuman societies. For instance, the burning of

fossil fuels and the subsequent emission of greenhouse gases have already set in

motion irreversible changes to the Earth’s systems. The scale and pace of such

undoable changes make it difficult to predict the extent and nature of their

impacts on contemporary and future societies.

Uncertainty has been observed, for example, regarding the effects a future

solar storm might have on Earth, or the kind of symbols that can transport

knowledge of a final depository for nuclear waste across one million years and

numerous generations. In other words, not only are there deep-time interactions

that lead to irreversible changes, but vast knowledge gaps also exist regarding

these interactions, some details of which will probably never be known, despite

the best attempts in research to do so, such as the Deep-Time Digital Earth

program (Wang et al., 2021). Uncertainty thus arises from the fact that deep-

time interactions involve complex planetary systems and processes operating

over long periods of time. This complicates the prediction of the future behavior

of these with any degree of accuracy, which, in turn, makes it difficult to plan

and take decisions with confidence. This also means that, due to the degree of

unpredictability unexpected, unforeseen events may occur, which can have

significant and sometimes catastrophic consequences for human and nonhuman

societies.

Together, irreversibility and uncertainty form a dangerous combination if not

handled wisely. This underscores the importance of developing a deep-time

perspective and the respective intentional politics of deep time when considering

human interactions with geologic and cosmic processes. Such a perspective

requires that the limits of knowledge and predictive ability be recognized and

the need for caution and humility are acknowledged. This can help to better

understand the risks and opportunities associated with deep-time interactions.

My proposal for a deep-time observatory comes in at this point. A deep-

time observatory can function as a competence center for deep-time literacy in

the here and now, which will benefit not only decision-makers but all human

and more-than-human societies. Such an observatory may be composed of

one-third representatives of the humanities, social sciences, and natural sci-

ences; one-third representatives of human societies; and one-third represen-

tatives of nonhumans or even more purposeful with the help of the respective

technology-enabled “voices,” allowing through their composition an
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extended peer review (Funtowicz & Ravetz, 2001). One of the first major

tasks of this observatory would be to compose an inventory of deep-time

interactions and the associated bidirectional influences between societies in

the here and now and processes on cosmic timescales.

First, the deep-time observatory enables deep-time cultures that in turn enable

deep-time democracy, which can take different forms, depending on the deep-

time interaction they address. Second, the information produced by a deep-time

observatory provides the foundations for identifying and protecting deep-time

commons – understood as resources, spaces, or knowledge that exist and function

within a geological or cosmic timescale and are shared by multiple entities,

including human and nonhuman actors – to ensure deep-time habitability. Such

protective measures could entail declaring karst aquifers a World Heritage Site or

classifying landscapes with rich biodiversity, such as Legacy Landscapes.

Deep-time culture refers to the recognition and valuing of the interconnect-

edness of all life and ecosystems within a geologic timescale. It recognizes the

interference of human actions with the planet over large timescales and seeks to

develop practices that address their democratic governing. A deep-time culture

is characterized by a long-term perspective and an understanding that humans

are part of the planet, not separate from it.

Deep-time cultures are realized by respective tools. These include understand-

ing old narrations and formulating new ones, which can take the form of

evidence-based myths, as in the case of karst aquifers or symbols which help to

remember, for example, the power of solar storms once knowledge of them may

have been forgotten after a civilization collapse. Such deep-time myths can be

thought of as narratives that depict the connections between human societies and

processes taking place within geological or cosmic timescales, in order to shed

light on the way in which human societies have understood their place on this

planet and how they have interacted with nonhuman forces over long periods of

time. As part of the politics of deep time, deep-time myths could play a crucial

role in shaping collective imagination and guiding actions. Based on scientific

data and models, new deep-time myths can be developed to transport experiences

and knowledge of deep-time interactions. As part of the politics of deep time,

such myths could be used to influence public discourse and policymaking, be

incorporated into curricula, and used for public awareness campaigns. Myths of

this kind are then similar to scientific records (Nunn, 2018, 2021).

A second tool is the deep-time rendezvous, as this is needed for deep-time

interactions that may require reassessment from time to time, such as the final

depositories for nuclear waste. Deep-time rendezvous needs to include remem-

brance and thus some form of durable communication, such as establishing

protocols for preserving and sharing knowledge across generations and across
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cultural and linguistic boundaries. Another example would be the establishment

of a deep-time park or reserve that protects and preserves areas significant for

their deep-time interactions, providing opportunities for people to learn more

about these interact ions, such as the Deep Time Walks (www

.deeptimewalk.org). Moreover, deep-time monuments may be developed that

allow to connect the history of humans and Earths in a way that they transcend-

ent geological epochs by respective semiotics (Szerszynski, 2017). Ultimately,

the continuity of deep-time rendezvous would have to be ensured by making

them valuable and meaningful for future generations.

Deep-time experiments constitute a third tool, which is particularly useful in

finding ways to establish trustee conceptions of sovereignty, so that democracy

exists through deep time, for example, in the potentially long process of

terraforming and establishing a government on Mars. Deep-time experiments

are thus a way of exploring alternative social and political practices that take

into account the temporal dimensions of more-than-human societies in demo-

cratic politics, similar to the Embassy of the North Sea (www.embassyofthe

northsea.com). The aim must be to identify which institutions – not necessarily

centered on a parliament – and processes – also designed for nonhumans unable

to communicate orally or in a written form – have to be invented.

Experimentation can make use of the potential of sensors, machine learning,

and semiotics that allow humans to understand the “voice” of processes taking

place within geological and cosmic timescales. Respective technologies can be

used from the inner Earth to interplanetary space in order to identify the signs

and meaning of more-than-human agencies across various spheres, such as

volcanoes as an expression of slowly melting rocks that press to the outside.

Deep-time commons refer to a resource or feature of the planet that devel-

ops within geological or cosmic timescales, has existed over a long period of

time, and will continue to exist and interact with multiple generations. This

may not only be a fruitful soil as the Black Belt, but also a geological

formation, such as a mountain or canyon, which has existed for millions of

years and is interfering with human societies, possibly also being valued for its

beauty and cultural significance. Another example is a body of water, such as

a river or lake, which has hosted human communities and ecosystems for

centuries or even millennia. Deep-time commons are put into effect using the

appropriate political tools.

These include deep-time reparations to provide a novel future of choice for

those who have been hurt by the misuse of resources through deep-time

interactions, such as African Americans in Alabama. Deep-time reparations

recognize that the actions of certain human societies have had, and will have,

long-lasting and often irreversible impacts on the planet, which have often
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disproportionately affected marginalized communities and future generations.

Deep-time reparations thus represent a shift from the idea of traditional repar-

ations that focus on addressing past harms. This could include efforts to restore

ecosystems or habitats and provide support for communities affected by long-

term degradation. Importantly, these actions would need to be forward-looking,

aimed at preventing further harm yet opening up new possibilities enabling the

affected communities to thrive.

Another tool is the execution of deep-time impact assessments that investi-

gate the way in which novel technologies, such as synthetic biology that creates

chimaeras, can manipulate deep-time interactions and thus alter deep-time

commons either positively or negatively. As such, technologies alter the genetic

composition of organisms; they might have significant impacts on the biodiver-

sity of nonhuman societies and the biogeochemical cycles of the planet, with

effects on ecosystems or food webs. In a similar manner, the impact of mining or

drilling over long periods of time could be assessed, as well as the potential

impact of natural events, such as meteorite impacts on human society over

centuries or even millennia, including feedback loops and the consideration of

unexpected consequences that might occur.

Yet another tool is the establishment of deep-time organizations that deal with

specific deep-time interactions, such as the Svalbard Global Seed Vault safe-

guarding the genetic diversity of crops. Such deep-time organizations would

have to exist over very long periods of time to deal with deep-time interactions,

and for this reason, their institutional setup is of crucial importance. It has been

shown that distinct design principles can be identified when establishing these

organizations, such as placing the organization in a safe area while ensuring its

societal embeddedness, focusing on one core place of outreach instead of

diversification, or creating ownership for the public in the decision-making of

the organization (Hanusch & Biermann, 2020) .

Of course, the aforementioned instruments are examples, and more tools

may be developed and applied to realize democracy and habitability on and

potentially beyond planet Earth in the realm in which societies interact with

processes taking place within a geological and cosmic timescale. The tools

are subject to evaluation by the deep-time observatory; in an iterative and

reflective process the observatory may adapt its inventories, which could

possibly lead to novel insights into how to enable deep-time commons and

a deep-time culture. This means that the deep-time observatory would serve

as a tool for monitoring and inventorying the interactions between societies

and the geologic and cosmic processes that shape our planet and universe

over long periods of time. This would involve the development of

a framework for collecting and organizing data on deep-time interactions,
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which could include the use of standardized methods for data collection and

analysis, and the development of a central database or platform for storing

and sharing data. As part of this process, the deep-time observatory would

assess existing practices and policies to determine their long-term impact,

sharing best and worst practices and collaborating on solutions to deep-time

challenges. In addition, it would need to identify practices so that data could

be passed across technological and human generations (Jarvenpaa & Essén,

2023; Szerszynski, 2020).

Currently, the politics of deep time are scattered. These may grow organic-

ally, but targeted research, as well as tangible policy, may require an initial

impulse. While a new constitutional moment that recognizes deep-time inter-

actions across international, national, and regional political organizations is

rather unlikely, I propose an alternative. This alternative is the creation of

a deep-time observatory, which can even be tested as a prototype over

a number of years and evaluated and refined. Of course, from the very beginning

it should seek close interchange with political practitioners.

Practically speaking, the establishment of a deep-time observatory as a first

step toward the intentional politics of deep time would be a largely altruistic act,

as changes in societal relations, involving processes taking place within geo-

logical or cosmic timescales, would probably exceed election periods of a few

years. However, a starting point leading to the realization of a deep-time

observatory could be to build the very first prototype, by explicating its import-

ance to decision-makers and the broader public, building a coalition of inter-

national allies, and developing a plan for its operation.

Whether the politics of deep time is the starting point for the broader politics

of planetary times or whether the former makes its way into existing politics is,

as of now, an open question. The purpose of any politics of deep time is far from

being clear, especially when we think about the very distant future in which

uncertainty exists as to the interests of any future beings. The case of species

extinction illustrates this problem well. The considerable history of the Earth

teaches us that major extinction events, while disastrous for incumbent forms of

life, are followed by huge boosts in biodiversity and macroevolutionary innov-

ation, such as the end of the dinosaurs and the rise of the mammals. How do we

balance the imperative to restore what the planet once could do and conserve

what the planet can do now, against the imperative to be open to the as-yet

unrealized potential of the planet to embark on radically new projects in the

future? I hope this pioneering proposal may function as a first step into the

politics that strive to search for answers in this regard, opening up possibilities

for alliances that seek to better understand and realize deep-time habitability

and democracy.
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