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(1) His project is published in two books: Lomborg: B. ed. (2004). Global crises. global solu—
tions. Cambridge. UK: Cambridge University Press; Lomborg: B. (2007). Solutions for the
world’s biggest problems: Costs and benefi ts. Cambridge. UK: Cambridge University Press.



Bl F50 5055 el pady LS S ay sl U a5l
(L S BLE) O s o f LAl § il o) v—“L- FEP N
cidall o) a1 ¢ U adl s ead g LS Al 20D
s g ¢3Lndll g 2 S (U ) anaN) pute codadl cdld) el 31
&S o ol 5 (UL 5 2sd)

Y el i &5 eV eyl U an ¥y dgl) oo ) - 581 A5
(-Sﬂ & 2 A LN Y sy gy S 2007 ple Vs =1
Al DLl ans Lo oo 3 5 3] Slas Dol
Ao Y s pad S g ¢ ) pidl e Lo L g 5 )
el o2l O e NI L))

Ve 5 e Dl sy oo Gl ) el JLH S 01
Of ez 115 01591900 sl 11 3 bl s s 2
it o i) i) e A sl = L il 0 )
i p A o LBy S8 Y o o it el O3 T 5 s
8 Jlaly csloor i) o) 55 il g an e
it el o g e il Bley OF Ly dizel 3y Loy L
S S

(1) Holdrene J.P.(2008) Science and technology for sustainable wellbeing. Science: 319« 424.

(2) See the UN Web sitec http://vermeer.net/caa

(3) Wellse H. G. (1901). Anticipations of the reactions of mechanical and scientific
progress upon human life and thought. Complete text. http:// vermeer.net/cab
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(1) These energy forecasts are quoted in the essay “Against Forecasting” by Czech—Ca—
nadian environmental scientist Vaclav Smil. Anyone thinking about making quan—
titative prognoses should read it first. See Smilc V. (2003). Energy at the crossroads:
Global perspectives and uncertainties. Cambridge« Mass.. and London: MIT Press«
chapter 3 and references therein.
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(1) These earthquake statistics are known as the Gutenberg—Richter Law. See Guten—
berg: B.« and Richter: C. F. (1954). Seismicity of the earth and associated phenomena
2nd ed. Princeton: N.J.: Princeton University Press. pp. 17-19 (“Frequency and en—
ergy of earthquakes”).

(2) Per Bak himself has studied many of these subjects and has written a highly acces—
sible introduction: Bak« P. (1997). How nature works: The science of self-organized
criticality. Oxford« Melbourne: and Tokyo: Oxford University Press. Another in—
teresting introduction is Newman« M. (2004). Power laws: Pareto distributions and
Zipfs law. Arxiv preprint cond-mat/0412004; see http://vermeer.net/cad. And a
popular account is Buchanan« M. (2000). Ubiquity: The science of history ...or why
the world is simpler than we think. New York: Three Rivers Press.
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(1) A technical overview may be found in Albert: R.c and Barabasic A. L. (2002). Statistical
mechanics of complex networks. Reviews of Modern Physicsc 74(1)c 47-97. A popular
account is Barabasic A. L. (2003). Linked: How everything is connected to everything
else and what it means. New York: Penguin. Also see Buchanan« M. (2002). Nexus:
Small worlds and the groundbreaking science of networks. New York: Norton; and
Wattsc D. J. (2003). Six degrees: The science of a connected age. New York: Norton.

(2) Albertc R.cand Barabasic A. L. (2002) Statistical mechanics of complex networks.
Reviews of Modern Physicsc 74(1)c 47-97.
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(1) Rockstrom¢ J.c Steffenc W.c Noone« K.« Perssonc A.c Chapin¢ F. S.c et al. (2009). A
safe operating space for humanity. Nature« 461(7263)c 472—475.

(2) Homer—-Dixonc T. (2006). The upside of down: Catastrophe: creativity and the re—
newal of civilization. Toronto: Random House of Canada Ltd.

(3) The first scientist to examine this issue quantitatively was Svante Arrhenius in his 1896
paper: Arrhenius. S. (1896). On the influence of carbonic acid in the air upon the tempera—
ture of the ground. Philosophical Magazine and Journal of Science« 41(Series 5)c 237-276.
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(1) Schefferc M.c Bascompte: J.c BrockcéW.A.c Brovkin«V.. Carpenterc S. R.c et al.
(2009). Early—warning signals for critical transitions. Nature: 461(3)c 53—59.
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(1) See the theme issue of the Philosophical Transactions of the Royal Society B (Octo—
ber 27:2009). Shortc R. V.c and Pottsc M.« comp. and ed. The impact of population
growth on tomorrow’s world« 364 (1532).
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(1) The British government’s Chief Scientific Adviser John Beddington. professor of
applied population biology at Imperial College London. warned in 2009 that the in—
crease in population« wealth« demand for waterc and energy use would lead to an ex—
plosive situation by 2030. The fi gures regarding water are quoted from his statement.
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(1) Diamond« J.(2006). Collapse: How societies choose to fail or succeed. New York: Penguin.
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(1) The whole food chain is described in Smilc V. (2000). Feeding the world. Cam—
bridge« Mass.« and London: MIT Press.
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(1) A good introduction to the field is: Sanitation and access to clean water in Lombo—
rge B. (2004). Global crises: global solutions. Cambridge« UK: Cambridge University
Press; or more recently« Rijsbermanc F. (2008). Every last drop: Managing our way out
of the water crisis. Boston Review (September/ October); see http://vermeer.net/cae
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(1) Lenton¢ T.M.cHeld«H.cKriegler« E.c Hallc J. W.c Luchtc W.c etal. (2008). Tipping el—
ements in the earth’s climate system. Proceedings of the National Academy of Sciences:
105(6)« 1786-1793. See also Schellnhuber< H. J. (2008). Global warming: Stop worrying:
start panicking? Proceedings of the National Academy of Sciencesc 105(38)c 14239.
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(1) An overview of the current insights may be found in a special edition of Nature:
458(7242)¢ April 30¢ 2009« pp. 1077 1091-1118¢ 1158-1166.
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(1) Smilc V. (2008). Global catastrophes and trends: The next 50 years. Cambridge:
Mass.« and London: MIT Pressc 2008« p. 175.

(2) These data and many other details can be found in the reports of the Intergovern—
mental Panel on Climate Change (IPCC)c www.ipcc.ch. The most recent assessments
are from 2007: Climate change 2007: Synthesis reportc Cambridge« UK and New
York: Cambridge University Press http:// vermeer.net/caz. More backgrounds can
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be found in the reports of the IPCC working groups that go with this report: The
physical science basis/impacts. adaptation and vulnerability/mitigation of climate
change. These reports can be downloaded at http://vermeer.net/cag
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(1) Schellnhuberc H.J. (2008). Global warming: Stop worrying: start panicking? Pro—
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(1) Seec for example: BP« Statistical Review of World Energy 2009« bp.com/statistical—
review. The historic development of oil reserves has also been analyzed by Smilc V.
(2008). Energy in nature and society. Cambridge« Mass.< and London: MIT Press.



(el YT L 5l 31 o 5o 8 55 O oy ol gV
Dl J5S5 s Bllall 5 ) 5 e b b lblasl )5 gl Laf Sy
) 15 5 Lt alal) slasdl Ll L 5 ol S e Ldsd s 13
L ol el odn ST gy .l e (Sl bl i senns
o adl oda SUCB pud (U oty Ldor 13] Y o L s LST13)
gl (b goolid 2 ) ol oY Olal) gllad i 5 s 2,
eV ol J S 50 b e Sledall Ciass LiSa LS stz
V5 rdl ol ST Lehaor 5 Ll dmmed) ) o 8y LeSs, )
o g of WL 5 i o 13 35530 ol Sl 0 055
BV e e o S STy byl Ol alys b agaall sl U
B3 Ulgs ST 23] 5 e K o S i) BlaY s
1Y) ol ) g ol e lode Gl ¢ ozl s e a5 L
gl O3 g B Aol y iy e STl o s Jad 0 S
5 SLal iond 2o O sl ) gl o U1 1) 5 52 O s
2 fadll 50 S e il sl e
55185 s Bl o sz 5 ) S A o)y Ay Ll
oo 58S ) Slny Bradlls pme 8 S IS 5 3LS
s g s L S 3 L Ul pla sl BUST 5 )l sl
oY b LS s Lais o LU slas A sl sl
Rislze Bl 205 0 55 V) pbsiis ezt )Y 55 S blie 3l
JUrdl e S0 Ll Ol (ama OF ) 2o s 2 5LU) s



@ latt Ao g @3 2030 L oF 533

5oty LM g 05 5ald) 5 5 gl pusens OF Sy Lyl
Low o 521 81 31 5, Liadl o5 Lna LST13) L ALB Bl 5 0K
A el e 5 83Ul Vg 2dss S i) Ay )
s 0T Sy s L S5 ) b Y Ny (Pl
ils o (VU dan 3y 5d)) e Load B3Ual) gl 2ds
UAs U g ol
a1 e U 0 ol Gl ol Lo St i U
e o3V B pase s Sl L O L ol o) s} A glis
G o S Sk e (SR a5 A Sled) o Ly
o gUie L85 n sty 8 adate oS cllae) Ml am o)
Ja el e ¥ ST g PBU 330 2ty sy o 531 5l <) 54!
REF S DY B LUV NN (PR PN (¢ )OI I PR
e Glan s s 2 Al LV S e sl 85U AU L)
VT o S By o il oo Lo 5158 85 ptsins LS

(1) Smile V. (2003). Energy at the crossroads: Global perspectives and uncertainties.
Cambridge: Mass.« and London: MIT Press¢ p. 319; Stephen Pacala and Robert So—
colow also showed in an influential essay in Science that we have the technical ability
to hold carbon emissions at current levels for the next decades despite the forecast of
economic and population growth. They identifi ed fifteen available techniques that we
can use to restrict emissions to current levels« including many possibilities for increas—
ing energy efficiency. See Pacalac S.c and Socolow« R. (2004). Stabilization wedges:
Solving the climate problem for the next 50 years with current technologies. Science«
305¢ August 13¢ 2004« pp. 968—972.

(2) Guzellac L.c and Martinc R. (1998). Das SAVE-Motorkonzept. Motortechnische
Zeitschriftc 59(10)« 644-650.
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(1) Halle C. A. S. (2004). The continuing importance of maximum power. Ecological
Modelling: 178 (1-2)¢ 107-113.
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(1) Daggettc D. L.c Hendricks: R. C.c Walther« R.c and Corporan« E. (2007). Alternate
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(1) Niele« F.(2005). Energy: Engine of evolution. Amsterdam: Elsevier Science.
(2) Halle C. A. S. (2004). The continuing importance of maximum power. Ecological
Modelling: 178(1-2)¢ 107-113
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(1) Homer—Dixon¢ T. (2006). The upside of down: Catastrophe« creativity and the re—
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(D) This is the global means of solar radiation absorbed by Earth’s surface« subtracting the
energy absorbed by the atmosphere or reflected back into space. Maxima in excess of 250
M/m?2 are possible in subtropical deserts. See Smilc V. (2003). Energy at the crossroads:
Global perspectives and uncertainties. Cambridge« Mass.« and London: MIT Press.
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(1) The precise fraction is 16/27—the “Betz limit.”

(2) A state—of-the art windmill averages 1.3 W per square meter of ground areac where—
as photovoltaic cells generate 3 W/m2; see SmilcV. (2008). Energy in nature and soci—
ety. Cambridge« Mass.« and London: MIT Press.
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(1) INL (2006). The future of geothermal energy: Impact of enhanced geothermal
systems (egs) on the United States in the 21st century. Final Report to the U.S. De—
partment of Energy Geothermal Technologies Program. (report number INL/EXT—
06—11746). Also see Tester. J. W.. Anderson« B.« Batchelor« A.S.c Blackwellc D.D.«
Pippo« di R.c et al. (2007). Impact of enhanced geothermal systems on U.S. energy
supply in the twenty—fi rst century. Philosophical Transactions of the Royal Society
Ac¢365(1853)¢ 1057-1094.
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for hydrogen storage: Challenges and opportunities. Journal of Materials Chemistry«
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technologies—robotics: genetic engineering: and nanotech—are threatening to make
humans an endangered species. Wired« 8(4)c 238-264.
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(1) The former CTO of Philips Semiconductors drew a lot of attention when he ob—
served that a linear increase in functionality requires an exponential increase in sys—
tem complexity. Claasenc T. (1998). The logarithmic law of usefulness. Semiconduc—
tor Internationalc 21(8)« 175-186.
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(1) This is now a well-studied phenomenon. See: for example« Barabasic A. L.c and Al-
bertc R. (1999). Emergence of scaling in random networks. Science« 286(5439)« 509—
512; Albertc R.« Jeong: H.c and Barabdsic A. L. (2000). Error and attack tolerance of
complex networks. Nature« 406 378-382; Albert« R.« Jeong« H.« and Barabasic A. L.
(1999). The diameter of the World Wide Web. Nature« 401« 130—131; Barabasic A. L.
(2001). The physics of the Web. Physics World« 14(7)« 33-38.
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(1) Haykinc S. (2005). Cognitive radio: Brain—empowered wireless communications.
IEEE Journal on Selected Areas in Communications: 23(2)c 201-220.
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(1) Hoekstrac J. M. Van Gent«R. N. H. W.cand Ruigrok« R. C.J. (2002). Designing for
safety: The “free flight” air traffic management concept. Reliability Engineering and
System Safety« 75(2)« 215-232.
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(1) These mechanisms are described in Anderson« R.c and Moore. T. (2006). The eco—
nomics of information security. Sciencec 314(5799)c 610-613; Anderson« R. (2001).
Why information security is hard: An economic perspective. ACSAC: Proceedings of
the 17th annual computer security applications conference« p. 358.
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(1) For agood introduction to the topicc see Mermin« N. D. (2007). Quantum computer
science: An introduction. Cambridge« UK: Cambridge University Press.
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(1) Deaths. percent of total deaths« and death rates for the 15 leading causes of death: United
States and each statec 1999-2005. U.S. Department of Health and Human Services: 2008.
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(1) Zaidic H. (2006). Recent developments and future trends in nuclear medicine instru—
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(1) Zaidic H.c and Prasad¢ R. (2009). Advances in multimodality molecular imaging.
Journal of Medical Physicsc 34(3)c 122-128
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(1) Result are not yet conclusive; cf. Krupinskic E. A.cand Jiang: Y. (2008). Anniversary
paper: Evaluation of medical imaging systems: Medical Physicsc 35(2)c 645-659.
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(1) Despite their intense rivalry. Craig Venter and Francis Collins announced the map—
ping of the human genome jointlyc accompanied by then U.S. president Bill Clinton.

— 262 —



e ol sty g il 15y J o) o) Lo
Sl aed a0 ol gy ) b s ST S e AL
Ll

5 Al SV e S b i OIS i)
sLasY a5 58l S 5 ST g il p i 6 gt
DA (g5l aad e b By e g UL UL 5asts
029 e S OLas) cpn Byl e bl Lasey il o 28Ty cay
eommold (3l S Lty gla T 5 sy ety ¢ W OL 2
15 gazed p g ooy i i) JB (alr abL Al ) ey
e e 05 B Ul e S Sls) s ) e 1 LIS
O gm0 g3l) Gz g . b J s oS (g 9501 raedl (e Slis
Al M o 2l e e L S e S e o
o Bl Sl S0 (5 5531 Jaedl e e 58 5 0538
o o ALV OV e o) B e (Ul g 1302w Lally
Gl 1),y U 13 0 w501 janll Lo gt i

oy BN e i DU e S e o
et ot SN ol clale Lt W) i) . e
s by e O el IS0y i Les IS AT s 4 )
o S Gl 0 g szl call Sl 5l el o A
5109y 301 91875 sl B 3055 Y o) elans  JELI Lo
|58 a0 LWl y L (A e e i) ailiad) IS a00s o

— 263 —



@ latt Ao g @3 2030 L oF 533

i Sy 2 il Sl Ll 2 mead h o e ) ) S
Ui Y peail ) . i IS c(nladll o o oY1 ST) (s 2 o
et Ay o B e 6 018,305 OV 3 (6w e ]
sl LIS i 5 ST, W10, bisle . 5
Lol 2l Sl Ly dies Jold )b e B3le ey Ol 1 1
Uer ot had s Ol 5lad SIS O 13 L sud | 1 asual
Ooped 4] bas 15 S0 eda ST Jlaz Y1 s oy 3 Lo )
o shs Al y O 8 0w el s e Yl s lany
Sldlasl e G ) Jshy Vil ol 34 e 1B Y L e
25 A SN G L] 100580 O
L 05 o S b e Sl 0T 13] LA DU e
a3 @ eall Cratin o) 3 0 50580 1 5 LoD Jloz 851
LoD Yoo cond SO0 o3 1311 L2k 3 Ja 5 5 il ga o)
L ol s o WS 5 O W1 OF m Y 1gh (0L L
Rl e LU J15 Y Gl s Y is oo 8 ol e 01S13)
Aode ohlax]s 2 )l s 2 e ls Gl Som b L3
Lo bl 0 G o513 L o) Ly pdsics )2, Lol

(1) Much of the network analysis we outline here is based on Goh« K. I.« Cusicke M.
E.. Vallec D.c Childs: B.c Vidalc M.« and Barabasic A. L. (2007). The human disease
network. Proceedings of the National Academy of Sciences. 104(21)« 8685-8690

(2) Venter talks about the disease known as familial adenomatous polyposis (FAP). It is
triggered by a defect in the APC gene
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(1) Kim¢ E.c Gorenc A.cand Astc G. (2008). Alternative splicing: Current perspectives.
BioEssays« 30(1)« 38—47.

(2) The key point here is that proteins are knocked out at random¢ which means there
is a high probability that the small number of proteins that play a pivotal role in the
cell will be spared. See Nacher«J. C.c and Akutsu« T. (2007). Recent progress on the
analysis of power—law features in complex cellular networks. Cell Biochemistry and
Biophysics« 49(1) 37-47; Jeong: H.. Mason« S.. Barabasic A. L.c and Oltvaic Z. N.
(2001). Lethality and centrality of protein networks. Nature:« 411(11)« pp. 41-42.

(3) Levyc S.cSutton G.c Ng¢ P. C.c Feuk L.c Halpern A. L.c et al. (2007) The diploid
genome sequence of an individual human. PLoS Biology« 5(10)c e254¢ 2113-2114.
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(1) See Bird flu deal hangs in the balance. New Scientist November 17¢ 2007).
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(1) Johnson:¢ N.cand Mueller«J. (2002). Updating the accounts: Global mortality of the
1918-1920 “Spanish” infl uenza pandemic. Bulletin of the History of Medicine« 76(1)«
105-115. For a dramatized account: see Barry« J. M. (2004). The great influenza: The
story of the deadliest pandemic in history. New York: Penguin
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(1) Debora MacKenzie« Willa pandemic bring down civilization? New Scientist (April 5. 2008).

(2) See http://vermeer.net/can

(3) The Macroepidemiology of Influenza Vaccination (MIV) Study Group. (2005). The macroepi—
demiology of influenza vaccination in 56 countriesc 1997-2003. Vaccine« 23¢ 5133-5143.

— 275 —



@ latt Ao g @3 2030 L oF 533

Wiaz 8y 0 51le 350 58 s )
Ben Ll DU g iy 0l e 6 L) s e (Jl ;\_,JC_M&
b o] & I UL ol il 2 Y 2 U1 ik ) ) e ST
e ke 2.5 ] o Lo o 01 8] 4252009 (0 gl inias Jo5
o pr o M) Ul A o e 4 G s V106 L b i
plo o 672 Jale s il oda a5 0 6 Al g o) ) o]
oo BN 2 o i s Y10} e M S o S5 2015
Ja allas 0 S5 Loie oy Aol g e AU 2 L) ey Ol il
Lo o bl 0 sl e e L) oo O gl G 6 50
550 ) o SN 3 55035 Y I o 5531 g il

dale JI Jgrey pgid) Jodos
100 million e
| \. |
10 million e e
i 1 million ! \\ -
i \
E C
3 100000 ol —
= f =
1 \
10,000 | ‘ ; : e
T g -80%
1,000 ki L,J

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
2009 H6luys : all

(1) See http://vermeer.net/cap

(2) FAOSTAT 2007« http://faostat.fao.org
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2009)¢ issue 2721
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(1) More than 95 percent of the world’s seasonal influenza vaccine is produced in Aus—
traliac Canada« Francec Germany: Italy Japan. the Netherlands. the United Kingdom:
and the United States. Smaller production facilities are located in Hungary. New Zea—
land Romania: and Russia. Fedson« personal communication.
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(1) Data from BD Medical Surgical Systems: 2007« cited in McKennac M. (2007). The
pandemic vaccine puzzle. CIDRAP. www.cidrap.umn.edu
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(1) Fedson< D.S. (2008). Confronting an infl uenza pandemic with inexpensive ge—
neric agents: Can it be done? Lancet Infectious Diseasesc 8(9)¢ 571-576; Fedson: D.
S. (2009). Confronting the next influenza pandemic with anti-inflammatory and im—
munomodulatory agents: Why they are needed and how they might work. Influenza
and Other Respiratory Virusesc 3(4)c 129-142; Fedson« D. S. (2009). Meeting the
challenge of infl uenza pandemic preparedness in developing countries. Emerging
Infectious Diseases¢ 15(3)« 365-371.
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(1) Fedson: D. S. (2009). Confronting the next infl uenza pandemic with anti—
inflammatory and immunomodulatory agents: Why they are needed and how they
might work. Influenza and Other Respiratory Virusesc 3(4)c 129-142.
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(1) An introduction to the field is Lazer« D. Pentland« A.c Adamic< L. Aralc S.c Baraba—
sic A. L.cetal. (2009). Computational social science. Science« 323(5915)c 721-723. See
also Epstein J. M.« and Axtellc R. L. (1996). Growing artificial societies: Social science
from the bottom up. Washington: The Brookings Institution.
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(1) Literacy in those countries stands at 24.0 and 23.6 percent. respectively. United Na—
tions Development Programme Report 2007-2008¢ p. 226.
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(1) Meltzoffc A.N.cKuhlP. K.c Movellan« J.c and Sejnowskic T. J. (2009). Foundations
for a new science of learning. Science« 325(5938)c 284-288.

— 308 —



D gy 3 e et s b3y ol sl OF 3
OF o cdgl) o5 09 1 58 13] 5L S8V e U sos
53 gt sl W 3l gl e 0550

s gl L el 0 gilgal ) o A5 B ey JUL Tt
o Of il 2 Jpusind adl (o s Jala) S0y L o fLT L3
= W ches o S oo oo ¥ sl 58T 5 Ll
S e Joladll g ladl) U1 (ol sl Sla oy LUV 0, S
bl ol Lo aliy bl 28 ol oda 2 3 SLzadUl e

GhU) 515 ol sl b ¢ Ll bl 5 g i) o
M) Of s JLAb Y e o jlondl L bl NI sy s & gl
ploza¥l g Cablad) . 2 ¥ g dni Vil G Loy (dad) ;325 G Loz V)
)z TS aresY) o iy sdsludl e ity o8 el
o5 oo 25 e AV VY Bl V) 3 0L Sl (6 2 b
Lol gl St Lol 0 LiSE ) bl 2 V) s Lo ey
TR I RN PR PYCS PRp JEN B R (R RSN
JS & el IS ) ,SS a0 g2 iy b o) )3 3100 5 s
8l 55 Leie (JU oo e ol o g 558 o 5 e
L g 35

15 ol 3 35 gt sl Lgb penad 1 43 Jal) o m0dn
i s 2 s OF A il AT 861 )1 ez oY1 2SS
JUL 8 L5 iastll LUl 2 5 ool 5 LalS (W) 35 LS

— 309 —



@ latt Ao g @3 2030 L oF 533

@O;MU\_R.JL;L;W&_L;%L»JPML@,&
o oS d ) oy il S el alit e im0 5 ikl
o S s ol o [ 4051 g0 0 058t o Y
SU p i) ok A L das a8 o)l L) i josTass Al

S

T39S o gt oS

|58z O 3. 5eraSN 5 gl o Lot d B o) s o
Ao 5 = ol el (kS OF oy 6 e Joe 6l 30530
(3 3 5 sereSIslede J gl e oLl o Lo IS 305515 ol
a5 JULYI g ey 12 L S ) Bl e st
S JUBYI e s Lo S0 d 1 5 500eST13 5l o)
axtas 03 iy o e g il o e YWY 0dn TS 35 51
lesl B ay gy end ol

sl e 8 b o Ol iaa)) SISCAIL o U Rl S
5388 5N S U e el B L Caay VU
& Sl e oVl Gl e ol i A e Y
o s s Lol (1S5 2SI e 3l o 25 ) > B s
S A J yaall Jo ) S dn d e sghe i STalalS 8
Le.;Q‘aJWa,;M.g(l@J\Jsm\&wuaww%@\
o o8 e o JUAA A S i U sl of o, S

— 310 —



3l gzt e a5
onll et p8) il o ) 4S8 me W gl et ga 5 ST
13l S AL o (JEL o e ¢ las) LSl adeall 2 jLad)
3 o s Ll gy B0 ime Mo e Jabad) 5 5eST1 8 54N
33L 5 n U3 s g (AL ol L) e odadl Abee T Loie 3 Jlas ST
TGP 08 S sereSd (ol ey O Ll 80y ) Loy )5
i gl g2l Bed SIS U1y 1 2 5 slen ) Lelid) o aie

st ol il s LS sl o SBLELY Lol
L dold) ol pally Ldls Ll @ il e lam Y (3863 0 pad
wl cole s anlal3 58 adl oo Lid) ol ol sl 5 b e
Ol N i Bgor) o 203 iy - Sy i tine Aol L A es a ) o
I ST N ls G &gl LIS e OF S Y ST
DI 2 LS (o adl al Voaor 1oy Ll ol o 2
o olasVisbde o 5 0 S f Ll Sl e azsldl S
L5 g ¢ Lol U] o s L e ol lall 5 247 3335550 5
O aekadl Sl a3 )LV s 3 sl a5 gl 8lel 13 Sla
e g ccoldazall g odd) bl o Lol O dhany O gadall
LT acaslal) VI Ly £ laSanY aw b oV Ly sl
Fr 9395 06 ) s o L le e 5L ) ) e
Sl Uy (i jke 0 5315) o 545 5 Chen y (el 5 501)
@.ﬁ\\#diwv})$&&.WJM\JHTMQQ&W5MG

— 31l —



@ latt Ao g @3 2030 L oF 533

Jt,;\\Mguu\f}\dﬁgﬁ@ﬂ\w\fgd‘ﬁyg.\;\
O 589 o) Lgdl e a2 OF Ll n itor G i
NUe cajﬂ..uélawLﬂ;wsguwuxhjwm%;gﬂjxs

Al Ul Sl o3y b asle Y asiad) o 4

il
A0 T e S5 S b eadl S 0L Sl oz 1S
&) Wl st sl e JoW1 ad ygd) o 501 3L
3ol £V dmalor das and @ (1997 ple b (S5 g Lo Lol
IR Bl oo rS 52 dbadleda ey (5 S5k S
i gl alay) N sy ol Bl 2N LSy 5 g (O Aoz o)
g Al Olegl) e tanl yae ot Salazi JI55Y ol

Jok S (@ 2T a8 Loy Ll il ey OF o )
Do ) 5 B dlall e Jlaldly edelidl o lads O]
A1 Y i ST el Ll OF 8 jas s g o) e 300 (5 5
o5 Lot o Aol 48 g e o L LS 3 cne 510 e
B S N eV A6 Of oy 95V Y e
Ao alag e 8 (S0 hS s 5 S sl S LY )
WL 5 . jerdl g o) Ladl Lo I ey (01 a1 LA T L ol
) ) Ve Jas g el o s oF s o) geday OF Gy
A QUNIIE [ EN [ E SPEPUPIREIE R I I (N

— 312 —



Bl oS 55 92 3 by ik b (g yed) i) Jad OF K6
) o s S W VL 6 S e (B Al ol ]
Aiadl S5 2dS 8 pal By o1 L 5B 1 g ackadl gt o1 Y
BACICSPEN PGV IEYISILS PRRR gy
N Blos b psdl adadl lnext Sl pnzy o)l o 5V
arlim Lo bl Jo ol (S iy 55 0 0L YI e 1587 3
Lo ) 8 ol old il g ) o ) g 25 s oL
(el

2l Sl gt e Sy il Olzass dlan b ) i)
,ﬁw&uﬁwsuwﬂwﬁ@j).mwou‘(@i
st S e s 515y 5 o1 s (S b o OF ASCs . al
o Gl g S 2k ey Sls s a3 L 13| ST SCsy
o o S5 s o eyl s 1330 SOV elaY o Ll I
) S oy ¥k Lol Bdall o Lol 8 e i s Lo 5 O
R R T N SRS PPN DU WA
i 4]l e oS e b dixns Ll 353 g ed Ly
42 ) ealdll e 2o 8 Al slnazt 5oL o8I pa dydal) a1
(ilnzaVy sl 2 2 L eV oda fro b aslis Y i

0L (@ mall ptla 85 I e 0385 e S8 L o 1
o) g WSy Bl IS e a1 (A Y i) L ol S
Uil b Ll e aadl bes aN S ¢ @ by

— 313 —



@ latt Ao g @3 2030 L oF 533

ot O3 O ST S i i) D n el JLi L ST Lo ded)
Sty el I L LY s ) L) e e gl
V) ol Ll 3 ol lall M w0 S L13] L s
U3 e e Sl gall § a8 Al L Sl o ¥ NI
o ol Ol ao T g s Ll 2S5 j2e 2 g 52 L
IO EPIE O YCHRR PRI YO IR B0 N PREE o
A1 il Sl o ramnli i s iy 6 Y Les Y
) o g eI e Sab gy 01095 e STy o Y
Ll o e S ks 0TS sl ) e e I ey )
L Lzl SLSe g cnnl g ) ALSCiS 4l g Japen PN
DS i 1ol slecnsll plasizad e OF 0 ole suz
SU Sl e 2 3T n o e U 1 ela ) B
(lgre 5ol e 1 )35 055 O o ozl L s Belodl (515 s
L 3SY AU ods b aeled O el s Bor o 5lall S
OSSR E PSSP [N PSPPI S POLPE S|
e 5 el S AU a0 (L Ol (U5 ST a b —edad)
S 38 S 0L e oy (el 18 e 23l 50 ) 53ls
o cdho STy STy L O L) L ad) ez i s 5 s
@ el 13] 533V e ) )30 0 Ko 0113 Lo Sl JLus O e
ol ol B e oy o el O gy Jletd) (s 8 sl
Dm0 58 O o el Dl s 381yl s Y JLL

— 314 —



6 Aes 1L) ee pa ad) L J gl Ll S L Lial
ra;\éy.JupvﬂpD_ai&suj&wgu%\y&;\;\_;@
J10s A Lo WL o gl (ool o Ll ) J sl e e sl e
M}L\)wu\;uﬂ\@@i gl olaldl Sta JI 5 Y 3wl s 4
B ihall ol3 bl e el 1o 5k Ol sl g 350
(Lo dege » Bagandias 22l el 1 (o U

skl Wi 5L OF (23 e 5 e S OB il inny
ok Y AL OF el s sn ool g 5 ) (g 05 e
stV mrmor o OF ol s O b Y ) s JUI J 5
ol 05 O o g i) & o) o Ll o el g o)
Lals vread Ablun | poeala OF o) o b 5 Y i Ll 8L
£33 0pd 3N gn LWl a ooy Ly ¢ 121 O 54l
NEUE S PERE T DN NI PR PP e
Lo W iy g L 0T O3 5 0T e e om0 Y
(W aad) gl pa lde a3 e sl

el s dalaadl - 3
i) o B sl 5 2 ST n iy 5 01 g 855,00 J 5ol
K e il b .0ad o~ Sasls Al e Ladlly 08
Bl IV e Ll e oS Sl e s Y1 OV e el

— 315 —



@ latt Ao g @3 2030 L oF 533

300y alalos B8 iy 8 50l BB BT, 1 e Vi (Ll dsld
@ 38 Lo S 0T Al s LTV el E L) 3 JLa) 6
Joss ag bl e i ol Ll a0 o roe (S8 Wl
o ) e Y il 058 s W) L Wlases ULy Lses]
JsE LS (A

) ooVl (gl B3 s 09,250 Vg ST alaolll O ptom o5
o Bl ] By o VI ) sm 5 1] Oy -tk gl
ot ol Lot ol JIsb i sa o 51 05058 ol ) 522
o AT S ey Sl VY o Ny ad il ol
(rwla) 75T o Al A OV L s ) e 2ol
(@ Al e

Wliks UV a ) sladl 1 bl AT 0T ity 2 01 g s
DA,LL\L@&L@@@.\;‘;Q;\&JJ\;).\&sﬁgw@ugﬁ
JeBlasy ol e lir ailz adjped olellV s
CWJTM@L@@.Q\;; Iy Sltpmad) §aoU) Led sl
PO Jyt "Dt VR [N ' RESPUEIN 5 T EER BN VC g
05y ll iS5 Y56 b o) gl s g L oYL
L iSOG L Lidaoe Byl i gy B e g Sy U LSCiy
odp il 5a I a5 Sl adal Ly al silally dels D)ol L g
e LA A 3 e 5 om Ll g Ll LSas i )
oVl L S o cid> Lol J3 L (s yUall) dbay &

— 316 —



Ll i s Bl 0555 Lis
iy oy Aol Sl el s 8 Wiy S35, U SIS
Ll (B oS00 L o) 1 01 Ll DD gL
Lie LU e g5 )85 (Ll dls Shey aal> M el b 5 Leeles [Ss
Ll L) b gl abenal L (S5 Ly e 503 ) s
S5 el (U o o gy 35,2 0 s )W il Y
(bl Ul Lgalar izt g dmcdal) o Lo LS5 . et ¥ Lsllas)
0 ST eellize S B sl e boskad xad
L@_igmdl,igfsw\ cs@\gw.ﬂ\w@w\sﬂm)
05 Et) S el e B g o) s S ae

.<1>'Cu,u\:)\>qi

O 90
o IS g Ll i 2l UL 100 r 2505
Gl LSO b Lggar) 5 DV Iains S8V SLgh e 01
al 5 3 VL&Y 500000000000000 A5 Sl OLasN Lawe 520
o MmO OF o ey 2 015 3 iy (1014 X 5) L) 5
A )L oJ 55 LS 65 5o b anid) as ol o (sl (5 &Y Izl

(1) Recently. for example: Greenfield: S. (2004). Tomorrow’s people: How 21st century
technology is changing the way we think and feel. London: Penguin; Greenfield: S.
(2008). I.D.: The quest for identity in the 21st century. London: Sceptre.
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(1) The first study seems to be that of Auerbach¢ F. (1913). Das Gesetz der Bevolker—
ungskonzentration. Petermanns Geographische Mitteilungen« 59(13)c 73-76. It has
since been studied intensively by Zipfc G. K. (1941). National unity and disunity: The
nation as a bio—social organism. Akron« Oh.: Principia Press.

(2) Gabaixc X. (1999). Zipf’s law for cities: An explanation. Quarterly Journal of Eco—
nomicsc 114(3)c 739-768; Pumain.« D. (2002). Scaling laws and urban systems: http://
vermeer.net/cas; Sembolonic F. (2008). Hierarchy. cities size distribution and Zipf’s
law. The European Physical Journal B« 63(3)c 295-302.

(3) May« R.M. (1988). How many species are there on Earth? Science« 241(4872). 1441—
1449. There isc however: one significant statistical outlier: Homo sapiens is 10000
times more abundant than should be the case based on the size curve. Hernc W. M.
(1990). Why are there so many of us? Description and diagnosis of a planetary eco—
pathological process. Population and Environmentc 12(1)c 9-39.
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(1) The amount of energy used by a single living cell in an animal decreases with the
one—quarter power of its total weight. Kleiberc M. (1932). Body size and metabolism.
Hilgardia« 6 315-351. Further thoughts on this issue can be found in Smil« V. (2000).
Laying down the law. Nature« 403(6770)« 597.

(2) This was pointed out in Westc G. B.c Brown: J. H.c and Enquistc B. J. (1997). A
general model for the origin of allometric scaling laws in biology. Science: 276(5309)«
122-126. The precise explanation remains rather controversial among biologists. In
our view« however: the paper by Geoffrey West et al. offers a plausible explanation.
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(1) Bornsteinc M. H.c and Bornsteinc H. G. (1976). The pace of life. Nature« 259(19)«
557-559; Bornsteinc M. H. (1979). The pace oflife: Revisited. International Journal of
Psychology« 14(1)c 83-90.
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(1) Bettencourtc L.c Lobo¢ J.« Helbing: D.c Kithnertc C.c and Westc G. B. (2007).
Growth« innovation. scalingc and the pace oflife in cities. Proceedings of the National
Academy of Sciences: 104(17)« 7301.

— 331 —



@ latt Ao g @3 2030 L oF 533

RO SIS IVR (P DR ST RE I YN JN
Boelonr ASGales Lpl) 1 el g A ollas e il Jad Lol 58
J 05kt ol o pall e Gl s s T ot Wi g2
) S S ol o IS0 S LoDl oy s
I B2l e Y Slrened) 05 1S a6 seml 3l ) glas g
) e G e 589 0 56 SN QU L ST 5 na)
Ol 2 piad) LU s o g Ll a1 045 5 daal) (ol

5o Lehat g il Sl 1 (6 5 Gl BLad Lo clas

$oid | QL
S 535 S slelal) b g Lz VI ol 5 S bl i
e oo jSTaslas Y Qw\@é  go Apdd) SIS LS LS LY
CEN PRI LR R R AN E S PN B JESIEE Y DO A N
Jlos L les) mn ploaaW o 2801 ¢ g3 35 Bl 3 &y piad | oL,
o 6 s 095 5m Jlr J n i) ha g (il g L 1S
Q«;«J&l\ "‘JJ‘S\ ;Y}J uu\;}q c\J\Ujl} WJAJ \_.55) .L.;JL@_:.;Y\ Ll
Mor ol Ll O s DL 5 oS el e o J) L

oo O ST ga g OF Lo W sledad S Y ol M0 e L)

(1) Floridac R. (2002). The rise of the creative class: And how it’s transforming work«
leisurec community and everyday life. New York: Basic Books.
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(1) Bettencourtc L.M. A.cLobocJ.c Strumsky. D.cand Westc G. B. The universality and in—
dividuality of cities: A new perspective on urban wealthc knowledge and crime. In press.
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(1) Helbing: D.c Ammoser« H.cand Kiihnert: C. (2006). Information fl ows in hierarchi—
cal networks and the capability of organizations to successfully respond to failuresc
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(1) As David Viniar« CFO of Goldman Sachs. put it: “We were seeing things that were
25 standard deviation moves. several days in a row.” Financial Times (August 13«
2007).

— 356 —



o) Jlas a0 pm 0 il o) ) Aty y 2 L) ol glall
o) ¢ Lol Ao L) e 2a ) RSO Lo Ll ) g OF e LU
oY e LS 2isdy Jles W Aed i 5 ids Sl Ldls 5oa
50yl o o B! B g nes o S Olaszad
I e alaST eyl slasVI diiy 5 .01 8 jLand ) s 51
E3y b e 3 (AL (g3l e el (s Lol 05143
ALy o Al s O3 ) i (i 1) Sl 01 1776 s SCn
DLl it 3 S el
q&fudwy\éwdwxﬁicmmsu:gamfim
ole 2l L5 T13) Somgll ol gy 8 Lokl a1 omny ag Db
b iilaie 12 4 Ty |y b el IS I e SO 5 (Lt 2008
Aol S ol Je e ol ) 30 pdsn U1 0] J s 0F
5 A 3 el Bdlad 5 S5 0B ¢ a2 Sl b e Aol 50y
Adllans o 4 sl L zald) el foe 58T a5 JLSTNy 0 20
G god) iy ) o SE (o) s (VU a5 0l
im0 A G el Ll b 2 ST 031 g3l e = 9

(1) Milton Friedman and Eugene Fama developed this idea in the 1950s for the financial
marketsc and a great deal of investment know—how is based on it. The theory doesn’t re—
quire everyone to behave rationally: From time to time« someone makes an incorrect cal—
culation: causing prices to fl uctuate a little. But this is a chance process generating random
and small-scale financial market movements. Since there will always be shrewd investors
who know how to take advantage of a price that is temporarily too high or too low« stan—
dard theory dictates that they will drive the price back toward its correct equilibrium.
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(1) Bouchaud elaborates on this idea in an essay he wrote at the height of the 2008 financial crisis:
Bouchaud: J.—P. (2008). Economics need a scientifi ¢ revolution. Nature: 455¢ 1181. See also
Bouchaud« J.-P. (2009). The (unfortunate) complexity of the economy. Physics World« 22¢
28-31; Buchanan: M. (2009). Meltdown modelling. Nature: 460« 680-682; Farmer: J. D.c and
Foley: D. (2009). Nature: 460« 685-686. The economy needs agent—based modelling.

(2) An illuminating discussion between a classical economist and a champion of nonlin—
ear dynamics can be found in Farmer« J. D.c and Geanakoplos: J. (2008). The virtues
and vices of equilibrium and the future of fi nancial economicsc http://vermeer.net/cau
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(1) Bake P.c Paczuskic M.« and Shubik< M. (1997). Price variations in a stock market
with many agents. Physica A« 246 430-453.
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(1) Joulinc A.c Lefevrec A.c Grunberg: D.c and Bouchaud: J.-P. (2008). Stock price
jumps: News and volume play a minor role: http://vermeer.net/cav

(2) Numerous hedge funds got into difficulty in 2008 because of their use of the Black—
Scholes model. The equilibrium theory on which that model draws underestimates
the likelihood of crashes. Ten years earlier Black—Scholes had earned its inventors a
Nobel Prize in economic sciences.
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(1) Holdrenc J. P. (2008). Science and technology for sustainable wellbeing. Science:
319¢424-434.
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(1) Piepers¢ I.(2006). Dynamics and development of the international system: A com—
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the atom bomb. and the politics of international change. Albany: State University of
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(1) Morec T.(1518). Libellus vere aureus: nec minus salutaris quam festivus: de optimo
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(2) Bacon: F. (1626). The new Atlantis. http://vermeer.net/cax
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