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Regularities of big cycles of conjuncture and sustainable develop-
ment belong to the most important ones for the theory and strategy of
economic development. This monograph penetrates these regularitiesin
depth on rich statistical data with a help of modern mathematics (the
theory of non-linea differential equation, extended Kalman filter) and
computer technique. By enhancing mathematical and instrumental
methods of the economic theory and system dynamics, this monograph
may help in elaborating a long-term strategy of Russa's devel opment
allowing for higher growth rates of the domestic economy than eco-
nomic growth rates in the USA and other industriali sed courtries.

Investment and foreign trade planners, teachers of economic theory
and mathematical modelling, researchers of capitalist economy, stu-
dents and post-graduate students of economic theory and mathematics
at higher schods will benefit from reading this advanced book.
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Abstract

The Dutch artist Vincent van Gogh ortce expressed a fine thought:
“1 consider making studies like sowing and making pictures like reap-
ing... It is easier to procead from drawing to painting, than, con-
versdy, to make pictures without drawing the necessry studies...”
The same approach is typical for the system dynamics modedling.
Rephrasing V. Van Gogh we may say that a system of differential
equations is the skeleton, statistics are the muscles of the sturdy sys-
tem dynamics modd.

This book dfines a deterministic form of a hypothetical Law of
capital accumulation (HL) as a system of nonlinear ordinary differ-
ential equations based onreal data. The state variables are the relative
wage, employment ratio, unit gross rent, unit depletion and degrada-
tion d the natural capital, man-made capital-output ratio, natural
capital-output ratio and indicated ratural capital-output ratio. An
operational policy within the scope of the eisting and potentially fea-
sible regulatory institutions for achieving sustainable development is
also included. Complexity results from the high degree of interrelat-
edness of these structural dements, nontinearity of the functional
forms and informational delays in this modd. The fundamental equa-
tion of neo-classcal growth is a special case of the more general
dynamic regularity, presented as a direct consequence of the HL.

The present author makes use of four idealisations of an actual
econamic development of industrialised capitalist econamy that could
be considered as four subsequent steps for the derivation d the Law
of capital accumulation. This Law subsumes all of them. Its rough-



ness corresponds to the real systems property of reative structural
stability.

A first order idedlisation is a steady state growth that is locally or
even dobally stable. Accordingly, technical progress and gowth o
labour force tend to result in steady econamic growth while long
waves represent important fluctuations about this trend. The Kaldor's
stylised facts are valid for steady state growth path still it is a too re-
mote image of reality where all equili brium states are locally unstable
and cannd maintain themselves for any significant length o time.

A second order idedlisation is mathematically a limit cycle that
results from a locally unstable stationary state. Since no linear system
can lead to a limit cycle, a dynamic econamic modd must be esen-
tially nonlinear. A limit cycle can be generated \ia Andronov— Hopf
bifurcation if a steady state loses its gability when a cortrol parame-
ter passes a critical magnitude. This is na the only possble mecha-
nism for manifestation d closed arbits. They may go around a neutral
steady state like in the structurally unstable Goodvin modd with the
two phase variables (relative wage and employment ratio). Alterna-
tively, they may exist in a system that canna be linearised at a locally
unstable stationary state and at points with the maximal or minimal
employment ratios at al. This book argues that the latter case of the
substantially nonlinear dynamic system is the mostly realistic since
it takes into acocount incompatibility of full employment with the insti-
tutional structure of capitalism.

The Kaldor's gylised facts are true on average for a limit cycle.
This property cortradicts the Marx Law of the tendency of the general
profit rate to fall that has been supported by US official statistics for
1948-200Q The society accumulates the produced capital, however its
activity brings about the excessve depletion and degradation d the
natural environment that is detrimental for the unbiased general profit
rate and ret rent rate over the long term. Accumulation d  produced
asEts and accumulation d developed retural assets are necessary for
strongy sustainable devel opment.

A third order idedlisation is a transition motion to a limit cycle in
a more structurally stable dynamic system. As proved, such a system
cannd be linearised in reighbourhood ¢ a locally unstable station-
ary state. The Law of the tendency of the general profit rate to fall



operates on the transient to a periodic attractor for centuries. A short-
coming d the third arder idedlisation is that a transient regime is too
regular and repetitive. It leads to a periodic motion where the general
profit rateis constant on the average.

It has been shown that the real US econamy exhibits a long wave
as a dominant quasi-cycle. A longwave is nat a mere fluctuation su-
perimposed on steady, balanced gowth; rather, a long wave is a part
of the very process of nonequili brium growth in the capitalist econ-
omy. A fourth order idedlisation is a long wave as a stochastic
attractor and quasi-periodic trend with a quasi-period d about 29-33
yearsin the US econamy after the SecondWorld War.

The stochastic modd that generates this long wave has been writ-
ten in a canorical state space form. Setting a probabili stic form of the
HL, it reflects addtionally discrepancies (including effects of shorter
quasi-cycles) in the dynamic equations and in  measurement equa-
tions. An application d the extended Kalman filtering to the US mac-
roeconamic data has identified unabservable components of this Law.
The retrospective statistical analysis (1958-1997), univariate sensitiv-
ity analysis (19912034 and forecasting (19912107 have supported
the analytical treatment. An exploratory and a normative scenarios
have cortrasted the strongy sustainable development to an unsustain-
able evolution.

The present downturn in the long wave is to be viewed na only
as regularly recurrent phase of the long wave. Its addtional pains
are, likdy, characteristic of childbirth o the natural capitalism. The
‘old’ industrial capitalism is thus experiencing the dialectical nega-
tion, or creative destruction. The system dynamics approach could be
helpful for shortening and lesseening dsorder and dstressof this ma-
jor global transformation. The conscious dement of the Law plays a
decisive role in providing better gowernance of the eologcal-
econamic reproduction onthe increasing scale when ecology remains
one of the major political isaues.

Acknowledgement

This monogaph is based onthe author’s research over a number
of years. It is a baby of a cultural crossover. Parts of this research



have been carried aut at the Institute of Economics and Industrial
Engineeging (IEIE) in Novosibirsk (Rusda), Mannham University
(Germany), Worcester Polytechnic Institute (WPI) in the USA, Gaku-
shuin University (GU) in Tokyo (Japan).

Professor K. K. Valtukh and dher coll eagues have facili tated the
work dore in Novasibirsk. Professor R.M. Goodwin's letters in 1993-
1994 have lent new wings to this research endeavour.

The author would like to express a special gratitude to Profesor
Peter Milli ng for his lessons on the system dynamics at the Mann-
heim University in 1992-1993 19971998 and 2003 The valuable
research asdstance of Dr. |. JAger in Germany in 1992-1994 s also
appreciated.

Professor M. Myrtveit (ModdlData AS in Norway) and Profesor
L. Vavik (Stord/Haugesund College, Norway) have provided the au-
thor with the Powersim learning environment in 1995 That has
enabled a lot of exciting computer simulations only partially presented
in this book

The flight simulator and papers on long waves by Profesor
J. Sterman from the MIT (Boston, the USA) awoke the author’ s latent
interest in the fidd o system dynamics more than 15 years ago. The
insightful comments by Professor Kh. Saeed, Profesoor M. Radzicki
and aher American colleagues at the WPI have facili tated the author’s
researchin 1999

At the Gakushuin University (GU) in 2006-2001, the authar has
learnt much on econamy, techndogy and society from his host Pro-
fesoor Michiya Morita. Dr. R. Eberlein (Ventana Systems, Inc. in the
USA) has been very helpful by his professonal guidance on the soft-
wareVensimin 2001

Alexander von Humboldt Foundation has provided a financial
support in Germany and dorated the computer facilities for the re-
search at the home Institute. The World Society Foundation and
AVINA Foundation have financed the stay at the WPI. The research
project in Japan has been due to a financial and aganisational support
by the GU International Exchange Centre. The cortribution d these
organisations, as well as the support by Russan Academy of Sciences,
is deeply appreciated.






CONTENTS

INEFOAUCTION L..iiiiiiiie st e e e e
CHAPTER 1. A simple model of cyclical growth and capital
accumulation with induced technical progress ...............coeee.
1.1. Premises of a simple model of cyclical growth .................
1.2. The model equations ..... .........eeeevuereeiiieiiieiiiiiieeeenneeenens
1.3. An intensive form of the simple model ............ccccccvvvvinnnns
1.4. A stationary state in @ phase Space ..........cccccvvvvvvvnininnnnns
1.5. Local stability of the stationary state ...........ccccccvvvvviinnnn.
1.6. An exponential trend ...........cccvvveiiiiiiiiiini.
1.7. A competitive-co-operative  structure of capital
ACCUMUIBLION ....vviiiiieii e
CONCIUSION ..t e e e
CHAPTER 2. A model of the law of the tendency of the general
Profit rate to fall ..........uuviviiiiiiiiiiiiiiiiiiiii
2.1. Alimit cycle of uneven growth ............ccocoeiiii .
2.2. Anticipation in the self-regulation of capitalist economy ...
2.3. Profitability, productivity and scale effect .........................
2.4. Economic long-waves in the USA in 1948-2000 .............
CONCIUSION ..ttt e e
CHAPTER 3. Models of capitalist development constrained by
NALUFAl FESOUICES ....evviiiiiieeei ittt
3.1. Incorporating natural capital in the simple model of
[ONG WAVES .o
3.2. An example of ecological and economic catastrophe
(aggravated instability) ...,
3.3. An environmental policy and resource rent in a modi-
fled Model ...
3.4. The scale effect and theoretical outgrowth of a law of
capital accumulation ..........cccccciiiii
3.5. Computer simulations of sustainable cyclical develop-
14 1= 0L PR RR
CONCIUSION ...ttt et e e
CHAPTER 4. Generalising the fundamental equation of the
neo-classical theory of economic growth .............ccccvvieeeeen.
4.1. Basic elements of Solow's neo-classical model ..............

4.2. Possible trajectories of neo-classical growth ................



4.3. A generalisation of the fundamental equation ................

Conclusion



CHAPTER 5. A hypothetical law of capital accumulation ..............
5.1. Equations of a modified deterministic model ...................

5.2. A hypothetical law of capital accumulation in determi-
nistic and probabilistic forms .........cccoeeiiiiiiiiii
5.3. A simplified version of an extended Kalman filter ............
5.4. An impossibility theorem of whiteness of innovations ....
(070 o3 11153 T o I

CHAPTER 6. Operation of the hypothetical law of capital ac-
cumulation in the American economy in 1958-1991 .............
6.1. A historical fit of a retrospective forecast .............ccc.uee...
6.2. Properties of smoothed series of quasi-cyclical growth ...

(070 o3 1153 T o I

CHAPTER 7. Exploratory and normative forecasts of the USA
economic development in 1991-2107 .........cccccceeevieeeveeeennnnnn,

7.1. An exploratory forecast: decelerating capital accumu-
[ALION

7.2. A normative scenario for 1991-2107: extending natural
CAPITAl ..o
(070 o3 1153 T o

YW T T o U o N
REFEIENCES ..cvniiiiee s

Y o] 1= o [ G
P.1. Statistical data and SOUICES ..........ccccccviiiiiiiiiiiiiniiiiinn,
P.2. VENSIM optimisation files .........ccccccvviiiiiiiiiiieieiee,
P.3. The business cycle in the USAin 1991-2000 ...............
P.4. International aspects of the USA financial and eco-
nomic
instability in 19912002 .........cccovveviiiiiiieeeee e eeeeenns



