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Abstracts

GS1: Earth History

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

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

The Gaia hypothesis postulatiést 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
@2t OFyAaYZ |yR (KS StPof thelGhig hypothekis tb bedidble NiJa tnust bdzblke 16 Re@p the
conditions of its host planet habitable, even with perturbatioBzogaiaa model created to investigate the Gaia
KeLRGKSAAaY KlFIa 0SSy dzaSR L2 iShada f QfFSYIa0 $ 04X K @0 A y2:
changing conditions. In order to see how life responds to perturbations to its host planet, we created three
perturbations inExogaiaone rapid cooling of a planet amgo heating events, one rapidnd one gradual. For all
perturbations, the planets on which life is able to survive without changes to its environment are also the planets ot
which life is most likely to survive the changes. Biospheres experiencing gcaduagkes to the environment aable

to survive significantly stronger changes than those experiencing rapid perturbations, and the magnitude of chang
matters more than the sign. These findings arise from systems of hypothetical planets, but can be tapplied
perturbations throughout Bdli K Q&4 KA aG2NE &4dzOK & GKS / KAQOEdzZ dzo | a4
luminosity. If the Gaia hypothesis is correct, then typical perturbations that a planet would experience may be unlikel
to disrupt it.

2. The relevance obiologically driven symbiotic novelty to the functioning of the Earth

system
Boyle R.

Postdoctoral Research Fellow, Global Systems Institute, University of Egkbayleacademic@gmail.com
https://naturalnovelty.wordpress.com/

[ 208t 201 Qa DIFAlI KeLRiGkKSara OKINIOGSNAT S&a tATFS | a |
perpetuating norequilibrium biogeochemical state exhibits emergent homeostatic propértidut what precisely
isitaboutt AFS GKIFG tSFRa (2 lyeée &adzOK K2YS2aidlaAiraK L | NBEd
generation of novelty, which | define as discontinuity in the distribution of cafifeet relationships within time:

such that an instance of noveliy the objective earliest occurrence of a specific, subsequently repetitive, causal
relationship connecting two changegvolutionary innovation gives a direction to Earth history, whereby a

previously unprecedented type of system comes into being frataefaable timepoint onwards (e.g. through a

transition in the level at which natural selection operdtesa qualitative change in biogeochemical cyéling
{eYoA2ara A& | 1S8@& LINI 2F &dzOK SELX 2 NI (s);2andin2oesd FS S
the coupling together of qualitatively different physiolodiéato a single unit of selection at a fitness cast

suggest that (sometimes) symbiosis may couple together physiologies with opposite environmental impact, creating
withinthe lifeSY GANR Y YSY G AYGSNFIF OS GKS 1AYR 2F GAYM°SHNI f N
original Watsof 2 @St 201 a5 Aa@¢2NI Ré LI NFroftS SLIAG2YAT Sa &dz
Earthsystem is analogous to artdency towards formation of adaptive symbioses between black (warming) and
GKAGS 002 2 t2Angra iroadlyRlIsuggedthtaymbiosis exemplifies a general tendency towards novelty
generation by interaction between systems that are functionedignpatible but structurally distinct.


mailto:richboyleacademic@gmail.com
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symbiosis. AmericaNaturalist. 150. S8899. 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. BB6368. 11.

Watson, A.J. & Lovelock J.E. 1983. Biological homeostasis of the global environment: The parable of Daisyworld. T&Rk393522Boyle,

R.A., Lenton, T.M. & Watson, A.J. 2011. Symbiotic physiology promotes homeostasis in DaisyworldbibltB&dr 176182

3. Carbonate Weathering Resilience frotihe EoceneArrival of Chalk
Cowling, D.

LUniversity of Exeterfc456 @exeter.ac.uk

Earth as a system has functionaifregulatedits carbon and climate systems through the long tefeedback of
silicate andcarbonate weatheringHowever, the understanding and quantification of these processes in response to
large Earth System perturbations is poorly constraiffetlargescale carbonate weatherirgduced resilience is
scarce in itsanalysis, especially at highly weatkalsle pure calcite chalk cliffs. Modelled and proxy evidence
demonstrates an increasing recovery efficiency from Blataeocendcocene Thermal Maximum (PETilative to
events predating i¥l. Although many conditios 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 mass
coincided with the recovery of the PETiere is potential this exposureffered additional responsive resilience to

the Carbon Cycle. Earth System mod8ENIRvill simulate the paleoenvironmental conditions for the PETM and
the Pliocenewarm period, to identify the resilience influence of the newly exposed dmalit novel Bth System
resilience investigation. Other factors such as the influence of Northern Hemisphere ice cover and sea level rise
carbonate weathering efficiency during Earth system recovery, will also be assEsisednalysis will be evaluated in

the coniext of current Earth System model accuracy and ability to represent the Carbonl@giciately, this research

will contribute to the understanding of the Earths sedfjulatory systems and effective resilience employed in
response to carbon and climategurbations.

Referencesf1] RidgwellA, ZeebeE (2005) Earth and Planetary Science Letters 2348299
[2] Burgess S, Bowring S, Shen S (2Bi@ddeedings of the National Academy of Scieddds3316-3321

4. Clouds stabilize Earthi®ng termclimate
Goldblatt, G, McDonald, V.and McCusker K2

1 School of Earth and Ocean Sciences, University of Victoria, BC, Canada. czg@uvic.ca
2 RhodiumGroup, 5Columbus Circle, New YoiY ,USA.

The Sun was dimmer earlier in Earth history, glaciation was rare in the Precambrian: thisiséh€ A y (i |, 2 dz
t NPofSYéd azal az2tdziazya NBfte 2y OKIFy3aSa G2 GKS OF
stronger greenhouse effect, whilst physical feedbacks have received less @tteHtre we show that a strong
negative feedback from low clouds has had a major role in stabilizing climate through Earth's history. We perforr
Global Climate Model experiments in which a reduced solar constant is offset by higheasn@@nd a substardl
decrease in low clouds and hence planetary albedo, which contributes 40% of the required forcing to offset the fair
Sun. Through time, the climatically important stratocumulus decks have grown in response to a brightening Sun ar
decreasing greenhouseffect, driven by stronger cloutbp radiative cooling (which drives legloud formation) a
stronger inversion (which sustains clouds against dry air entrainment from above). This demonstrates the importanc
of physical feedbacks on lo#tgrm climate staliization, and a reduced role for geochemical feedbacks.




5. DaisyworldMisunderstood:GaianHomeostasis isnevitable

Harvey, I.
Evolutionary and Adaptive SysteniSASY Group,University of Sussex, Brighton BN1 9QH, UK. inmanh@gmail.com

The streamlined tuna is fit for purpose, needs a selective explanation.b®bkler rolling to the bottom of a hill
R2SayQid ¢22 YIDfigywonashyde deyplaGahidiasi [1]yoR Gaian regulation as the former type.
But Daisyworlds the latter: fromsome initial conditions a pattern @aisyworldhomeostasis is inevitablep
selection needed.
Misunderstanding follows failure to distinguish betwedimabilityand Feasibilityf2]. DefineViability(T) as the

steadystate quantity of Edaisies at iemperature. In turn, daisies hawdfectD) on T (e.g. black daisies ararmer).
The D<T interactions ar@arameterisedoy some perturbation L (e.g. solar Luminosity). DeFiaasibility
RangeFRD effect)) as the range oftalues supporting stabldjedzA f A 6 N&A df¥asildel uinkKosifies supportihg
steadyViabilityp n Q @

Using physically plausible equations [2] we pre®&D effect))p FRD null-effect). Any (+/) effect that D has
on T can only increase (never decredsejsibilityRange Thisagrees with classic@laisyworldhomeostasis [1] (that
dza SR WI ySOR2 Gl £ Q SEI YLX Siking) L6y naivZullgendr@lidablg2]i(ihduging toa®y O K
number of Dor of T; without selection).

A change ireffect) may increasé&easibilityRangewhilst decreasinyiability. They are different, indeed
2NI K232y 3 (K2dAK 02YY2yfeée O2yT7Tdza S ibisy8odd ¥ speclalicasg’in I R
that traits selected at an individual scale also lead to gIbld&IT dzf + GA 2y ¢ & | Oddzr £ €& Ay dSN.
are very different tharthis implies, and even random unselected traifects support such global regulation. Advances
in Gaia theory are essential for understanding past, present and future bstass 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 theegldtmiment: the parable fdDaisyworld
Tellus35B:284289[H 6 | | NI¥S@ L O6HnmMyOod w2odzadySaa | yR 02y Argfidablyfe?4(18:29a G 2 NB Y
48. [3] LentonTM et al.(2018). Selection for Gaia across multiple scatesadsEcolEvol38(8):633645.

6. Climate feedbacks ahe Mesozoic Earth System: the response of wildfire
Teuntje P. Hollad#?, Sarah J. BakerJearFrancois DeconinékMicha RuliStephen P. Hesselband
Claire M. Belchér

WIldFIRE Lab, Earth System Sciences, University of Exeter, UK

°Département Envonnement, Terre, Evolution, Climat , University of Burgundy, Dijon, France
SDepartment of Geology, Trinity College Dublin, Ireland

4Camborne School of Mines, University of Exeter, Penryn Campus, UK

Large climatic swings are characteristic of the Earlysdig@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 chan
in the Earth System, as skavel change and global and regional perturbationsittgeochemical cycles. The largest
event is the Toarcian Ocean Anoxic EverDAE), associated with extreme temperatures, weathering and erosion,
nutrient cycling, global carbon burial. This lead to the deposition of black shales globally and coinithlilagge
igneous provinces. Complex dynamics of biogeochemical cycling and climate at this time reflect the integrate
response to many drivers and feedback mechanisms. Multiple hypotheses have been proposed for how these drive
and feedbacks interactechowever, 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 Ear
System and Timescale (JET) project aimsdolre holistic understanding of these minor climatic oscillations during
this time period with a multproxy approach.

CKAE aLISOATAO &aidzReéz & LINI 2F GKS woce LINR2SOiG= SE

cycles in @aange of proxies: mineralogical, palynological and geochemical. But most important, examines the potentic

2F OfAYIFIGAO F2NOAY3IA 2y FANB FOGA@GAGE Ay (GKS 3S2t23A
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7. Interplay between life and the solid Earth
Honing, D.

Origins Center and Vrije Universiteit Amsterdam, The Netherlands. Email: d.hoening@vu.nl

Major shifts in9 I NIIKQ& S@2fdziaAz2y SR (2 LINPINBaAaAGBS | RIFLII
continents permitted efficient use of solar energy. However, the widespread evolution of the biosphere fed back tc
the Earth system, which has been argued @siase for the great oxidation event or as an important component in
a0l 0AEATAYT 9 NIKQa OfAYFIGS OMBd CdNIKSNY2NB:Z o6A2f¢
subduction zones, which establishes a potential link to the deep ant¢2i3]. Dependent on the stability of water
carrying phases, subducted sediments can then induce partial melting and therefore the production of continenta
crust or even affect the mantle rheology. The mantle responds by enhancing its rates of canweat®r outgassing,

and subduction. Emerging feedback cycles ultimately determine the sensitivity of the coupled system to individue
LI NI YSGSNARZ AdSd (G2 (GKS o0A2t23A0Ftfte SyKFEYyOSR ¢SI (K
growth and a comparison with the geological record favour models with strong positive feedbacks, indicating a stron
sensitivity of the system to initial conditions and perturbations [5]. This implies that life itself may play a crudral role
the evoluton of the solid Earth. | will discuss the biosphere as a component in evolving Earth system feedback cycl
and present concepts and models on how bioactivity may be accounted for in models of mantle convection an
continental growth. How would the Earttatie been evolved without life?

References[1] Lenton TM and von Bloh W (2001) Geophys Res Lett 28(9)172B5[2] Sleep N et al. (2012) Annu Rev Earth Planet Sci
40:277300[3] Honing D et al. (2014) Planet Space Sci-28:Bl] Honing D and Spofin(2016) Phys Earth Planet Inter 255487
[5] HOning D et al. (2019) Phys Earth Planet Inter 28337

8. An analytical study of the robustness of planetary setgulation.
Hughes, T.H.

Wniversity of Exeter, Department of Mathematics, Pen@ampusCornwall,TR10 9EZ, t.h.hughes@exeter.ac.uk

TheDaisyworldnodel of Watson and Lovelo¢k] demonstrates the potentidior planetary seHregulation fromlife-
environmentinteractions.In thisY2 RSt = | Y2 aLIKSNARO G SYLISDhalsyivodtt S LE ¥ v 8 &
determined by radiative balance, atiius depends ol KS LJ | y S ®a & | |énizsRAThe abBdo is
determined by thepopulationsof two species of daisiesne black and one whitdhese populations are governed by
two coupled differential equations, which model the daisies as having a constant deatlan@temperature
dependent growth rateThe model exhibits the curious property that the planetary temperature is maintained close
to the optimal growth temperature desg significant changes in solar luminosBmilar behaviour is also observed

in models with greater numbers of species [2,3].

To celebrate the Lovelock centenary, meisit theDaisyworldnodel, in similaanalyticalstyle to [4,5]. In contrast to
these papers, we allothe death rates and théemperature dependency of the growth rate$ the two
speciedo differ. Similar to [4], we find that thplanetary steadystate conditionsare also determined by the roots of

a single polynomial in this more igeral caseWe also obtain explicit conditions for determining tstability of these
steadystatesthat generalise the results of [5] without requiring the linear approximation of that paper. Furthermore,
we prove that models with multiple daisy speciedl lmost certainlybe populated by at most two daisies at any one
time. Thesenalyticalexpressions allow an investigation of the robustness of the planetary regulatoperty.

References|1] WatsonA.J., and Lovelock J(E983)Biologicahomeostasis of the global environmefitellus, Ser. B, 3884289

[2] Lovelock J.E1992)A numerical model for biodiversit@hilo. Trans. R. Soc., Ser. B, 388;391

[3] LentonT.M., and Lovelock J.E2001)Daisyworldrevisited: Quantifying biolgical effects on planetary sekgulation,Tellus, Ser. B,
53,288-305 [4] Saunders P.T. (1994) Evolution without natural seleaiBarther implications of th®aisyworldparable,J. Theor Biol.,
166,365¢ 373 [5] De Gregorio SRielkeR.A., anddu G.A. (1992) Feedback between a sintptesystemand the temperature of the Eartl,
Nonlinear Sci., 293¢ 318
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resilience?
Armstrong McKay, D> Dyke J.G?and Lenton T.M.

1. Stockholm Resilience Centre, Stockholm University, Kraftriket 2ZB)&8H Stockholm, Sweden.
david.armstrongmckay@su.se

2. Geography & Environment, Universiaf Southampton, Southampton, SO17 1BJ, UK (former address)
3. GlobalSystems 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 continue
habitability in the face of increasing solar luminosity, climate fluctuatiamsl 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 tly kfimight stabilise the

9 NI K aeadSY NBYIFIAY RSoFGSR® hyS Ll2aairoftsS YSOKwthAaY
ecosystems behaving like Hopfield neural networks of interacting species undergoing unsupervised Hebbian learni
from a training pattern of environmental forcing, resulting in a distributed associative ecological memory of past
conditions emerging [3,4] might make ecosystems more resilient to perturbations, and that this could upscale to the
planetary level. Thiphenomenon could potentially enhance biosphere and Earth system resilience, but has so fa
been hard to find evidence for in reaforld ecosystems. Here, we outline a methodology for assessing the impact of
ecological memory on ecosystem resilience. Weifghat 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
YFEGNRE yR GKFEG AdGa 1 2LFASER ys$ Wemasdnt prelbnjhdyNE &dtior’s and Y
applications of this metric for case studies from palaeoecological data and ecosystem models, and consider next ste
for assessing the impact of ecological memory on life/environment feedbacks from the lodathad Igvel.

References[1] Lovelock JE and Margulis L (1974) Tellus A,2B8(1c10 [2] Tyrrell T (2013) Princeton University Pré8sPower DA et al
(2015) Biol. Direct 10: @] Watson RA and Szathméry E (2016) Trends Ecol. Evol. 31¢2)57147

10. Multiple SteadyStates in9 | NJidd@gX&rm Carbon Cycle
Mills, B.J.W.and Schwartzman P.

1School of Earth and Environmehiniversity of Leeds, Leed$29JT UK, b.mills@leeds.ac.uk
2Professor Emeritus, Department of Biology, Howdrdversity, Washington DC

Over the Phanerozoic Eagipbal averagsurfacetemperaturesand atmospheric pCQevelsappear to bebimodallly
distributed[1], hinting atthe existence ofmultiple steadystates in the longerm carbon cycleHere we use a
biogeochemical modab assess this potentialhe model includes latitudinahriationof chemical
weathering,temperaturedependentbiotic weatheringand oxidation of reduced organic carb@tableupper
temperaturesteadystates(UTSS3an be found, which are driven by redistribution of biotic and abiotic carbon sinks
to higher latitudesconsistent with the projected contemporary destrugatiof 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 [:
Indeed, theearly Triassic climate aprime candidatefor aUTSS, whera state changeauld begenerated bythe
injection into the atmosphere of carbon dioxide from the eruption of the Siberian Tt® RT boundanf3]. Our
results are consistent with the prospect thhe anthropogenigerturbation toatmospheric carbon dioxide could
potentiallytip the climate into a modestly higher temperature steagtate, instead of relaxing back to pre
anthropogenic conditions.

References|1] Mills BJW et al. (2019) Gondwana Research 671862 [2] Sun Y et al. (2012) Science 338, 366.
[3] KumpLR (2018phil. Trans. R. Soc3&6: 20170078.




11.CAPITALISM IS NOT A THING: Limits of a Global Concept
RaghuvanshiAhyaan

BadenWaurttemberg Visiting Fellow, Yale University and MA Transcultural Studies (student), Heidl&ibengsity; 125
Lawrence St., New Haven, CT 06511, United Staltgsan.raghuvanshi@yale.ecahyaanrgv@gmail.com;

Arguments still rage about how exactly humans began irretrievable intervention in the planetary geosphere
atmosphere and biospher&his paper assesses some of the most prominent literature from the past two decades
that assigrihe historical causality to capitalism, especially those engaging with the concept @@dpaalocen#l].

While firmly acknowledging their valuable insiglagempts to answer what exactly drives capitalism anywhere since
the past 500 years inadvertently lead to common presuppositions of capitalism agelatianbut athing.

If the proponents of thecapitalocenentended to replace the essentialisifurcationbetweennature and culture with

a discursive, historically situated relation of capitalism, one of its implications has been the essentialisation c
capitalism instead. It takes the form of an innate human desire for accumulating profit and .pdsvehis
essentialisnthe general price to pay for attributing causality in historiesaggiobal spatiotemporal scale? What sort

of politics does thigllobalcentring of capitalism produce? Might getting outside the frame ofdhpitalocenean
offspring of worldsystemgaheory[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, explanatio
and meaninglessness whitarratingenvironmental histories with capitalism as the dominant form of relation
producing our global present.

References: [1] Moore, JIW(2015)Capitalism in the Web of Life: Ecology and the Accumulation of Caf#tiaivallerstein, |
(1974)TheModernWorld-System I: Capitalist Agriculture and the Origins of the European \Booldomy in the Sixteenth Century

12.Biosphericevolution is coarsely deterministic
David Schwartzman

Professor Emerituf)epartment of Biology, Howardniversity, Washington DQjschwartzman@gmail.com

The general pattern of the tightly coupled evolutionbidta and climate on Earth has been the very probable outcome
from a relatively small number of possible histories at the macroscale, givesathe initial condition§l]. Thus, the
evolution of the biosphere seHfelects a pattern of biotic evolution that éearsely deterministic, with critical
constraints likelyncludingsurface temperature as well as oxygen and carbon dioxide levels inrtteesphere. Major
events in biotic evolution were likely driven by environmental physics and chemistry, including photosynthesis, an
oxygenic photosynthesis, the emergencesataryotedrom the merging of complementary metabolisms and finally
multicellulaity and everencephalizatiori2,3]. The following is a test of the difficulty for steps in major evolutionary
SYSNHSYyOSayYy AT | LRGSYGAlIf O2yadNIAyd Aa NBfSKH IR |
upper temperature lints of growth(T,) of the main groups of living organisms corresponds to the climatic
temperature at the times of their first emergen{2,4], assuming a very warm Archean climate [4,5,6ET, is avery

likely  primitive  charactedetermined by intrinsic biochemistry/biophysics, e.g., there are

no hyperthermophilicphototrophs, even though they hattiree billion years to adapt ta T, above 8@C.

Thepattern of biosphericevolution argued here raises the potential of simidaevolutionaryrelationstips of life and
its environment on Eartfike planets around Sulike starslf biospheres emerge in a strongly habitable context, their
survival idikelyenhanced by strongoevolutionarymechanisms [7,8].

References|1] Schwartzmarb andLineweavelC (2005)n: NorrEquilibrium Thermodynamics and the Production of Entrajife, Earth, and
Beyond, (Kleido# andLorenzRD,eds) Chapter 16, pp.2e221. Springef2] Schwartzman D (1999 2002je, Temperature, and the Earth: The
SelfOrganizing Biosphere. New York: Columbia University P{8sSchwartzman D et al. (2008)imatic Chang®5: 439447 [4] Schwartzman
D andKnauthLP (2009) In'leechKJet al. (eds.Bioastronomy2007: Molecules, Microbes, and Extraterrestriéé LAstronomical Society of the
Pacific Conference Series Vol. 420, San Francisco, p2825] Garcia AK et al. (2017) Proc MethdScill4: 46194624 [6] Schwartzman
D (2017)AIMS Geosciencés 216238 [7] Nicholson AEt al.(2018).JTheorBid  n2a%2%7 [8] Lenton TM et al. (2018) TrenEsolEvol33




13.The History of Atmospheric Oxygen: Regulation Fiye
R.L.Vitalt, C.M. Belchet, S. SitctandA.J. Watson

Global Systems Institute, University of Exeter, Exeter EX4 4QE, UK

The concentration obxygen in our atmosphens a critical variabléor life on Earth; it allows us to breathe today
andlikely played a significant role in the evolution of animdls Atmospheric oxygen has risen from traogpresent
day levelsn multiple steps ovetthe past few billion yeargdowever,over the past 400 million yeardespiteoxygen
in the atmosphereéeingreplaced 100 times, concentrations have remaidlevels similar to those found
today[2,3]. Such stability suggests mecfismshave been in place to keepxygen at relatively constant
levelsthroughout thisperiod. Howeversuch mechanismandwhattheir respectiveforcingsareremainsheavily
debatedandthis has led to disagreements dhe variationsin atmospheric oxygeduring thePhanerozoic.

In his early bookslamed.ovelockoroposedthat fire may play aitalrole in the regulation obxygen4]. More
recently, research suggedtsat continuous recordsf charcoal over the 400 million years indicates the presarice
fire, andthatsmall changes iatmospheric oxygegoncentration havdargeeffects on the probability
of ignition[5,3]. Theresearchpresented herausesthe LundPotsdamJena managed LarfdPJm)Dynamic Global
Vegetation Modeto gainadeeperunderdanding of the relationshipbetween fire, vegetation and oxygeBy
runningoxygen experimentsie evaluate the strength of firexygen feedbacks arapply thisto the history of
oxygen.This shouldetter our insightinto the regulation of atmospheric oggnand further ourunderstanding othe
Earth system as a whole.

References[1] Lenton, T. and Watson, A. (201REvolutions that made the Eartxford University Pres$2] Lenton, T.

(2013).FireFeedbacks on Atmospheric Oxygesges289-308.1n [3].[3] Belcher, C. M., editor (2013jire Phenomena and the Earth System:

An Interdisciplinary Guide to Fire Sciedotin Wiley & Son§4] Lovelock, J.B. m b 1Sai) Abnew look at life on eart®xford

Paperbacks[5] Watson, A. J. and Lovelgcek E. (2013 he dependence of flame spread and probability of ignition on atmospheric oxygen: an
experimental investigatigrpages 27&87. In [3].

14.Generalized Langevin Equations and the Climate Resp&eblem
Watkins, N.W:23 Chapman, S. € Chechkin, A; Ford, 1°; Klages, R/; Stainforth, D. A&

. Centre for the Analysis of Time Series, London School of Economics, Londockwhidkins62@physics.org
. Centre for Fusion Space and Astrophysics, University of Warwick, Coventry, UK.

. Open University, Milton Keynes, UK.

. Akhiezer Institute of Theoretical Physics, Kharkiv, Ukraine.

. University College London, London, UK.

. TU Berlin, Berlin, Germany.

. Queen Mary University of London, London, UK.

. Grantham Institute, LondorcBool of Economics, London, UK.

O~NOOTA~WNE

There can be few greater scientific challenges than predicting the response of the global system to anthropogen
RAANHzZLIGA 2y X S@SYy gAGK (GKS FNNIXe& 2F aSyaiay3a (2edné | ¢
approach, climate science thus employs a hierarchy of models, trading off the tractability of Energy Balance Mode
(EBMs) [1] against the detail of Global Circulation Models. Since the 70s Hassgfpmmstochastic EBMs have
allowed treatment of édmate fluctuations and noise. They remain topical, e.g. their use by Cox et al to propose an
SYSNHSyY( O2yaidN}IAyid 2y OtAYIFI(GS aSyairiArgdrie wHBOD Lya
and the original stochastic model in physics, tlamgevin equation of 1908.

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

Our line of enquiry is complementary to-53 and proposes mapping a model well known in statistical mechanics, the
GreenY dz6 2 G DSYSNI f A&aSR [ loygehSalise yhe Kagsdhnani BBKIE[6]. ¢f Preseénd LRW 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
LINBaSyd Ay wozn6X ISYSNItAaAy3d | | araspdnding EBMIE thaR mapd da y 3
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-323]3J1Rypdal K. (2012) JGR 117:
D06115 [4] Rypdal and Rypdal K (2014) J Climate 27: 52288. [5] Lovejoy et al (2015) ESDD;B21[6] Watkins N W (2013) GRL 40:7]
Watkins et al, to be submitted to J Stat Phys.

15. Earth selforganisation in five stages

Westbroek, P, Clarke, Band WestbroekH.B3

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-39¢09
3. Vrije University, Dept. of Education Science, De Boelelaan 1186 HM) Amsterdam

Earth evolution is a process of setfanisation against the backdrop of chaos. Throughout, planetarpghization

is driven by selecting the most effective mode of planetary entropy export. We distinguish between five successiv
stages, eachexhility 3 I RATFTFSNBY G Y2ZRS 2F WNIGOKSGAYIQ RAFTFSN
system; (2) differentiation between the core, the mantle, the crust, the ocean and the atmosphere as major
constituent parts; (3) regular convection withiolife; (4) emergence and evolution of life (the Gaia stage); and (5)
WOAGATEAT I GA2Yy>ZQ OKIF NI OGSNAT SR o0& GKS O2Y0AYySR FT2NDS
stage provides the constitutive configuration for further devetognt. This approach of Strong Earth System Science
eliminates the biocentric and anthropocentric delusions which used to obscure the debates on Gaia and th
Anthropocene. Primarily, it is the earth that does the evolving and the civilizing. In part8trilang ESS provides the
1S58 F2NJ I ySg>s adowtAYS 62NIROASES GKS &adz00Saaz2NJ 2-
worldview we can address the conundrum of global change.




GS2: Earth Present

16. Questions on escape frorself-regulation
Britten S

Medical AdvisorHealthProm, 200RentonvilleRoad, London N1 9JRewart.britten@zen.co.uk

1. Jame$ 2 @St 201 KI aNBIdxfR (A RKS 2FSEtGTKS 9 NIK RSYIl yR[&. 02
Butwhen thereis repeated positive feedback in a system, a small change can trigger more and more distuffance.
doesselfregulationrequire positive feedback?

2. Peoplehavefound ways of creatinghechanisms governed Ippsitive feedbackis there a tipping poinat which
selfregulating by negative feedback systems tips control over to positive feedback systems?

3. We humans are units of ever larger and more complex emergent phenoarahiacreasingly hierarchicabcieties.

In our large, complex societies whatthe best interaction of bottorup and topdown? How in hierarchical human
societies do emergent phenomena arise?

42 KSNB avYlrft OKFy3dSa fSIR (2 RAALINRBLERZNIA2YylFGSt& 1IN
in whichrelationships are neither linear nor based on circular feedback loops. Where are theisigareas in our
ignorance of complexity?

Ernst Mayr argued that the adaptive value of higher intelligence is verj2loWwhis leads to the final three questions.

5. Besias logical, deductive reasoning, what mental functions do we need in order to comprehend an increasingl
complex world?

6. Which is the greater rigkartificial intelligencesystems, we humans or the interface?

7. The continued positive feedback of @hentingglobalcapital growth on a finite planetow 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 2014)A Rough Ride to the Future. Ukerfguin.64 [2] Mayr E(1995)Can SETI Succeed? Not
Likely,BioastronomyNews7: 3

17. Fire in the Earth System
Burton,C, Betts, R:?, Feldpausch,?Tand Jones,'C

1. Met Office Hadley Centre, Exeter, UK. EX1 3PRhditelle.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 cavh 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 fa
back at 1,000,000 years ago [2]. Fire hasrbsuggested as the main determining factor in alternative stable states of
forest and savannah [3], and with increasing temperatures, drought andusadchange in some areas, there are
concerns that fire may contribute to tipping large carbon storeshsas 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 mode
JULES, and that in years of extreme drought such as El Nifio, this can lead t®taegesas in terrestrial carbon
uptake. Using Representative Concentration Scenarios with Had®&SM@ drive JULES, burned area is projected to
increase in many areas in the future under high emissions scenarios of climate change [6].

References|1] Pausa J and Keeley J (2009) BioScience, 59, ¢66232] Berna F et al. (2012) PNAS 109 (20) EE2230 [3] Lasslop et al.

(2016) GRL 43, 63248331, [4] Settele et al. (2014) IPCC Working Group Il [5] Malhi et al. (2009) PNAS 106 (49@811)5[[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:¥, Lucht, W.1, Heitzig, 1].Barfuss, WA, Cornell, &, Lade, 3, Otto, 1.1, Schliter, M?, and
Wiedermann, M1

1. Potsdam Institute for Climate Impact Research, Telegrafenberg A31, 14473 Potsdam, Gedomges®@ pikpotsdam.de
2. Stockholm Resilience Centre, Stockholm University, Kréftriket Kréaftriket-2B6SE Stockholm, Sweden
3. FenneiSchool of Environment and Society, The Australian National University, Australian Capital Territory, Canberra, Austral

In the Anthropocene, societal processes have become critical to understanding plasegdayEarth system dynamics.
The conceptual fondations of Earth system modelling have externalised social processes in ways that now hinde
progress in understanding Earth resilience and informing governance of global environmental change. Ne
approaches to global modelling are needed to addressalubsllenges, but the current modelling landscape is highly
diverse and heterogeneous, ranging from purely biophysical Earth System Models, to hybridecmoomic
Integrated Assessments Models, to a plethora of models of sadiaral dynamics. WorkiEath models, currently

not yet available, will need to integrate all these elements, so future WBaldh modellers require a structured
approach to identify, classify, select, and combine model components [1]. Here, we develop a framework for orderin
the multitude of societal and biophysical subsystems and their interactions [2]. We suggest three taxa for modelle
subsystems: (i) biophysical, where dynamics is usually represented by ““natural laws" of physics, chemistry or ecolc
(i.e., the usual compomgs of Earth system models), (ii) sociatural, dominated by processes of human behaviour,
decision making and collective social dynamics (e.g., politics, institutions, social networks), and finesalalic,
dealing with the material interactionsf @ocial and biophysical subsystems (e.g., human bodies, natural resource and
agriculture). We present the copan:CORE framework as a flexible tool to constructEeéottdsystem simulation
models [3]. As an example, we study a stylised model of socialgritted discount rates in a greenhouse gas
emissions game to illustrate the effects of so@ablogical feedback loops that are usually not considered in current
modelling efforts.

References[1] Donges JF et al. (2017) Anthropocene Review 415312] Donges et al. (2018) Earth System Dynamics Disc.,
doi:10.5194/esek01827 [3] Donges and Heitzig et al. (2018) Earth System Dynamics Disc., doi:10.5294/£$86

19. Applying the DAISYWORLD model to study planetary boundaridsagphere

atmosphere interactions
Sina Feldmann, Anna Ferrettdatthias Kuhnert

University of Aberdeergorresponding author: a.ferretto@abdn.ac.uk.

Biosphere and atmosphere interatirough greenhouse gadynamicsThe biospher&an act as carborsink (at least
duringits lifetime) reducingatmospheric greenhouse gasncentration and affecting
temperature.Eventuallycarboncaptured by thebiosphere wilbereleased to the atmosphere by
decompositionSince thebeginning of its measurement in @l1950s, Cgconcentration on the Earth
haskeptraisingand it is now over the safe boundaggtablishedo avoid sudden cascade reactions and feedbacks
that can result in dangerousutcomes for our society [1Jo 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 modeltE3t the impact of differentlimaticconditions as well

as possible stabilizanges 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 Tdmesults indicated that the
biosphere was not able to compensate impsof the atmospheric GOoncentration. 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 option:
to stabilize the systenDespite the simplicity of the syste 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] Rockstroml. et al2009,a! & FS 2 LISNJI i A y Hatudiel 46107363 BRIV &stY, A.¥ antiodedodk, J. E.,
1983 "Biological homeostasis of the global environment: the parabRadfyworld. TellusB: Chemical and Physical Meteorol@3y4 (1983):
284-289. {3} Paiva, S. L. Bt al.,2014.Global warming description usim@pisyworldnodel withgreenhouse gases. Biosystems, \t@b, t
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20. Effects of the food system on biodiversity, feedbacks on ecosystem services, and

consequences for human welieing
Groner, V.P, Pearson, R.Gand Mace G.M.

1. Centre for Biodiversity and Environmd¢search, 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
loss ofbiodiversity, the provision of ecosystem services could be compromised with severe consequences for hume
welko SAy3s AyOfdzRRAYy3I GKS f2aa 2F adloAtAade ' yR LINRRdzO
project (SHEFS) aims at paimg 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 istBeation 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 healtting=a coupled Species Distribution
Demographic model with different climate change and land use change scenarios, we aim at providing insights
possible future species distribution and abundance, estimate the consequences for ecosystem servimmn peouds
support food and environmental policy decision making.

21. Model Hierarchies for Understanding Atmospheric Circulation
Penelope Mahérand Edwin Gerbér

1. University of Exetep.maher@exeter.ac.uk
2. New York University

Model hierarchies ar@d dzy Rl YSy G f (2 2dzNJ dzy RSNBRGFYRAYy3a 2F GKS f
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 extopical jet streams, and for exploring how the climate will respond to
external forcing, such as increased carbon dioxide.

During the poster presentation | will discuss simple models that have formed the basis of our understanding of th
atmosphere and dw they connect to the comprehensive models used for climate prediction through the model
hierarchies. | will describe three principles that help organize the model hierarchies and discuss benchmark mode
that have been influential in understanding theNl@ Sta OF £ S OANXDdzZ | GA2Y Ay GKS Y
tropics.

This abstract is based on the plain language summary of my recent review paper in Reviews of Geophysics of the s¢
name. The paper is available here: https://agupubs.onlinelibvetgy.com/doi/full/10.1029/2018RG000607
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GS3: Sensing the Planet

22. Cloud computing anddommunity management: Understanding changing resilience in

the Kenyan rangelands
Buxton, J.E.Powell, T.W.R.Williams, H, Lenton, T.\

Global Systemkstitute, University of ExeteEmail;j.buxton@exeter.ac.uk
2Global Systems Institute, University of Exeter
sSchool of Computer Science, University of Exeter

When combined with new cloud computing facilities, the ewereasing amount of remoteensed satellite data
provides a basis to gain a greater understanding of the changing Earth agththef ecosystemsln this study, the
resilience of an ecosystein defined as thability of a system to maintain its internal structure while subjext t
external perturbationsand thereturn rate of the system to its initial state following a significa@rturbation [1,2].

This project use&oogle Earth Engine (GEE), a cloud computing geographical information system (GIS) [Blpiform
order to uncertake spatial and temporal ecosystem resilience analysis inagthiegionsThe first study area in this
project will becommunity conservancies under the umbrellatld Northern Rangelands Trust (NRT) in
KenyaNRTconsists of over 30 community mare conservancieshich cooperate to increadsoth social and
ecological resilience in ragion afflicted with drought [4]. This initiatiaffers a solution tai KS W& NI 3 SR«
O2YY2yaQ NBaz2dz2NDOS LINRand réhyelahda By aupportinip@iRunities to develoSsvdstainable
land management approaches. Analysis from stuslywill support this work.

This study highlights the utility of big data analysis for sensing the planet and aims to quantify the impact of communit
conservatioron vegetation resilienceén the Kenyan rangelands. Théslone using vegetation indices and drought
metrics from remotely sensed data such as Landsat and MODIS.

References[1] Holling, C.S. (1973 nnual review of ecology and systema#¢$), pp.£23. [2] Pimm S. (1984Nature, 307.
[3] Gorelick, Net al.(2017).Remote Sensing of Environme@02, 1&27 [4] Northern Rangelands Trust (NRT) (2019) https://www.nrt
kenya.org/

23. Biologizingthe Gaia Theorylsthe planet Earthan anticipatory systenthat minimizes

free energy?
Rubin,SdC

t Earth and Life InstitutdJCLouvainplace Louis Pasteur 3, 1348 Loudaieuve Belgium

In previous worl], we showed that metabolic molecular seifoduction by closure to efficient causation
isfeasibleand offers a rigorous claim théte living condition of the Earth gvenby thestructural realization of
the (Metabolism,  Repaiffutopoieticorganizatiorat the planetary domain. Here, we examine
whether, anticipationand autonomy (activenference by minimization of free energy), the central tenets of the (M,R)
Autopoiesisarecoextensive to the Gaia phenomendrhat iswhether the Gaian behaviouese
autonomous[2] andbest modelled as a function of future stat¢s(t)={x(t¢- 0 I VBE6 Eo i b . 00 @sX NJ
afunction ofpastx(t¢- 0 | Y R LINKhobfgedback fedctivésystenfi’d]. The motivation fothis has hitherto
used the following argumenbiologicalsystemghat do notuseanticipative models ofhemsehes andtheir
ambiance to preserve their physiological boumdsinot existbecause the entropy would increase
indefinitely. Therefore, biological systenastivelymust minimize free energg]. Although, atthe planetary
scalethis is an open questiothe (M,R) mathematical formulation of the Earth system proadsself
productionentailsanticipationasthe constitutiveautonomyof the Gaia  phenomenoriThis  contrasts  with
the regulatorthesis and thaveak and strong interpretation of the Gaia hypothesis which Gaia is a reactive, eror
counteracting systenf-urthermore,in biologizingGaia theory, itEonjectures and refutations
[5] becomeparsimonious  because they represamily local and temporaimulableapproximations
of anticipativeautonomousbehaviours, which are causal, yet are not mechanisms.
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References|1] RubinSdCand CrucifitM (2019)submittedJournal of Theoretical Biolog] Varela F (1979) Principles of Biological Autonomy.
Nord Holland. New Yor[3] Rosen R1985)AnticipatorySystemsSpringerNew York[4] FristonK (2013)Journal of theRoyal Society
Interface 10(86)20130475[5] Kirchner JW (2008)limatic Change 58{): 21-45

~

24+ NRAFOGA2YyEa AY 9 NLIKQa w2alFGAz2y wlkaGS | yF
Scaife, A.A?

1. Met Office Hadley Centre
2. College of Engineering, Mathematics and Physical Sciences, University of Exeter

Conservation of angular momentum of the entire EagtAtmosphere system implies that variations in atmospheric
angular momentum must be reflectel y 9 I NJi Kribénentury. Thizf gives the wadbtablished result that
variations in atmospheric winds lead to variations in the length of day. Here we show that fluctuations in the lengtt
of day measured by very long baseline interferometry of radlescope observations are predictable out to years
ahead. This predictability decays roronotonically 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 artkpmasource of ultrdong

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 TanddnNadine Ungéer

1. University of Exeter

Surface levadzone has detrimental effects on ecosystem headtbp growth and climate change. For example,
surface ozone concentrations of gpbvhave been estimated to cause a 13% reduction in crop yields, wiaish
serious implications for food security under global change and concomitant increases in global population and foo
demand. The accurate simulation of surface ozooecentrationdan China is crucial to enable the
informed development ofeffective mitigation strategieghat protect ecosystem and crop health.

Here, we evaluate surface ozone simulations in 8 stditthe-science global atmospheric chemistry models against
ozone measurements from the Ministry of Environmental Protection of China. The sriadklde 6 models from the
CoupledChemistry Modeincludingthe HadGEMESmodelfrom the Met Office Hadley Centre, anglsults from the
GEOSChem model at 2 different horizontgpatialresolutions.

Analyses of correlation {R pointfor-point accurag (normalised mean bias), and spatial variability weagied out

for monthly averages between 202017at up to 1497 urban sites across ChiAfl. models simulaterban surface
ozone concentrations in the summer, autumn, and wirgeasonsvith reasonalle accuracy, but were consistently
unable to predict surface ozone concentrations in spring. Generally, the models overpredict surface ozon
concentration. HadGEMBS ovepredicts in summer and undgaredicts in winter.

Furthermore, the spatial accuraoy the models was tested by analysing four highly polluigdzhn regions in China.

This analysigpcussingon the GEO&hem and HadGEMBS modelgjemonstrated the limitations imodel 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 JenkihsMr Keith Channirlg Dr Timothy Malonéand Dr Coralie Bingham

Exeter Kidney Unit, Royal Devon and Exeter Hospital, Wonford, Exeter, EX2 &MMAhjénkinsl@nhs.net

Introduction

Chronic kidney disease affects 10% of the worldwide population and over 2 million people are dependent on dialys
or a kidney transplant to stay alive [1]. Greater than 80% patients who receive treatment for Kadlueg live in
affluent countries with universal access to healthcare [1]. In the UK renal medicine was amongst the first medici
specialties to measure its environmental impact. The Climate Change Act calls for an 80% reduction in carb
emissions by 205 [2-4]. The NHS will only reach its targets by considering all aspects of practice, to reduce carbo
emissions. The Exeter Kidney Unit serves a population of one million with five satellite dialysis units. We undertook
multi-disciplinary team project tonake changes towards greater environmental sustainability in our unit.

Method
We identified the following areas for change:

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

 Replace 12 existing haemodialy & Y I OKAYS&a 6AUGK ySgé YIOKAYySa GKIF G
following priming to save water.

9 Patients were asked to bring their own blanket to dialysis saving on emissions and resource use incurred by
hospital laundry.

1 Expanding home haend@alysis numbers results in a reduction in water usage and domestic recycling of
LI 01 3Ay3To CKANIL & adlFF LX SRISR (2 WwWaSlIi CNBS

Results
The potential carbon footprint reduction was 7161.63 KgCO2e, potential water savings were 258,336ditres an
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 genenst

Referenceshttps://kidney.org.uk/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/371103/Health_Effects_afteCi®ha
nge_in_the_UK_2012_V13_with_cover_accessible.pdf
https://digital.nhs.uk/dataand-information/nationatindicatorlibrary/carbondioxideequivalentemissionsfor-nhstrusts
https://sustainablehealthcare.org.uk/whave-are

27. No health without planetary health
MaloneT.J.Llt, Pencheon D.C.

'Movement Disorders Research, Royal Devon and Exeter HoBgditalMalone @exeter.ac.uk
2Honorary Professdn Health and Sustainable Development, College of Medicine and Health, University of Exeter

The World Health Organisation constitutiomgopted in New York in 1946, definesalthasa | & dF S 2 F
physical, mental and social wéking and not merelythe 6 8 Sy OS 2 ¥ RA a SAthaugh ndtMathauyits A NIy
critics, it was consideregroundbreaking in its timér includingmental and social domains, along with the physical,
andovercominganegative definition of health amerelyabsence of diseasé. has never been adaptad over
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70yearst £ I ySGFNE KSFfGKZ o0& O2ydNI adsz NSt oftne natBral systdnS K
2y G KAOK A {CanRns twé ye Regahaibad®

The Anthropocene marks an era when the activities of a single sge€imsman)have become, either temporally or
permanently, the major determinant for the future direati of the biosphere and the myriad of species it contains.
By contrast, the richnesand diversityof nature supplies most of what it means to live full and enriched lives from
aesthetics and beauty to life saving drugs[3]. The transformative soltéiuired is recognition ofthe 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 heabpecial transformative approladrom health

and care is that most solutions for long term climate health ALSO offer immediate well known, understood, practice
health and weHlbeing benefits (e.gneaningful jobs, sustainable food, insulated houses, renewable energy, planned
and welcone migration).

References:[1] World Health Organizatior€Constitution of the World Health Organization as adopted by the International Health Conference,
New York, 1622 June 1946; signed on™®July 1946 by the representatives of 61 States (OffRémlords of the World Health Organization,

no.2, p.100) and entered into force oM April 1948.[2] "Safeguarding human health in the Anthropocene epoch: report of The Rockefeller
FoundatiorgLancet Commission on planetary health" (20IBg Lance886:19%73-2028 14" November 2015[3] ChivianE. Why doctors and

their organisations must help tackle climate change: an elgdric Chivian (2014) BMJ 348:92407.

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

The subject of my poster is the friendship between James Lovelock arsditte William Golding (1911
1993.a@ HARSNI NBaSI NOK SElFYAySa G(KS RS@St2LISyild 2F D:
hiswork. The poster wibrovideoutlines2 ¥ [ 2 3Sf 201 Qa FTNASYRAaKALl gAGK D2f R
20KSNR& 62N] X |YyR GKS ONRFRSNJ AYLX AOIFIGA2YyAa TFT2NJ D2
environment.

¢CKS YIYS F2NI[20St 201 QaeekgéddddsioktiieEarth, WasBiyinadlly: sGoFestedtbyi
Golding when they met iBowerchalkén the mid1960s. [lp & NBaSk NOK f221a |4 K¢
KelLRGKSaAa KFIR 2y D2f RAYy3aQa ARSI & | 02 deéusddkiBe ugplblistiedt f
drafts and notebooks held at Special Collections in Exeter, which reveal a greater degree of influence than has be
previously acknowledged by critics. | also plan to visit the Lovelock archive at the Science Museum to détermine
extent to which Golding influenced Lovelock; sq &ichival evidence suggests that Golding read and commented on
[20St201Qa FTAOGAZ2Y® HEB

In their article on Gaia 2.0, Timothgntonand BrunoLatourcall on humans to add sedfwareness to the
EarK Q& LINZ O Seygdafian [3pLEeratur is 8ne of the primary modes through which we develop awareness
2F 2dz2NJ 62NIRP® 2SS Ydzald GKSNBF2NB Fal 6KFG NRtS fAG!
engagements with environmentatience is wejblaced to contribute answers to this question.

References|1] Lovelock acknowledges his debt to Goldingtie Ages of Gai@®xford: OUP, 2000), 3.
[2] EUL MS 429/2/93] LentonT and LatourB (2018)Scienc&61: 10661068.

16



29. The Other World that is Still Possible
DavidSchwartzman

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

In our recently published book [®je argue that there are twaritical material requirements forstill having
aremainingchance, if rapidly diminishinggf keep global warming below the IPCC goal of °C.,5namely,
globalsolarizationof energy supplies coupled with rapid phase out of fossil fartsthe transformation of agriculte

to agroecologieswWecritiguea! f2¢ Sy SNH&@ RSYIFIYR aO0OSyIlINAR2 TF2NJ YSS
RSOSt2LIySyid 3F2Fta oAldK2dzi yS3IAlFGADBS SYA thaédnergy capality foy 2 f
climate mitigation and adaptatig as well agallingshort of creating equity between the global South and North, in
particular by keeping most of humanity in the state of energy povéten with theémplementation of projected
state-of-the-science energy efficiencies in all secttnsg, likely necessary level of primary energy consumption by 2050
will be greater than the present level of 18 TW, closer te8aFW.

The only feasible way to avoid climate catastropineradical changes in both the physical and political
economiesnotably the degrowth/dissolutionof the Military Industrial CompleMIC)andimplementation ofa
Global Green New Deal as a pathwaydimbalecosocialisti NIy aAs thé dloifatiolar powerinfrastructure grows
and replaces fossil fuelben the capady to recycle without the negative impacts of the latter witbwwith a goal of
phasing out mining and actuallycreasinghe material throughput (vigndustrial ecologies), especialdg the huge
materialinfrastructureof the MIC is recycled.

Refaences: [1] Schwartzman P and Schwartzman D (2018 Earth is Not for Sale: A Path Out of Fossil Capitalism to the Other World That is
Still Possible. Singapore: World Scientji¢ Grubleret al. (2018 Nature Energy 315527

30. Spaceship Earth from attractive metaphor to architectural analogue
Sillitto, H.G,

1Sillitto Enterprises and International Cour@ih Systems Engineering, Edinburgh, email hillary.sillitto@blueyonder.co.uk.

a { LI OS & KigahJatteattivelnkdiompellingmetaphor for our planetary systenEcologistsiow have a good
understanding ofhe whole-earth systermof-systems and the many coupled systems that in combination generate its
dynamic behaviour, notably the dynamic interactions that maintain an environméwspitable to life. Systems
9YIAYSSNAY3I KIFIAa SYSNHSR |a | 3ISYySNIrt GSOKyAldzS F2N
sorts.Notably, the Systems Engineering community now has well established architectural patterns anc
implementation approaches for making successful spacecraft capable of supporting humdurilifgextendedself
containedmissions.

Ecologists and systems engineers will need to work together to understand the problems facing us in th
Anthropoceneandto conceiveand implementc indeed,i 2 G SY3IAYSSNE S Ay Ada S6ARSACL
- viable governance systems and intervention strategies for the Anthropoddmeespaceship earth metaphor and the
spaceship engineering architectural pattern provideearly-sharedfuzzymental model between the communities.
Very few members of the public, or engineers, have a good mental model of how Gaia works. Many of both hav
usable mental models of spacecraft, based on professional experience gupolar fictin.

¢ KS d{ LI OS&KA Ldeekd toldir a fuzy niefaghef h® & formal analoguénvites participants to
develop a formal reference architectudsawingexplicit parallels between earth systems and spaceship
systemsio allow ecologists andngineers to share mental and formal modelsth each other and with the general
public. The poster presentaurrent status of our thinking and invitesnstructivedebate.
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31. Free online courses from the Global Systems Institute
Taylor, L.S, Cowling, D, Lenton, T.M:, Mansell, D.T.

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. Sin
2018, the Global Systems litate 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
climate system and explore the potential sobuis 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 t
unique opportunity to share stories of the different ways tltditnate 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 adaptatior
measures to combat sdavel rise. In this poster, we will introduce you to maurses, share our highlights from the
past 18 months, and unveil our newest cougsavisible Worlds.

32.Lovelock as a Map Thinker
Rasmus Grgnfeldt Winther

Associate Professorjumanities Division, University of California, Santa Cruz
info@rgwinther.cont www.rgwinther.com

Maps andmap thinkingare 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 a
YSGFLK2NBR® hyS gl & (2 diynRpgNEEaErth scR sygiémyoSaigarfiseh 8 stpmvaiingeénev.
way to mapthink our Globe. His cybernetic or organismic (or both) perspective provides a diffezetf maps
replacing or perhaps complementingmore standard geochemical and geological m@pg., Alfred Wegener, Marie
Tharp). Building on my forthcoming bofil as well as on a receminthology chapter [2]| aim to provide a deeper
understanding of the plurality of representations in the Earth Sciences by interpreting Lovelock as aomesgiutiap
thinker.

References[1] Winther, RG. 2020Vhen Maps Become the Worl@hicago, IL: University of Chicago Press.
https://www.press.uchicago.edu/ucp/books/bddchicago/W/bo45713064.htmbH 8 dal LIJA Y I G KS 5TERGilosophga¥ h O
GISedited by Timothy Tambassi, Springer;1¥3B. https://www.academia.edu/37794550/Mapping_the Deep Blue Oceans
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A geological, literal map superimposing the currday position of the continents onto their position during the Carboniferous
period, ca. 300 to 360 mya. In the earlier era, much landagasentrated 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 magnetiE padestraceskEisspure)y

K= coal Kohlen; S= salt;G= gypsumW = desert sandsne (Wistensandstein hatch marks = arid zones (Alfred Wegener
[1929] 1966, 137).

Thelndian Ocean Flogranorama by Heinrich Berann, Marie Tharp, and Bruce Heezan was a foldout map in the October 1967
issue ofNational GeographicSubscriptions tohtat magazine numbered six million in the US alone. This panorama shows both

0KS t2¢6Said yR KAIKSaAd LIRAyida Mayond GebdiaghiTieatite/NatonaaGrdglapho S ® 6
Image Collection.)
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Fig 8. The contingnial shelves of the oceans. These regions, which occupy an area as large as the African continent, may
be crucial in the homoeostasis of our planer. Here carbon is buried which sussains oxygen in the air, and here is the source

of many other gaseous and volatile compounds essential for life.

20



