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From Changing Chaos to
Living Complexity:

A Unified Theory of Ecology, Economics,

and Civilization History

The way gave birth to unity, 18 4 —

Unity gave birth to duality, —4 —

Duality gave birth to trinity, —4 =
Trinity gave birth to the myriad creatures,
=4

-- Lao Tzu ZF (about 600 BC — 500 BC)




Outline

(1) Four approaches of developing unifying theory

(2) Smith Theorem: the bridge between economics and
ecology

(3) Four Stages of technology wavelets: changing role of
government & 1nstitution

(4) Copernicus Problem and Schumpeter’s biological
clock: Color Chaos and TF analysis

(5) Meso Foundation and Birth-Death Process
(6) From Complexity to Chinese Philosophy



(—) R —Plis R mEFhA =

. [Eﬁﬁ’éiﬁ(iﬁﬁ)%—]#iﬁﬁgl73112\2 —FEHZEHX

E(RESEE) #h £ GEAREL), EYFiREERE (DNA), &R
T NEZ—IEFESRER)

- [(ME|SHERUT] #E8HE HDLR)-FEE(HDLR)-FE

# (HED - AF, KT (HPHRHRENEFDRERER)

- [MEEARXS—1IFM(51017), RRHF (B, Z

X Hri8 (X e g — 5| hinfa i), HikT St —
AR M5B EER), XRGE—Eig?

» [B45Eg— ARX CRIER G —EYF, HRF, ?Eﬁ
=P, GRBHEE, £5%F, AEKF #HR3F), FEX
& GETENEILYES ?}E %, £9%F, IEsik F=
FAHE, HFEF)

o (FFFERBMOF/NERIN: ZE—ETTF EFF, AXKF E
EDEY, XBHREM) EEHB+S R R Q’E,E‘H(’FEEVEFH)




B &I 225552 Economic Chaos (1987) )
HEBXEFEG E %% Complex Systems (1989)

Dy, Gerhard .J, Fonken

Ixecutive Vice-President and I'rovost
MAT 2Mm

The University of Texas at Austin
Austin, TX 78712

Near Cerry,

In zecordance with our discussion, I would 1ike to propose a slight
chenge in the name of our Center. Instead of the present name, I would
1ike to propose "’»a Prigogine Center for Studies in Stan_,t‘cal Mechanics
aré Complex Systems.” As you know, we have beer organizing international
meetings on L‘Olllple’( systems over the yvears, 'he most recent one was on
"Evolutiorary Dynamics and Nonlinear Econcmics" (Aoril 16-19, 1989) and
was organized in collaboration with the MCRIT Institute (1he \letherlams),
the Irternatlox al Fcotechnology Research Centre (Cranfield, U.K.), the
Intetnaticnal Institutes of Physics and Chemistry (Solvay, Brussels), the
Center for Studies in Statistical Mechanics, and of course, The University
of Texas at Austin, It was an outstanding meet*ng and the proceedings
will be published by Oxford University Press, We intend to continue
these activities, and for this reascn it would be more appropriate to add
the words ”Lam"lex Systems' to the title of our Center. At a later stapgs
I would like tc ferm an internaticnal advisory committee imvolving eminent
people from The University cf Texas and also reprebm»ataves of the most
outstanding centers for the study of complex systems in Furope and in Japan.

o LSRN X PSSR F L B - a _— - = . -
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(9/20/1995)

The Universily of Texas at Austin
Robert Lee Moore Hall 7,220
Austin, TX 78712

Dear Dr. Reichl:

From my personal discussions with Dr, Ping Chen and from perusal of his
wide and varied written researches, T judge him to be 2 schalar of hoth
accomplishment and promise, On this basis onz would suppose him to be
warthy of promotion on any strong research insticution’s hicrarchy,

What cannot be predicted at this time is whether one or another of his
innovative paradigms will tarn out 1o be of great moment to the corps of
leading mainstream economists. Fle is in the Queuc of proimising researches
but whether his lollery ticket contains a winning nuinber - only the future
can tell,

Sincerely vours,



Impact to Linear-Equilibrium Economics:
Extended 3, Challenge 10 Nobel-models

* Business cycle theory: (+1) develop Samuelson model,
(+11) support Hayek endogenous money, (-1) reject
Friedman exogenous money, reject Friedman FD filter,
(-11) reject Granger discrete time, (+111) support RBC
HP filter, (-111) reject Frisch model of noise-driven
cycles, (-1v) modify Arrow concept of knowledge, reject
(-v) Solow exogenous/ (-?)Romer endogenous growth,
propose metabolic growth theory.

* Macro-Finance: Principle of Large Numbers: (vi) weak
Lucas, (-vi1) modified Black-Scholes model, (-viii1)
reject Fama model, (-1x) reject Coase, (-x) Markowicz,
(-?7)Kornai
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Which Growth Theory Is Relevant to
Modern History?

Average Annual GDP Growth Rate (1913-2001)

Period WEuro EEuro Asia US fUSSR Japan  China
1913-50 1.19 0.86 0.82 2.84 2.15 2.21 -0.02
1950-73 4.79 4.86 5.17 3.93 4.84 9.29 5.02

1973-2001  2.21 1.01 5.41 2.94 -0.42 2.71 6.72

Source: Maddison (2007).



Uneven Growth in Globalization
(Annual Real GDP growth rate per decade)

Period 1970s 1980s 1990s 2000s 2010-14
China 6.2 9.3 10.4 10.5 8.0
Turkey 4.1 5.2 3.7 3.9 4.4
Japan 3.8 4.6 1.2 0.7 0.7
US 3.2 3.2 3.4 1.6 1.9
Germany 2.9 2.3 1.9 0.9 1.5
East Asia 4.4 5.5 3.3 4.0 4.0
West Asia 6.8 1.7 3.9 4.2 4.3
Latin America 6.1 1.5 3.2 3.1 2.9
East Europe 4.4 2.3 -2.0 4.3 2.1
West Europe 3.1 2.3 2.1 1.1 1.1
World 3.8 3.1 2.8 2.5 2.4

(Data Source: UN Statistics)



Neoclassical Growth Theory:
Convergence vs. divergence story

Exogenous growth theory (Solow 1956): Constant
Returns > Convergence

Endogenous growth theory (Romer 1990): Learning
by doing = Knowledge Accumulation (Arrow 1962) >
Increasing Returns >Divergence > Persistent divide
between Rich and Poor

Puzzle: how to understand rise and fall of civilizations
and great powers?

Metabolic growth theory (Chen 1987, 2005, 2010,
2012)
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Evidence of Logistic Growth:
US Automobile Industry
(Output as Percentage of GDP)
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Ecological Constraint > Nonlinear
Demand & Supply Curves>
Multiple Equilibriums >
Cycles + Chaos+ Crisis

Nonlinear Supply Curve (Stiglitz)

Nonlinear Demand Curve (Becker)

W(P)

H(Q)
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Technology Wavelets, Growth Cycles, and
Creative Destruction 1n
Species Competition Model
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* Joseph Needham’s Question: Why did science
and capitalism emerged in West Europe, NOT
in China or other countries?

* Immanuel Wallerstein > Historical paradox:
Why resource-rich European needs more
existence space while highly populated China
needs more labor during civilization bifurcation
about 14-17% century?
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& E 8 1 Hh % J# (Maddison 1998, p.28)

Region  Total (mhc) Arable (%) Pop(m) Arabland per head (hc)

China 959.7 10 1178.4 0.08
Japan 37.8 11.8 124.8 0.04
India 328.8 51.6 899.0 0.19
Turkey 76.9 26.7 79.4 0.26
Europe 487.7 27.8 506.9 0.26
us 980.9 19.1 239.2 0.73
USSR 2240.3 10.3 293.0 0.79
Canada 997.6 4.6 28.4 1.58
Australia 771.4 6.0 17.8 2.62

Resource intensity: West mode ~ 10 times or more of East mode



Two Modes of Agriculture
in history:

East > resource-saving/labor-intensive
technology > high population density >
scope economy > better bio-diversity

West > labor-saving/resource-intensive
technology > industrial revolution > mass
production > low population density >
colonialism + imperialism > ecological crisis



Three Types of Learning Strategies and
Risk Attitudes

Learning by doing (Smith: pin-making) > knowledge
accumulation > gradual change > risk-neutral culture
Learning by trying (pioneers 1n fire, electricity) >

knowledge creation > abrupt change > risk-taking
culture

Learning by imitating (late-comers) > catch-up game >
risk-averse culture

Modeling approach: from static theory of risk aversion
to nonlinear dynamics of varying risk behavior
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Resource, Culture, and Learning Strategy

 Individualistic species needs larger existence
space.

%

sk 3k
na<0 < nazO < na>0
* European pastoral life > labor-saving but

resource-consuming economy

Chinese grain-production> resource-saving
but labor-intensive economy



Competitive Exclusion &
Coexistence in Two Species Model

e The condition of co-existence

4 4 a,r,
(1- I——%)
$;N, - N, < s, NV, s,N,

v ar, N r
1-—2)1-—""11 ! 1-—2
( N, ) Y ) ( N, )

(-

e Two collectivists cannot coexist;
e Two individualists may coexist;

m—

e No. of species (¥ No. of resources




Methodological Issue: How to Describe
Technology Advancement?

* Technology as random shock: Solow residual,
RBC school > macro econometrics

* Technology as continuous trajectory:
knowledge capital, increasing returns >

* Technology as logistic growth turned into logistic
wavelets > population dynamics for
Schumpeter’s creative destruction
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Changing Government Role in
Four Stages JUF} of Tech Wavelet

I (infant) 45, 3/, 7N > strategic planning, technology import,
tech transfer from science & defense sector to civilian industry

II (young) &, B, ‘K >open competition under mixed
economy, selective opening in industrial park, government
matching fund for FDI, market regulation for virtuous competition

III (mature) ', #K, & > breaking monopoly + encouraging

innovation

IV (aging) %2, &, 7K > assistance for close-down obsolete
industry, re-education of laid-off workers, reform policy &

stabilizing policy

Ecology is central to mother Earth } -
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Log M2 Series > HP > Trend + Cycles

Original Data and Trend
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3D representation of TF (time-
frequency) distribution of M2 cycles




BER B HIAL: PN I m i )T £

1

%u

+ IR 1(65%)
E*ﬁa&%#& 0.95
Sr4E= 2.5

FSPCOM Original & Filtered Cycles (H=0.5)

0

H

4 I I I I
-+ So
S
2 | 9 .
2 ok _
)
2 | —
4 ! | 3 !
1945 1955 1965 1975 1985

t

1995

(35%)



iz e

2 e = YE v
= S EVRTE?

N

FSPCOM Raw HP Cycles FSPCOM Filtered HP Cycles

0.3 T T T T T 0.3 T T T T T




Stationary (Discrete Fourier Transform) vs.
Non-Stationary (Joint-Time-Frequency Analysis)
Time Series Analysis

Application of Joint Time-Frequency Analysis to ISAR
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JTFA-Basad LSAR fmage of a2 MIGZ5



Uncertainty Principle in Signal Processing
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Gabor (Gaussian) Wavelet
with Minimum Uncertainty
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The Principle of Large Numbers
for Positive Variables

o SN=Xi+Xot+ ... ... +XnN
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RECEN: W

i H MV (%)
Nc

B AR (1947-2010Q4) 0.15 600, 000
ELSZGDP (1947-2010Q4) 0.19 400, 000
ESEMAHEE (1947-2010Q04) 1.2 10, 000
EIEH T (1928 - 2010]an. ) 1.4 9, 000
S&P 500 #5%% (1947 - 2010Jan. ) 1.6 5, 000
ghEATIIE R (1971 - 2010Jan. ) 2.0 3, 000
FEIuHoIEE (1971 - 2009) 6.1 300

S JCAT IR IGIE 2 (1999 - 2009) 4.9 400

Bk FEEDEFEAIZ: Federal Reserve Bank of St Louis; AXF§#JE: <{yahoo. finance> .



RV, XEIZEFARNARERMBATIZEERMV) IR TE5EH (Ne)

15 H MV (%) Ne
PR 2.6 1, 000
IR WA 2.4 2, 000
Hill i ML 1 2% 0.6 30, 000
AT (WTT) 4.8 400
YEH 3.9 800
XKASM 19.0 30
=R 2.9 1,000
220l 1.7 3,000
EEl) 1.6 4,000
INEM 2.5 2,00
KM 2.1 2,000
REM 2.2 2,000
EXH 2.7 1,000
FRIEM 2.1 2,000
BFMm 2.4 2,000
+RM 1.5 5,000

HHREIR KB . "ERBERXR, HEURIMAARET.



n] s 32 E TSR MV 558040 0 CN

Real Personal consumption: 0.15%
Real GDP: 0.2 %
Real Private Investment: 1.2%
Dow Jones Industrial (1928-09): 1.4%
S&P 500 Index (1947-2009): 1.6%
NASDAQ (1971-2009): 2.0 %

Japan-US Exchange Rate (1971-09) 6.1%
US-Euro Exchange Rate (1999-09) 4.9%
Texas Crude Oil Price (1978-2008): 5.3 %

(800,000)
(500,000)

(10,000)
(9,000)
(5,000)
(3,000)

(300)
(400)
(400)



Stable RD in US Macro Indexes
observed under VHP filter
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RD Behavior for Stochastic Models

Order Brownian motion Birth-Death | Random-Walk

Mean ~exp(rt) ~ exp(rt) .t
Variance | _ exp(2rt) {eazt 1|~ e"(e" -1) S 4
RD o’

~e? Ja=e™) L 1
N, Jr

 Random walk 1s damping over time
* Brownian motion is exploding over time

e Only the Birth-death process is in time, which 1s a
statistical model of endogenous fluctuations
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The observed TED spread.
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500 index {1950-1980)
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Variance

the 4th moment

10
( ) , Ty
; a s
2.0x10° |- e —8
PRI Y g
Pl g
5 - 6
I'\\ ,-.",
'. ey
1010° Y 4
3 2
00 LI L L L L L o
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
time (year)
8.0x10° 10
SwT Ty
- (©) o
6.0x10° |- g
o A \—-'.I\"\I N
[ L ~ - 18
4.0x10° ., _," 'I_,"l‘-l'l" ’ 1
A 4
-5 9
2.0x10 1,
0.0 UL L L L L L L I 0
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

time (year)

0

S(t)

the third momet

the 5th moment

1.0x10* 10
L (b) e
0.0 —\»—\J\Lm I |
- ds8
L '.,' |
-1.0x10™ |- P e =
24 de6 =
(/2]
[ ﬁ. "
NN Vo) o
200t L0
v
A H 44
3.0 bkr—m——m—1r—-r—r——r—r—rr—r—
1920 1930 1940 1950 1960 1970 1980 1930 2000 2010
time (year)
5.0x10° 10
| NI
(d) A
0.0 r - -
L wt \—~.l\‘\l‘ b
5.0x10° - 168
-5. - "N -~ =
W '| ryag,?” 4 =
PPa~! v’ 4 7]
-1.0x10° | ! ]
i 42
-1.5x10° |- |
F LI L L L L L 0
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
time (year)

I

>



(7%) M2 2 kB p [EE

- ORERTEMEYE AL AZELS E’JIH:I}E
P E N ESNREFRFRARBELDIBEARER
%Zﬂﬂézﬁse% (HIEEZHLZR)

- MEMNEBEIL ZBF KAEG—

- HTRNELGFEELEM: M?kﬂﬁﬂlﬁﬁa‘t%m’j:
IMNEEZE), MEHREZE), FRE
ZE) B(EEZE)

¢ *$ 1;4u\;)|tl. A\ Hbi;ﬁ. _q:% E;)Il.

» BF(FEMUZ) =T (RXE/K)YATT(L
FERR)=FESEM




-f%? 18 (4

PETZ, FEREN, 2o

:ﬁé’éé}‘t)*z— *Wﬁt AAE—

ﬁ)iu\)ﬁﬁﬂ>>5'ﬂz>>ﬂﬂ£u?ﬁ FBGR—
o« —HF=": ’Eﬁt,ué’ﬁ(:“‘f_wm@)
- ZEBYGRIERYEVZ IS

- XHZITiEHA

ER 15

* IT@KEE(WI_IKEE E/TIEE Eﬂ4xiﬁﬂ)
BR CRETSCHA, JLR-E8 XX HA, B‘H.MEISCEE)
X (Ffa. JLRR, &5, BYEF . RE. =

REX)®

E| -

E X

%) AR, R TFEE)(

ELT IR EMIRIVEN ZSHFMNES

T 3L

7

ﬂ/k

x

DL




7518 2

\
\

1_/)

FFEG—EiIPH A ITEN

] =4

° 1&5% I/)[% 5| AEE{KT TAH, ;EiBI I
TTREFE, FLMEFRKINELERZE
':F'ﬂ']'b(ﬁﬁﬂ, 7l 255 2|
F) R

: Fi)ﬁ:b.ﬁ‘ﬂ-#% PE22 55 R A0

B0 (FIRE) 225+
L_:J;=I=%JLJHI.|

e FRIMLZFTR

) E

S FTAE R

il B

e

E—F,

LERN R

FATAATERNECE R
E %10 )R Z AR FE

<i—/L.. gé)%mrb

TR

SEMEYE X

OB TE AR

H R



References

Igijzslz «j{ﬁﬂﬁj\ﬁs__ ?[zkblm *Dliii"té_j:/uﬁj]jj%» :”:Rk%llill
brtt, dEFR20044E H RS

Chen, Ping, Economic Complexity and Equilibrium Illusion,
Routledge, London (2010).

Chen, Ping. “Metabolic Growth Theory: Market-Share
Competition, Learning Uncertainty, and Technology Wavelets”
Journal of Evolutionary Economics, 24(2), 239-262 (2014).

Chen, P. “Mathematical Representation in Economics and Finance:
Philosophical Preference, Mathematical Simplicity, and Empirical
Relevance,” in Emiliano Ippoliti and Ping Chen Eds. Finance.
Mathematics and Philosophy, in SAPERE Series (Studies in
Applied Philosophy, Epistemology and Rational Ethics), Springer,
Berlin (2016),

Rostow, Walt W. The Stages of Economic Growth, 3 ed.,
Cambridge University Press, Cambridge (1990).

MEK, <Prgstgsrry bR RFEH R, 2014,



RUF (P, £ DB, &IRER. 7
iiié) HEF 2

A BH
T B
SART
mEBE AR L (Fin),
A et B AT (B F)




Contact Information

(EE-THEF8 Y pchen@mnsd.edu.cn

(B2 T
http://www.complexeconomics.or
CRFF -2 )

http://blog.sciencenet.cn/home.php?
mod=space&u1d=3382190

(Vs -T A=)
http://www.guancha.cn/chenping1/list 1.shtml

(dEKE

TAZ DY

http://scholar.pku.edu.cn/pingchen/home



AL R




