Spaceship Earth — from attractive metaphor to architectural analogue
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We are now in the middle of a long process of transition in the
nature of the image which man has of himself and his

Engi d
environment. Primitive men, and to a large extent also men of s | » { B ‘{

the early civilizations, imagined themselves to be living on a 1 e
virtually illimitable plane. There was almost always somewhere i RRRSS p a C e S l p

beyond the known limits of human habitation, and over a very
large part of the time that man has been on earth, there has
been something like a frontier. That is, there was always some
place else to go when things got too difficult, either by reason
of the deterioration of the natural environment or a
deterioration of the social structure in places where people
happened to live. The image of the frontier is probably one of
the oldest images of mankind, and it is not surprising that we
find it hard to get rid of.
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Performance and safety envelope, dynamic and integrity limits
FIGURE 1.1: RECORDED HUMAN HISTORY HAS OCCURRED OVER A PERIOD OF UNIQUE
ENVIRONMENTAL STABILITY
Delta-0-18 (an indicator of temperature) over the previous 100,000 years. The stable : :
Holocene epoch occurred over the last 11,700 years. e Ee ey
system to
.. . . [ HOLOCENE mitigate human
Holocene conditions are UNPRECEDENTED in human existence, and | | D Ielrturbat:ons
possibly in the geological record. s J| ;
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There is NO EVIDENCE that complex human civilisations can exist in = il |
conditions other than Holocene.
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Human interventions designed to to restore Gaia to its prior equilibrium, or to
bring it to a new equilibrium still compatible with human society, will be an

Source: Rockstrom et al 2009, adapted from Young and Steffen 2009

Human activity is increasing CO, in “engineered system”
atmosphere at rate o+ 415.09p pm e 415,09 ppm

. . Ice—coredata before1958 Mauna Loa data a'ier19 ﬁ :::le ycgfedoglgm, 1955 M |_ data n 1953
unprecedented in geological ] [ [ For this system to be successful, we will need a transdisciplinary approach to bring

record. Current level is probably
incompatible with long term
survival of ice sheets.

Ice sheets are Earth’s solar shield,

asof

together and synergise the knowledge and efforts of ecologists, earth system
scientists, systems engineers, system scientists, and many many many others. —i.e.
transdisciplinary Systems Engineering.
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they stop it getting too hot. R VISUAL D STATISTICAL THINKING: ALL will have to come out of their silos, think differently and LEARN TOGETHER.
DISPLAYS F EVIDENCE FOR MAKING DECISIONS
GLOBAL WARMING IS ACCELERATING Sea Ice Extent  ce loss is EVEN WORSE than the area o ]
) o data in these graphics suggests, A successful transdisciplinary approach requires a shared mental model
e | ~ WWsnotthe economy, | | = 1_‘9‘00 e because ice thickness and age are N (Senge).
il = decreasing as well as area.

Can an elaborated view of SPACESHIP EARTH become the required shared
mental model? Should it?

(NASA NOAA HADCRUT JMA BERKELEY)
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et bk ] ; Bad things often happen when complex systems are Logic:
= (: o o ; ' - taken outside their design or evolutionary envelope. 1. Few people understand Gaia — many (kind of) understand spaceships.
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79°58.6” N, 13.5°E, 6 July 2019 - (P4 ENIEIONS \ PARIS CLIMATE aq THE DECISON TO LAUNGH THE SPACE SHUTTLE CHALLENGER 2. The FUNCTIONS of Gaia supporting life on Earth are broadly the same as the
8 ey e 29t —— — Challenger Shuttle disaster — frontier mentality led to FUNCTIONS of a spacecraft designed for a long term unsupported mission.
launch in MUCH colder conditions than . , :
3. Potential to use a common FUNCTIONAL (or LOGICAL) architecture to describe

The Doughnut (Kate Raworth) — safe
operating space for human civilisation

climate
change

a) previously experienced,
b) O-rings were certified to,

Greenland

a) spaceships and b) spaceship earth.
4. The spacecraft is easier to understand because as a designed engineered

Average Monthly Arctic Sea Ice Extent
June 1979 - 2019

; c) O-rings stayed flexible. . : _ _ . .
system it has a relatively simple mapping of functions to physical elements.
In technical engineered systems 5. Gaia is more difficult to understand because as an evolved natural system it is
a) Complexity is whenever possible encapsulated within highly complex, its component systems are deeply enmeshed and highly coupled
g L modules and subsystems with no simple function-to-physical mapping.
5 nethorks b) No guarantee of performance or safety if system is 6. We can use familiar spaceship analogues to understand the less familiar Gaia
NGO taken outside design and test limits. issues

housing

& work

Likely to see no arctic sea ice in summer sometime between 2020 and 2050.

“Houston, we have a problem”, But there is no ground control for Spaceship Earth — c) System may go HIGHLY non linear if safe operating

7. Transforming our thinking from the physical into the functional domain is key to

gender peace &

equality justice g’
5 b it o space transgressed. S : .
%, S e i control emerges bottom up, from us and the rest of Gaia! P J establishing useful analogues between different but similar systems.
E & . . . . . . Challenger disaster due to over confident managers Key difference is that we have more control over the elements of a spaceshi
North Polar ice melt is 'the canary in the mine — the canary is very ill - why have we over riding carefully phrased engineering advice — “we tha};) we have over the elements of Gaia. But that's OK. we can Work,;V ith thaI;
copttnd e not acted on the warning yet? just don’t know” was heard as “probably all right”. ' ’ '
The Doughnut — balanced scorecard for Spaceship Earth Spaceship Earth Architectural Concept Next steps:

Planetar\/ Boundarles
‘ ol Resilen Move “spaceship earth” from an attractive metaphor, to a

Climate cricic Common logical (= functional) precise and widely understood and used formal analogue.
Chﬁmti_ca' architecture for Earth and Spaceship This is so we can
pollution Ocean acidification i _ i i Spaceship system ; : / [
(not yet sufficiently quantified) Earth SyS‘Fem phySICaI SyStemS network Of |nteraCt|ng p - p Y a) draW preCIse, and Ideally quant’tat’ve, para//els between
architecture processes that we know how to map physical architecture

to/both Earth and Spaceship physical eart{7 sys-tf?m, issues an.d spaces{v/p system issues,
architectures. b) wuse ‘familiar’ spaceship analogies to explain the hard-to-
oo iation understand Gaia systems and how to restore planetary
’ Earth system physical element Function/process Spaceship system physical element health.

Particle pollgtion
of the atmogsphere

(not yet sufficiently quantified)

Atmosphere, Biosphere, Gaia's Maintain conditions for life — including: Environmental Control & Life
Homeostasis, etc Provide supply of air, water and food Support System (ECLSS)
Maintain temperature 1. Is this worth doing?
Manage waste
Shield the biosphere from harmful influences .
Phosphorus (radiationF,) micro-meteorites, etc). 2. Ifso, how to do it?
/ cycle Gravity Keep atmosphere contained Pressure hull a. Research programme?

Deforestation Freshwater Photosynthesis Capture and convert solar energy into Solar panels b. Open source collaboration?
and °rt‘he”a“d use usable/storable form » th h prizes?
Hee changes Ice sheets, clouds, aerosols Reflect away excess incident solar radiation Solar shields ¢. Competition with cash prizes:

g e e | auiae el etc etc etc d. c followed by a or b?

Scientific observation until 2009
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