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Permafrost thaw plays a significant role in climate change, as global warming leads to massive
amounts of organic carbon being released from the permafrost into the atmosphere. The article
explores the so-called Zimov hypothesis, which involves non-human animals in mitigating permafrost
thaw. According to the Zimov hypothesis, large herbivores such as reindeer and horse could prevent
permafrost thaw as they compact the snow while grazing, keeping the ground temperature colder.
Putting this hypothesis to test, the research introduces a speculative snow compacting experiment
that utilizes the human body as a simulation for the reindeer body to measure the impact of snow
stomping on the underlying ground temperature. Next to the impact of stomping, the preliminary
results highlight the effect of rain on compacted snow.
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PERMAFROST REFREEZE
THE REINDEER FACTOR
Abstract
Permafrost thaw plays a significant role in climate change, as global warming leads
to massive amounts of organic carbon being released from the permafrost into the
atmosphere. The article explores the so-called Zimov hypothesis, which involves nonhuman animals in mitigating permafrost thaw. According to the Zimov hypothesis,
large herbivores such as reindeer and horse could prevent permafrost thaw as they
compact the snow while grazing, keeping the ground temperature colder. Putting this
hypothesis to test, the research introduces a speculative snow compacting experiment
that utilizes the human body as a simulation for the reindeer body to measure the
impact of snow stomping on the underlying ground temperature. Next to the impact of
stomping, the preliminary results highlight the effect of rain on compacted snow.
Keywords:
permafrost, snow, reindeer, Zimov hypothesis, simulation, performance, bioart, rainon-snow
[1:09]
INTRODUCTION
Kilpisjärvi, Finland. 69”N, 20”E. January 12, 2022. 11AM
Okay…
Permafrost covers over a quarter of the land area on the Earth as a ground that
maintains a negative temperature for at least two consecutive years. [1] Instead of
being a monolithic mass or a material thing, however, science considers permafrost
a physical state. [2] Permafrost’s history is also fractious, consisting of political,
social, and material dimensions, and the liminality between permafrost’s thaw
and freeze affects the ways it is responded to. The meanings of frozen Earth have
ranged from being an aggregate for concrete structures, a process and space tied to
planetary exchanges of energy and matter, and an obstacle to construction. [3]
In this cross-disciplinary study, I am weaving together scientific permafrost
research and performative bioart.
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scientific permafrost research
performative bioart
new materialism
Bringing these to dialogue, I draw from new materialism, understanding permafrost
and snow as intrinsically active and alive. [4] However, considering the materialities of
ice and snow is not new. Arctic indigenous peoples have never neglected the matter or
meanings of snow and now provide a valuable guide for science regarding shifts in nature
and the categorization of different snow types. [5] Expanding from these viewpoints,
my practice-based research develops performative-visual-experiential methods to
explore the causes, conditions, and meanings of permafrost thaw mitigation.
It is generally acknowledged that Permafrost thaw is a direct consequence of global
warming, and it will aggravate the climate crisis by releasing massive amounts of
organic carbon into the atmosphere. [6] Less is known, however, about theories
that consider non-human animals as ecological engineers assisting in a reversal
of these adverse processes. I have travelled here to develop an experiment that
explores the so-called Zimov hypothesis. [7]
*Zimov hypothesis
Zimov’s team has established a 2000-hectare experimental “Pleistocene Park” in
Siberia to reverse the ecosystem shift which occurred ten thousand years ago [8] by
megafaunal engineering at a scale not previously considered. [9]
*megafaunal engineering
According to this hypothesis, the increase in the number of large herbivores, such
as reindeer and horses, in the Northern Latitude ecosystems will substantially
decrease permafrost thaw as the herbivores compact the snow and thus keep the
ground temperature colder. [7]
[4:47]
METHOD
I will explore three aspects of permafrost thaw mitigation involving megafaunal
engineering: 1. Simulation of the reindeer with the human body. 2. Materialization
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of the Zimov hypothesis, and 3. Experimentation with previously unknown ways to
utilize scientific thermometers.
1. Simulation of the reindeer with the human body
2. Materialization of the Zimov hypothesis
3. Experimentation with thermometers
The experiment measures the impact of snow stomping to the ground temperature
by utilizing Thermochron temperature loggers under snow for four days.
The quadrats are here made into boundary objects, into a shared space, where the
sense of here (the arts) and there (the science) is confounded. [10]
*boundary object
Art-materially speaking, snow is like an aquarelle. You can only paint it once. Or,
you can wait for your mistakes to be covered.
The ‘nested’ methodology this study consists of methods within methods [11], all of
which include an aspect of simulation.
*nested methodology
At the core, there are the actual performative and embodied methods, which partly
look like ‘doing science.’ These are enveloped by the methods of documenting and
representing the ‘doing of the science.’ Compositionally, there are the methods of
structuring the study as a scientific paper.
Data logger method 1: Horizontal insertion
INTRODUCTION
METHOD
RESULTS
DISCUSSION
I could claim that this is a conscious commentary on science communication, and it
is, but the research also ‘naturally’ fell into this structure. Years of reading science
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papers have changed how my brain processes information and consequently
changed my art practice.
What is suggested here is that the human body can be utilized as a simulation of
a reindeer body to test the impact of snow stomping in a controlled manner. The
simulation relies quite literally on a “new materialization” of the reindeer body
in my body, attempting to challenge the logic and biopolitical practice of humananimal binarism. [12] The study also introduces a new question to be solved by the
Thermologgers, suggesting there are previously unknown problems to which the
loggers could be applied. [13]
Body print test
Cooking pan test
Preliminary tests leading to this experiment included throwing my body into a
snow drift and measuring the impact on temperature. I also inserted the loggers
into cooking pans and compared the temperature differences between the snow
compacted with a potato masher and a sieve. No significant differences came out of
these less than 24-hour tests.
Data logger method 2: Vertical insertion
DAY 1
Surface pressure = force ÷ area
Even though my body weight is similar to a young reindeer, reindeer hooves and
human feet are very different, and the surface pressure of the reindeer is much
lower than my personal surface pressure. [14]
65 kg ÷ 0,17 m2 = 382 kPa
This would require more research and potentially a development of reindeer hoof
shoes for a human subject to be worn in a simulated snow stomping experiment.
DAY 2
There is a fundamental question in natural sciences: What belongs in the quadrat.
Or who belongs at it. Artists can be seen as alien species [15] disrupting the scientific
rigor and illusion of objectivity.
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DAY 4
I guess should have measured how long I was stomping per day. Sometimes I did
it just for a short while, sometimes I got carried away if there was more snow. The
experiment stems from my background in performing arts and moving image,
and the art-science practice I’ve developed by collaborating with scientists and
clinicians.
[onscreen timer running up to 01:41:20]
Instead of following a predetermined protocol or a script, the experiment emerges
improvisationally as a durational performance. Each step arises from the firstperson sensory perception of the dynamism of the site. My activity is thus less
reminiscent of production and more of a relationship [16] with the site, snow,
temperature, wind, light, and the camera. In fact, the camera is central in this
process. I am observing the site, and myself, both in front of the camera and behind
it. By selecting the camera frame and recording my performance, the study has an
audience already at the field trip site even though I am alone.
Meanwhile, there are also views according to which reindeer do not belong to the
quadrat in large quantities as trampling can damage plants and soil. [17] The Zimov
hypothesis, however, suggests an increase of 200 million individual reindeer [7],
which would need to be transported to the site or bought from local indigenous
communities. Seen from the critical animal studies perspective, might there
be species exploitation embedded in seeing reindeer solving the human-created
climate crisis? And if so, can we afford to be bothered by it?
[12:06]
Two days later
RESULTS
I found the loggers after forty minutes of digging. Partly due to my kitchen grade
instruments, partly because the day of –25 Celsius after rain-on-snow [18] had
frozen the area rock solid.
*rain-on-snow
Okay… Okay… Results…
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DAY 1 / –10°C
DAY 2 / –6°C
DAY 3 / +2°C rain-on-snow
DAY 4 / –6°C
There is data! It is just very different than expected. While my results initially confirmed
the Zimov hypothesis by indicating a slightly lower temperature in the compacted
area, the situation rapidly changed during and after the rain-on-snow day.
Control quadrat [chart]
Compacted quadrat [chart]
It’s difficult to stop the documentation and leave the field. Because something might
just happen. Also, snowing is creating an illusion of recovery, a fallacy of recovery,
as if the site returns to its original state.
[14:07]
DISCUSSION
A scientist asked me, in front of an audience, whether I am aware that in science,
experiments are typically repeated. I tried to talk myself out of it by explaining that
repetition is also an important aspect of artist’s training, when learning about a
particular technique or choreography. I also clarified that the aim of my preliminary
experiment was to expand the imagination of how the impacts of reindeer could
be researched. I could have also said that, when facing “collapsing eco-systems,
repositioning our acquisition of knowledge-producing systems is key to a
speculative redesigning of the future.” [19]
When facing “[…] collapsing eco-systems, repositioning our acquisition of knowledgeproducing systems is key to a speculative redesigning of the future.” [19]
Reflecting on how the results came about, I’m thinking the rain water simply got
closer to the loggers on the compacted area. However, what does this mean in a
grand scheme of things, now that Arctic rain-on-snow is becoming much more
frequent and is linked to climate change? [18] Is rain one of the disruptive factors
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in the success of the Zimov hypothesis? When there’s rain on snow, and it will be
stomped over, it is almost impenetrable, and not just almost; it will be impenetrable
for the reindeer to find food, and even search for food. [20] So, there isn’t grazing
around, there isn’t stomping around, so the whole hypothesis starts to fall apart, just
because of rain. I think the lens of research is somehow protecting me emotionally
from absorbing the meaning of the results and considering how abnormal it is that
I managed to capture rain-on-snow during randomly chosen days, mid-January.
The study embraces tension and disruption in many ways.
*diffraction
Like diffraction, it intentionally troubles two solidified, if not frozen binaries [21]:
art-science and human-animal. What’s more, the topic concerns the liminal state
of permafrost and the method stages quadrat as a confusional boundary object.
In these ambiguous borderlands, it is the “new normal” that an artist is studying
arctic megafaunal ecological engineering.
The resulting science-based art could inform science as well. In general, it could
be seen as an invitation to consider the potential of embodied simulation in crossdisciplinary climate crisis research. Hypothetically, the new models for herbivore
simulation could lead to reducing the stress of animal transportation. The research
also develops ways to represent field trip studies, highlighting the process of realitymaking instead of the results only. Finally, to the very minimum, my practice is a
gesture of care as one of the passengers who have a horse — and a reindeer — in
this race, journeying toward our shared unknown future.
[18:13]
In loving memory of my brilliant friend Dr. Peter Lloyd Jones (1965–2022), with whom
the research in the Arctic was conceived, and whose profound art-science commentary
was invaluable to this video article.
All that we love deeply becomes part of us
Helen Keller
A video article by Kaisu Koski:
research, performance, camera, editing, voice-over.
The research has been conducted at the Ars BioArctica Residency at the Kilpisjärvi Biological
Station, on traditional land of the Sápmi.
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