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Abstract

What would it mean to visualize a language model’s training process in the vocabu-
lary of a crisis it will never be able to feel? Symbiotic Traces pairs fifty stages of
the OLMo 3 32B pretraining run with climate terms drawn from IPCC reports and
Earth system science, then with original steam-printed marigold petals. Al inter-
prets deterministic rules to assign each climate term, while the physical chemistry
of botanical printing shapes each final image. With creative agency distributed
across machine, artist, and material process, the product is a visual language for a
model under construction.

1 Introduction

The relationship between artificial intelligence and its environmental cost has become an increasingly
controversial subject of public concern. Training a single large language model requires an extraor-
dinary amount of energy: the pretraining run for OLMo 3 32B, an open language model released
by the Allen Institute for Al, consumed roughly 681 megawatt-hours of power from its GPUs alone
[L]. Symbiotic Traces asks what it would mean to describe that consumption in the same vocabulary
we use to describe a warming planet, and to let the model’s own training process help write that
description.

The project pairs two entangled systems: the pretraining of a large language model, and the climate
system destabilization to which its energy use contributes. Each of the training run’s fifty stages
is paired with a term from the vocabulary of climate change and an original botanical print, made
by steaming a marigold petal directly onto paper. The result is a series of climate term and petal
print pairings, in which each term assigned to narrate the model’s own construction simultaneously
becomes the trace of a living thing.

We chose marigolds because their growing seasons are among those already shifting under climate
change. Using them makes climate change both this project’s subject and part of its material process.
This project considers what it means for an artist to respond to a distillation of climate vocabulary that
a machine has assigned to the stages of its own training. Positioned at the intersection of botanical
printmaking, climate change discourse, and machine training data, Symbiotic Traces offers a visual
lexicon in which the story of a model’s growth and the story of a warming world are told side by side.

2 Methodology

Our dataset is the training run log of OLMo 3 32B, a 32-billion-parameter open frontier language
model trained by the Allen Institute for Al on 5.7 trillion tokens of text between September 22 and
November 7, 2025. We were drawn to this log because it doubles as a record of both how the model
became usable and, by proxy, the energy that process consumed. We compiled a climate lexicon
with Claude Fable 5, drawn from IPCC reports and climate literature, then narrowed it to fifty words
spanning growing-season and species-range terms alongside the broader climate vocabulary.
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Figure 1: Documentation of the plant steaming process. Marigold petals arranged between sheets of

moistened Arches text-wove paper, the bundle wrapped around a dowel, and the finished prints after
unwrapping.
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Figure 2: The complete set of fifty marigold petal prints, each paired with a climate word assigned
to its corresponding OLMo 3 32B training stage.

Each of the fifty training stages was assigned one word from this subset through a single deterministic
rule: each stage was checked against a fixed list of measurable conditions, and each condition that
held contributed a candidate word, and one word was selected from among them (Appendix A).

We then produced original botanical prints of locally sourced marigold petals by moistening paper,
arranging the petals between two sheets of Arches text-wove paper, wrapping the bundle tightly
around a dowel, sealing it in parchment and steaming it (Figure 1). Heat and moisture release
pigment directly from the petal into the paper fiber, transferring color and texture in a unique visual
gesture. Although we defined the assignment rule and carried out this process, neither we nor the
model controlled the resulting image: each print’s coloration, bleed, and stain are determined by heat
and moisture alone. This method echoes what Dietmar Offenhuber, in Autographic Design, calls
autographic visualization: an image that carries a direct physical trace of its source rather than a
symbolic representation of it [2].

We then paired each climate term with its stage’s petal print through a process of visual association:
matching the tone and connotation of each word to the petal print whose form or gesture felt most
complementary to it. The abstraction of the contact prints made this kind of associative reading
possible. Each mark was open enough to hold a range of interpretive weight rather than dictating a
single, literal reading. This pairing of text and image informs the viewer’s reading, much as Roland
Barthes describes text and image as anchoring and relaying one another’s meaning [3]]. Sequenced
together, the resulting fifty pairings of climate word and petal print, reproduced in Figure 2, form a
visual lexicon in which language drawn from a machine’s training and a mark drawn from a living

plant sit side by side. For the accompanying video, the fifty petal prints were algorithmically morphed
into one another.



3 Exploring the Theme of Agency

Symbiotic Traces addresses this year’s theme of Agency on several levels. First, the project treats
the artist’s partial delegation of control over the work’s final visual outcome to the machine as an
expansion, rather than a diminishment, of creative agency. In Symbiotic Traces, agency predominantly
resides in designing the conditions under which words and images emerge: the deterministic rule that
assigns climate words to stages of model training, and the material process through which marigold
petals transfer their pigments to paper. The final pairing of each print therefore arises through an
encounter between machine, material, and artist. Long before the development of Al, Vera Molnar
argued that delegating aspects of artistic production to a computational system does not necessarily
diminish expression, and could reveal what is truly human. Reflecting on her own practice, she
observed that "...it may seem paradoxical that a so-called inhuman machine helps to realize what is
most subjective, what is most profound, in man" [4]].

Second, the project considers agency at the scale of the individual confronting a planetary crisis.
Climate change is a problem so vast that any single, personal response can feel inconsequential.
Symbiotic Traces responds to that scale by building a gestural and interpretive visual language out of
the vocabulary already used to describe it. By pairing each abstract term with a physical trace of a
living flower, we see this as a way of making the crisis legible on a tangible and material scale.

Third, and most directly, the project is distributed across three actors whose agencies remain delib-
erately unresolved: (1) the large language models: OLMo 3, whose own training behavior selects
each word within our rule, and Claude Fable 5, the instrument that compiles the lexicon and writes
the code; (2) the botanical printing process, whose steam and pigment transfer determine the unique
form of each mark; (3) and the artist, who designs the rules that dictate these processes and composes
the word and petal print pairings. None of the three are fully in control, and none are fully passive.

Novelist Olga Ravn, whose fiction often stages encounters between human and non-human intelli-
gence, has drawn a sharp line between the two: intelligence and consciousness, she has said, are two
very different things [5]]. Symbiotic Traces contends with that distinction. It treats the model as an
intelligent but non-conscious collaborator, one capable of sorting and selecting language, but not of
feeling or meaning making. Symbiotic Traces positions the human artist as an important emotional,
embodied, and discerning counterbalance to the capabilities of the model. Unlike machines, humans
have a specific and nuanced relationship to the environment, which ultimately shapes the visual
outcome of the piece.
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A Mapping the Training Run to Climate Words

The OLMo 3 32B pretraining run is divided into 50 stages, and a deterministic rule gives each stage
one word from a 50-word climate lexicon. Words may repeat. The stages come from Kernel CPD
change-point segmentation of the telemetry, 46 breakpoints over 600 bins, plus two mid-training
stages and one long-context stage. We chose the granularity by a sweep from 5 to 60 stages. The
number of distinct words peaks at 15 on the plateau between 46 and 51 stages, and we selected 50.

The rule has three parts. A list of measurable conditions turns each stage’s telemetry into candidate
words, cumulative consumption caps how severe a word may be, and a priority rule picks one
candidate.

1. Conditions Table [1]lists the conditions, the word or word series each contributes, and the
correspondence behind it. A stage may satisfy several conditions, and a stage that satisfies none
receives the default word global warming level.

Table 1: Conditions measured on each training stage, the climate word or
series each contributes, and the correspondence motivating it.

Condition (measured on the Contributes Correspondence
stage)
Learning rate ramping up anthropogenic the forcing being switched on

Log-loss falls by > 0.3

Stage belongs to mid-training
Stage belongs to long-context
training

All three of gradient stress, mass
refusals, and infrastructure fail-
ure co-occur, consumption >
80%

Two of the three co-occur, con-
sumption > 20%

Extreme gradient turbulence (CV
> 1.5 or max > 40x median),
one rank worse if > 5 refusals
Gradient spikes > 5 (milder)

Optimizer refused > 30 steps
Throughput collapsed > 30x or
> 4 restarts

Cumulative consumption crosses
50% or 80%

Gradient baseline > 1.3 x its run
minimum, consumption > 50%
Log-loss rises by > 0.005 (re-
gression)

Loss descends > 0.01 with re-
bound < 0.5%

Loss CV > 0.02 with no trend
LR < 15% of peak and loss flat
LR < 35% of peak and falling
None of the above

tipping series
shift series
adaptation

ecosystem collapse

cascading effects
stress series

one rank lower in the
stress series
tipping series
disruption series
carbon budget
sea-level rise
flood
irreversibility
deep uncertainty
net zero

decarbonization
global warming level

rapid state reorganization

the data mix migrates
restructuring for a new environ-
ment

every system failing at once, late

one system’s failure propagating

acute shock

recurring stress

the system at its safety limit
infrastructure breakdown

the budget being spent

a slow, monotone, late rise of the
floor

sudden excess, state over-
whelmed

descent that never comes back

variance without direction
forcing gone, state settled

the forcing being withdrawn
monotone drift, nothing else true

2. Consumption gate Four contributions in Table [1|are series of rising severity, and the cumulative
token share of the 5.7T-token run sets the highest rank a stage may reach (Table[2)). Severity therefore
follows accumulated consumption. The most extreme moment of the run, the opening loss collapse
at 0.2% consumption, is held to early warning signal.



Series

Ranks, with the cumulative consumption that unlocks each

stress

disruption
tipping

shift

heatwave 0%, drought 20%, megadrought 50%, aridification 80%, de-
sertification 80%

hazard 0%, displacement 20%, climate migration 50%

early warning signal 0%, threshold 20%, tipping point 50%, tipping
cascade 80%

phenological shift 20%, range shift 50%

Table 2: Severity series and the cumulative consumption that unlocks each rank. A condition yields

the highest rank the stage’s consumption allows.

3. Priority When several conditions hold, the condition that holds in the fewest stages across the

run decides, and ties go to table order. The default word stays wherever nothing else holds.

4. Result Table 3] gives the assignment stage by stage. The mapping uses 15 of the 26 words tied to
conditions. Eleven stay unused for three reasons. The refusal condition appears only twice at this
granularity and loses the tie to the data-mix condition, so threshold, tipping point, and tipping cascade
drop out. This run meets none of the conditions for flood, deep uncertainty, and irreversibility. The
triggers for aridification, desertification, ecosystem collapse, displacement, and phenological shift
occur outside the consumption tier each word requires. The other 24 lexicon words have no condition

tied to the telemetry.

Table 3: Stage-by-stage mapping from deciding condition to assigned
climate word (¢ = cumulative token share at stage end). Consecutive
identical default stages are compressed.

Stage(s) ¢ Deciding condition Word

1 0.002 opening collapse (gated to rank 1) early warning signal

2 0.004 warmup anthropogenic

3-14 0.006-0.137 none global warming level x12

15 0.138 extreme turbulence (55.8 ) heatwave

16 0.164 infrastructure (4 restarts) hazard

17 0.223 gradient spikes heatwave

18-21 0.287-0.475 none global warming level x4

22 0.476 extreme turbulence drought

23-24 0.496-0.499 none global warming level x2

25 0.508 crossing 50% of the budget carbon budget

26 0.524 infrastructure climate migration

27 0.524 extreme turbulence + refusals megadrought

28-30 0.573-0.652 none global warming level x3

31-34 0.672-0.748 LR decay decarbonization x4

35-36 0.765-0.787  gradient baseline risen > 1.3x sea-level rise X2

37 0.807 crossing 80% of the budget carbon budget

38-39 0.817-0.820  baseline rise sea-level rise X2

40 0.839 two failure families co-occur cascading effects

41 0.841 infrastructure (536 throughput col- climate migration
lapses)

42-43 0.841-0.854 baseline rise sea-level rise X2

44 0.882 forcing =~ 0, loss flat net zero

45 0914 baseline rise sea-level rise

4647 0.944-0.966 forcing ~ 0 net zero X2

48-49 0.975-0.983 data-mix change range shift x2

50 1.000 long-context restructuring adaptation

Read in order, the sequence tracks the run. Early warning signal opens it, anthropogenic marks the
warmup, and global warming level holds through the long early stretch. Heatwave and drought arrive



as consumption passes 14% and 48%. At the half-budget mark, carbon budget, climate migration,
and megadrought follow in close succession. Learning-rate decay brings decarbonization, and a
rising gradient baseline yields sea-level rise seven times across the late run. Cascading effects and a
second climate migration fall near 84%, net zero arrives as the learning rate settles, and range shift
and adaptation close the run as the data mix changes and long-context training begins.

5. Provenance The mapping is a pure function of the public OLMo 3 32B pretraining telemetry
(W&B project ai2-11m/01mo-3-1125-32B, pulled 2026-07-09), the 50-word lexicon, and the rule
above, with no randomness.
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