NPLE]

Measurement

/L
-

for|our planet ‘
Scientific evidenceina ..
systems approach to ‘ ‘

climate action
Richard Barker

—

fKY wo A @Sa = MetOffi  ormational des NISI
"/ P 3 WORLD \ §: == National Institute of
N2 Y METEOROLOGICAL '~ = Vet ce ‘ Poids et - o
ORGANIZATION = T | Mosires Us. ofC

A




August 2021 L-OTI(°C) Anomaly vs 1951-1980 0.83
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Can Metrology
help with the
assurance of
climate
evidence?
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*3rd Edition, 2008, International vocabulary of metrology — Basic and general concepts and associated terms
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Metrology can help, but
where and how?



Source: Castellani, Brian (2018) “Map of the Complexity Sciences” Art and Science Factory

1940-1950s 1960's 1970's 1980's 1990's 2000's 2010's 2020's
: James Yorke Michel Felpenteum sy & ‘
e i | P ==e 2018 Map of the Complexity Sciences
H - oL < Butterfly Effect)

Per Lotstadt by Brian Castellani

James Crutchfield - it e "
Henri Poincaré | Computational Mechanics Staphanie Forrest {Contputation/ RS IRRECRO)
i (Algebraic Tapofagfj"‘ Tien Yien Li - Nomlinear Dynamics) .. {Computational Irmunology
; - i Y
[1854 - 1912] (Faunder) - Physics al Modeling)
Ci tation Mult-
5 o
in Complex Rabert Ma
y -\ Systems [ Susan Stepney
Ludwig von Bertalanff Donella Meadows - Systems rFqu‘.\lar.(m
{Syster?’as Theory Founo‘e‘; .. " (oo James Lovelock & Lynn Margulis Doyne Farmer .~ (nodcienderd computoon)
5 Biol T } (IGaia Hypothesis) Kurt Richardson fdimcale s Carins Caatilia-Chaves Roland Bouffanais [ Petra Ahrweiler
ystems Biology) /7 o Thinking) . (Computational Biology/ / (Engineering Complax (Innovation networks/
(Complexity Thinking) Muiti-feve! Mogeiing) < Systams) \ Eamoutamur meeeling) Yorghos Apostolopoulos

James Grier Miller \ Peter Checkland mm neer:’l ( Population Health)

{living systems s * geme ... Yamir Moreno

Hheary) e e 000 i e ngr;ag:qf_ﬁf o 7 (Physics of Complex ?B,.t:mr:,; g = ’;::‘ ). ‘1" FIRACAY TN George Kaplan
?euur:;aﬂ::::}n {web of life) .. TRt systems madel Syeterms) : s QW\D fr' - t‘C@ﬂpm'trr" Healt) (Community Heaith)
= - i

- Plel Luigi engmeenng/’) Joachim Sturmberg
~ (Symithetic lnrmvar.non .1' - " (Complexity in

Howard Thomas Odum -~ Healthcare) Ana V. Diez Roux

Anatol Rapoport (Ecological Systems q s N 1 Yamlrer Bar-Yam Ve e (PUBIIE Heaith ]
f,,,,b.,m,;':,',"'/ Theory) Francisco Varela & " Stuart Y Eric Bonabeau ; ) (Systame Dynamics) Puhluc Health il = =
psychaology) Humberto Maturana Kauffmann (distributed/swarm Jean-Louis Deneubourg (Netwark Motifs/Gene ¥ Ry David Snuwdu; Health Care e R "
(Cognitive Science} (Biology/Evolution ', . (Swarm Intefligence, nammea.r (Computational Evoivton)  Expression) T @g&ﬁﬂ.{m 4 L [;?;an p“a-nf-lc' 0
vy Eleanor Rosch ™~ Autonomous 7 dynamics, bioiogical Nicholas Christakis Immanuel Wallerstein o lﬂ """ —— ey e = g}
Margaret Mead Y {Embodied Mind)~.__ | Agents) S camputation) Steven Strogatz (Health Networks) (World Systems Theory) prge & ;'m e Applied | ¢ = Luls M. A. Bettencourt
(anthrageiogy) Kenneth Boulding | (Nenlinear Dynamics/ Barry Wellman : (i L <) S pp |, Complexity (Cities & Urbanization)
: ; Evan Thompson_ Small Worid) . (Internet; INSH) Manuel Castells % /;{sge"" },;‘.D';‘;wzamn} Complellty>~—— A
MarK Granovetter L ’ (Global Network e g /" gt =
(Strengih of Society). L s::;m";:n Jennifer Wells
i — inability
Other / Complex ") it > (Sustainabiiey)
Intellectual Complex Network Spatial/ P = Transcfmative Studies)
= Systems | Self- Network Geographical I
Lineages AT Adaptive Science i — Intersectionality [=  Education
a \ Theory | Organization Systems Jean Carlson/ Society Complexity Mark Mason
N F ¥ John Doyle John Urry - e, (Interational
(e iy & (globalization/ Education)
Robustness) Social :rrobmbes} - Rm e
. Robarta Sinatra -~ () Brent Davis \T“\\ B Lt ps
Erich Jantsch : Samuel Bowles . “fNetworks & Data g (Complexity in C ‘: s
[Seif-Organizing H Murra y“Gell-Mann Mirta Galesic " Paul Cilliers e % Réka .l“:El\ Science ) P;r;uggg?ggn':g LU ! y  Education) Alexandra Penn =
Universe) s Herman Haken  (effective Complexity) (HUman Social  eppiisaphy of Bruno Latour ! Duncan Watts (scale-free ™ - Complexity) HEEE e A (O Py e
per Bak ! (Self-Organization Dynamics) ~._ ¢ (Actor Network Theory} (Small Worlds), networks)  Albert-Lazlo Barabasi Complexity) Leslie McCall Mivad Methods/  Juniper Lovato
i : | gdilies . . Complexity) ., Seale-free mebwork i (Complex Inequaiity) Poficy) [Santa Fe Institute
Warren Weavel (‘__S-E_rr;:gvf?f"fm and Synergetics)  Niklas Luhmann  jopn smith ‘{ César A. Hidalgo “, (Scale-free networks) Katy Biirner Patricia Hill Collins Complexity Education)
ritieally, SR Soci et " N [Visual Compilex fon;
(Complexity; Maehine Ilya Prigogine (Sociology) (Qualitative Campet T gl [ ey o nce)  (RACE/CIaSs/Gender) Graham Room
Trenstation) (Dissipative Structure, Talcott Parsons Edgar Morin {comptationsl economics) L Manuel Lima e
Norbert Wiener time, matter) (Sociology) ... (Philosophy of Scott Page (Visual Cor ,;rempj }J F::L:I'“I F;;:;;;;"‘" "9"T i) Michael Wolfson
? .. Complexity )~ 4 s e
LC;;?:!;?E:E:J stevm Eppingar Deborah Hnmr_nondh. L Iplexity’ ) pc:mple;t,} €conomic __{Political Science) ™., '\ \’_‘ = Management) h (Governmenty/Paficy/ ABM)
il0so| . /'
- {eyeia &ng'ﬂMJ Epimulo;y i iy C.H. Hommes: Robert Geyer
Physiology & Cyber — Econophysics /... (computational (Pubitc Aoficy/
Systems ‘ eeonomies) Complexity N\~ (e Foitics)
2nd Order Sci e Policy &
Engineeri Visual
Heinz von Foerster - ngineering Friedrich Hayek Complexity | ©ata Science Evaluation
G Marvin Minsky {2nd arder — —* (Economy as Complex §
= (Cognitive Science) cybermetics) Jay Forrester George Kiir ” \ System) %ﬂﬂ&?wﬂ ;
pEtem dynam L CVErMance,
“é' :935 Asm}f (2 e (Systems Science) Franciseo Parra-Luna . Hideki Takayasu MIT Media Lab |
L ”};d?meu:‘s o . John von N e ;ndmi g Arthur CooK  cparles H. Bennett (Founder) = L—?‘iﬁf!ﬁf;& f:f»ﬁ::;%hdesmnj stﬂk'#ﬁ&?%"ﬁﬁﬂ)
fim tics) £ il (Compuratmnab" (Quamtum Computation) Nigel Gilbert ...'I oshua Epstain/ Elizabeth E. Bruch b ’ (Complexity and L
Claude Shannon | Information T 7:_"2‘ Complexity) ; (Computational  pobe s Avtell {Aﬁ'{f’sm complesity) Public Policy) ’F.grlr';.gmsnﬁcs \ Moortje Marres
Information theo, Stephen Wolfram christopher Langton Soclal Systems) o - & (Digital Smumgy{
( L (Cellular Automata) - ¢ (Founder) / Md"iﬂa; Smm) Lt David gyme ERIT HTRDERE) E-Soience Methods)
Computational ™ (Complex Realismy - Eve Mitieton-Kelly
Walter Pitts DM ol f:‘:f}'?”ea’ (e Bl
(Founder) Artificial odeling) Sz
 Intelligence |

Barbra Befani Rajeev Rajaram

Gregory Piatetsky-Shapiro

Computational i’ [Dyridriiical Sydtariisf
Frank Rosenblatt Modeling (Knowledge Discavery in Databases) {QUA/Complexity, Cage:&!fza f\‘:’ﬂﬁ&‘)
{Connectionism) Katia Sycara i i '_\
(Roboties, . Charles Ragin Emma Uprichard Robin Purshousa
Warren McCulloch / Robert Axelrod . Muti-agent Michael ey (Founder, QCA, (Time/Big Data/ il
Neoam Chomsky Tterative G ™, Systems) Wooldridge i urki i Fuzzy Sat Soch: ot and Optimisation
(A Founder) F : John Conway Lotfi Zadeh (Iterative Game . 5 g Thinking) Fuzzy Set Social Interdisciplinary
/ Robert Hodge  (LiNguistics) (Game of Lifie) ! (Founder ) Theary) Flaminio Squazzeni bl / N sclence) g Cedia Lury e
Herbert Simon 7 (semiatics/ John Holland i JABM and Socio — SR Melanie Mitchell (Intergiscipinary  Peter Allen
(Social & Computer Péter Erdi 50030 complexity) Teuvo Kohnen (Genetic Algorithms) B:" oy Thomas Schelling ' (Cogniive ) {Computation in Wendy Dyer ° ppe J. elli i af Modeling/’
Science) (Computaticmal (Self-Organizing Map) (Fuzzy Logic) (micro-matives/ SRR SR complex systems) (Cluster Analysis/ (Computational Intelligence/

Evalut
Nevraiogy Cogrition) Macro-behavior) Case-Based Method) Data Mining/Public Hesith) Pryniarmics}



1. We cannot “design” the whole solution NPLE
2. We going to get some things wrong
3. We need an adaptive approach

4. Feedback loops are key
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