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Abstract

This paper elaborates the notion of viable quasi-periodic motion bounded in the phase spacethat
generalises dationary growth and stationary cyclica growth. Simulation experiments, based on
red and estimated datisticd data, support the original hypotheticd law (HL) of capital acaumu-
lation formulated in the previous publications of the author.

This paper contributes to finding the general law of motion of the modern economic system that
is charaderised by resilience and fragility. It gives an additional ground for a positive answer to
the question: ‘Are there maaoemnomic laws? It is siown in particular, that Okun’s law and
some other prominent empiricd regularities are, likely, the manifestation of this HL.

The gplicatiion of the HL with exogenous growth of labour forceto the U.S. emnomy reveds
and explains a trade-off between long-term improvements in profitability against lower em-
ployment ratio and larger volatility of economic-emlogicd reproduction. A focus of this work is
on posshle alverse social consequences of a more aygressve substitution of living labour by
man-made caital during the aurrent Kondratiev quasi-cycle, or long wave.

Two disequili brium scenarios of the American economic evolution, based on the HL, are com-
pared with equili brium projedions of the U.S. Board of Trustees of the Federal Old-Age and
Survivors Insurance and Disability Insurance Trust Funds. Achilles hed of these projedions, as
demonstrated, is the neo-classca conjedure on economic growth.
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Introduction

The books (Ryzhenkov 2000, 2003) and papers (Ryzhenkov 200, 2001, 20025, 2003) have
defined and refined the hypathetical law of advancing capitalism (HL). A system of nor-inea
ordinary differential equations establishes a deterministic form of this law. The state variables
are the relative wage, employment ratio, unit grossrent, man-made caita—output ratio, natural
cgpital—output ratio, indicated natural cgpital—output ratio and unit depletion and degradation of
the natural cepital.

The HL, presented as a generic system dynamics model in the intensive form, refleds the dia-
ledicd interadion between factors that tend to lower the average rate of profit and those that
counterad this tendency. Conversion of profit into cgpital and sustained expansion for a number
of yeas eventually result in a tight labour market, rising red wages, and in an accderation of
cgpital-abour substitution. As this processtends to raise the caital-abour ratio, it also tends to
lower the average rate of profit. When the latter tendency outweighs the @munterading tenden-
cies, arecesson abruptly follows the expansion.

After the Second World War, the American economy probably passed peéks of the Kondratiev
cycles twice 1966 1997 for the gross (biased) profit rate and 1969 2000 for the anployment



ratio (Figure 1 and Figure 2).* The airrent downswing in the long wave has manifested itself in
the growing produced cagpital—output ratio and unit wage, declining profitability and employment
ratio. There has been a seaular profit squeeze ad decderation of economic growth in spite of
the steady reduction of the eo—intensity and labour productivity growth. Worsening profits have
affeded the growth in productivity that inhibits profits, in turn. Excessve cagital acaimulation
(overinvestment) that developed in the late 199Gs has creded structural imbalances, which reed
considerable time for resolving (Economic Report of the President 2004 32-36).
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Figure 1 The gross(biased) profit rate (1 — u)/sinthe USA, 1948-2002

! Based on data on man-made capital from the Survey of Current Business May 2004 and other
relevant maaoemnomic data from www.economagic.com downloaded on May 30, 2004 Exad
definitions and explanations for mathematicd notations are given below (sedion 1.2). The global
maximum of employment ratio observed in 1953 dd not congtitute apeek of the Kondratiev
cycle. It was brought about by the Korean war (1950-1953, by the boom in the middle-term
business cycle and other fadors. Consideration of these fadors goes beyond the scope of the
present paper.
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Figure 2 The anployment ratio (v) inthe USA, 1948-2003

The lead time of the gross (biased) profit rate is about threeyeas againgt the anployment ra-
tio. This red property is in agreanent with the HL. A modern neo-classcd model of cyclicd
growth erroneously exaggerates this leal time by positing it at about ¥4 of the period of a g/cle
(Zhang 1988§.

The HL explains not only the long-term quasi-periodic fluctuations of the average profit rate, of
the amployment ratio and of other maao emnomic variables. It sheds light on a sealar ten-
dency of the average profit rate to fal that has been typicd for the U.S. economy at least from
the middle 1960 s (Ryzhenkov 20023, 2003. This aular tendency is absent in the modern neo-
classcd model of cyclicd growth (Zhang 198§ unlike the ealier neo-classcad model of non-
cyclicd growth (Solow 1956).

The post second war growth of the U.S. economy is marked by a positive eonomy of scde. A
growth rate of the employment ratio has been remarkably positively correlated with a growth
rate of net output per worker over the long term (Figure 3). There seamnsto be a violation of this

regularity in some yeas, particularly, in the yea 2002 This regularity will be cnsidered more
closely below.
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Figure 3 Economy of scde in the U.S. economy, 1943-2002

The present downturn in the long wave is not only a regularly reaurrent phase of the long
wave. Its additional pains are charaderistic of childbirth of the natural capitalism. The ‘old’ in-
dustrial cgpitalism is experiencing a dialedicd negation, or credive destruction. The system dy-
namics approach could be helpful for shortening and lessening disorder and distressof this major
global transformation.?

The HL has been tested against fads and has undergone numerous laboratory experiments. The
non-linea  feedbad relationships, measurement errors violate the maintained hypotheses of
most single—equation ecnometric techniques. However, the Powell hill climbing algorithm and
Kaman filtering could be gplied for identificaion of unobservable dements of the HL in its
probabili stic form (Ryzhenkov 2001, 200Z). The smulation software Vensm developed by
Ventana Systems, Inc. allows applying these techniques.

This paper elaborates the notion of viable quasi-periodic motion bounded in the phase space
that generalises dationary growth and stationary cyclicd growth. This elaboration has been sup-
ported by the smulation experiments, based on the original hypotheticd law (HL) of capital ac-
cumulation, and by statisticd data.

This paper develops the economic theory of long waves via the system dynamics approach.
Causality provides a key toal in this sach for universal laws within a wherent theoreticd sys-
tem. Causal explanations alow, in particular, unobservable relations in formulating causal ex-
planations of emnomic-emlogicd reproduction. The author tries to find additional points of con-
tad between the HL and redity showing that statisticd relations gould not serve a substitutes
for causal relations. In behavioural testing of the HL this paper pushes the badkground model
beyond recant historicd ranges of behaviour (cf. Bell, Senge 1980.

The decderation of labour force growth challenges U.S. sustainable development in the XXI|
century. The gplicaion of the HL with exogenous growth of labour force to the American
eonomy has $own that the moderation of the seaular tendency of the average profit rate to fall
is conditioned by the society’ s investment strategies (Ryzhenkov 20033).

Ceteris paribus, the dower is the growth of the labour supgy, the higher should be the overt
incremental increases in the unit gross rent to seaure aceamulation of man-made and natural

2 “Because it [natural capitalism] is both necessary and profitable, it will subsume traditional in-
dustriaism within a new economy and new paradigm of production, just as industrialism previ-
ously subsumed agrarianism” (Lovins et al. 1999 158).



cgpital together. The reason is that due to the slower growth of the labour suppy and labour pro-
ductivity, economic growth and acawmulation of capital decderate. With the general economic
dowdown the ésolute rate of dedine of the unit depletion and degradation of the natural cepital
(e) becomes gndler, therefore greaer environmental investment is required for strongly sustain-
able development.

A pradicd focus of this work is on possble adverse social consequences of a more aggressve
substitution of living labour by man-made caital during the arrent Kondratiev quasi-cycle, or
long wave. This paper presents two exploratory scenarios of the aurrent Kondratiev quasi-cycle
in the USA in the cmntemporary period upto 2034 (and beyond). Building models and inventing
policies, a modeller is to remember that preventing the red and potential classconflicts over dis-
tribution of income from escdating is one of the major policy concernsin businesspradice

1 Theoriginal model of sustainable development

The necessty of linking both components — growth and long waves — empiricaly as well theo-
reticdly is as an important topic. The original system dynamics model of cyclicd growth in-
cludes the stocks and flows, multiple nonHinea feadbad processes, and other elements of dy-
namic complexity. This model refleds the impad of ecnomic adivities upon retural environ-
mental conditions. These conditions, in their turn, influence the growth rates of labour productiv-
ity and capital intensity. Policies, based on a perception of resource scarcity and pollution levels,
are dso refleded.

1.1 The model assumptions

A capitalist economy is restricted by natural resources. Produced cepital is an embodiment of
knowledge and, similarly, natura capital is a stock of information. Some nversion fadors are
needed for aggregating information content of different congtituents. Fixed assets, labour and
natural asets are esentialy complementary to ead other and are dso substitutes to some de-
greedepending on relative prices.

The other most important premises are such:

(1) two socid classs (capitalists and workers); the State enforces the property rights, yet the
cost of such an enforcement is not treaed explicitly;

(2) threefadors of production — labour force, man—made fixed cepital, natural cepital — are
homogenous and non-spedfic;

(3) only one aygregated good is produced for consumption, investment and circulation, its price
isidenticdly one;

(4) production (suppy) equals effedtive demand;

(5) productive cgadties can be partialy idle;

(6) al wages consumed, the resourcerent and apart of profits saved and invested;

(7) steady growth in the labour forcethat is necessarily not fully employed;

(8) agrowth rate of aunit red wage risesin the neighbourhood of full employment;

(9) a dhange in capital intensity and technicd progressare not separable due to a flow of inven-
tion and innovation over time;

(10) aqualification of the labour force @rresponds to technologicd requirements.

The product—money identity and the supgdy—demand equivalence stated in the third and
fourth assumptions do not contradict the two—fold charader of labour embodied in commodities.
This model mirrors the twofold nature of labour power, the unity and contradiction of its value
and use-value. The aedaive functions of labour market as an instrument for transmitting im-
pulses to economic change ae the focd point.

The model does not describe the formation of red income of the unemployed persons. It is as-
sumed that a part of wages and salaries covers indiredly the neads of the unemployed. The latter



do not play an adive role in the model economy. Socia seaurity contributions and benefits are
not shown unambiguously.

The model assumes supremacy of production over fina demand. This assuumption abstrads
from the relative independence of final demand. It is more accetable for the long run as for the
short—un: although in the shorter run aggregate demand influences output, in the very long run
output dominates over demand. Capital adapts the output to the scde of production.

The model abstrads from over—production of commodities inherent in over—production of capi-
tal during certain phases of industrial cycles. The aumption (6) smplifies definitions of the in-
vestment, saving and profit rates. It may be akey to explanation of the fad that the rate of profit
on capital of order of 12 or 15 per cent per annum is compatible with a rate of economic growth
of two or three and half per cent per annum.

The asaumption (5) refleds the existence of excessve productive cgadties. It isimportant for
interpreting an equation for a rate of change of labour productivity (below). The assumption (7)
means that the labour force grows exponentially over time. This asaumption hes been substi-
tuted by a more redistic hypothesis of an exogenous uneven growth of labour force in (Ryz-
henkov 20033). The assumption (6) corresponds to the immediate am of profit—oriented capital-
ist production.

1.2 The eguations of the original deterministic model
The model is formulated in continuous time. Time derivatives are denoted by a dot, while growth

rates will be indicated by a hat. A listing of variables is given in the Appendix. This model con-
sists of the following equations:

P=KI/s (1.2
a="PIL, (1.28)
as = P/Lg, where Lg =LH ; (1.2b)
u=wa= wg/ag; (1.3)
ag=my + m K7L +myp(9)+ msF L, (14
@)= 9GN(W)ABS(WM"j,m=20,1>2m,>0,m;=0,1>2m;=>0,1> j>0;

K7Lg = ny+ npu + ng(v — V) + ng(Z/P), (15
=0 n=0 ns=0, 1>v.,>0;

v=L/N; (1.6)
n= N+H = cond; (1.7)
Ws =—g+rv+bK/Lg+qF7Ls, g20,r>0; (1.8)
P=C+K+Y=wgLg +(1-KM + K+Y; (1.9)
F=Y-2Z (2.10
Z=¢€P, O<e<l; (1.12)
y=Y/P=0; (1.12
X =i (1.13)
f=FIP; (1.149)
c=XIP: (1.15)
e =P(g/e-1), ez >0; (1.16)
K=kM=K(1-wa)P-Y] =K(1-uP-Y], 0<ks<1; (1.17)

y=(o(c-f)+o,f)y. (118



Equation (1.1) postulates a technicd relation between the capital stock (K) and net output (P).
The variable s is cdled cgpital—output ratio. Equation (1.2a) relates net output per worker (a),
net output (P) and employment (L). Equation (1.2b) is a smilar equation for labour productivity
(ag) that equals net output divided by labour input (Lg) as aproduct of the enployment (L) and
average annua hours worked (H). Equation (1.3) describes the shares of labour in net output (u).

Equation (1.4) is an extended technicd progress function. It includes. the rate of change of
produced capital intensity, K/ Lg, the dired scde dfed, mg/(¥), and the rate of change of natu-
ral capital intensity, F/Lg. ABS(X) is absolute value of x that is non—negative, xj is X raised to
the j-th power, SGN(x) isasign of x, so SIGN(V)=-1for ¥ <0and SIGN(v)=1for v = 0.

The reader may notice that the equation (1.4) generaises a Kaldorian linea technicd progress
function that explains a rate of change of labour productivity by rate of change of produced capi-
tal intensity (Kaldor 1957). The similar relationship is a property of the Solow neo-classcd
model of economic growth (Solow 1956.

Due to the non-linea component myy (V) , this generalised technicd progressfunction (1.4) is
not analyticd for ¥ =0if my>0and 1>j > 0 as supposed throughout the rest of this paper. Be-
cause the function /(¥) is not analyticd everywhere, the model is able to refled the sudden and

steg dedine of the average profit rate during a aisis in a big cycle of conjuncture. This valuable
property is beyond read for many modern studies of endogenous emnomic c¢ycles that use the
Andronov — Hopf bifurcaion as a common toal for presentation of stable g/clicd growth, im-
plying smooth analyticd functional relationships that strongly idedise the caitalist redity.

An important assumption behind the equation (1.4) is that labour productivity is related to the
(un)employment rate (cf. Okun 1983 148). The non-linea element of the equation (1.4) isare-
fledion of Okun's observation that "a reduction in unemployment, measured as percentage of
the labour force, has a much larger than proportionate dfed on output” (ibid.: 153). In particular,
“ periods of movement toward full employment yield considerably above-average productivity
gans’ (ibid.: 155. Although depressed levels of adivity will stimulate productivity through
pressure on management to cut costs, ‘the anpiricd record demonstrates that they are swamped
by other forces working in the opposite diredion” (ibid.: 156).

Equation (1.6) outlines the rate of employment (v) as a result of the buying and selling of la
bour—power. The exogenous growth rate of labour supgy (n) is the sum of exogenous growth

rates of labour force (N ) and averaged annual hours worked (H ) in (1.7). In the equation (1.8),
the rate of change of the unit red wage (Ws) depends on the employment rate (v), as in the
usual Philli ps relation, and on the rates of change of cgpital intensity (K /Lg) and (F/Lg), addi-
tionaly. The caital intensity (K/Lg) is a proxy for qualification. It is assuumed here and in the
next sedions that the growth rate of average hours worked is a component of the growth rate of
the worker’sred wage: W=Wsg +H . Correspondingly, wL = wgLH.

In the equation (1.9), the sum of net export, final private and public consumptionis C = P[u +
(- K)(1— u — y)]. The net formation of produced fixed capita is K= kM. The grossacaimula-
tion of natural assets Y equals the grossresource rent in monetary (or information value) terms.
Equations (1.9) and (1.17) show that profit (M = (1- u—y)P) and incremental marn—made caital
(K) are not equal in monetary (or information velue) termsif the investment share k < 1.

In the eguation (1.10), F isanet acamulation (los9 of the natura capital (F). Z is the net en-
vironmental damage in the eguation (1.11), i.e., depletion and degradation of non—produced

natural assts (land, soil, landscape, ec—systems) due to ecnomic uses above the regeneration
rate.® The resource use or pollution hes a fixed relationship to output. The lineaity of this rela-

% The rate of regeneration is given by a function Q(F, Y), satisfying Q(0, Y) = 0, dQ/dY > 0 (at
least for F above a cetain minimal level of F) in a more detailed model of sustainable develop-



tionship constitutes a particular case (e = const). A norHinea relationship (1.16) was firstly
introduced in (Ryzhenkov 2001).

The euation (1.5) is a generadization of a linea medanization function in a model of cyclicd
growth offered in (Glombowski, Kriiger 1984) that relies on relative wage & the single endoge-
nous fador for the rate of change of cepital intensity. The rate of change of capital intensity
(K/L) in the eguation (1.5) is a function of the relative wage (u), difference between red em-
ployment ratio and some base (‘natura’) magnitude (v — v,), depletion/degradation of natural
capital in relation to net output (Z/P). The rate of growth of capital intensity depends on the envi-
ronmental damage per unit of output (an application of the principle 'a pollution prevention
pays), in particular. A high wage share axd high employment ratio promote mechanization
(automation).

The parameter v, plays a centra role in this paper. The lower its magnitude, the more aygres-
sve is subgtitution of living labour (Lg) by man-made fixed capital (K). The present author

surmises that lowering this control parameter magnitude has gained a key role & the present
recession phase of the Kondratiev cycle in the USA. The focus of this paper is on the probable
short-term and longer-term consequences of arespedive policy (seesedion 3).

The indicated natural capital, X, may remain constant, deaease or increase exponentialy in
the equation (1.13). In (1.12), the unit grossrent y isthe investment ratio for the natural capital
at the sametime.

This model does not trea explicitly a stock of environmental assts. The natural capital—output
ratios —red, f, and indicaed, c, in the equations (1.14) and (1.15) — belong to the state vari-
ables of the model.

We asume that the unit depletion (degradation) of the natural capital asymptoticdly declines
due to substitution and structural change & in (1.16) where for P>0and e> e, € < 0. The
higher the rate of economic growth, the faster is the reduction of eco—intensity (or the promotion
of ea—efficiency in the narrow sense). The equation (1.16) is, likely, a better approximation than
e = congt > 0. An approximation of a higher order can be eaily implemented in the future work.

All growth rates in this model are in red terms. The flow variables P, C, M, Y, and Z are meas
ured in monetary units per yea, the stock variables K and F are measured in monetary units.
Respedively, these variables could be measured in hits per yea and bits as well. Methods of an
evaluation of their informational content nead a special elaboration that goes beyond the scope of
this paper.

The equation (1.18) defines an investment policy that is aimed to develop the natura capital in
acordance with the indicated natural capital. A combination of proportional and derivative on-
trol over the investment in netural capital is attainable hereby if the first parameter is positive
(0,>0), whereas the seand parameter in this equation is negative (0, <0). It is likely that
such a wishful combination of the negative (i.e., control) feed-badk loops has been absent in the
redity. We will return to thisissue in sedion 3.

The next peadliarity of the model is that it has only implicit delays. Due to them, the model gets
rid of instantaneous adjustment to an equili brium with full employment of labour force used by
the ealier neo—lasdcd theories of ecnomic growth. An explicit investment delay is dill set
aside.

Three profit rates are defined for this economy. The first is the average rate of return to man-
made caital (1- u —y)/s. The seaond is a general one, it measures aratio of the e@nomic sur-
plus to the total value of produced and natural capital (1 —u — €)/(s + f). The third is a gross(bi-

ment. There is a percaved socia neal of direding technologicd progressto the development of
material resources with a shorter regeneration time dter the goch of the increasing aggregate
regeneration time of the resource padkage in use (Saeal 1994 124-130). These agpeds are

skipped in this paper.



ased) profit rate (1— u)/s that is more eaily cdculated based on the statistics with incomplete
data on the natural resources.

The rate of net rent is the ratio of net unit rent to natural cgpital — output ratio, (y — €)/f. The
general rate of profit is a weighted average of the rate of return to man—-made caital and the
rate of net rent: (L—u—e)/(s+f) =[d(s+)](1-u—-y)/s+[f/(s+T)](y—e)/f.

The average rate of profit can grow becaise of arise in the caita share (1 —u —y), adecline
in the caital—output ratio (s), or dedine in the relative price of capital goods (p/px). The ratio
p/pk isidenticdly one in this one—product model.

Through a transformation of K7Ls=K -Lg, it is easy to derive ageneralizaion of the funda-
mental equation of neo-classca economic growth (FENEG):
K7L =R(K/Lg)-Lg(K/Lg)= R/Lg—Lg(K/Lg)= k(1-u-y)ag— L5(K/Lg).
The FENEG is a particular case of this equation for k(1 —u—vy) = const andCg=N+H =n.

The model in an intensive form originates in (Ryzhenkov 2001, 20023). It consists of seven
differential equations (1.19) — (1.25) that define a deterministic form of the hypaothetical |aw of
capital accumulation:

s=- (1‘1”\5) (my+ (My+ ms— 1) (ng + nou + ng(V — V) + Ns€)

+mgy(9) +myf)s, (119
V= (kl_u —Y_ (ng+ nu + ng(V—v,) + nse) — n)v; (.20
u=(—g+rv—-mg+(b+qg—m—mg)(n, + nu+ Ng(vV—vy) + nse) —

mey (9) + (@ -me)( f - $)u; (1.22)
f=(1- mg,)(yf_e) —my —my(N; + NpU + Ng(V — V) + Nse) —

My (V) — (1-mg)(V +n) )f; (122
c=(-k1Y Y 45 (1.23)
y:(ol(c—f)+02f)y; (1.24)
é= (kl_us_ Y4 my+ (My+ Mms— 1)(Ng+ nou + ny(V—Vp) + ng€) +

M () + my( f —$)) (g —€). (1.25)

It is helpful to repea that the state variables are, respedively, the man—made caital—output ra-
tio, employment ratio, unit wage, natural capital—output ratio, indicated natural capital—output
ratio, unit grossrent, and unit depletion and degradation of the natural capital. The requirement
for the denominators to be positive is omitted. If K >0, F >0at ead instant of time, the system
(1.19) — (1.25) defines a strondy sustainalde devdopment.

An element of a @mntinuum of non-trivial stationary states of the system (1.19) — (1.25) is de-
fined as

Ea=(Sy Va U far Ca Yo €9, (1.26)
where
S = S
Va=(9+ (1 -b—ao)(d—n))r,
Uy = (d —-n- nl - n3(Va - Vc) - eans)/nz,
f,= (1—-u,—e)/d—-s/k,
C,=f,



Ya=6, + dfy,

€ =8y,
i =d.
At this gationary state, a growth rate of produced fixed capital, indicaed natural capital, red
natural capital, net output is the same: K, =X,= F; =Py =d = 1ml+ n. The station-
—M, =My

ary average profit rate is (1 — u, — y,)/s, = d/k. The stationary rate of growth of real wage,
labour productivity and capital intensitiesis W, =45, = Ka/Ls = FqlLs, =d—n.

Kador’s gylized fads on ecnomic growth in industrialized capitalist economies are valid for
this dationary state (Kaldor 1957). The requirements of the FENEG are dso satisfied:

Kalls, =k(1-u,—Vz)as —nKa/Ls .

The higher the growth of labour supdy (n), the higher are the stationary rates of emnomic
growth, stationary average profit rate and the faster is capital acawmulation, like in the neo—
classcd modd (Solow 1956. Thus, the importance of the rate of growth of labour suppgy is the
shared view in different streams of economic thought.

The form of the technicd progressfunction (1.4) deserves more atention. It has a spedal ele-
ment, the function ¢ (V), that refleds the emnomy of scde. For ¥ = 0 and [ABS (V)" j]' = J[ABS
(V)N ( — 1), partial derivatives of the function (9) go to infinity, if 0 <j < 1. The system
(1.19) — (1.25) cannot be linealy approximated at the stationary state E, = (S,, Vi Uy T2 Ca Var €)
becaise partial derivatives of a Jambian matrix evaluated at this non-rivia stationary state go
to infinity (+o0) due to the same reason. As arule, the stationary state E, is not locdly stable
unlike the neo—classcd stationary state. So the red eamnomy cannot be observed in this gate.
Although the eonomy does not move asymptoticadly to E,, it is possble to have periodic or
guasi—periodic solutions of the system (1.19) — (1.25) that are bounded in the phase space The
movement  toward the long-range sustainable growth path, taking place in the Solow (1956
neo-classcd model, requires assumptions that cannot be maintained (Ryzhenkov 200, 2004).

With constant returns to scde, the margina productivity of capital (profit rate) depends in So-
low’s model only on the capital-output ratio K/P and capital share in the net output, and does not
depend on any scde quantity. The fador markets in his model work perfedly since the unit wage
and profit rate aljust smoothly and instantaneously to changing circumstances. The rate of profit,
being a refledion of how scarce caital in relation to the labour force has not any independent
significancefor the growth rate.

This textbook neo-classcd model consists of one positive axd one negative feedbadk loops
(Figures 1.1 and 12) that determine asymptoticd convergence to stealy state without fluctua
tions if exogenous socks are disregarded (Figures 1.3 and 1.4).

K7L OO - 607 - s — s - K7 Lg

Figure 1.1 The positive feedbad in the Solow model

KTLs O - ag 7 - 807 - s - s - K7 Lg

Figure 1.2 The negative feedbadk in the Solow model



0.154
% 0.15—\
o 0146 \‘
0.142 : : : —
0 8 16 24 32
Time (yeas)

Figure 1.3 The seaular tendency of the profit rate to fall in the Solow model
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Figure 1.4 The dedining growth rates of capital intensity K7L (blue aurve) and labour produc-
tivity &g (violet curve) in the Solow model

The reader may notice that Solow’s neoclasscd model contains no feedbad loops involving
the employment ratio, v, and average profit rate, (1 — u)/s. Therefore this model is abstrading
from the most essential production relations of capitalism.

The HL encloses multiple feadbadk loops absent in the Solow’s model. Figures 1.5 and 1.6
display only several feadbadk loops of the HL. The natural cgpital and respedive variables are
set thereby aside to avoid going into too much details. The reader, supported by the sets of the
equations (1.1) — (1.25), may explore alditional linkages fredy and draw them. As demonstrated
(Ryzhenkov 2004, the Solow’s model is a particular (lessredistic) case of the HL.
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Figure 1.5 Three examples of the positive feedbadk loops in the HL
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Figure 1.6 Four examples of the negative feadbadk loops in the HL

1.3 A stochastic form of the original model (HL)

For taking into aceunt measurement errors and an impad of fadors negleded in the model as-
sumptions, the deterministic model (1.19) — (1.25) has been transformed in a stochastic model.

It was assumed for simplicity that as= & and [g=L=n. Whereas the mode (1.19) — (1.25)

abstrads in particular from short-term and middie-term economic fluctuations, this dochastic
model makes implicit allowances for them by spedficaion of the random components. The latter
model includes state eguations and measurement equations
x(n) = f [x(n=1)] + w(n),

z(n) = Hx(n) + v(n),
wheren=1, 2,... N isanindex of data samples, x(0) — a vedor of an initial state of the system,
w(n) — a vedor of equations errors (driving noise), v(n) — a vedor of measurement errors. The
deterministic part x(n) = f[x(n — 1)] correspondsto the system (1.19) — (1.25) and an additional
integral equation for net output per worker a = INTEGRAL(a, &). The symbol H is for a rec-
tangular matrix.

A smplified version of an extended Kalman filtering (EKF) applied assumes that all the muilti-
variate moments of the second order equal zero. It assumes additionally that ead of the random
vedors x(0), w(n), v(n) has a onstant mathematicd expedation and dspersion. The wvariance
matrices (W, Q, R) of these vedors are diagonal and invariable. Each element on the main di-
agond is the dispersion of the respedive stochastic component, al other matrix elements equal
zao. To some etent, these smplifications contribute to a theoreticd idedising of growth cy-
cles.



An application of the EKF to the U.S. maadoecnomic data 1958-1991 has identified unobserv-
able components of this gochastic model (Ryzhenkov 2001, 2002). It has been shown that long
wave is a dominant non—equili brium quasi—periodic behavioral pattern of the U.S. cegpital aca-
mulation. Evaluating the historicd fit through appropriate summary datistics and long—range
forecasting has drengthened confidence in this model. In an exploratory scenario, a spiral of ac-
cumulation is aimost periodicdly arrested by the relative shortage of labour. A quas—period of
fluctuations is about 29-33 yeas.*

This duration is dorter than ealier estimations of the period of long wave (Forrester 1992
Sterman 1985 1986 1990. The reduction of the long wave's period may be explained by short-
ened product life gycles, resource intensive R&D and some other fadors, analysed in (Milling
2002.° In the region of relative structural stability, the quasi-period of fluctuations is the
longer, the lower is the growth rate of labour force (here n).°

In order to creae alditional points of contad between the HL and redity, the next sedion con-
fronts this law with important empiricd regularities uncovered by other reseachers independ-
ently of the present paper. This confrontation may lead to refutation of this law and/or prompt
revising the badkground model structure. In fad, it strengthens the anfidence in the HL as a
relative objedive truth.

2 Properties of the smoathed ecnomic time series

An application of the HL of cgpital acamulation to an analysis of the U.S. emnomic time series
for 1958-1991 enables to reved and explain a number of empirica regularities. Simplified ver-
sion of the etended Kalman filtering (EKF), mentioned in the previous sdion, alows not only
getting the etimates of the dl model parameters but obtaining smoothed time series for the ge-
neric model variables in the basal period as well. These time series are probable (theoreticd) es-
timates of the adua data that could be not measured in pradice without a statisticd error or
even cannot be observed at al like the indicated natural capital (X). The probable magnitudes of
the state and other variables for the basal period (1958-1991) used below are from (Ryzhenkov
2001, 20029). For avoiding confusion, it is necessary to note that the rate of growth of net output
per worker (&) equals the rate of growth of labour productivity (&g) in the initial model (1.1) —

(1.18) and in the mmpad model (1.19) — (1.25) as well throughout this ®dion, since it was as-
sumedthat n= Nand H =0for 19581991

Known regulariti es explained/generalised by the HL

1. There was a positive rrelation between growth rates of output and labour productivity
(Nikitin 1982 23). Accderating emnomic growth was acompanied by accéerating
growth of labour productivity, decderating economic growth — by decderating productiv-
ity (Figure 2.1).

* Roughly the same estimations for the period of the e@nomic long wave in the USA are given
in the books (Chizhov 1977 110-124), (Gerster 1988 and paper (Kiefer 1996.

> A review Innovation in Industry works out that the e@nomic long waves are shortening from
50-60 yeas to around 3040 yeas. See The Econamist, February 20" 1999 350 (8107): 8.
Numbered 1-5, these long waves correspond to the industrial revolutions.

® Accumulation of man-made capital and natural capita fadlitates the growth of population and
labour force that, in turn, reinforces the e@nomic-emlogicd reproduction. An explicit modelling
of this positive fead-badk requires a treament of the growth rate of labour force a endogenous
variable in a subsequent research.
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Figure 2.1 The growth rates of NNP (P ) and labour productivity (&) in the USA,
1960-1991 Counter-clockwise

2. According to (Izumov 1983, the profit rate grew in periods, when the growth rate of la-

bour productivity, &, was higher than the growth rate of capital intensity, K7L, and
higher than the growth rate of red unit wage, W (Figures 2.2 and 2.3).
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Figure 2.2 A difference of growth rates of labour productivity and unit red wage (a — W) versus
average profit rate (1 —u —vy)/s inthe USA, 196G-1991 Counter-clockwise
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Figure 2.3 A difference of growth rates of labour productivity and capital intensity (2 — K7L)
versus average profit rate (L —u —y)/s inthe USA, 1960-1991 Counter-clockwise

3. As observed (Vdtukh 2001 552-553), there was a high postive orrelation of the
growth rate of non-residential investments and incremental capital productivity (respec-



tively, (=K =K+(-u-y)/Q-u-y)+P=(-u-y)/1-u-y)+P andP/l; see Figure
2.4) .

4. The growth rate of labour productivity was weakly correlated with the growth rate of
capital intensity in the USA in 1973-1993 If this correlation is considered significant, it
is negative (Valtukh 2001 627).

0y Y=4385%+0.2986 R*=0.9733
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Figure 2.4 The growth rate of non-residential investment (1) and incremental capital produc-
tivity (P/1) inthe USA, 1958-1991

The enpiricd regularity 4 seams to refute the gplied model since it questions the technicd
progress function (1.4) that assumes a positive caisal relationship between rates of change of
capital intensity and labour productivity. This apparent contradiction between the model and re-
ality is urious because the model relationship in question refleds only the dfed of the growth
rate of capital intensity on the growth rate of labour productivity, whereas the observed correla
tion of the growth rates of capital intensity and capital intensity refleds the cmbined effeds of
all variables affeding the growth rate of labour productivity. When all variables affeding this
variable in the model are dlowed to vary in smulation, the model generates the same negative
correlation between the growth rates of labour productivity and capital intensity seen in the
data.

This result has been confirmed both for the whole base period 1958-1991 and for its part
1973-1991 (Figures 2.5 and 26). The author cdls again the reader’s attention to the principal
difference between correlation and causal relationships. The gparent contradiction of these rela
tionships has been solved by the HL of capital acaumulation. It is clea that correlation methods
are asubordinate pattern recognition tool for the mmplex maaoeanomic behaviour.



0018 y =-0.4661x+ 1.486
' A e a R°=0.3093
0.017 <
0.016 R
a 0014 N
0.013 \ ~_
0.012
0.01 ~
0.009 : ‘
0008 001 0012 0014 0016 0018 002 0022 0024
K7L

Figure 2.5 The growth rates of cagpital intensity (K7 L) and labour productivity (a) inthe USA,
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Figure 2.6 The growth rates of cegpital intensity (K7 L) and labour productivity (a) inthe USA,
1958-1991 Clockwise

5. Okun'sLaw

The Okun law explains movements of unemployment by co-movement in output (Okun 1962).
It states a positive relationship between economic growth, measured by red net output, and the
employment ratio.

Okun'’s particularly important assumption in the context of the present investigation is that la-
bour productivity is related to the unemployment ratio (Okun 1983 148). Thisideahas helped to
formulate the modified technica progressfunction (1.4) as already noticed above.

In periods, from which this relationship was obtained, the unemployment ratio varied from
about 3to 7.5 per cent. This “relation is not meant to be extrapolated outside this range” (Okun
1962 150). It is well known that a red range of fluctuations of the unemployment ratio is sub-
stantially broader than thisinterval.



For Kondratiev's quasi-cycles, Okun’'s law is likely only partially true. Figure 2.7 demonstrates
that usualy two different levels of the employment ratio correspond to ead magnitude of the
rate of economic growth and viceversa.

Statisticd analysis based on the HL has sown that the Okun’s analysis could be deepened and
extended. Accderated economic growth can be acompanied by constant, growing or dedining
employment ratio depending on a particular phase of the long wave (Figure 2.7). In particular,
the rate of ecnomic growth and employment ratio increase smultaneously during the recvery
phase of the Kondratiev quasi-cycle.

The present paper will utilize the Okun ideathat measuring potential labour input in man-
hours is more perfed than measuring it by a number of members of the labour force dthough
“economy-wide data on average hours are notorioudly poor” (ibid.: 154-155. The reader may
notice that changes of working hours have not been taken into acaount explicitly in the identifi-
caion of the generic model parameters in (Ryzhenkov 2001, 20023).

Behavioural testing of the @ove generic system dynamics model should push the model be-
yond recent historicd ranges of behaviour. We will test, in particular, the possble long-term con-
sequences of the more aygressve substitution of living labour by dead labour (i.e., man-made
fixed as=ts), that is supported by ample evidence in the aurrent business press in the next sec-
tion.
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Figure 2.7 The growth rate of the NNP (P) and employment ratio (v) in the USA, 1958-1991
Counter-clockwise

6. The eonomy of scde

The Econamist (1995 vol. 337(7942: 21-22) observed: “... rapid productivity growth tendsto
go hand in hand with rapid output growth. In 196Gs, when productivity in OECD emnomies
grew more than twice & fast as it has over the past decade, unemployment remained low. Only
in 197G, when the growth in productivity (and in output) slumped, did unemployment rise.” The
positive @rrelation between productivity growth and output growth hes been already consid-
ered. Now we turn our attention to a postive @rrelation between productivity growth and
growth of the anployment ratio (Figure 2.8).
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Figure 2.8 The growth rates of the anployment ratio (¥) and labour productivity (&) inthe
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Figure 2.9 The diseconomy of scde in the modern neoclasscd model of cyclicd growth,
acording to the author’s cadculations based on (Zhang 1989

The modern neoclasscd model of cyclicd growth substitutes incorredly this positive acia-
tion, based on reveded causal relationship in the eguation (1.4), by negative one a& $own on
Figure 2.9. It is demonstrated that such an incorred negative asciation isalso a property of the
Solow (1956 model if the strong assumption of full employment (or constant employment ra-
tio), stated in this neo-classcd model, is relaxed (Ryzhenkov 2004).



3 Two scenarios of the aurrent long wave in the USA

In this edion, the growth rate of net output per worker is different from the growth rate of la-
bour productivity. Thus the related smplificaion of the previous sdion is relaxed here. The

growth rate of employment (L) is now also different from the growth rate of the total hours
worked in the eonomy. The latter is defined as [ =L+H . The growth rate of net output per
worker is, at this point of this presentation, equal to the sum of growth rate of labour productivity
and growth rate of the average hoursworked (a=ag+H ).

The e@nomists have witnessed a fast growth of productivity since the 4™ quarter of 2000 upto
the beginning of 2004 at an exceptional annual rate of more than 4 per cent per yea (Economic
Report of the President 2004 46). There is growing empiricd evidence in the literature that
American firms have been adjusting their employment more drasticdly after the beginning of the
recesson in the business cycle in the fourth quarter of 200Q” Ruthless elimination of the least-
efficient plants and companies has enabled labour productivity to bound by 4.8 per cent in 2002
which has been the best performance since 1950(Samuelson 2003.

The first question is why this achievement did not signal a robust recovery? The second ques-
tion: what are quantitative charaderistics of a trade-off in a greaer aggressvenessin substitut-
ing living labour by madines? This trade-off is between a higher ecnomic volatility, lower em-
ployment, on the on hand, and higher profitability and shorter downward phases of the
Kondratiev quasi-cycle.

The following magnitudes of the model parameters have been estimated with a help of EKF
for 1958-1991 (assuming the annual growth rate of averaged hours worked is roughly zero, i.e.,
H =0): b=0.621, g=0.053 i =0.037, j=0.211, k= 0.267, m, = 0.015 m, = 0.1, m; = 0.011,
ms = 0.089, n =0.02, n; = -0.242 n, = 0.353 n; = 0.5, n; = 0.011, 0,=-0.030 0,=-9.934 q=
—0.008 r =0.061, v,= 0.925 (Ryzhenkov 2001, 2002).

The magnitudes of the state variables in 1991 are dso the EKF estimations. All these (except

the unobserved indicated ratio c) are compared with redized magnitudes of the same state
variables, based onraw statisticd data, inthe Table 3.1.

Table 3.1 The aithor’s estimates for the U.S. red maao economic data
based on the official American statistics for 1991

f u S % a y e C

Simulated| 0.109| 0.694|2.052 0.947| 0.051| 0.008| 0.008{13.980
Redised | 0.119(0.711{1.960( 0.931| 0.050| 0.005| 0.008

Source Ryzhenkov 2001 Units of measurement: u, v, eand y [dimensionlesq,
¢, f and s[years], a [hilli ons of chained 1996 dllars per 1000civil persons em-
ployed per year]. Constant 1987 dllars are used for the nominators and denomi-
nators calculating y and e; constant 1996 all ars are used for the nominators and
denominators calculating f and a; calculations of u and s are done with the nomi-
nators and denominators valued in current prices. The employment ratio visfor
the dvil labor force

" Acoording to the web site of the Bureau of Labor Statistics http://www.bls.gov/cps/home.htm
(August 17, 2004), the registered unemployment ratio (not seasonally adjusted) in the USA has
incressed to 6.0 per cent in 2003 from 4 per cent in 200Q The unemployment level was
8,774,000 for 2003 The seasondly adjusted unemployment ratio has been at 5.5 per cent in
July 2004



Table 3.2 The growth rates (geometricd averages) of civil labour force, employment and hours
worked in the USA, 1992-2000*

Growth rates of

employment total hours worked in hours worked annualy | labour supply
labour (L) * the eonomy per person employed (N+H)
force(N) (L+H)* (H )™
1) ) 3 4 =03 -2 B =(1)+(4)
0.0135 0.0169 0.0198 0.0029 0.0164

* Based on data downloaded from http://www.eanomagic.com on May 30, 2004 ** Including hours of the

military personnel. Based on the unpubli shed BL S data deli vered to the author by e-mail on May 30, 2004
*** Disregarding the military personnd.

In two exploratory forecasts for 19912034 below, the EKF estimates of the state variables
are aso used in the computer smulations. Still i nstead of the EKF estimate n = 0.02 for 1958—
1991 n = 0.016 is used (Table 3.2) unchanged for the whole period 1991-2034for smplicity. It
takes into acount that the growth of the number of members of the American labour force
(N) has decderated, whereas the hours worked annually on the average have increased (H > 0)
. Thesum N + H measures the growth rate of the labour supply.

Table 3.3 The annua growth rates (%) of labour force, average annual hours worked and labour
supdy, thetwo scenarios compared with the trustees projedions, 2003-2034

Scenarios1 & 2 Trustees projedions*
low cost intermediate high cost
N 1.35 0.7 0.55 04
H 0.29 0.1 0 -1
Ng 1.64 0.8 0.55 0.33

* Source Board of Trustees 2003 table V.B.1, p. 93-94 and table V.B.2, p. 99-100.
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Figure 3.1 The growth rates of labour suppy, two scenarios compared with trustees’ projedions,
2003-2034




For comparison, the Board of Trustees projeds labour suppy to taper down between 2004and
2035from 0.014 to 0.007 in the low cost projedion, from 0.012 to 0.003in the intermediate
projedion, and from 0.009 to 0.0 in the high cost projedion (Table 3.3 and Figure 3.1).

Our non-conventional assumption (n = 0.016) refleds the prevailing interest of capita in
steady growth of labour supdy over the long term. Still the reader should not forget that this as-
sumption may aleviate the aate ewironmental strain in the model at this particular phase of
theoreticd consideration.

The other central working hypothesis is that the extraordinary high growth of labour
productivity in 2002and massve layoffs in the subsequent period have been brought about by a
jump down by about 3 per cent of the initidl magnitude of the cntrol parameter v, in the
medhanization (automation) function (1.5). More spedficdly, the former coefficient v, = const
is transformed into a new auxiliary variable

Vgep = V— STEP(0.025 2002. (3.2)

It meansthat Vge,= V.= 0.925for 1991-2001and Vge, = V.— 0.025= 0.9 for 2002-2034

All other conditions in the smulations runs are the same. Results of smulations with the former
and new definitions of this control parameter are compared below. We will give aname Scenario
1 for a mntinuation of businessas usual, and name Scenario 2 — for the development path with
the more aygressve subgtitution of labour by cepital asin (3.1).
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Figure 3.2 The growth rates of the employment in the two scenarios (respectively, I:S1 and
I:S2 ) compared with its realized growth rates (L »), 19922003

The Board of Trustees foreseesthat the amployment ratio and growth rate of labour productiv-
ity will move toward the ultimate assumed magnitudes as the eonomy progresss toward the
supposed long-range sustainable growth paths, for the low cost, intermediate and high costs as-
sumptions, respedively. These two variables do not change in the remaining part of the projec-
tion period (2035-2080 in these trustees projedions. The total U.S. economy labour productiv-
ity is defined hereby as the ratio of red GDP to hours worked by al workers (civilian, military
and the self-employed).

These trustees projedions are methodologicdly akin to the eguili brium approadch to ecnomic
growth in the Solow (1956 paper that does not acarately reflea fadors disturbing equili brium



(Ryzhenkov 200, 2004). The 2003 Annua Report of the Board of Trustees does not discuss in
particular, whether the dower growth of labour supdy complicaes acdieving strongly sustain-
able development or not. As sown in (Ryzhenkov 2003), when the growth of labour suppy
decderates, the model economy becomes lessdynamicdly and structurally stable, therefore tran-
siting to sustainable development (for lower n) is  more dependent on a society’s strategy to in-
vest in ratura cepital.

In my smulations, the immediate social consequences of the stronger aggressveness in the
Scenario 2 are more painful than those in the Scenario 1. Although this higher aggressveness
spurs the growth rate of labour productivity, it diminishes the employment, employment ratio,
profitability, and the rate of ecnomic growth (Figures 3.3-3.7). The Kondratiev downturn is
degoer in the Scenario 2 than in the Scenario 1. The total period of the Kondratiev quasi-cycle is
2-3 yeas sorter in the Scenario 2 than in the Scenario 1.

In view of this pain, what makes the stronger aggressveness ® attradive for pradica redisa
tion? The first advantage is a shorter dedine: the length of the downturn is about three years
shorter in the Scenario 2 than in the Scenario 1. The second advantage is higher profitabili ty
and productivity in the Scenario 2 than in the Scenario 1 on the average (Table 3.4).

In these scenarios, the long-term business upturn will not happen until 2013 or even 2015if
judged by the employment ratio (v). It will proceal theredter up to the beginning of the next
long-term downturn in 2036-2032

In the Scenario 2 the mean values of the growth rates of labour productivity, unit red wage, and
the profit rate ae higher than the respedive ones in the Scenario 1. In the Scenario 2 the mean
values of the growth rate of NNP, labour force and of employment ratio are lower than the re-
spedive onesin the Scenario 1 (Table 3.3).
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Figure 3.3 The growth rates of labour productivity in the two scenarios compared with trustees’
projedions, 2003-2034(Scenario 1 — violet curve, Scenario 2 — blue arve)
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Figure 3.4 The growth rates of the anployment, two scenarios compared with trustees' projec-
tions, 2003-2034(Scenario 1 — violet curve, Scenario 2 — blue airve)
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Figure 3.5 The employment ratio (V) in the two scenarios compared with trustees’ projedions,
2003-2035(Scenario 1 — violet curve, Scenario 2 — blue aurve)



0.16

0.12

(1-u)ls

0.08
1999 2007 2015 2023 2031

1991

Figure 3.6 The biased profit rate (1 — u)/sin the two scenarios
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Figure 3.7 The growth rate of NNP (P) in the two scenarios compared with
the growth rate of red GDP intrustees projedions, 2003-2034
(Scenario 1 — violet curve, Scenario 2 — blue airve)



Table 3.4 Statistics on the model variablesin
the two scenarios of U.S. economic development, 2002-2034

Scenario
Min. |Max.|Mean|Variation*, %

1 |0.00¢0.01€0.013] 235

e 2 |ooodo.0170.019 247

1 (0.0200.0380.029 233

p 2 |0.0090.0400.028 337

1 |0.1040.13Z0.11¢€ 8.7

(1-uw/g 2 |o10c0.13€¢0.121] 113
1 |0.9000.9490.925 1.9

v 2 |0.8720.941/0.910 2.7

*Ratio of standard deviation to mean

Table 3.5 The average anual growth ratesin
the two scenarios compared with the trustees projedions, 2003-2034 %

Scenario 1| Scenario 2 Trustees projedions
low cost | inter- | high cost
mediate
p 2.90 2.87 2.79 2.24 1.66
H 0.29 0.29 0.08 0.00 -0.10
N 1.35 1.35 0.71 0.55 0.43
a 1.56 1.58 2.04 1.67 1.27
L 1.33 1.28 0.76 0.56 0.42
ag 1.27 1.29 1.96 1.67 1.37
s 1.62 1.57 0.85 0.56 0.32

Cui bona?

Evidently, the Scenario 2 satisfies better the long term interests of capital than the Scenario 1
that would be favoured by labour (including unemployed). The social layers that are interested
in milder volatility of economic evolution would favour the Scenario 1, charaderised by a lower
normalised standard deviation of ead indicaor than that in the Scenario 2. The potential risk of
this latter scenario is more difficult prevention of red and potential classconflicts over distribu-
tion of income from escdating.



The dower growth rate of labour suppy in redity than the deliberately chosen magnitude (n =
0.016 affeds adua distributional conflicts. For strongly sustainable development, a more ro-
bust socia consensus on distributional issues is needed than achieved so far. The author guesses
that if the main socia classes mitigate the distributional conflicts over income distribution, they
will discover and cary out easier a policy for environmentaly sustainable development. The
system dynamics approach outlined in this paper could be helpful in determining societal poli-
cies and strategies for this end.

Let us return to the equation (1.18) for the time derivative of the unit grossrent. According to
a satisticd estimation in (Ryzhenkov 2001, 20023), the second parameter in this equation is
negative & expeded (0, <0), whereas the first parameter is paradoxicaly negative (o, <0)
too. Therefore the wishful combination of the negative (i.e., control) feed-badk loops has been
probably absent in the redity. Figure 3.8 illustrates that the red natural capital (F) becomes a
negligible fradion of the indicated natural capital (X) as the ratio X/F = c/f growsfast inthe ex-
tended projedion period.

The observable excessve depletion and degradation of natural capital supports empiricdly this
formal result. In particular, there ae positive fead-bad loops that foster the mentioned gap be-
tween the indicated and adtua natural cgpital and destabili zes the U.S. economy as a result. It is
likely that voluminous imports of goods and services, produced abroad with a high dired or total
input of natural resources (such as oil, gas, minerals), offset this destabili zing tendency only par-
tialy.
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Figure 3.8 Theratio ¢/f inthe exploratory scenarios of the U. S. economic development,
2034-2057 (Scenario 1 — violet curve, Scenario 2 — blue aurve)

In spite of these imports, the excessve depletion and degradation of natural capital counterad
tendencies to a stable stationary growth or to stably oscill ating cyclicd motion. The idedizaions
of point attracor or periodic atrador (limit cycle) are not sufficiently acairate for reflecing
main tendencies of the red complex socio-technicd system, charaderized by bounded rationality
of economic adors. The emnomic fluctuations can surpassviable boundaries if multiple positive
fead-bad loops, involving natural capital, continue to run unchedked. The @nscious element of
the HL may play a dedsive role in providing better governance of the e®logicd—ecnomic re-
production on the increasing scde when emlogy remains one of the major politicd isaues.



Conclusion

This paper elaborates the notion of viable quasi-periodic motion bounded in the phase spacethat
generalises dationary growth and stationary cyclicad growth. Simulation experiments, based on
red and estimated statisticd data, support the original hypotheticd law (HL) of capital acawmu-
lation formulated in the previous publications of the author.

The gplicaion of the HL with exogenous growth of labour suppy to the U.S. economy reveds
and explains the trade-off between long-term improvements in profitability against lower em-
ployment ratio and larger volatility of economic-emlogicd reproduction.

The unusualy high growth of labour productivity and massve layoffs in 2002 have been ex-
plained by a drop by about 3 per cent of the initial magnitude of the control parameter v, in the
medhanizaion (automation) function. The former coefficient v, = const (Scenario 1) is trans-
formed into anew auxiliary variable (Scenario 2).

The more agressve substitution of living labour by man-made caital will not mitigate the
Kondratiev recesson of the U.S. economy. The paper gives a strong support to the following
view (Samuelson 2003: “Over the long run, productivity signifies higher living standards
through new products, technologies and management methods. ... The present productivity surge
refleds bad news more than good: layoffs and bankruptcies. The ruthless elimination of the
least-efficient plants and companies may improve productivity. But it does not necessarily sig-
nal arobust recovery... If ecmnomy stagnates, productivity may someday follow.”

This paper contributes to finding the general law of motion of the modern economic system that
is charaderised by resilience and fragility. It gives an additional ground for a positive answer to
the question: ‘Are there maaoemnomic laws? It is siown in particular, that Okun’s law and
some other prominent empiricd regularities are, likely, the manifestation of this HL.

This paper compares the two scenarios, based on the HL, with the Board of trustees projedions
for 20032034 The non-equili brium long waves are the pattern of evolution in the both scenar-
ios that these auilibrium projedions overlook. The ealier neo-classcd growth models that
have not been theoreticdly and empiricdly warranted also mostly negled  this disequili brium
pattern.

A red development of the U.S. economy will differ not only from the trustees projedions but
from the both deterministic scenarios as well. The functional forms and parameters of the HL
are to be updated regularly with a help of the EKF by trading the observable erolution.

A further advance of the aurrent theory necesstates, in particular, building a model of capital
acamulation with endogenous growth of labour suppy. Exploring consequences of the in-
creases in average annual hours worked without parallel increases in the workers red wages
would be dso worthwhile.
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The Appendix

The \ariables of the Hypaothetical Law

*K —the man-made capital (net fixed assts)
*F —the natura cepital
*X —indicated natural capital
* N —the labour force
*H — the average anual hours per worker
* Ng = NH —the labour supdy
oL —the anployment
*Lg=LH —thetotal hoursworked annually
* P-NNP
» s= K/P —the man-made capital-output ratio
» f = F/P —the natural capital-output ratio
» ¢ = X/P —theindicaed natural cgpital-output ratio
* vV =Lg/Ng= L/N—the employment ratio
» w—the worker'sred wage
* Wg—the unit red wage
» a=P/L —the net output per worker
 K/L —the (produced) capital intensity
* F/L —the natural capital intensity
® a; = P/Ls —the labour productivity
® u=wa-therelative wage
® y —the unit grossrent
*e —the unit depletion and degradation of natural capital
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