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Abstracts 
 
GS1: Earth History 
 

1. Typical Climate Perturbations Unlikely to Disrupt Gaia Hypothesis   
O.D.N. Alcabes, S. Olson, and D.S. Abbot  
 

Department of Geophysical Sciences, The University of Chicago, Chicago, IL 60637, oalcabes@uchicago.edu  

  
The Gaia hypothesis postulates that in certain situations life on a planet regulates its environment to be favorable for 
its own survival. Most planets experience numerous perturbations throughout their lifetimes such as asteroid impacts, 
ǾƻƭŎŀƴƛǎƳΣ ŀƴŘ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŀ ǎǘŀǊΩǎ ƭǳƳƛƴƻǎity. For the Gaia hypothesis to be viable, life must be able to keep the 
conditions of its host planet habitable, even with perturbations. Exogaia, a model created to investigate the Gaia 
ƘȅǇƻǘƘŜǎƛǎΣ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ǘŜǎǘ ƭƛŦŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜƎǳƭŀǘŜ ŀ Ƙƻǎǘ ǇƭŀƴŜǘΩǎ ŎƭƛƳŀǘŜ ǿƛǘƘ Ŏƻƴǎǘŀƴǘ ŎƻƴŘƛǘƛƻƴǎΣ ōǳǘ ƴƻǘ ǿƛǘƘ 
changing conditions. In order to see how life responds to perturbations to its host planet, we created three 
perturbations in Exogaia: one rapid cooling of a planet and two heating events, one rapid and one gradual. For all 
perturbations, the planets on which life is able to survive without changes to its environment are also the planets on 
which life is most likely to survive the changes. Biospheres experiencing gradual changes to the environment are able 
to survive significantly stronger changes than those experiencing rapid perturbations, and the magnitude of change 
matters more than the sign. These findings arise from systems of hypothetical planets, but can be applied to 
perturbations throughout EaǊǘƘΩǎ ƘƛǎǘƻǊȅ ǎǳŎƘ ŀǎ ǘƘŜ /ƘƛŎȄǳƭǳō ŀǎǘŜǊƻƛŘ ƛƳǇŀŎǘ ƻǊ ǘƘŜ ƎǊŀŘǳŀƭ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ {ǳƴΩǎ 
luminosity. If the Gaia hypothesis is correct, then typical perturbations that a planet would experience may be unlikely 
to disrupt it.  

 

2. The relevance of biologically driven symbiotic novelty to the functioning of the Earth 
system 
Boyle R. 
 
Postdoctoral Research Fellow, Global Systems Institute, University of Exeter richboyleacademic@gmail.com 
https://naturalnovelty.wordpress.com/ 

 

[ƻǾŜƭƻŎƪΩǎ Dŀƛŀ ƘȅǇƻǘƘŜǎƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜǎ ƭƛŦŜ ŀǎ ŀ ǇƭŀƴŜǘŀǊȅ ǎŎŀƭŜ ǇƘŜƴƻƳŜƴƻƴΣ ōȅ ƳŜŀƴǎ ƻŦ ǿƘƛŎƘ ŀ ǎŜƭŦ-
perpetuating non-equilibrium biogeochemical state exhibits emergent homeostatic properties1,2. But what precisely 
is it about ƭƛŦŜ ǘƘŀǘ ƭŜŀŘǎ ǘƻ ŀƴȅ ǎǳŎƘ ƘƻƳŜƻǎǘŀǎƛǎΚ L ŀǊƎǳŜ ǘƘŀǘ ƭƛŦŜΩǎ ǳƴƛǉǳŜ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ 9ŀǊǘƘ ǎȅǎǘŜƳ ƛǎ ǘƘŜ 
generation of novelty, which I define as discontinuity in the distribution of cause-effect relationships within time: 
such that an instance of novelty is the objective earliest occurrence of a specific, subsequently repetitive, causal 
relationship connecting two changes3. Evolutionary innovation gives a direction to Earth history, whereby a 
previously unprecedented type of system comes into being from a definable timepoint onwards (e.g. through a 
transition in the level at which natural selection operates4 or a qualitative change in biogeochemical cycling5). 
{ȅƳōƛƻǎƛǎ ƛǎ ŀ ƪŜȅ ǇŀǊǘ ƻŦ ǎǳŎƘ ŜȄǇƭƻǊŀǘƛƻƴ ƻŦ άŦŜŜŘōŀŎƪ ǎǇŀŎŜέ όŀƴŘ ƻŦ ŎƻǳǊǎŜΣ ǘƘŜ Dŀƛŀ ƘȅǇƻǘƘŜǎƛs2); and involves 
the coupling together of qualitatively different physiologies6,7 into a single unit of selection at a fitness cost8 . I 
suggest that (sometimes) symbiosis may couple together physiologies with opposite environmental impact, creating 
within the life-ŜƴǾƛǊƻƴƳŜƴǘ ƛƴǘŜǊŦŀŎŜ ǘƘŜ ƪƛƴŘ ƻŦ άƛƴǘŜƎǊŀƭ ǊŜƛƴ ŎƻƴǘǊƻƭέ ǎȅǎǘŜƳ ŎƻƴŘǳŎƛǾŜ ǘƻ ƘƻƳŜƻǎǘŀǎƛǎ9,10. The 
original Watson-[ƻǾŜƭƻŎƪ ά5ŀƛǎȅǿƻǊƭŘέ ǇŀǊŀōƭŜ ŜǇƛǘƻƳƛȊŜǎ ǎǳŎƘ ŀ ǎȅǎǘŜƳΣ ŀƴŘ L ŀǊƎǳŜ ǘƘŀǘ ƭƛŦŜΩǎ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ 
Earth-system is analogous to a tendency towards formation of adaptive symbioses between black (warming) and 
ǿƘƛǘŜ όŎƻƻƭƛƴƎύ άŘŀƛǎƛŜǎέ 12. More broadly, I suggest3 that symbiosis exemplifies a general tendency towards novelty 
generation by interaction between systems that are functionally compatible but structurally distinct. 

mailto:richboyleacademic@gmail.com
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References: 1. Lovelock, J.E., 1965. A physical basis for life detection experiments. Nature 207 (7), 568ς570. 2. Lovelock, J.E., Margulis, L., 1974. 
Atmospheric homeostasis by and for the biosphere: the Gaia hypothesis. Tellus XXVI, lς10. 3. Boyle, R.A. 2016. Natural novelty: The newness 
manifest in existence. University Press of America. 4. Maynard-Smith, J.E. & Szathmary, E. 1995. The major transitions in evolution. Oxford 
University Press. 5. Lenton, T.M. & Watson, A.J. 2011. Revolutions that made the Earth. Oxford University Press. 6. Margulis, L. 1981. Symbiosis 
in cell evolution. Freeman. 7. Margulis, L. 1999. Symbiotic Planet: A new look at evolution. Basic Books. 8. Frank, S.A. 1997. Models of 
symbiosis. American Naturalist. 150. S80-S99. 9. Saunders, P.T., Koeslag, J.H. & Wessels, J.A. 1998. Integral rein control in physiology. 10. 
Saunders, P.T. 1994. Evolution without natural selection: further implications of the daisyworld parable. J. theor. Boil. 166. 365-373. 11. 
Watson, A.J. & Lovelock J.E. 1983. Biological homeostasis of the global environment: The parable of Daisyworld. Tellus 35. 284-289. 12. Boyle, 
R.A., Lenton, T.M. & Watson, A.J. 2011. Symbiotic physiology promotes homeostasis in Daisyworld. J. theor. biol 274. 170-182 
 
 

 
3. Carbonate Weathering Resilience from the Eocene Arrival of Chalk   
Cowling, D.1  
 
1 University of Exeter, dc456@exeter.ac.uk  

  
Earth as a system has functionally self-regulated its carbon and climate systems through the long term feedback of 
silicate and carbonate weathering. However, the understanding and quantification of these processes in response to 
large Earth System perturbations is poorly constrained [1]. Large-scale carbonate weathering-induced resilience is 
scarce in its analysis, especially at highly weather-able pure calcite chalk cliffs. Modelled and proxy evidence 
demonstrates an increasing recovery efficiency from the Palaeocene-Eocene Thermal Maximum (PETM) relative to 
events predating it [2]. Although many conditions have been assessed for their resilience potential, the role of 
carbonate weathering has not received the same depth of analysis. Given uplift of Northern Hemisphere chalk massifs 
coincided with the recovery of the PETM, there is potential this exposure offered additional responsive resilience to 
the Carbon Cycle. Earth System model cGENIE will simulate the paleoenvironmental conditions for the PETM and 
the Pliocene warm period, to identify the resilience influence of the newly exposed chalk as a novel Earth System 
resilience investigation. Other factors such as the influence of Northern Hemisphere ice cover and sea level rise on 
carbonate weathering efficiency during Earth system recovery, will also be assessed. This analysis will be evaluated in 
the context of current Earth System model accuracy and ability to represent the Carbon Cycle. Ultimately, this research 
will contribute to the understanding of the Earths self-regulatory systems and effective resilience employed in 
response to carbon and climate perturbations.   

 
 References: [1] Ridgwell A, Zeebe E (2005) Earth and Planetary Science Letters 234:299-315  

[2] Burgess S, Bowring S, Shen S (2014) Proceedings of the National Academy of Sciences 111: 3316-3321  
 
 

 
4. Clouds stabilize Earth's long term climate  
Goldblatt, C.1, McDonald, V.1 and McCusker, K.2   
 
1 School of Earth and Ocean Sciences, University of Victoria, BC, Canada. czg@uvic.ca  
2 Rhodium Group, 5 Columbus Circle, New York, NY, USA.  
  
The Sun was dimmer earlier in Earth history, but glaciation was rare in the Precambrian: this is the άCŀƛƴǘ ¸ƻǳƴƎ {ǳƴ 
tǊƻōƭŜƳέΦ aƻǎǘ ǎƻƭǳǘƛƻƴǎ ǊŜƭȅ ƻƴ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǘƻ ŎƻƳǇŜƴǎŀǘŜ Ǿƛŀ ŀ 
stronger greenhouse effect, whilst physical feedbacks have received less attention. Here we show that a strong 
negative feedback from low clouds has had a major role in stabilizing climate through Earth's history. We perform 
Global Climate Model experiments in which a reduced solar constant is offset by higher CO2, and find a substantial 
decrease in low clouds and hence planetary albedo, which contributes 40% of the required forcing to offset the faint 
Sun. Through time, the climatically important stratocumulus decks have grown in response to a brightening Sun and 
decreasing greenhouse effect, driven by stronger cloud-top radiative cooling (which drives low-cloud formation) a 
stronger inversion (which sustains clouds against dry air entrainment from above). This demonstrates the importance 
of physical feedbacks on long-term climate stabilization, and a reduced role for geochemical feedbacks.  
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5. Daisyworld Misunderstood: Gaian Homeostasis is Inevitable  
Harvey, I.  
Evolutionary and Adaptive Systems (EASy) Group, University of Sussex, Brighton BN1 9QH, UK. inmanh@gmail.com  
  
The streamlined tuna is fit for purpose, needs a selective explanation. The boulder rolling to the bottom of a hill 
ŘƻŜǎƴΩǘΦ ¢ƻƻ Ƴŀƴȅ ƳƛǎǳƴŘŜǊǎǘŀƴŘ Daisyworld-style explanations [1] of Gaian regulation as the former type. 
But Daisyworld is the latter: from some initial conditions a pattern of Daisyworld-homeostasis is inevitable, no 
selection needed.  
    Misunderstanding follows failure to distinguish between Viability and Feasibility [2]. Define ViabilityD(T) as the 
steady-state quantity of D-daisies at T-temperature. In turn, daisies have effect(D) on T (e.g. black daisies are warmer). 
The D<->T interactions are parameterised by some perturbation L (e.g. solar Luminosity). Define Feasibility-
Range FR(D,effect()) as the range of L-values supporting stable eǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ 5ҔлΥ Ψfeasible Luminosities supporting 
steady ViabilityҔлΩΦ   

Using physically plausible equations [2] we prove FR(D,effect())ṗFR(D,null-effect). Any (+/-) effect that D has 
on T can only increase (never decrease) Feasibility-Range. This agrees with classical Daisyworld-homeostasis [1] (that 
ǳǎŜŘ ΨŀƴŜŎŘƻǘŀƭΩ ŜȄŀƳǇƭŜǎ ƻǇŜƴ ǘƻ ŀŎŎǳǎŀǘƛƻƴǎ ƻŦ ŎƘŜǊǊȅ-picking); but is now fully generalisable [2] (including to any 
number of Di or of Tj without selection).   

A change in effect() may increase Feasibility-Range whilst decreasing Viability. They are different, indeed 
ƻǊǘƘƻƎƻƴŀƭΣ ǘƘƻǳƎƘ ŎƻƳƳƻƴƭȅ ŎƻƴŦǳǎŜŘΥ ŜǾŜƴ Dŀƛŀƴ ŀŘǾƻŎŀǘŜǎ ώоϐ ƳƛǎƭŜŀŘƛƴƎƭȅ ŎƭŀƛƳ άDaisyworld is a special case in 
that traits selected at an individual scale also lead to global ǊŜƎǳƭŀǘƛƻƴέΦ !Ŏǘǳŀƭƭȅ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ 5ŀǊǿƛƴƛŀƴ ŜǾƻƭǳǘƛƻƴ 
are very different than this implies, and even random unselected trait-effects support such global regulation. Advances 
in Gaia theory are essential for understanding past, present and future homeostasis of this planet; but are hindered 
by such misunderstandings and misplaced appeals to selection.  
  
References: [1] Watson AJ and Lovelock JE (1983). Biological homeostasis of the global environment: the parable of Daisyworld.  
Tellus 35B:284-289  [нϐ IŀǊǾŜȅ L όнлмуύΦ wƻōǳǎǘƴŜǎǎ ŀƴŘ ŎƻƴǘƛƴƎŜƴǘ ƘƛǎǘƻǊȅΥ ŦǊƻƳ tǊƛǎƻƴŜǊΩǎ 5ƛƭŜƳƳŀ ǘƻ Dŀƛŀ ǘƘŜƻǊȅΦ Artificial Life 24(1):29-
48.  [3] Lenton TM et al.(2018). Selection for Gaia across multiple scales. Trends Ecol Evol 38(8):633-645.  
 

 

6. Climate feedbacks of the Mesozoic Earth System: the response of wildfire 
Teuntje P. Hollaar1,2, Sarah J. Baker1, Jean-Francois Deconinck2, Micha Ruhl3 Stephen P. Hesselbo4 and 

Claire M. Belcher1 

1WildFIRE Lab, Earth System Sciences, University of Exeter, UK  
2Département Environnement, Terre, Evolution, Climat , University of Burgundy, Dijon, France 
3Department of Geology, Trinity College Dublin, Ireland 
4Camborne School of Mines, University of Exeter, Penryn Campus, UK 

Large climatic swings are characteristic of the Early Jurassic and multiple shifts between cooler and warmer conditions 

have been recognized on timescales of 1 to 10 Myr. These changes in the climate are accompanied by other changes 

in the Earth System, as sea-level change and global and regional perturbations to biogeochemical cycles. The largest 

event is the Toarcian Ocean Anoxic Event (T-OAE), associated with extreme temperatures, weathering and erosion, 

nutrient cycling, global carbon burial. This lead to the deposition of black shales globally and coinciding with large 

igneous provinces. Complex dynamics of biogeochemical cycling and climate at this time reflect the integrated 

response to many drivers and feedback mechanisms. Multiple hypotheses have been proposed for how these drivers 

and feedbacks interacted, however, the driving/responsive role of fire is still debated. Moreover, the significance of 

the smaller warming and cooling events is unexplored during this time interval. Therefore, the Early Jurassic Earth 

System and Timescale (JET) project aims to reach a holistic understanding of these minor climatic oscillations during 

this time period with a multi-proxy approach.  

¢Ƙƛǎ ǎǇŜŎƛŦƛŎ ǎǘǳŘȅΣ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ W9¢ ǇǊƻƧŜŎǘΣ ŜȄǇƭƻǊŜǎ ǘƘŜ 9ŀǊƭȅ WǳǊŀǎǎƛŎ ΨōŀŎƪƎǊƻǳƴŘΩ ŎƭƛƳŀǘŜ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻǊōƛǘŀƭ 

cycles in a range of proxies: mineralogical, palynological and geochemical. But most important, examines the potential 

ƻŦ ŎƭƛƳŀǘƛŎ ŦƻǊŎƛƴƎ ƻƴ ŦƛǊŜ ŀŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ŘŜŜǇ ǘƛƳŜΦ bŜȄǘ ǘƻ ǘƘƛǎ ōŀŎƪƎǊƻǳƴŘ ǎǘǳŘȅΣ L ǿƛƭƭ ƭƻƻƪ ŀǘ ǘƘŜ ΨƳƛƴƻǊΩ 

events of the Pliensbachian: the Sinemurian-tƭƛŜƴǎōŀŎƘƛŀƴ ΨǿŀǊƳ ŜǾŜƴǘΩ ŀƴŘ ǘƘŜ ¦ǇǇŜǊ tƭƛŜƴǎōŀŎƘƛŀƴ ΨŎƻƭŘ ŜǾŜƴǘΩΦ  
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7. Interplay between life and the solid Earth 
Höning, D. 
 
Origins Center and Vrije Universiteit Amsterdam, The Netherlands. Email: d.hoening@vu.nl 

Major shifts in 9ŀǊǘƘΩǎ ŜǾƻƭǳǘƛƻƴ ƭŜŘ ǘƻ ǇǊƻƎǊŜǎǎƛǾŜ ŀŘŀǇǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ōƛƻǎǇƘŜǊŜΦ tŀǊǘƛŎǳƭŀǊƭȅ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ 
continents permitted efficient use of solar energy. However, the widespread evolution of the biosphere fed back to 
the Earth system, which has been argued as a cause for the great oxidation event or as an important component in 
ǎǘŀōƛƭƛȊƛƴƎ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ ώмϐΦ CǳǊǘƘŜǊƳƻǊŜΣ ōƛƻƭƻƎƛŎŀƭƭȅ ŜƴƘŀƴŎŜŘ ǿŜŀǘƘŜǊƛƴƎ ǊŀǘŜǎ ŀƭǘŜǊ ǘƘŜ ŦƭǳȄ ƻŦ ǎŜŘƛƳŜƴǘǎ ƛƴ 
subduction zones, which establishes a potential link to the deep interior [2,3]. Dependent on the stability of water-
carrying phases, subducted sediments can then induce partial melting and therefore the production of continental 
crust or even affect the mantle rheology. The mantle responds by enhancing its rates of convection, water outgassing, 
and subduction. Emerging feedback cycles ultimately determine the sensitivity of the coupled system to individual 
ǇŀǊŀƳŜǘŜǊǎΣ ƛΦŜΦ ǘƻ ǘƘŜ ōƛƻƭƻƎƛŎŀƭƭȅ ŜƴƘŀƴŎŜŘ ǿŜŀǘƘŜǊƛƴƎ ǊŀǘŜ ώпϐΦ aƻŘŜƭƭƛƴƎ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ŜǾƻƭǳǘƛƻƴ ǿƛǘƘ ŎƻƴǘƛƴŜƴǘŀƭ 
growth and a comparison with the geological record favour models with strong positive feedbacks, indicating a strong 
sensitivity of the system to initial conditions and perturbations [5]. This implies that life itself may play a crucial role in 
the evolution of the solid Earth. I will discuss the biosphere as a component in evolving Earth system feedback cycles 
and present concepts and models on how bioactivity may be accounted for in models of mantle convection and 
continental growth. How would the Earth have been evolved without life? 

References: [1] Lenton TM and von Bloh W (2001) Geophys Res Lett 28(9):1715-1718 [2] Sleep N et al. (2012) Annu Rev Earth Planet Sci 
40:277-300 [3] Höning D et al. (2014) Planet Space Sci 98:5-13 [4] Höning D and Spohn T (2016) Phys Earth Planet Inter 255:27-49 
[5] Höning D et al. (2019) Phys Earth Planet Inter 287:37-50 
 

 
8. An analytical study of the robustness of planetary self-regulation.  
Hughes, T.H.1  
 
1University of Exeter, Department of Mathematics, Penryn Campus, Cornwall, TR10 9EZ, t.h.hughes@exeter.ac.uk  

  
The Daisyworld model of Watson and Lovelock [1] demonstrates the potential for planetary self-regulation from life-
environment interactions. In this ƳƻŘŜƭΣ ŀǘƳƻǎǇƘŜǊƛŎ ǘŜƳǇŜǊŀǘǳǊŜ ƻƴ ǘƘŜ ƘȅǇƻǘƘŜǘƛŎŀƭ άDaisyworldέ ǇƭŀƴŜǘ ƛǎ 
determined by radiative balance, and thus depends on ǘƘŜ ǇƭŀƴŜǘΩǎ ŀƭōŜŘƻ ŀƴŘ ƛǘǎ ǎǳƴΩǎ luminosity. The albedo is 
determined by the populations of two species of daisies, one black and one white. These populations are governed by 
two coupled differential equations, which model the daisies as having a constant death rate and temperature 
dependent growth rate. The model exhibits the curious property that the planetary temperature is maintained close 
to the optimal growth temperature despite significant changes in solar luminosity. Similar behaviour is also observed 
in models with greater numbers of species [2,3].  
  
To celebrate the Lovelock centenary, we revisit the Daisyworld model, in similar analytical style to [4,5]. In contrast to 
these papers, we allow the death rates and the temperature dependency of the growth rates of the two 
species to differ. Similar to [4], we find that the planetary steady-state conditions are also determined by the roots of 
a single polynomial in this more general case. We also obtain explicit conditions for determining the stability of these 
steady-states that generalise the results of [5] without requiring the linear approximation of that paper. Furthermore, 
we prove that models with multiple daisy species will almost certainly be populated by at most two daisies at any one 
time. These analytical expressions allow an investigation of the robustness of the planetary regulation property.  
 
References: [1] Watson A.J., and Lovelock J.E. (1983) Biological homeostasis of the global environment, Tellus, Ser. B, 35, 284-289  
[2] Lovelock J.E. (1992) A numerical model for biodiversity, Philo. Trans. R. Soc., Ser. B, 338, 383-391  
[3] Lenton T.M., and Lovelock J.E.  (2001) Daisyworld revisited: Quantifying biological effects on planetary self-regulation, Tellus, Ser. B, 
53, 288-305  [4] Saunders P.T. (1994) Evolution without natural selection ς Further implications of the Daisyworld parable, J. Theor. Biol., 
166, 365 ς 373  [5] De Gregorio S., Pielke R.A., and Dalu G.A. (1992) Feedback between a simple biosystem and the temperature of the Earth, J. 
Nonlinear Sci., 2, 293 ς 318  
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9. 5ƻŜǎ άŜŎƻƭƻƎƛŎŀƭ ƳŜƳƻǊȅέ ǇǊƻǾƛŘŜ ŀ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ŜŎƻǎȅǎǘŜƳ ŀƴŘ 9ŀǊǘƘ ǎȅǎǘŜƳ 
resilience? 
Armstrong McKay, D.I.1,2, Dyke J.G.3,2 and Lenton T.M.3 

1. Stockholm Resilience Centre, Stockholm University, Kräftriket 2B, SE-10691 Stockholm, Sweden. 
david.armstrongmckay@su.se 
2. Geography & Environment, University of Southampton, Southampton, SO17 1BJ, UK (former address) 
3. Global Systems Institute, University of Exeter, Exeter, EX4 4QE, UK 

Earth has remained consistently hospitable since life first emerged more than 3 billion years ago, but this continued 
habitability in the face of increasing solar luminosity, climate fluctuations, and occasional catastrophes is difficult to 
explain. Potential explanations range from active control of planetary conditions by life itself (the Gaia hypothesis) 
through to simple luck (the weak anthropic principle) [1,2]. However, the mechanisms by which life might stabilise the 
9ŀǊǘƘ ǎȅǎǘŜƳ ǊŜƳŀƛƴ ŘŜōŀǘŜŘΦ hƴŜ ǇƻǎǎƛōƭŜ ƳŜŎƘŀƴƛǎƳ ƛǎ ǘƘŀǘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŎŀǇŀŎƛǘȅ ŦƻǊ ŜŎƻǎȅǎǘŜƳǎ ǘƻ άƭŜŀǊƴέ ς with 
ecosystems behaving like Hopfield neural networks of interacting species undergoing unsupervised Hebbian learning 
from a training pattern of environmental forcing, resulting in a distributed associative ecological memory of past 
conditions emerging [3,4] ς might make ecosystems more resilient to perturbations, and that this could upscale to the 
planetary level. This phenomenon could potentially enhance biosphere and Earth system resilience, but has so far 
been hard to find evidence for in real-world ecosystems. Here, we outline a methodology for assessing the impact of 
ecological memory on ecosystem resilience. We posit that the stability of an ecosystem can be quantified using neural 
network approaches, by assuming that the community matrix is functionally equivalent to a neural network weight 
ƳŀǘǊƛȄ ŀƴŘ ǘƘŀǘ ƛǘǎ IƻǇŦƛŜƭŘ ƴŜǘǿƻǊƪ ΨŜƴŜǊƎȅΩ ƛǎ ƳƛƴƛƳƛǎŜŘ ŀǘ ǎǘŀōƭŜ Ǉƻƛƴǘs. We present preliminary calculations and 
applications of this metric for case studies from palaeoecological data and ecosystem models, and consider next steps 
for assessing the impact of ecological memory on life/environment feedbacks from the local to global level. 

References: [1] Lovelock JE and Margulis L (1974) Tellus A 26(1ς2): 1ς10  [2] Tyrrell T (2013) Princeton University Press  [3] Power DA et al 
(2015) Biol. Direct 10: 69 [4] Watson RA and Szathmáry E (2016) Trends Ecol. Evol. 31(2): 147ς157 
 

10. Multiple Steady-States in 9ŀǊǘƘΩǎ Long-Term Carbon Cycle   
Mills, B.J.W.1 and Schwartzman D.2  
 
1School of Earth and Environment, University of Leeds, Leeds LS2 9JT, UK, b.mills@leeds.ac.uk  
2Professor Emeritus, Department of Biology, Howard University, Washington DC  

  
Over the Phanerozoic Eon, global average surface temperatures and atmospheric pCO2 levels appear to be bimodallly 
distributed [1], hinting at the existence of multiple steady-states in the long-term carbon cycle.  Here we use a 
biogeochemical model to assess this potential. The model includes latitudinal variation of chemical 
weathering, temperature-dependent biotic weathering and oxidation of reduced organic carbon. Stable upper 
temperature steady-states (UTSS) can be found, which are driven by redistribution of biotic and abiotic carbon sinks 
to higher latitudes, consistent with the projected contemporary destruction of tropical rainforest with several degrees 
of global warming, and the loss of tropical forests in warmer periods of Earth history, such as the early Triassic [2]. 
Indeed, the early Triassic climate is a prime candidate for a UTSS, where a state change could be generated by the 
injection into the atmosphere of carbon dioxide from the eruption of the Siberian Traps at the P-T boundary [3]. Our 
results are consistent with the prospect that the anthropogenic perturbation to atmospheric carbon dioxide could 
potentially tip the climate into a modestly higher temperature steady-state, instead of relaxing back to pre- 
anthropogenic conditions.   

  
References: [1] Mills BJW et al. (2019) Gondwana Research 67:172-186.   [2] Sun Y et al. (2012) Science 338, 366.  
[3] Kump LR (2018) Phil. Trans. R. Soc. A 376: 20170078.   
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11. CAPITALISM IS NOT A THING: Limits of a Global Concept  
Raghuvanshi, Ahyaan  
 
Baden-Württemberg Visiting Fellow, Yale University and MA Transcultural Studies (student), Heidelberg University; 125 
Lawrence St., New Haven, CT 06511, United States; ahyaan.raghuvanshi@yale.edu, ahyaanrgv@gmail.com;   

  
Arguments still rage about how exactly humans began irretrievable intervention in the planetary geosphere, 
atmosphere and biosphere. This paper assesses some of the most prominent literature from the past two decades 
that assign the historical causality to capitalism, especially those engaging with the concept of the 'Capitalocene'[1]. 
While firmly acknowledging their valuable insights, attempts to answer what exactly drives capitalism anywhere since 
the past 500 years inadvertently lead to common presuppositions of capitalism as not a relation but a thing.   
  
If the proponents of the capitalocene intended to replace the essentialist bifurcation between nature and culture with 
a discursive, historically situated relation of capitalism, one of its implications has been the essentialisation of 
capitalism instead. It takes the form of an innate human desire for accumulating profit and power. Is this 
essentialism the general price to pay for attributing causality in histories on a global spatiotemporal scale? What sort 
of politics does this global centring of capitalism produce? Might getting outside the frame of the capitalocene, an 
offspring of world-systems theory[2], allow for a more substantial and inclusive kind of politics? The paper concludes 
with some recommendations on how to navigate the crooked line between essentialism and incoherence, explanation 
and meaninglessness while narrating environmental histories with capitalism as the dominant form of relation 
producing our global present.  
    
References:   [1] Moore, JW (2015) Capitalism in the Web of Life: Ecology and the Accumulation of Capital.   [2] Wallerstein, I 
(1974) The Modern World-System I: Capitalist Agriculture and the Origins of the European World-Economy in the Sixteenth Century.   
 

 
12. Biospheric evolution is coarsely deterministic  
David Schwartzman  
 

Professor Emeritus, Department of Biology, Howard University, Washington DC, dschwartzman@gmail.com  

  
The general pattern of the tightly coupled evolution of biota and climate on Earth has been the very probable outcome 
from a relatively small number of possible histories at the macroscale, given the same initial conditions [1]. Thus, the 
evolution of the biosphere self-selects a pattern of biotic evolution that is coarsely deterministic, with critical 
constraints likely including surface temperature as well as oxygen and carbon dioxide levels in the atmosphere. Major 
events in biotic evolution were likely driven by environmental physics and chemistry, including photosynthesis, and 
oxygenic photosynthesis, the emergence of eucaryotes from the merging of complementary metabolisms and finally 
multicellularity and even encephalization [2,3].  The following is a test of the difficulty for steps in major evolutionary 
ŜƳŜǊƎŜƴŎŜǎΥ ƛŦ ŀ ǇƻǘŜƴǘƛŀƭ ŎƻƴǎǘǊŀƛƴǘ ƛǎ ǊŜƭŜŀǎŜŘ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ŜƳŜǊƎŜƴŎŜ ǘƘŜƴ ƛǘ ǿŀǎ ǾƛǊǘǳŀƭƭȅ ƛƴŜǾƛǘŀōƭŜ όϥŜŀǎȅϦύΦ  The 
upper temperature limits of growth (Tu) of the main groups of living organisms corresponds to the climatic 
temperature at the times of their first emergence [2,4], assuming a very warm Archean climate [4,5,6]. The Tu is a very 
likely primitive character determined by intrinsic biochemistry/biophysics, e.g., there are 
no hyperthermophilic phototrophs, even though they had three billion years to adapt to a Tu above 80oC.   
  
The pattern of biospheric evolution argued here raises the potential of similar coevolutionary  relationships of life and 
its environment on Earth-like planets around Sun-like stars. If biospheres emerge in a strongly habitable context, their 
survival is likely enhanced by strong coevolutionary mechanisms [7,8].  
  
References: [1] Schwartzman D and Lineweaver C (2005) In: Non-Equilibrium Thermodynamics and the Production of Entropy: Life, Earth, and 
Beyond, (Kleidon A and Lorenz RD, eds) Chapter 16, pp.207-221. Springer  [2] Schwartzman D (1999 2002) Life, Temperature, and the Earth: The 
Self-Organizing Biosphere. New York: Columbia University Press.   [3] Schwartzman D et al. (2009) Climatic Change 95: 439-447  [4] Schwartzman 
D and Knauth LP (2009) In: Meech KJ et al. (eds.) Bioastronomy 2007: Molecules, Microbes, and Extraterrestrial Life, Astronomical Society of the 
Pacific Conference Series Vol. 420, San Francisco, pp. 221-228  [5] Garcia AK et al. (2017) Proc Natl Acad Sci 114: 4619-4624  [6] Schwartzman 

D (2017) AIMS Geosciences 3: 216-238  [7] Nicholson AE et al. (2018). J Theor Bioƭ пртΥ 249-257  [8] Lenton TM et al. (2018) Trends Ecol Evol 33  
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13. The History of Atmospheric Oxygen: Regulation by Fire  
R. L. Vitali1*, C. M. Belcher1, S. Sitch1 and A. J. Watson1   
 
1Global Systems Institute, University of Exeter, Exeter EX4 4QE, UK  

  
The concentration of oxygen in our atmosphere is a critical variable for life on Earth; it allows us to breathe today 
and likely played a significant role in the evolution of animals [1]. Atmospheric oxygen has risen from trace to present-
day levels in multiple steps over the past few billion years. However, over the past 400 million years, despite oxygen 
in the atmosphere being replaced 100 times, concentrations have remained at levels similar to those found 
today [2,3]. Such stability suggests mechanisms have been in place to keep oxygen at relatively constant 
levels throughout this period. However, such mechanisms and what their respective forcings are remains heavily 
debated and this has led to disagreements on the variations in atmospheric oxygen during the Phanerozoic.   
  
In his early books, James Lovelock proposed that fire may play a vital role in the regulation of oxygen [4]. More 
recently, research suggests that continuous records of charcoal over the 400 million years indicates the presence of 
fire, and that small changes in atmospheric oxygen concentration have large effects on the probability 
of ignition [5,3]. The research presented here uses the Lund-Potsdam-Jena managed Land (LPJmL) Dynamic Global 
Vegetation Model to gain a deeper understanding of the relationships between fire, vegetation and oxygen. By 
running oxygen experiments we evaluate the strength of fire-oxygen feedbacks and apply this to the history of 
oxygen. This should better our insight into the regulation of atmospheric oxygen and further our understanding of the 
Earth system as a whole.   
  
  
References: [1] Lenton, T. and Watson, A. (2011). Revolutions that made the Earth. Oxford University Press.  [2] Lenton, T. 
(2013). Fire Feedbacks on Atmospheric Oxygen, pages 289-308. In [3]. [3] Belcher, C. M., editor (2013). Fire Phenomena and the Earth System: 
An Interdisciplinary Guide to Fire Science. John Wiley & Sons. [4] Lovelock, J.E. όмфтфύΦGaia: A new look at life on earth. Oxford 
Paperbacks.  [5] Watson, A. J. and Lovelock, J. E. (2013). The dependence of flame spread and probability of ignition on atmospheric oxygen: an 
experimental investigation, pages 273ς287. In [3].  
 

14. Generalized Langevin Equations and the Climate Response Problem 
Watkins, N.W.1,2,3; Chapman, S. C.2; Chechkin, A.4; Ford, I. 5; Klages, R.6,7; Stainforth, D. A.8,2 

1. Centre for the Analysis of Time Series, London School of Economics, London, UK. nickwatkins62@physics.org 
2. Centre for Fusion Space and Astrophysics, University of Warwick, Coventry, UK. 
3. Open University, Milton Keynes, UK. 
4. Akhiezer Institute of Theoretical Physics, Kharkiv, Ukraine. 
5. University College London, London, UK. 
6. TU Berlin, Berlin, Germany. 
7. Queen Mary University of London, London, UK. 
8. Grantham Institute, London School of Economics, London, UK. 

There can be few greater scientific challenges than predicting the response of the global system to anthropogenic 
ŘƛǎǊǳǇǘƛƻƴΣ ŜǾŜƴ ǿƛǘƘ ǘƘŜ ŀǊǊŀȅ ƻŦ ǎŜƴǎƛƴƎ ǘƻƻƭǎ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ άŘƛƎƛǘŀƭ !ƴǘƘǊƻǇƻŎŜƴŜέΦ wŀǘƘŜǊ ǘƘŀƴ ŘŜǇŜƴŘ ƻn one 
approach, climate science thus employs a hierarchy of models, trading off the tractability of Energy Balance Models 
(EBMs) [1] against the detail of Global Circulation Models. Since the 70s Hasselmann-type stochastic EBMs have 
allowed treatment of climate fluctuations and noise. They remain topical, e.g. their use by Cox et al to propose an 
ŜƳŜǊƎŜƴǘ ŎƻƴǎǘǊŀƛƴǘ ƻƴ ŎƭƛƳŀǘŜ ǎŜƴǎƛǘƛǾƛǘȅ ώнϐΦ LƴǎƛƎƘǘ ŎƻƳŜǎ ŦǊƻƳ ŜȄǇƭƻƛǘƛƴƎ ŀ ƳŀǇǇƛƴƎ ōŜǘǿŜŜƴ IŀǎǎŜƭƳŀƴƴΩǎ 9.a 
and the original stochastic model in physics, the Langevin equation of 1908. 

However, it has recently been claimed that the wide range of time scales in the global system may require a heavy-
tailed response [3,4] to perturbation, instead of the familiar exponential. Evidence for this includes long range memory 
(LRM) in GMT, and the success of a fractional Gaussian model in predicting GMT [5]. 

Our line of enquiry is complementary to [3-5] and proposes mapping a model well known in statistical mechanics, the 
Green-Yǳōƻ άDŜƴŜǊŀƭƛǎŜŘ [ŀƴƎŜǾƛƴ 9ǉǳŀǘƛƻƴέ όD[9ύ ǘo generalise the Hasselmann EBM [6]. If present LRM then 
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simplifies the GLE to a fractional Langevin equation (FLE). As well as a noise term the FLM has a dissipation term not 
ǇǊŜǎŜƴǘ ƛƴ ώоΣпϐΣ ƎŜƴŜǊŀƭƛǎƛƴƎ IŀǎǎŜƭƳŀƴƴΩǎ ŘŀƳǇƛƴƎ ŎƻƴǎǘŀƴǘΦ ²Ŝ ŘŜǎŎǊƛōŜ ǘƘŜ Ŏƻrresponding EBM [7] that maps to 
the FLE, discuss its solutions, and relate it to existing models. 

References: [1] Ghil M (2019) Earth and Space Sciences, in press. [2] Cox P et al. (2018) Nature 553: 319-322 [3] Rypdal K. (2012) JGR 117: 
D06115 [4] Rypdal M and Rypdal K (2014) J Climate 27: 5240-5258. [5] Lovejoy et al (2015) ESDD 6:1ς22 [6] Watkins N W (2013) GRL 40:1-9 [7] 
Watkins et al, to be submitted to J Stat Phys. 
 

15. Earth self-organisation in five stages 

Westbroek, P.1, Clarke, B2 and Westbroek, H.B.3 

1 Leiden University, Johan de Wittstraat 22, 2334AR Leiden, the Netherlands. p.westbroek@chem.leidenuniv.nl. 
2 Department of English. Texas Tech University, Lubbock, TX 79409-3091 
3. Vrije University, Dept. of Education Science, De Boelelaan 1105, 1081 HV Amsterdam 

Earth evolution is a process of self-organisation against the backdrop of chaos. Throughout, planetary self-organization 
is driven by selecting the most effective mode of planetary entropy export. We distinguish between five successive 
stages, each exhibitƛƴƎ ŀ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜ ƻŦ ΨǊŀǘŎƘŜǘƛƴƎΩ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΥ όмύ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǎƻƭŀǊ 
system; (2) differentiation between the core, the mantle, the crust, the ocean and the atmosphere as major 
constituent parts; (3) regular convection without life; (4) emergence and evolution of life (the Gaia stage); and (5) 
ΨŎƛǾƛƭƛȊŀǘƛƻƴΣΩ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ŎƻƳōƛƴŜŘ ŦƻǊŎŜǎ ƻŦ ǘƻƻƭ ǳǎŜΣ ǘƘƛƴƪƛƴƎ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ όǘƘŜ ŎƛǾƛƭƻƳŜ ǎǘŀƎŜύΦ 9ŀŎƘ 
stage provides the constitutive configuration for further development. This approach of Strong Earth System Science 
eliminates the biocentric and anthropocentric delusions which used to obscure the debates on Gaia and the 
Anthropocene. Primarily, it is the earth that does the evolving and the civilizing. In particular, Strong ESS provides the 
ƪŜȅ ŦƻǊ ŀ ƴŜǿΣ ǎǳōƭƛƳŜ ǿƻǊƭŘǾƛŜǿΣ ǘƘŜ ǎǳŎŎŜǎǎƻǊ ƻŦ ǘƘŜ 9ƴƭƛƎƘǘŜƴƳŜƴǘΥ ΨƻǳǊ ƛŘŜƴǘƛǘȅ ƛǎ ŜŀǊǘƘΦΩ !ǊƳŜŘ ǿƛǘƘ ǘƘƛǎ 
worldview we can address the conundrum of global change. 
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GS2: Earth Present 
 
16. Questions on escape from self-regulation   
Britten S.   
 

Medical Advisor, HealthProm, 200A Pentonville Road, London N1 9JP, stewart.britten@zen.co.uk   
  
1. James [ƻǾŜƭƻŎƪ Ƙŀǎ ǎŀƛŘ ά¢ƘŜ ǎŜƭŦ-ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘ ŘŜƳŀƴŘǎ ōƻǘƘ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ŦŜŜŘōŀŎƪέ [1]. 
But when there is repeated positive feedback in a system, a small change can trigger more and more disturbance. Why 
does self-regulation require positive feedback?   
2. People have found ways of creating mechanisms governed by positive feedback. Is there a tipping point at which 
self-regulating by negative feedback systems tips control over to positive feedback systems?   
3. We humans are units of ever larger and more complex emergent phenomena and increasingly hierarchical societies. 
In our large, complex societies what is the best interaction of bottom-up and top-down? How in hierarchical human 
societies do emergent phenomena arise?  
4. ²ƘŜǊŜ ǎƳŀƭƭ ŎƘŀƴƎŜǎ ƭŜŀŘ ǘƻ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅ ƭŀǊƎŜ ŜŦŦŜŎǘǎ ƻǊ ǘƛǇǇƛƴƎ ǇƻƛƴǘǎΣ ǿŜ ǊŜŦŜǊ ǘƻ άŎƻƳǇƭŜȄƛǘȅέ ƻǊ άŎƘŀƻǎέΣ 
in which relationships are neither linear nor based on circular feedback loops. Where are the high-risk areas in our 
ignorance of complexity?  
Ernst Mayr argued that the adaptive value of higher intelligence is very low [2]. This leads to the final three questions.  
5. Besides logical, deductive reasoning, what mental functions do we need in order to comprehend an increasingly 
complex world?   
6. Which is the greater risk ς artificial intelligence systems, we humans or the interface?  
7. The continued positive feedback of unrelenting global capital growth on a finite planet now ties cultures into one 
complex and fragile system. Almost all the eggs of Homo sapiens are in one basket. Where will this lead to?   
  
References: [1] Lovelock J (2014) A Rough Ride to the Future. UK, Penguin. 64  [2] Mayr E (1995) Can SETI Succeed? Not 
Likely, Bioastronomy News 7: 3   

 

17. Fire in the Earth System 
Burton,C.1, Betts, R.1,2 , Feldpausch, T2. and Jones, C1. 

1. Met Office Hadley Centre, Exeter, UK. EX1 3PB, UK. chantelle.burton@metoffice.gov.uk 
2. College of Life and Environmental Science, University of Exeter, Exeter. EX4 4SB. UK 

Fire is an important part of our Earth system, influencing vegetation dynamics, atmospheric chemistry, the 
hydrological cycle and carbon cycle, and land surface albedo. It is both a natural process, concomitant with the origin 
of the first plant forms [1], and anthropogenically influenced as part of the development of early human society as far 
back at 1,000,000 years ago [2]. Fire has been suggested as the main determining factor in alternative stable states of 
forest and savannah [3], and with increasing temperatures, drought and land-use change in some areas, there are 
concerns that fire may contribute to tipping large carbon stores such as the Amazon forest into sources of carbon [4,5]. 
Here we show that fire is an important process in the present day simulation of vegetation in the land surface model 
JULES, and that in years of extreme drought such as El Niño, this can lead to large decreases in terrestrial carbon 
uptake. Using Representative Concentration Scenarios with HadGEM2-ES to drive JULES, burned area is projected to 
increase in many areas in the future under high emissions scenarios of climate change [6]. 

References: [1] Pausas J and Keeley J (2009) BioScience, 59, 7: 593ς601 [2] Berna F et al. (2012) PNAS 109 (20) E1215-E1220 [3] Lasslop et al. 

(2016) GRL 43, 6324ς 6331, [4] Settele et al. (2014) IPCC Working Group II [5] Malhi et al. (2009) PNAS 106 (49) 20610-20615 [6] Burton et al. 

(2019) ORE 
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18. Analytical tools for studying Earth system resilience in the Anthropocene: from 

frameworks to simulation models 
Donges, J.F.1,2, Lucht, W.1, Heitzig, J. 1, Barfuss, W. 1, Cornell, S. 2, Lade, S. 2,3, Otto, I. 1, Schlüter, M. 2, and 

Wiedermann, M. 1 

1. Potsdam Institute for Climate Impact Research, Telegrafenberg A31, 14473 Potsdam, Germany; donges@pik-potsdam.de 

2. Stockholm Resilience Centre, Stockholm University, Kräftriket Kräftriket 2B, SE-10691 Stockholm, Sweden 

3. Fenner School of Environment and Society, The Australian National University, Australian Capital Territory, Canberra, Australia 

 

In the Anthropocene, societal processes have become critical to understanding planetary-scale Earth system dynamics. 

The conceptual foundations of Earth system modelling have externalised social processes in ways that now hinder 

progress in understanding Earth resilience and informing governance of global environmental change. New 

approaches to global modelling are needed to address these challenges, but the current modelling landscape is highly 

diverse and heterogeneous, ranging from purely biophysical Earth System Models, to hybrid macro-economic 

Integrated Assessments Models, to a plethora of models of socio-cultural dynamics. World-Earth models, currently 

not yet available, will need to integrate all these elements, so future World-Earth modellers require a structured 

approach to identify, classify, select, and combine model components [1]. Here, we develop a framework for ordering 

the multitude of societal and biophysical subsystems and their interactions [2]. We suggest three taxa for modelled 

subsystems: (i) biophysical, where dynamics is usually represented by ``natural laws" of physics, chemistry or ecology 

(i.e., the usual components of Earth system models), (ii) socio-cultural, dominated by processes of human behaviour, 

decision making and collective social dynamics (e.g., politics, institutions, social networks), and (iii) socio-metabolic, 

dealing with the material interactions of social and biophysical subsystems (e.g., human bodies, natural resource and 

agriculture). We present the copan:CORE framework as a flexible tool to construct World-Earth system simulation 

models [3]. As an example, we study a stylised model of socially transmitted discount rates in a greenhouse gas 

emissions game to illustrate the effects of social-ecological feedback loops that are usually not considered in current 

modelling efforts. 

References: [1] Donges JF et al. (2017) Anthropocene Review 4: 151-157 [2] Donges et al. (2018) Earth System Dynamics Disc., 

doi:10.5194/esd-2018-27 [3] Donges and Heitzig et al. (2018) Earth System Dynamics Disc., doi:10.5194/esd-2017-126 

 

 
19. Applying the DAISYWORLD model to study planetary boundaries of biosphere-
atmosphere interactions  
Sina Feldmann, Anna Ferretto, Matthias Kuhnert  
 

University of Aberdeen, corresponding author: a.ferretto@abdn.ac.uk.  

  
Biosphere and atmosphere interact through greenhouse gas dynamics. The biosphere can act as a carbon sink (at least 
during its lifetime) reducing atmospheric greenhouse gas concentration and affecting 
temperature. Eventually, carbon captured by the biosphere will be released to the atmosphere by 
decomposition. Since the beginning of its measurement in the 1950s, CO2 concentration on the Earth 
has kept raising and it is now over the safe boundary established to avoid sudden cascade reactions and feedbacks 
that can result in dangerous outcomes for our society [1]. To investigate this dynamic, the DAISYWORLD 
model [2] seems to be an appropriate tool to test hypotheses and apply model experiments. The objective of the here 
presented study is to use a modified DAISYWORLD model [3] to test the impact of different climatic conditions as well 
as possible stability ranges. We tried five different emission scenarios, and in none of them the two population reached 
a stable state, although the white daisies took an advantage over the black ones. The results indicated that the 
biosphere was not able to compensate impacts of the atmospheric CO2 concentration. This set up is used in two ways. 
First, we tried to adapt the parameters, to detect conditions to stabilize the system, second, to apply mitigation options 
to stabilize the system. Despite the simplicity of the system, we plan to transfer the results to the real world and go 
then back to the model to implement more environmental variables.   
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References:  [1] Rockström J. et al. 2009, ά! ǎŀŦŜ ƻǇŜǊŀǘƛƴƎ ǎǇŀŎŜ ŦƻǊ ƘǳƳŀƴƛǘȅέΦ Nature, 461.7263: 472. {2} Watson, A.J. and Lovelock, J. E., 
1983 "Biological homeostasis of the global environment: the parable of Daisyworld." Tellus B: Chemical and Physical Meteorology 35.4 (1983): 
284-289.  {3} Paiva, S. L. D. et al., 2014. Global warming description using Daisyworld model with greenhouse gases. Biosystems, Vol. 125, 1-
15   

 

 

20. Effects of the food system on biodiversity, feedbacks on ecosystem services, and 

consequences for human well-being 
Groner, V.P.1, Pearson, R.G.1 and Mace G.M.1 

1. Centre for Biodiversity and Environment Research, Department of Genetics, Evolution and Environment, University College 

London, London, WC1E 6BT, UK. v.groner@ucl.ac.uk 

Land cover and land use change are expected to be the main drivers of biodiversity loss in the 21st century. With the 

loss of biodiversity, the provision of ecosystem services could be compromised with severe consequences for human 

well-ōŜƛƴƎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƭƻǎǎ ƻŦ ǎǘŀōƛƭƛǘȅ ŀƴŘ ǇǊƻŘǳŎǘƛǾƛǘȅ ƻŦ ŦƻƻŘ ǎȅǎǘŜƳǎΦ ¢ƘŜ Ψ{ǳǎǘŀƛƴŀōƭŜ ŀƴŘ IŜŀƭǘƘȅ CƻƻŘ {ȅǎǘŜƳǎΩ 

project (SHEFS) aims at providing policy makers with novel, interdisciplinary evidence to define future food systems 

policies that deliver nutritious and healthy foods in an environmentally sustainable and socially equitable manner. 

Our group explores how the rapid expansion and intensification of industrial agricultural land and the projected 

pattern of urbanization in southern Africa will affect biodiversity in the future, and how changes in biodiversity will 

feedback on ecosystem services related to food systems and human health. Forcing a coupled Species Distribution - 

Demographic model with different climate change and land use change scenarios, we aim at providing insights in 

possible future species distribution and abundance, estimate the consequences for ecosystem service provision, and 

support food and environmental policy decision making. 

 

 

21. Model Hierarchies for Understanding Atmospheric Circulation 
Penelope Maher1 and Edwin Gerber2 

1. University of Exeter, p.maher@exeter.ac.uk  

2. New York University 

Model hierarchies are ŦǳƴŘŀƳŜƴǘŀƭ ǘƻ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƭŀǊƎŜπǎŎŀƭŜ ŎƛǊŎǳƭŀǘƛƻƴ ƻŦ 9ŀǊǘƘϥǎ ŀǘƳƻǎǇƘŜǊŜΦ ¢ƘŜȅ 

have played a critical role in forming and testing our ability to simulate and predict the natural variability of the 

atmosphere, such as the variations of the extratropical jet streams, and for exploring how the climate will respond to 

external forcing, such as increased carbon dioxide. 

During the poster presentation I will discuss simple models that have formed the basis of our understanding of the 

atmosphere and how they connect to the comprehensive models used for climate prediction through the model 

hierarchies. I will describe three principles that help organize the model hierarchies and discuss benchmark models 

that have been influential in understanding the laǊƎŜπǎŎŀƭŜ ŎƛǊŎǳƭŀǘƛƻƴ ƛƴ ǘƘŜ ƳƛŘƭŀǘƛǘǳŘŜǎΣ ƳƛŘŘƭŜ ŀǘƳƻǎǇƘŜǊŜΣ ŀƴŘ 

tropics.  

This abstract is based on the plain language summary of my recent review paper in Reviews of Geophysics of the same 

name. The paper is available here: https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018RG000607 
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GS3: Sensing the Planet 
 
22. Cloud computing and community management: Understanding changing resilience in 
the Kenyan rangelands  
Buxton, J.E.1, Powell, T.W.R.2, Williams, H.3, Lenton, T.M.2  
 
1Global Systems Institute, University of Exeter. Email: j.buxton@exeter.ac.uk  
2Global Systems Institute, University of Exeter  
3School of Computer Science, University of Exeter  

  
When combined with new cloud computing facilities, the ever-increasing amount of remote sensed satellite data 
provides a basis to gain a greater understanding of the changing Earth and the state of ecosystems. In this study, the 
resilience of an ecosystem is defined as the ability of a system to maintain its internal structure while subject to 
external perturbations and the return rate of the system to its initial state following a significant perturbation [1,2].   
This project uses Google Earth Engine (GEE), a cloud computing geographical information system (GIS) platform [3], in 
order to undertake spatial and temporal ecosystem resilience analysis in semi-arid regions. The first study area in this 
project will be community conservancies under the umbrella of the Northern Rangelands Trust (NRT) in 
Kenya. NRT consists of over 30 community managed conservancies which cooperate to increase both social and 
ecological resilience in a region afflicted with drought [4]. This initiative offers a solution to ǘƘŜ ΨǘǊŀƎŜŘȅ ƻŦ ǘƘŜ 
ŎƻƳƳƻƴǎΩ ǊŜǎƻǳǊŎŜ ǇǊƻōƭŜƳ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎŜƳƛ-arid rangelands by supporting communities to develop sustainable 
land management approaches. Analysis from this study will support this work.  
This study highlights the utility of big data analysis for sensing the planet and aims to quantify the impact of community 
conservation on vegetation resilience in the Kenyan rangelands. This is done using vegetation indices and drought 
metrics from remotely sensed data such as Landsat and MODIS.   
  
References: [1] Holling, C.S. (1973). Annual review of ecology and systematics 4(1), pp.1ς23.  [2] Pimm S. (1984). Nature, 307.  
[3] Gorelick, N et al. (2017). Remote Sensing of Environment 202, 18ς27  [4] Northern Rangelands Trust (NRT) (2019) https://www.nrt-
kenya.org/  

 

 
23. Biologizing the Gaia Theory: Is the planet Earth an anticipatory system that minimizes 
free energy?  
Rubin, SdC 1  
  

1 Earth and Life Institute, UCLouvain, place Louis Pasteur 3, 1348 Louvain-la-Neuve, Belgium  

  

In previous work [1], we showed that metabolic molecular self-production by closure to efficient causation 
is feasible and offers a rigorous claim that the living condition of the Earth is given by the structural realization of 
the (Metabolism, Repair)-Autopoietic organization at the planetary domain.  Here, we examine 
whether, anticipation and autonomy (active inference by minimization of free energy), the central tenets of the (M,R)-
Autopoiesis, are coextensive to the Gaia phenomenon. That is, whether the Gaian behaviours are 
autonomous [2] and best modelled as a function of future states, [x(t)=ấ(x(t ς ̞ ύΣ ȄόǘύΣ Ȅόǘ Ҍ ˖ύύϐΣ ǊŀǘƘŜǊ ǘƘŀƴ ƳŜǊŜƭȅ as 
a function of past x(t ς ̞ ύ ŀƴŘ ǇǊŜǎŜƴǘ ǎǘŀǘŜǎ x(t) of feedback reactive systems [3]. The motivation for this has hitherto 
used the following argument: biological systems that do not use anticipative models of themselves and their 
ambiance to preserve their physiological bounds cannot exist, because the entropy would increase 
indefinitely. Therefore, biological systems actively must minimize free energy [4]. Although, at the planetary 
scale, this is an open question, the (M,R) mathematical formulation of the Earth system process of self-
production entails anticipation as the constitutive autonomy of the Gaia phenomenon. This contrasts with 
the regulator thesis and the weak and strong interpretation of the Gaia hypothesis, on which Gaia is a reactive, error-
counteracting system. Furthermore, in biologizing Gaia theory, its conjectures and refutations 
[5] become parsimonious because they represent only local and temporal simulable approximations 
of anticipative autonomous behaviours, which are causal, yet are not mechanisms.  
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References: [1] Rubin SdC and Crucifix M (2019) submitted Journal of Theoretical Biology  [2] Varela F (1979) Principles of Biological Autonomy. 
Nord Holland. New York  [3] Rosen R (1985) Anticipatory Systems. Springer, New York  [4] Friston K (2013) Journal of the Royal Society 
Interface 10(86): 20130475  [5] Kirchner JW (2003) Climatic Change 58(1-2): 21-45  
 

 

24. ±ŀǊƛŀǘƛƻƴǎ ƛƴ 9ŀǊǘƘΩǎ wƻǘŀǘƛƻƴ wŀǘŜ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ƴƎǳƭŀǊ aƻƳŜƴǘǳƳ 
Scaife, A.A.1,2 

1. Met Office Hadley Centre 

2. College of Engineering, Mathematics and Physical Sciences, University of Exeter 

Conservation of angular momentum of the entire Earth ς Atmosphere system implies that variations in atmospheric 

angular momentum must be reflected ƛƴ 9ŀǊǘƘΩǎ ŀƴƎǳƭŀr momentum. This gives the well-established result that 

variations in atmospheric winds lead to variations in the length of day. Here we show that fluctuations in the length 

of day measured by very long baseline interferometry of radio-telescope observations are predictable out to years 

ahead. This predictability decays non-monotonically with lead time, peaks in winter and is mainly triggered by the El 

Nino Southern Oscillation. These signals represent a test of our climate models and provide a source of ultra-long 

range predictability from within the atmosphere, where they migrate polewards with time and eventually affect the 

mid latitude flow. 

 

 
25. Can Global Atmospheric Chemistry Models Simulate Surface Ozone in China?   
Ayesha Tandon1, Nadine Unger1  
 

1. University of Exeter  
 

Surface level ozone has detrimental effects on ecosystem health, crop growth and climate change. For example, 
surface ozone concentrations of 45 ppbv have been estimated to cause a 13% reduction in crop yields, which has 
serious implications for food security under global change and concomitant increases in global population and food 
demand. The accurate simulation of surface ozone concentrations in China is crucial to enable the 
informed development of effective mitigation strategies that protect ecosystem and crop health.  
Here, we evaluate surface ozone simulations in 8 state-of-the-science global atmospheric chemistry models against 
ozone measurements from the Ministry of Environmental Protection of China. The models include 6 models from the 
Coupled-Chemistry Model including the HadGEM3-ES model from the Met Office Hadley Centre, and results from the 
GEOS-Chem model at 2 different horizontal spatial resolutions.  
Analyses of correlation (R2), point-for-point accuracy (normalised mean bias), and spatial variability were carried out 
for monthly averages between 2013-2017 at up to 1497 urban sites across China. All models simulate urban surface 
ozone concentrations in the summer, autumn, and winter seasons with reasonable accuracy, but were consistently 
unable to predict surface ozone concentrations in spring. Generally, the models overpredict surface ozone 
concentration. HadGEM3-ES over-predicts in summer and under-predicts in winter.  
Furthermore, the spatial accuracy of the models was tested by analysing four highly polluted urban regions in China. 
This analysis, focussing on the GEOS-Chem and HadGEM3-ES models, demonstrated the limitations in model ability to 
capture spatial variability.  
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GS4: Transformative Solutions 
 
26. Reducing our carbon footprint and resource use on the Exeter Kidney Unit 
Dr Hannah Jenkins1, Mr Keith Channing1,  Dr Timothy Malone 1 and Dr Coralie Bingham1   

Exeter Kidney Unit, Royal Devon and Exeter Hospital, Wonford, Exeter, EX2 5DW . hannahjenkins1@nhs.net    

Introduction   

Chronic kidney disease affects 10% of the worldwide population and over 2 million people are dependent on dialysis 

or a kidney transplant to stay alive [1]. Greater than 80% patients who receive treatment for kidney failure live in 

affluent countries with universal access to healthcare [1]. In the UK renal medicine was amongst the first medical 

specialties to measure its environmental impact. The Climate Change Act calls for an 80% reduction in carbon 

emissions by 2050 [2-4]. The NHS will only reach its targets by considering all aspects of practice, to reduce carbon 

emissions. The Exeter Kidney Unit serves a population of one million with five satellite dialysis units. We undertook a 

multi-disciplinary team project to make changes towards greater environmental sustainability in our unit.   

Method   

We identified the following areas for change:   

¶ Reducing duplication in disinfection cycles across 24 haemodialysis machines by one quarter.   

¶ Replace 12 existing haemodialyǎƛǎ ƳŀŎƘƛƴŜǎ ǿƛǘƘ ƴŜǿ ƳŀŎƘƛƴŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ǎǿƛǘŎƘŜŘ ǘƻ ŀ ΨǎǘŀƴŘōȅΩ ƳƻŘŜ 

following priming to save water.   

¶ Patients were asked to bring their own blanket to dialysis saving on emissions and resource use incurred by 

hospital laundry.   

¶  Expanding home haemodialysis numbers results in a reduction in water usage and domestic recycling of 

ǇŀŎƪŀƎƛƴƎΦ  ¢ƘƛǊǘȅ ǎǘŀŦŦ ǇƭŜŘƎŜŘ ǘƻ ΨaŜŀǘ CǊŜŜ aƻƴŘŀȅΩΦ   

Results   

The potential carbon footprint reduction was 7161.63 KgCO2e, potential water savings were 258,336 litres and 

financial savings were calculated as £8000.0.   

Conclusion  

As NHS staff we are responsible for improving the quality of our services including introducing changes to be more 

environmentally sustainable to protect the health of current and future generations.   

References: https://kidney.org.uk/ 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/371103/Health_Effects_of_Climate_Cha

nge_in_the_UK_2012_V13_with_cover_accessible.pdf   

https://digital.nhs.uk/data-and-information/national-indicator-library/carbon-dioxide-equivalent-emissions-for-nhs-trusts   

https://sustainablehealthcare.org.uk/who-we-are   

 

 
27. No health without planetary health  
Malone T.J.L.1, Pencheon D.C.2  
 
1Movement Disorders Research, Royal Devon and Exeter Hospital T.J.L.Malone@exeter.ac.uk   
2Honorary Professor in Health and Sustainable Development, College of Medicine and Health, University of Exeter  

  
  
The World Health Organisation constitution, adopted in New York in 1946, defines health as άŀ ǎǘŀǘŜ ƻŦ ŎƻƳǇƭŜǘŜ 
physical, mental and social well-being and not merely the ŀōǎŜƴŎŜ ƻŦ ŘƛǎŜŀǎŜ ƻǊ ƛƴŦƛǊƳƛǘȅέώмϐΦ Although not without its 
critics, it was considered groundbreaking in its time for including mental and social domains, along with the physical, 
and overcoming a negative definition of health as merely absence of disease. It has never been adapted in over 
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70 years. tƭŀƴŜǘŀǊȅ ƘŜŀƭǘƘΣ ōȅ ŎƻƴǘǊŀǎǘΣ ǊŜŦŜǊǎ ǘƻ άǘƘŜ ƘŜŀƭǘƘ ƻŦ ƘǳƳŀƴ ŎƛǾƛƭƛȊŀǘƛƻƴ ŀƴŘ ǘƘŜ state of the natural systems 
ƻƴ ǿƘƛŎƘ ƛǘ ŘŜǇŜƴŘǎέώнϐΦ Can the two be reconciled?  
  
The Anthropocene marks an era when the activities of a single species (of human) have become, either temporally or 
permanently, the major determinant for the future direction of the biosphere and the myriad of species it contains. 
By contrast, the richness and diversity of nature supplies most of what it means to live full and enriched lives from 
aesthetics and beauty to life saving drugs[3]. The transformative solution required is recognition of the physical and 
natural environment as the source of all life when nurtured in harmony, not exploited to extinction in polluting 
ways. Human and all other living health is a PART of planetary health. A special transformative approach from health 
and care is that most solutions for long term climate health ALSO offer immediate well known, understood, practical 
health and well-being benefits (e.g. meaningful jobs, sustainable food, insulated houses, renewable energy, planned 
and welcome migration).  
  
References:  [1] World Health Organization. Constitution of the World Health Organization as adopted by the International Health Conference, 
New York, 19ς22 June 1946; signed on 22nd July 1946 by the representatives of 61 States (Official Records of the World Health Organization, 
no.2, p.100) and entered into force on 7th April 1948.  [2] "Safeguarding human health in the Anthropocene epoch: report of The Rockefeller 
FoundationςLancet Commission on planetary health" (2015) The Lancet 386:1973-2028 14th November 2015.  [3] Chivian E. Why doctors and 
their organisations must help tackle climate change: an essay by Eric Chivian (2014) BMJ 348:g2407.  
 

 
28. Golding and Lovelock: An encounter between literature and science  
Bradley Osborne1   
  

The subject of my poster is the friendship between James Lovelock and the author William Golding (1911-
1993). aȅ ǿƛŘŜǊ ǊŜǎŜŀǊŎƘ ŜȄŀƳƛƴŜǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ DƻƭŘƛƴƎΩǎ ŎƻƴŎŜǇǘƛƻƴ ŀƴŘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƴŀǘǳǊŜ ŀŎǊƻǎǎ 
his work. The poster will provide outlines ƻŦ [ƻǾŜƭƻŎƪΩǎ ŦǊƛŜƴŘǎƘƛǇ ǿƛǘƘ DƻƭŘƛƴƎΣ ǘƘŜ Ƴǳǘǳŀƭ ƛƴŦƭǳŜƴŎŜ ǘƘŜȅ ƘŀŘ ƻƴ ŜŀŎƘ 
ƻǘƘŜǊΩǎ ǿƻǊƪΣ ŀƴŘ ǘƘŜ ōǊƻŀŘŜǊ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ DƻƭŘƛƴƎ ǎŎƘƻƭŀǊǎƘƛǇ ŀƴŘ ŦƻǊ ǘƘŜ ǎǘǳŘȅ ƻŦ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ 
environment.  
  

¢ƘŜ ƴŀƳŜ ŦƻǊ [ƻǾŜƭƻŎƪΩǎ ƘȅǇƻǘƘŜǎƛǎΣ ΨDŀƛŀΩΣ ŀŦǘŜǊ ǘƘŜ DǊeek goddess of the Earth, was originally suggested by 
Golding when they met in Bowerchalke in the mid-1960s. [1] aȅ ǊŜǎŜŀǊŎƘ ƭƻƻƪǎ ŀǘ ǘƘŜ ƛƳǇŀŎǘ ǘƘŀǘ [ƻǾŜƭƻŎƪΩǎ 
ƘȅǇƻǘƘŜǎƛǎ ƘŀŘ ƻƴ DƻƭŘƛƴƎΩǎ ƛŘŜŀǎ ŀōƻǳǘ ǘƘŜ ƴŀǘǳǊŀƭ ǿƻǊƭŘ ƛƴ Ƙƛǎ ƭŀǘŜǊ ǿǊƛǘƛƴƎǎΦ L ƳŀƪŜ ŜȄǘŜƴǎƛve use of the unpublished 
drafts and notebooks held at Special Collections in Exeter, which reveal a greater degree of influence than has been 
previously acknowledged by critics. I also plan to visit the Lovelock archive at the Science Museum to determine the 
extent to which Golding influenced Lovelock; so far, archival evidence suggests that Golding read and commented on 
[ƻǾŜƭƻŎƪΩǎ ŦƛŎǘƛƻƴΦ ώнϐ  
  

In their article on Gaia 2.0, Timothy Lenton and Bruno Latour call on humans to add self-awareness to the 
EartƘΩǎ ǇǊƻŎŜǎǎŜǎ ƻŦ ǎŜƭŦ-regulation. [3] Literature is one of the primary modes through which we develop awareness 
ƻŦ ƻǳǊ ǿƻǊƭŘΦ ²Ŝ Ƴǳǎǘ ǘƘŜǊŜŦƻǊŜ ŀǎƪ ǿƘŀǘ ǊƻƭŜ ƭƛǘŜǊŀǊȅ ŎǊƛǘƛŎƛǎƳ ǎƘƻǳƭŘ Ǉƭŀȅ ƛƴ ǘƘƛǎΤ Ƴȅ ǊŜǎŜŀǊŎƘ ƛƴǘƻ DƻƭŘƛƴƎΩǎ 
engagements with environmental science is well-placed to contribute answers to this question.  

 

  
References: [1] Lovelock acknowledges his debt to Golding in The Ages of Gaia (Oxford: OUP, 2000), 3.  
[2] EUL MS 429/2/9. [3] Lenton T and Latour B (2018) Science 361: 1066-1068.  
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29. The Other World that is Still Possible  
David Schwartzman 
 

Professor Emeritus, Department of Biology, Howard University, Washington DC, dschwartzman@gmail.com  

  
In our recently published book [1] we argue that there are two critical material requirements for still having 
a remaining chance, if rapidly diminishing,  of keep global warming below the IPCC goal of 1.5 °C, namely, 
global solarization of energy supplies coupled with rapid phase out of fossil fuels and the transformation of agriculture 
to agroecologies. We critique ά! ƭƻǿ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ǎŎŜƴŀǊƛƻ ŦƻǊ ƳŜŜǘƛƴƎ ǘƘŜ мΦр ϲ/ ǘŀǊƎŜǘ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ 
ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ ǿƛǘƘƻǳǘ ƴŜƎŀǘƛǾŜ ŜƳƛǎǎƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎέ ώнϐ ōŜŎŀǳǎŜ ƛǘ ǿƻǳƭŘ ƴƻǘ ǇǊƻǾƛŘŜ the energy capacity for 
climate mitigation and adaptation, as well as falling short of creating equity between the global South and North, in 
particular by keeping most of humanity in the state of energy poverty. Even with the implementation of projected 
state-of-the-science energy efficiencies in all sectors, the likely necessary level of primary energy consumption by 2050 
will be greater than the present level of 18 TW, closer to 25-30 TW.  
  
The only feasible way to avoid climate catastrophe are radical changes in both the physical and political 
economies, notably the degrowth/dissolution of the Military Industrial Complex (MIC) and implementation of a 
Global Green New Deal as a pathway for global ecosocialist ǘǊŀƴǎƛǘƛƻƴΦ As the global solar power infrastructure grows 
and replaces fossil fuels then the capacity to recycle without the negative impacts of the latter will grow with a goal of 
phasing out mining and actually increasing the material throughput (via industrial ecologies), especially as the huge 
material infrastructure of the MIC is recycled.   
  
References:  [1] Schwartzman P and Schwartzman D (2019) The Earth is Not for Sale: A Path Out of Fossil Capitalism to the Other World That is 
Still Possible. Singapore: World Scientific. [2] Grubler et al. (2018) Nature Energy 3: 515-527  
 

 
30. Spaceship Earth ς from attractive metaphor to architectural analogue  
Sillitto, H.G.1,   
 
1Sillitto Enterprises and International Council On Systems Engineering, Edinburgh, email hillary.sillitto@blueyonder.co.uk.  

  
ά{ǇŀŎŜǎƘƛǇ 9ŀǊǘƘέ is an attractive and compelling metaphor for our planetary system. Ecologists now have a good 
understanding of the whole-earth system-of-systems and the many coupled systems that in combination generate its 
dynamic behaviour ς notably the dynamic interactions that maintain an environment hospitable to life. Systems 
9ƴƎƛƴŜŜǊƛƴƎ Ƙŀǎ ŜƳŜǊƎŜŘ ŀǎ ŀ ƎŜƴŜǊŀƭ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǊŜŀƭƛǎƛƴƎΣ ƳŀƴŀƎƛƴƎ ŀƴŘ ǊŜǘƛǊƛƴƎ άŜƴƎƛƴŜŜǊŜŘέ ǎȅǎǘŜƳǎ ƻŦ ŀƭƭ 
sorts. Notably, the Systems Engineering community now has well established architectural patterns and 
implementation approaches for making successful spacecraft capable of supporting human life during extended self-
contained missions.  
  
Ecologists and systems engineers will need to work together to understand the problems facing us in the 
Anthropocene, and to conceive and implement ς indeed, ǘƻ άŜƴƎƛƴŜŜǊέΣ ƛƴ ƛǘǎ ǿƛŘŜǎǘ ǎŜƴǎŜ ƻŦ άǘƻ ŎǳƴƴƛƴƎƭȅ ŎƻƴǘǊƛǾŜέ 
- viable governance systems and intervention strategies for the Anthropocene. The spaceship earth metaphor and the 
spaceship engineering architectural pattern provide a nearly-shared fuzzy mental model between the communities. 
Very few members of the public, or engineers, have a good mental model of how Gaia works. Many of both have 
usable mental models of spacecraft, based on professional experience and/or popular fiction.   
  
¢ƘŜ ά{ǇŀŎŜǎƘƛǇ 9ŀǊǘƘ /ƘŀƭƭŜƴƎŜέ seeks to turn a fuzzy metaphor into a formal analogue. It invites participants to 
develop a formal reference architecture drawing explicit parallels between earth systems and spaceship 
systems, to allow ecologists and engineers to share mental and formal models, with each other and with the general 
public. The poster presents current status of our thinking and invites constructive debate.    
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31. Free online courses from the Global Systems Institute 
Taylor, L.S.1, Cowling, D. 1, Lenton, T.M. 1, Mansell, D.T. 1 

 
1Global Systems Institute, University of Exeter, Exeter. 

 
Free online courses offer the ability to engage a global, online audience and inspire the theme of climate action. Since 
2018, the Global Systems Institute has produced a series of these courses to 26,000 learners from over 150 countries. 
Through the use of videos, articles, discussions and quizzes, learners are able to better understand the science of the 
climate system and explore the potential solutions at a variety of scales, from local to global. We also study the way 
that we value nature and potential irreversible changes in climate and social systems. Our global courses also offer the 
unique opportunity to share stories of the different ways that climate change is impacting their lives. Learners from 
the United Kingdom could talk directly to learners from Fiji or the Mauritius who are already putting in place adaptation 
measures to combat sea-level rise. In this poster, we will introduce you to our courses, share our highlights from the 
past 18 months, and unveil our newest course ς Invisible Worlds.  
 

 

32. Lovelock as a Map Thinker 
Rasmus Grønfeldt Winther 
 
Associate Professor, Humanities Division, University of California, Santa Cruz  

info@rgwinther.com ; www.rgwinther.com  

 

Maps and map thinking are ubiquitous. Many kinds of scientific representation are premised on organizing different 

kinds of spaces, from geographic maps to the state space maps of mathematical modeling to analogical maps and 

ƳŜǘŀǇƘƻǊǎΦ hƴŜ ǿŀȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ WŀƳŜǎ [ƻǾŜƭƻŎƪΩǎ ǊŜthinking of Earth as a system or organism is as providing a new 

way to map-think our Globe. His cybernetic or organismic (or both) perspective provides a different set of maps 

replacingτor perhaps complementingτmore standard geochemical and geological maps (e.g., Alfred Wegener, Marie 

Tharp). Building on my forthcoming book [1] as well as on a recent anthology chapter [2], I aim to provide a deeper 

understanding of the plurality of representations in the Earth Sciences by interpreting Lovelock as a revolutionary map 

thinker. 

References: [1] Winther, RG. 2020. When Maps Become the World. Chicago, IL: University of Chicago Press. 

https://www.press.uchicago.edu/ucp/books/book/chicago/W/bo45713064.html ώнϐ άaŀǇǇƛƴƎ ǘƘŜ 5ŜŜǇ .ƭǳŜ hŎŜŀƴǎέ нлмфΦ The Philosophy of 

GIS, edited by Timothy Tambassi, Springer, 99-123. https://www.academia.edu/37794550/Mapping_the_Deep_Blue_Oceans 
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https://www.press.uchicago.edu/ucp/books/book/chicago/W/bo45713064.html
https://www.academia.edu/37794550/Mapping_the_Deep_Blue_Oceans
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A geological, literal map superimposing the current-day position of the continents onto their position during the Carboniferous 

period, ca. 300 to 360 mya. In the earlier era, much land was concentrated near the South Pole, while the North Pole was out to 

sea. The Carboniferous period poles are the physical rotational poles of Earth, not the magnetic poles. E = ice traces (Eisspuren); 

K = coal (Kohlen); S = salt; G = gypsum; W = desert sandstone (Wüstensandstein); hatch marks = arid zones (Alfred Wegener 

[1929] 1966, 137). 

 

 

 

The Indian Ocean Floor panorama by Heinrich Berann, Marie Tharp, and Bruce Heezan was a foldout map in the October 1967 

issue of National Geographic. Subscriptions to that magazine numbered six million in the US alone. This panorama shows both 

ǘƘŜ ƭƻǿŜǎǘ ŀƴŘ ƘƛƎƘŜǎǘ Ǉƻƛƴǘǎ ƻƴ 9ŀǊǘƘΩǎ ƭŀƴŘ ǎǳǊŦŀŎŜΦ όIŜƛƴǊƛŎƘ .ŜǊŀƴƴ κ National Geographic Creative / National Geographic 

Image Collection.) 
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[ƻǾŜƭƻŎƪΩǎ aŀǇǎ 

 

 
 
 


