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Frederick Kiesler,
Architectural Record, 1939
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Biotic Community:
Primary Succession
The processes involved in changing an area
from one lacking any community to one
consisting of individuals, populations,
communities, and ecosystems.
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Cities: Kleiber’s law

B=1.12 R®=0.97

wages

LN[Total Wages USA MSAs 2004]

13 14
LN[Population]

B=1.15 R>=0.91

creatives .

LN[Supercreatives USA MSAs 2003]

12 13
LN[Population

{"L ,' D~ - Growth, innovation, scaling, and the pace 0 life in cities.
~ Luis M. A. Bettencourt, T José Lobo,* Dirk Helbing,$ Christian
Kiihnert,Sand Geoffrey B. West



Tabhle 1. Scaling exponents for urban indicators vs. city size

Y

MNew patents

Inventors

Private R&D employment
"Supercreative” employment
R&D establishments

R&D employment

Total wages

Total bank deposits

GDP

GDP

GDP

Total electrical consumption
Mew AIDS cases

Serious crimes

Total housing

Total employment

Household electrical consumption
Household electrical consumption
Household water consumption

Gasoline stations
Gasoline sales

Length of electrical cables
Road surface

g
1.27
1.25
1.34
1.15
1.19
1.26
1.12
1.08
1.15
1.26
1.13
1.07
1.23
1.16

1.00
1.01
1.00
1.05
1.01

0.77
0.79
0.87
0.83

95% Cl

[1.25,1.29]
[1.22,1.27]
[1.29,1.39]
[1.11,1.18]
[1.14,1.22]
[1.18,1.43]
[1.09,1.13]
[1.03,1.11]
[1.06,1.23]
[1.09,1.46]
[1.03,1.23]
[1.03,1.11]
[1.18,1.29]
[1.11, 1.18]
[
[
[
[
[
[
[
[
[

0.99,1.01]
0.99,1.02]
0.94,1.06]
0.89,1.22]
0.89,1.11]

0.74,0.81]
0.73,0.80]
0.82,0.92]
0.74,0.92]

Adj-R2

0.72
0.76
0.92
0.89
0.77
0.93
0.96
0.91
0.96
0.64
0.94
0.88
0.76
0.89

0.99
0.98
0.88
0.91
0.96

0.93
0.94
0.75
0.87

Observations

EE|
EE|
266
287
287
285
361
267
285
196

37
392

93
287

316
331
377
285
285

318
318
380

29

Country-year

U.S. 2001

U.S. 2001

U.s. 2002

U.S. 2003

U.s. 1997
China 2002
U.s. 2002

U.5. 1996
China 2002

EU 1999-2003
Germany 2003
Germany 2002
U.5. 2002-2003
U.5. 2003

.S, 1990

U.S. 2001
Germany 2002
China 2002
China 2002

U.S. 2001
U.S. 2001
Germany 2002
Germany 2002

Data sources are shown in 5/ Text. Cl, confidence interval; Adj-R2, adjusted R?; GDP, gross domestic product.

“Which, then, of these two
dynamics, efficiency or
wealth creation, is the
primary determinant of
urbanization, and how
does each impact urban
growth?”

Bettencourt et al
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w4 Systems self-organize to

S maximize their power

= Systems self-organize into

- hierarchies of energy
exchange and feedback
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CONTRIBUTION TO THE ENERGETICS OF EVOLUTION*
By ALFRED J. LoTKA

Scuoor oF HyGENE aND Pueric HEALTH, JouNs HopkiNs UNIVERSITY
Communicated, May 6, 1922

It has been pointed out by Boltzmann' that the fundamental object of
contention in the life-struggle, in the evolution of the organic world, is
In accord with this ohservation is the prin e the
xistence, the advantage must go to thos.
2 ptu_rmg devices are most eﬂ"luerﬂ‘ in

.[‘l.te first effect of u'ltunl SLleLtlon thuc Dperatm,r, upﬂn mmpetmo'
species will be to give ive preponderance (in number or mass) to
those most efficient i ailable energy in the manner indicated.
Primarily the path of the ene ux through the system will be affected.

But the species possessi perior energy-capturing and directing de-
vices may mplish something more than merely to divert to its own

gy for which others are competing with it. If sources

capable of supplying available energy in excess of that
actually being tapped by the entire system of livi ganisms, then an
opportunity is furnished for suitably constituted organisms to enlarge the
total energy flux® through the system. Whenever such organisms arise,
natural selection will operate to preserve and i ase them. The re-
sult, in this case, is not a mere diversion of the en flux through the
system of organic nature along a new path, but an increase of the total
flux through that system.

Again, so long as sources exist, anﬁble of supplying matter, of a charac-
ter suitable for thu compositon o 'ng organisms, in excess of that

& opportunity
s t() enlarge the total mass of
. \\"henever su nisms arise, natural

ill he to increase the total mass of the s
v flux through the

0 be capable of in
asing the rate of tumm er of the org: tter through the life
cycle. 'Su for example, under present conditions,” the United States
produce annually a crop of primary and secondary food amounting to

It has been pointed out by Boltzmann' that the fundamental
object of contention in the life-struggle, in the evolution of the
organic world, is available energy. In accord with this
observation is the principle that, in the struggle for existence,
the advantage must go to those organisms whose energy-
capturing devices are most efficient in directing available
energy into channels favorable to the preservation of the
species.

The influence of man, as the most successful species in the
competitive struggle, seems to have been to accelerate the
circulation of matter through the life cycle, both by ‘enlarging
the wheel,” and by causing it to ‘spin faster.” The question was
raised whether, in this, man has been unconsciously fulfilling a
law of nature, according to which some physical quantity in the
system tends toward a maximum. This is now made to appear
probable; and it is found that the physical quantity in
guestion is of the dimensions of power, or energy per unit
time

A. Lotka, 1922



Solar Radiation

R. Lindeman, “Dynamic-Tropic Aspect of Ecology,” 1942
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E[m]ergy:
“‘Em”bodied energy

or cumulative, dissipated exergy
Solar em-Joules, sej
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6 The Odum-Holling principle of material

concentration hierarchies,

closely coupled to energy transformation
hierarchies;»which cycle or pulse at different

spatial and temporal scales to achieve maximum
e[m]power.

Odum, Systems Ecology, 1983



Darwin




Laws
1 The Mayer—Joule principle of the conservation of energy measured as heat equivalents.

2 The Carnot-Clausius principle of the increase of entropy, or loss of available energy, in any energy
conversion or work process.

3 The principle of an absolute zero temperature at which the entropy of a perfect crystal is zero.

System Principles

4 The Lotka—Odum principle of maximum empower as the final or selection goal toward which self-
organizing systems evolve over time.

9 The Lindeman—Odum principle of energy transformation hierarchies, which emerge over time to
achieve maximum power.

6 The principle of material concentration hierarchies, closely coupled to energy transformation
hierarchies, which cycle or pulse at different spatial and temporal scales to achieve maximum power.







Location (site) within
urban land-use hierarchies Si/n° " (b) Non-renawable amergy

water consumption (1012 )

electricty (10" )

1004 | 1
natmlgmm::ll]l‘ i
i 13
B | wenee o BAs0line we (10 )
— . — - —goods & serviees (1017 )
Fertilizer use {107 )
aOg |

—_— — labor (161 )

Total non-renewable emergy | Ty }

400 |
200 |
|:| — il = T - - - o - ) T .ﬁ . !
Morthenest Urban center Southeast
Sei / e (c) Potential energy and transformity
1 X N . e
aon | _ Totol emergy inflosws (200yrs) (107 sejim? )

350 |
v oeuse. potential energy of land use (107 Jfm?)

300 |

2005
I forest 250 |
[ wetland

[ grassland
[ | openfieldwith little or no vegetation 200 |

I river and channe!
lake and pond 150 |
cultivated land

[ livestock farm and agricultural facilty
[ park and square

I urban built-up

solar transformity (10°  sejid)

Fig. 4. MNorthwest—southeast transact of emergy flows and transformity of Taipet metropolitan region.

Huang, “Urban Hierarchy,” 2001



Cities by
themselves
are not
sustainable,

they gather &
concentrate

the resources
of their region

Fuels
Goods & Services
Electricity

Renewable
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Matural — Agrriculioral _L_ Residential _l_ LUrban

MArea Area Arca Area

Table 1
Empower densities, turnover time, and transformity of each land use in Taipei metropolitan region

Land use type Renewable emergy Mon-renewable emergy

and economic input

Total empower
density (10" sejim”) f§ (10" Jim) (107 sejiT)

Empower density  Turnover Empower density  Turnover
(10" sej/m’ time (10" sej/m* time
per vear) (vear) per vear) (vear)

Forest 644 10000 0.00 0,00 644 210,00 0.29
Girassland 36.65 5.00 0,00 0,00 1.H3 1270 014
Wetland 3342 10.0:40 0.00 0,00 354 44.00 0.0
Farm 27.55 20.00 11.75 10,00 123.01 31.90 385
River 26.96 1.0 (.00 .00 0.27 450.00 =

Low density residential 41.30 200000 I618.68 25.00 TEIRT.10 6000 122 00
Medium density residential 40,78 200000 SHT9.30 50.00 57959256 1290.00 151 00
High density residential and commercial 42.70 200000 #158.22 10000 1129746.40 F020.00 207 .00

Potential energy  Solar ransformity

Industrial 41.99 200000 1828.91 55.00 I81H38.08 2250.00 T4 80
School 45.41 200.00 1697.60 T0.00 166515.22 120000 G .00
Institutional 4532 200000 1420.79 B1.00 232648.12 2250.00 107 00
Lltility 4590 200000 69258 65.00 105715.50 1 150.00 9630
Transportation 2221 200.00 1856.02 T0.00 283673.22 BO30.00 29.60
Mining 31.43 200000 49.51 50.00 FTORT 36 240000 15.50
Recreation 4218 25.00 12.58 12.50 237.80 14,540 10.20
Fallow 22,56 1.00 21.23 0.50 17.97 6.39 2.09
Others 3520 25.00 36546 12.50 5640380 318.00 177 00

*Values less than 0.01.

FOr=CEF (10T} £¢ Sum)g wngsp pun adeospue e ja Suig ey
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The New Chautauqua Game

Designing e Renewabils Cly snd Rugios Ueng elrdegy Arcourting

Oops! You need 9.36 Chautauquas to support this
lifestyle. Maybe you should try something different?
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1/454 Acre 7 Acres
. (in the distant past)

Pﬁ/hwy &
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bioethanol from corn

Primary Land Support Land

1 Acre

7 A
21,300,000 kJ] oes
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Zipf distribution, “Rank-Size Rule?” for us cities

B000

1
Rank?

Population = k

Top 25 U.S. Cities by 2006 Population 1,000

9,000,000

8,000,000

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000
—
L
é
=
—
aa
L]
W Population. Format = City Name: Percentage of Largest City (Percentage predicted by Zipf's Law) ;1.
o
23 )

Rank




Zipf distribution,

Top 25 U.S. Cities by 2006 Population
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From George Kingsley Zipf (1949) Human Behavior and the
Principle of Least Effort (Addison-Wesley, Cambridge, MA)
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