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Abstract. This paper defines a hypotheticd Law (HL) of cgpital acawmulation that includes a growth
rate of supgy of labour force & a non-linea function of capital intensity. The main state variables are
the labour productivity, relative wage, employment ratio, and capital-output ratio. An applicaion of
an extended Kalman filtering to the US maaoeconomic data 1969-2002 exhibits long wave & a vi-
able pattern generated by cgpital acamulation.

Applying the Structural Control Theory the present paper reveds closed loop control over a frac-
tional growth rate of total profit and its advantages in comparison with an open loop control. The sup-
posed control law of primary distribution of income for the maaoeanomic oscill atory system is de-
rived as a substantial modification of the initial HL.

It is $rown that the US state and business leadership has been pursuing pro-growth stabilization

policy with afocus on primary income distribution at least since 2001

Introduction

The widely held view of socia science is that oscill atory maaoeconomic systems are usually undesir-
able because of the ups and downs they bring into the system components. Smoothing or eradicaing
oscill ations requires more structural than numericd changes. Still after the Second World War, the
American economy probably passed peaks of the Kondratiev cycles twice (Figure 1a) if judged by the
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support for his comfortable presence d the Conference A spedal thanks goes to three aonymous

referees of the preliminary version of this paper.



employment ratio: 1969 and 2006-200F. The subsequent downswing in the long wave has mani-
fested itself in the growing produced cepital—output ratio and unit wage, dedining profitability and
employment ratio. There has been a seaular profit squeeze ad decderation of economic growth in
spite of the labour productivity growth. Worsening profits have dfeded the growth in productivity
that inhibits profits, in turn. Excessve caita acawmulation (overinvestment) that developed in the
late 199Gs has creded structural imbalances, which need considerable time for resolving (Economic
Report of the President 2004 32-36).

Correspondingly to this assertion on the Kondratiev downswing, the paper (Ryzhenkov 2004 has
presented two non-equili brium scenarios of the American economic evolution in 2003-2034 based on
a system dynamics model of cgpital acawmulation with an exogenous growth of labour supply. A
comprehensive Philli ps equation for a rate of change of red wage, which is alowing for additional
payment for skilled labour, belongs to main fadors determining primary distribution of income. A
continuation of businessas usual has been named Scenario 1, and the development path with the more
aggressve substitution of labour by man-made caital has been named Scenario 2.

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 purs the growth rate of la
bour productivity, it diminishes the anployment ratio and rate of economic growth. The Kondratiev
downturn is deeper in the Scenario 2 than in the Scenario 1. The total period of the Kondratiev quasi-
cycle is 2-3 yeas dorter and mean profitability is higher in the Scenario 2 than in the Scenario 1. The
Kondratiev recesson of the US economy could not be mitigated by more aygressve substitution of
living labour by man-made caital alone (Ryzhenkov 2004).

These both scenarios have been compared with equili brium projedions of the US Board of Trus-
tees of the Federal Old-Age and Survivors Insurance and Disability Insurance Trust Funds. The Board
of Trustees foresees that the employment ratio and growth rate of labour productivity will move to-
ward the ultimate asumed magnitudes as the eonomy progresses toward the supposed long-range
sustainable growth paths, for the low cogt, intermediate and high costs assumptions, respectively. The
employment ratio and growth rate of labour productivity do not change in the remaining pert of the
projedion period (2035-2080 in the trustees’ projedions (Board of Trustees 2004).

% Figure 15 (below) demonstrates that the pesk of the general profit rate in the past long wave was
achieved in 1998 the precaling peak (not shown) in 1966 The lead-time of the general profit rate in
relation to the anployment ratio in the previous long wave was about 3 yeas (Ryzhenkov 2004). The
basal period 19692002includes amost the whole period of the previous downturn 1966-1982for the

general profit rate and the dl yeas of that downturn for the employment ratio.



In the author’s both scenarios, mentioned above, after the onset of the structural crises in 1998~
2001 the long-term business upturn will not happen until 2013 or even 2015if evaluated by the en-
ployment ratio (v). It will proceel theredter up to the beginning of the next long-term downturn in
2030-2032(Fig. 1b).
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Figure 1a. The enployment ratio (V) in the basal period, 19692002
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Figure 1b. The employment ratio (v) in the two scenarios (Scenario 1 — violet
curve, Scenario 2 — blue arve) compared with trustees’ projedions (low cost —

yellow curve, intermediate — aqua aurve, and high cost — purple aurve), 2003-2035

The author must admit that the red development has $rown so far more similarity with the trus-

te€s projedions than with his both scenarios. The aurrent unemployment ratio (about 5.2 per cent) is

3 SeeSedion 2.



substantialy lower than in the Scenarios 1 and 2in 2005(7.9 and 102 per cent, respedively) being in
the trustees' range for the same yea (5.1-6.0 per cent). Thisisimportant evidencethat the aithor has
not taken into ac@unt some important factors. One of them is a pro-growth stabili zation policy®.

It seems that a pro-growth stabilization policy has been rather effedive in combating economic
decderation and dedine in employment. This policy is usually charaderised by governmental mees-
uresto provide American families with tax relief to kegp more of their own money and to guarantee
new businesses incentives to invest and crede jobs. One of the tasks of the present paper isto un-
cover degoer facds of this policy than in the given charaderistic.

This paper develops further the hypaothetic law of capital accumulation (HL) for uncovering struc-
tural changes in the US economy that have enabled in particular shortening the aisis phase of the
current Kondratiev cycle. The focus of research is on pro-growth stabili zation policy that brings
about shifts in primary income distribution between two main social classes’. A further advance
also necesstates building a system dynamic model of capital acaimulation with endogenous growth
of labour supfdy, espedaly in view of the expeded substantially slower growth of labour forcein the
current century than in 1946-200Q

As sown in (Franco 1990, design of effedive policies to control oscillations is a problem that goes
beyond the Clasgcd Optimal Control Theory of non-linea systems, and it belongs to the Structural
Control Theory. Its application and development allows conceiving a policy of primarily income dis-
tribution that stabilizes the oscillatory dynamics of the main maaoeanomic variables, maintaining

total profit and employment.

* President G. Bush hes written: “The unemployment rate is now 5.2 percent, which is lower
than the average of ead of the past three decales and the lowest since the atads of September
11, 2001 Our pro-growth policies are taking us in the right direction. As| start my second term,
we must take adion to kegp our economy growing” (Economic Report of the President 2005 5).

® Different types of property income payable out of the value alded creaed by production
(profit before taxes, interest, resource rent) belong to primary income of owners of capital (capi-
talists). Primary income of labour consists mainly of wages and salaries of employees, employ-
ers social contribution and imputed labour income of self-employed. Seefor details (Eurostat et
al., 1993 157-182).

Only net value added creaed by production is considered in this paper. The primary income
of government is not treaed separately, having been included in property income on this gage of

reseach.



The present author agrees with a view: “Policy Support Systems gould work as a kind of "transi-
tional objed” that allows experimentation, development and the analysis of different scenarios into the
future. They should lead to a better understanding of the structure and the behaviour of complex busi-
nessorganizaions’ (Milling 1990 33).

This paper elaborates and compares two pro-growth policies mitigating the tendency of generd profit
rate to fal and enabling to overcome within several yeas the downturn in the Kondratiev cycle that,
probably, started at the end of the previous decale. Open loop control produces the first policy, more so-
phigticated closed loop control gives birth to the second policy.

The rest of this paper reports on the modelling processgone through key stages in System Dynam-
ics including spedfication of structure, dedsion rules, estimation of parameters, behavioural relation-
ships, and initial conditions, testing the model, finally policy design and evaluation (Sterman 200Q
86-87). In the presentation given below, analyticad methods and simulation runs reved complex
net of interadions under the politicad-ecnomy surface helping to achieve better scientific un-
derstanding and social control over economic growth cycles. Defining a ntrol law of primary in-
come digtribution that may govern cgoital acamulation in the modern US ecnomy is the ultimate goal
of the present paper.

1. The Hypothetic Law (HL) of Capital Accumulation and Endogenous L abour Supply

The HL upgrades models developed in (Ryzhenkov 200Q 2003 2004). The alvanced capital does
not include variable caital since workers are paid at the end of ead completed circulation process
The HL abstrads from capital of circulation. Natural capital and resource rent are not taken into ex-

plicit acount, therefore magnitudes of general profit rate ae biased.
1.1 An Extensive Deterministic Form of the HL

Time is viewed as a @ntinuous variable. So the gpropriate measure for the rate of change of a vari-

able x is the derivative of x with resped to time (X:%), while its fradional rate of change is

5=2=2% For smplicity, the expresson ‘growth rate of a variable X' is used below instead of
X

‘fradional growth rate of avariable x'. The same cnvention is appropriate for all variables.

A deterministic model consists of the following equations:



P=K/s,s>0; D

L =P/g; )
u=wa, 0<u<l; ©)
a=m; + my(K7L) + m(V), (4)

Lp(\7):sign(\7)|\7|j, m >0, 1>m,>0, my>0,1>]>0;

KIL= N+ LU + Ng(V—Vy), 5)

n,>0,n;3>0, 1>v.>0;

v=L/IN,1>v>0; (6)
n=pe MK/ KL for 0< K /L < K¢/ Lg,My= 1; (78)
n=pe, MK/l KL for K /L3 K, /L., My=1, py>0; (7b)
W =-g+rv+b(K/L), g>0,r>0; (8)
P=Q+K=w_L+(1-KM+K: (9)
K =K(1-uwP]=kM,0<k<1. (10)

Equation (1) postulates a technicd-emnomic relation conneding the alvanced constant cepital
(K), net output (P) and cgpital—outpuit ratio (s). Equation (2) relates labour productivity (a), net output
(P) and labour input, or employment (L). Equation (3) describes the relative wage, or unit value of la
bour power (u), as aratio of red wage (w) to labour productivity®. Equation (4) is an extended techni-
cd progressfunction. It includes. the rate of change of capital intensity, K/L, and dired scde dfed,

ms(9) ; X = Oisan absolute value of x; sign(x) = —1 for x < 0, sign(x) = 1 for x = 0.
The non-linea continuous function (V) is analyticd except at singular points with v =0where
its positive first derivative (¢'(V) = |\7|j_1) becomes infinite. The derivatives of the function (V) of

higher orders go to plus or minus infinity at the vicinity of v =0. These properties do not alow dired

® The equity u = 1 is not compatible with capitalist production relations as the use value of labour
power ceases to exist for cgpitalists when they get no surplus value & al. The equity u = 0 would ex-
clude the spedfic premise of capitalist production relations, namely, market supgy of labour force
Therefore 0 < u <1. See &so footnote 8 below.



applicaion of Classcd Optimal Control Theory for finding a @ntrol law of cgpital acamulation and
distribution of income.

Equation (6) outlines the rate of employment (v) as a result of the buying and selling of labour—
power. In the equation (8), the rate of change of the red wage rate (w) depends on the anployment
rate (v), as in the usual Philli ps relation, and on the rate of change of capital intensity (K/L) addition-
aly. The caital intensity (K/L) is a proxy for qualification. The eguivalent form of this equation is
given hy an extended relation that the author cdls a comprehensive Philli ps equation

W =—g+rv+b(P/ L+ K] P)
=—g+rv+b(a+s), b>0,g>0,r>0. (8a)

It will be compared with new equations of the growth rate of red wage for open loop control (sec-
tion 3.2, equation 8') and closed loop control (sedion 4.2, equation 17) over tota profit.

Medhanisation (automation) manifests itself in a growing capital intensity. The rate of change of
capital intengity (K/L) in the equation (5) is a function of the relative wage (u), difference between the
red employment ratio (v) and some base magnitude (v,) that is lower than quasi-stationary employ-
ment ratio (v,) defined below. A high relative wage and high employment ratio promote mechaniza-
tion (automation) that shapes the labour supply.

Following reasoning stays behind a hypothetical partial law for
the labour supply. Beforereading a aiticd magnitude, mechanisation (automation)
pushes new demographic groups (children, women, aged, immigrants from less developed countries)
into a labouring population (as far as qudificaion redly or potentially satisfies technologicd re-
qguirements) thus chiefly accéerating the growth of supply of labour force Afterwards mecdhanisation
(automation) becomes mainly a decderating factor for the growth of suppy of labour force becaise a
substantial part of working-age population does not possess adequate qualification for being hired or
self-employed.

Accordingly, the equations (7a) and (7b) determine the growth rate of suppy of labour force (N)
as a non-linea continuous function of capital intensity. The growth rate of suppy of labour force is

monotonicdly increasing for K/L < K./L., reating an absolute maximum n,,, = p;a the point
K/L =K. /L;; this rate is monotonicaly deaeasing for K/L = K./L.. Time evolution of supdy of

labour force (N) istypicdly S-shaped.
In the equations (9) and (10), the net formation of constant capital is K, Q sums net export, final

private and public consumption, M = (1 —u)P isthe tota profit in red terms.

1.2 An Intensive Deterministic Form of the HL



The deterministic model in an intensive form, derived from the equations (1) — (10), consists of

four non-linea ordinary differential equations (11) — (14):

a = (mg+ my (ng+ nou + na(v—\e)) + M (V) )a, (11
8= (cmy (1 Mp)(ny+ U + (v — V) — Mg (9))s, (12)
v= (kl'T“ — (Ny+ Nyl + NV — V) — NSV, (13
(= (-g+rv—m; + (D= mp)(y + Ml + NV — o)) — Metf(9) U (14)

For finding stationary states of the system (11) — (14), it is necessry to equate eab of the expres-
sions on the right to zero. As a=0 is not true (for a>0), this /stem does not possessa stationary
state.

It is reasonable substitute the eguation (7b) by equations (7b') and (7c), kegoing the eguation (7a)

intad

n=pe, MeK/LK L) for K TL > KIL2 K/ L, (70)
n=0 for K/L=K/Ly. (7c)
Respedively, for K/L = K,,/L,, the partia derivatives ? =0and ? =0. This redefinition of
S a

the partial dynamic law of labour supgy, being not harmful from the e@nomic point of view, enables
to have solutions with a mnstant labour force

Asaume that the system (11) — (14) includes n defined by the equations (7a), (7b') and (7¢). Then
there is a single non-trivial stationary state in the subsystem (12) — (14), defined as

E.= (s, Vo, Uy), (15)

1-u,
[

where s, = k Va=(g+ (1=b)i)r,uy=(i —ny —ng(Vy—Ve))/Nny,.

The stationary growth rate of constant capital, net output, red wage, labour productivity and

m

capital intensities is the same: K, =P, = W=a=K/L=i = 1

. At this gationary state, the

value of constant capital, employment and labour force ae fixed, i.e., Ka7aa: I:a =ny =0. The
stationary general profit rate is (1 —uy)/s, = i/k.

This gationary state E, is dynamicdly unstable becaise ' (V) = | |\7|j_1goe£ to positive infinity for
V - 0. This substantial singularity explains why the growth rate of labour productivity changes gep-

wise & locd extrema of the employment ratio. Abruptnessof ecnomic aises follows from this essen-

tial singularity too if a dosed loop control over total profit is not enforced (seesedion 4).



1.3 A Probahlistic Form of the HL

For estimating probable states of the emnomy and for identifying unobserved parameters in the basal
period the deterministic model (11) — (14) has been transformed in a stochastic model, taking into ac-
count measurement errors and an impad of fadors negleded in the model assumptions’. This makes
implicit allowances for short-term and middle-term ecnomic fluctuations by spedficaion of the ran-
dom components. The latter model includes state equations and measurement equations for discrete
moments of time

X(1) = f [x(T—1)] +w(1),

Z(1) = Hx(71) + v(1),

where T =1, 2,..., T is an index of data samples, x(0) — a vector of an initial state of the system,

w(T1) — avedor of equations errors (driving noise), v(7) — a vedor of measurement errors. The deter-
ministic part x(7) = f[x(1 — 1)] correspondsto the system (11) — (14). The symbol H is for aredangu-
lar matrix. The residuals are not due ettirely, or largely, to pure random influences. On the wntrary,
these residuals contain highly systematic, non-random components.

This paper applies a smplified version of an extended Kaman filtering (EKF), redised in the
Vensm software developed by Ventana Systems, Inc. This ftware has enabled to estimate the unob-
servable cmponents of the cmmpad model (11) — (14) by a procedure of maximum likelihood.

An Appendix is a source of the relevant technicd information. Table A—1 lists the red data; Table
A-2 posts estimations of the probable states. Vensm EKF optimisation control and pay-off definition
files as well the file with identified magnitudes of the model parameters are dso presented there. For

the reader’s convenience, there is also alisting of the main variables (at the very end).

2. An Inertia Scenario for the US Economy Based on the HL

An application of the EKF to the US maaoemnomic data for the basal period 1969-2002 has identi-
fied unobservable ammponents of the &ove stochastic model: b= 0.540, § =25, e, = 100, i;=0.2,

"It is not possble to ched whether the given deterministic model is able to replicate behavior and
creae understanding of the observable e@nomic behavior without estimating parameters that usualy
require construction of a stochastic model. Dired inference on parameters’ values is hardly possble in

maaoeanomic modeling, including this particular study.



i, = 0.4, g~ 0.046, ] = 0.342, k= 0.203, K./L, ~0.098, m, = 0.0067, mp~0.2357, Mg~ 0.015, N, ~—
0.246,n,~0.347, n3= 0.6, p;=0.03,r=0.053, 1= 0.009. The simulation, started at the magnitudes of
the phase variables observed in 1969 (a, = 0.0422 s, = 1.826, v, = 0.965 u, = 0.710), has céculated
the most probable (still sub-optimal) magnitudes of these four and other variables in the subsequent

yeas.

The main variables have the following units of measurement: a [millions of chained 1996 dllars
per worker per yea], u, v [dimensionlesq, s[yeas]. Calculations of u and s are done with the nomina-
tors and denominators measured in current prices. The enployment ratio v is for the dvil |abour force
(without acounting hidden unemployment). Private and governmental produced non-residential fixed

assets represent the mnstant capital (K).

2.1 A Historical Fit of the HL in the Basal Period 19692002

The HL has passed behaviour reproduction tests. In particular, estimating its historicd fit (Table 1),
the Theil inequality statistics have been used (Theil 1966.

Table 1. Decomposition of errors of the retrospedive forecast for 1969-2002

Variable RMSFE (%) uM uS uC
a 0.81 0049 | 0076 | 0875
s 3.31 0002 | 0315| 0.683
v 0.92 0000 | 0080 | 0.920
u 156 0088 | 0000 | 0912
(1—u)ls 4.36 0076 | 0087 | 0.838

The rather small root-mean-square percent errors (RMSFE) and prevailing non-systematic erors

of incomplete @-variation (UC) over bias (UM) and over difference in variation (US) show that this
probabili stic model tradks the major variables observed in the basal period agreedly. Figures 1a, 2, 3a
and 3b support this conclusion by demonstrating a cetain likeness of simulated and redised trgedo-
ries.

A long wave has been a viable pattern of the US cagpital acaumulation in the basal period with lo-

cd maximum (minimum) of the employment ratio, v, in 2001 (1982 and locd maximum (minimum)



of the general profit rate, (1 — uy)/s, in 1998(1982. The maximal magnitudes of the both variables are
lower than their magnitudes in 1969 Moreover, the previous locd maximum of the profit rate (higher
than that in 1969 was observed in 1966before the basal period (Figure 3a).

The uncovered tendency of the profit rate to fall is unfavourable for the enployment ratio in the
long-term. A shortage of labour suppy is detrimental for capital acawmulation. Understanding these

linkages is a step in conceaving pro-growth stabili zation policies in sedions 3 and 4.
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Figure 2. The redised (solid broken line) (Board of Trustees 2004 Table V.B2)
and smulated (thin one) growth rates of labour force (n) in the USA, 1970-2003
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Figure 3a. The grossprofit rate: redised (violet curve), 1948-2002
and smulated (blue airve) in the basal period, 1969-2002

2.2 A Longterm Extrapdation d the Tendency of General Profit Rate to Fall
An extrapolation of the retrospedive forecast, based on the deterministic model (1) — (10) with the

parameters values given above, is cdled the inertia scenario. The tendency of the amployment ratio,

rate of profit and rate of surplus value to fall during the first quasi-cycle of the 21% century lasts until



the end of 2030s mainly because the growth rate of the red wage exceals the growth rate of labour
productivity. Only when the latter surpasses the former the long wave starts to move upwards.

Profit in red terms grows uninterruptedly in spite of the fall in the profit rate in 20012038 (Fig.
3b and Fig. 4). Still this variable dmost comes to a standgtill when the profit rate dedines.
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Figure 3b. The profit M (milliards 1996 dllar ayea): redised (solid curve), 1969-2002
and smulated (dotted curve) in the inertia scenario, 1969-2057
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Figure 4. The rate of surplus value (1 — u)/u (1), rate of profit (1 —u)/s(2)

and employment ratio v (3), 20012057, in the inertia scenario

Computer smulations reved that phase variables (s, v, u), grossprofit rate, growth rates of labour
productivity and red wage & well as ome other variables fluctuate. The duration of fluctuations is

58-63 yeas. The periods of fluctuations are shorter at the beginning for higher values of the growth



rate of labour supdy (n). For example, the first complete quasi-cycle of the enployment ratio (v) in
the 21% century encompasses 20012058 More than four hundred yeas later, this variable starts to
oscill ate @out the stationary value (v;) with a period 6263 yeasfor n= Q.

The growth rate of the material substance of the constant capital (K) and growth rate of its labour

value (K 7a) as well as growth rate of the labour input ( L ) experience the long-term anharmonic fluc-

tuations. These growth rates, together with the genera profit rate, tend to dedine & the transient to the

closed orbits around the stationary values (Fig. 5).

0.034
0.024
1\/\/
1
0.0 \f\lmlwr
2
3 2
0.00} NS S _Jaa I 2 2,
f f f f f
2100 2200 2300 2400 2500

Figure 5. The growth rates of the constant cepital K (D), of itslabour value K 7a(2)
and of labour input I:(3) in the inertia scenario, 20012507

3. Explaining a Contemporary Development of the US Economy by a M odified HL

3.1. A Dialedical Negation d the Inertia Senario

The inertia scenario above may lead to a wrong fatalistic conclusion that the general profit rate has
inevitably to dedine uninterruptedly in 1999-2038and that the total profit is to be nealy constant in
2000-201Q The officia midde-term maaoemnomic projedion in January 2001, based on informa
tion as of November 200Q caried traits of this pessmistic vision: the full amount of corporate profits
(before taxes) in the yea 2010 dflated by CPl was projeded only 4 per cent higher than that in 2000
(Exeautive Office of the President 2001 Table 11-1). The same official midde-term projedion envi-

sioned that the ratio of the full amount of nominal corporate profits (before taxes) to wages and saa-



ries would have to decline from 0.196in 2000to 0.153in 2010 (ibid.). The analogous rate of surplus
value dedines (Fig. 4) during these yeasin the inertia scenario too.

The US state and businessleadership has rejeded a policy of passve adaptation to the long-term
dedine. They have been carrying out a pro-growth stabili zation policy at least since the beginning of
2001 The terrorist attadk of the September 11, 2001 has rved as a new powerful catalyst for this
policy. Chegoening elements of constant capital, foreign trade and outsourcing belong to additional
counterading fadors beyond the scope of the present analysis.

An official middle-term projedion based on information available in November 2001 has aimed at
substantialy higher growth of corporate profits in red terms and considerably higher ratio of nominal
corporate profits to nominal wages and salaries than those in the previous official projedion: in 2010
the first indicator would have to stand higher by 23.1 per cent than in 200Q while the second would be
0.169in 2010(CBO 2001 Table 2-1).

Output per hour worked grew sincethe fourth 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).
Y et workers compensation has consistently lagged productivity growth over this period. Total labour
compensation has experienced the owest growth in any recvery since World War Il (Bivens 2004).
As aresult, the profit share (ratio of property and entrepreneurial income to GDP) has recently reated
its previous pe& of 1997— 7 per cent above its average for 1981-2003 (BIS 2004 15, 24). Thisisthe
highest growth rate of profit in arewvery since World War 11.

3.2 A Synthesis of the HL and Historical Contingency

The inertia scenario above and fads from the previous dion contradict ead other like thess and an-
tithess. Synthes's necesstates bre&king the doseness of the initial causal system by saving a gred part of
its essence and alowing for pro-growth stabili zation policy. A working assumption is that the growth rate
of red wage is not higher in the midde-term 2001-2010 than the stationary megnitude, defined by the
eguation (15): w < W < i. The deliberately chosen magnitude W = 0.007 is plausible. The modified
equation for the rate of growth of red wage (8') substitutes the eguation (8)

W = min[ W, —g + rv+b(K/ L)], 0<W<i=0.009, g=0,r>0. ®)

All other equations, the starting point for 2001, and parameters values remain the same. This equa-

tion represents an open loop control since the fixed growth rate of red wage is not dependent on en-
dogenous variables of the modified model. Multiple feedbad loops of the initial model (1) — (10) con-

taining w die down after imposing the open loop control by the equation (8').



Table 2 reports on results of the simulation run based on the modified model. The outcomes of this
pro-growth stabili zation policy do not contradict qualitatively the aove latest data on growth and ds
tribution. They are compared with outcomes of the inertia scenario. For capital, the mobilising sce-
nario conditioned by the airrent war is superior to the inertia scenario in the dhosen middlie-term pe-
riod.

In particular, the total profit in the mobilising scenario will be 42.9 per cent higher in 2010than in
2001 (in the inertia scenario only 2.6 per cent higher). A recent official projection expeds the 68.9 per
cent increment of corporate profits (before taxes) deflated by CPI in 200:-2010(CBO 2004 Table C-
1).

According to the simulation run, the American economy will crash into the upper limit of full em-
ployment (v = 0.978 at the end of the projedion period or even before 2010in the mobilising sce-

nario. This creaes the necessary condition for anew crisis.

Table 2. Increments (per cent) in the two scenarios of the
US emnomic development, 20012010 (2001= 100

Variable Scenario
Inertia Mobili sing

Labour productivity (a) 8.8 12.2
Red wage (w) 14.4 6.5
Rate of surplus value ((1 — u)/u) -16.9 18.5
Profit rate ((1 — u)/s) -19.8 7.5
Employment (L) 7.9 13.2
Labour force (N) 10.2 10.4
Surplus value ((1 —u)L) -5.7 27.4
Constant capital (K) 27.9 32.9
Vaue of constant cgpital (K/a) 17.5 18.5
Net output (P) 17.4 27.0
Profit (M) 2.6 42.9

A shortcoming of the open loop control policy supporting profitability manifests itself in an exces-
sive employment that is detrimental for capitalist reproduction on the increasing scde. The Economic
Report of the President (2005 47) projeds in its own way that the unemployment rate is to stabilize a
5.1 per cent (i.e., v=0.949. The caital share in the net output is expeded to fall from its currently
high level before plateauing nea its historicd average (ibid: 48) due to a higher employment ratio in
the coming yeas then in 20012003



4. Designing a Control Law of Primary Income Distribution for the Modern US Economy

4.1 Particular Forms of Closed Loop Control over Primary Income Distribution

The present research is aimed at finding robust sub-optimal control for achieving higher levels of total
profit, profitability and employment ratio then in the inertia scenario. Open loop control is clealy un-
reliable and inefficient for extended periods of emnomic evolution. As the previous fdion shows,
such a @mntrol may lead to over-shoating.

The Structural Control Theory isto be gplied as amain tool for concaving efficient and robust sta-
bili zation policy amed at pro-growth shifts in primary distribution of income. The Classcd Optimal
Control Theory and modal methods, although useful and efficient for particular tasks, do not sufficein
the present case for the following reasons.

In an optimal control problem, an objedive function is usualy expressed in a form of an integra over a
time period, and a system of first-order differentia equation governs evolution of state variables. The es-
sential singularity of the HL in the vicinity of v =0mentioned in sedion 1.1 does not alow applica
tion of the Classcd Optima Control Theory that assumes that the functions comprising a dynamic
law are continuoudly differentiable for al variables (Pontryagin 1976.

In the modal methods (Mohapatra and Sharma 1985, a closed loop control is designed by moving
the agenvalues of a lineaized model and is expressd as a function of the level variables. As
the HL cannot be lineaized in the vicinity of v =0 the moda methods are not diredly applicable too.

Based on the analyses of the US businessand governmental policies in the previous ®dions, the
author will hypothesize different forms of closed loop control over income distribution. They should
provide asynthesis of efficiency and robustness As written by R.M. Goodwin, “...there must be asuc-
cessul policy of forcing or persuading employers and trade unions to forgo raising red wages in conse-
guence of tightnessof the labour market, in exchange for high and sable enployment aong with risng output”
(Goodwin 199Q 110. In view of the present author, successul policy requires drengthening eements of feed-
forward control over capitd acamulation and primary income digribution. Feed-forward control, as known,
changes variables acording to expeded future states of the eonomy.

Rate of profit is the well-known key instrument of business control that does not require explana
tion in this paper. Still an important asped deserves attention.

It is reasonable to add a new negative feedback loop (Fig. 6), containing only one level variable,
namely unit labour cost (u), to the structure comprising the initial HL. This additional loop provides
stronger grip over the profit rate. The rate of change of unit labour cost becomes positively dependent

on the rate of change of employment ratio, which is a leading maaoecnomic indicator. This depend-



ence represents arealy mentioned realiness “to forgo raising red wages in consequence of tightness
of the labour market, in exchange for high and sable employment dong with risng output” advised by R. M.
Goaoadwin.

Noticetotal profit M = (1 —u)P isarealy a part of the initial HL entering the equations (9) and
(10). still total profit has been subsumed by other variables of the intensive form (11) — (14) of this
HL. The analysis in sedion 3 suggests differently that a rate of change of total profit is more impor-
tant in redity than assumed at the very beginning.

Figures 7-13 dsplay the rate of growth of total profit as the surmised pivotal element of control
over primary distribution of income. Controlling relies thereby not only on negative feedbadk loops
(Figures 7-10) but on positive feedbadk loops (Figures 11-13) as well. The positive feedbadk loops
are instrumental for the pro-growth stabilization policy that would be hardly possble without them.
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Figure 6. The first negative feedbad loop controlling profitabili ty
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Figure 7. The second negative feedbad loop controlling profitability and total profit

viatwo level variables (employment ratio and unit labour cost)
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Figure 9. The fourth negative feedbadk loop controlling total profit
viathreelevel variables (employment ratio, unit labour cost and cegpital-output ratio)
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Figure 12. The second positive feaedbad loop controlling total profit

viathreelevel variables (employment ratio, unit labour cost and cegpital-output ratio)
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Figure 13. The third positive feedbadk loop controlling profitabili ty and total profit
viathreelevel variables (employment ratio, unit labour cost and cegpital-output ratio)

4.2 Equaionsfor Closed Loop Control over Total Profit

The feadbadk loops presented in the previous sedion prompted the formalization, which, in turn, gives
a proper ground for them. Remembering that total profit M = (1 — u)P, let us assume that the dedsion-
makers (the State officials, owners of capital, labourers) set a desirable growth rate of total profit de-
pending on a difference between an indicated and current employment ratios:
|\7I=%+I5=cl+cz(x—v), (16)
wherev < X istypicd for recessons and depressons; it is assumed that ¢, = 0 for simplicity .
When c,< 0 the negative feadbad loop dsplayed by Fig. 6 turns into a positive (destabili zing)

feadbad loop
Ut Rt L enT Lo e Y
S S
As computer smulations have shown, u beames negative, and v exceals 1. So it is assumed red-
isticaly below that the parameter c, is positive.

A new equation for a growth rate of red wage follows from the equation (16):

W=d+a=PF-M)Yra=@+o+n-miY+a=
u u
=2 @+n-Mm)—2
u u
:E+|:;U—C2X1__u+czl__uv_ (17)
u u u u



The equation (17) is gructuraly different from the initial equation (8) and its equivalent form (8b)
written as
W =-g+rv+b(K/L)
=—g+rv+b(a+s), b>0,g>0,r>0. (8b)
The guation (17) is dructurally different from the modified equation (8') of the open loop control
in sedion 3.2 too. Table 3 outlines the structural differences of the equations (8b) and (17) in detall.

Table 3. Partial derivatives of the rate of change of red wage

Partial derivatives Theinitial equation (8b) The modified equation (17)
oW b>0
0S
oW r>0 1-u
ov u
oW b>0
da
iv - 1-u
oL u

oW L-c,(X -V)
a1—u
u

According to the equation (17) and Table 3, the former constant g has been transformed into a
product c,X 1_Tu of the two new constants (c,, X)and of rate of surplus value(l_Tu) ; the impad of
the growth rate of labour productivity on w has become dependent on the inverse of labour share in
net output (%); non-linea positive dependence of W on the rate of change of the employment (I:)

has substituted its former positive linea dependence on the rate of change of capital-output ratio (S).
As both g_w >0and (3_W> 0, decderating growth of employment ratio and dedining growth rate of
n v
labour suppy are detrimental for growth of red wage if the dl other conditions remain the same.
A new partial dynamic law for the unit value of labour power is derived correspondingly from the

equations (3) and (16):

u=(P-M)1-u)= (4+V+n-M)(L-u)



=cﬁ%;ﬂ—(K7L+m+P7L+n—M)a—m

K7W _s-wya-u)

=(

k(1-u)
S

=( —S+c,(v-X))A-u). (18)

The HL has been huried in its initial form. This law will be now resurreded as a cntrol law of
primary income distribution in a new form. An intensive deterministic form of the antrol law of pri-
mary income distribution consists of the initial equations (11) — (13) and the new equation (18) that
substitutes the initial equation (14).

If the equations (7a), (7b") and (7c) for the growth rate of labour force ae applied again, then the
subsystem of the equations (12), (13) and (18) has a single non-trivia stationary state

Ea= (Sy Var Uy), Where (29

1_'ua LV, = )(-i/czyua: I_nl_ns(va_vc)’i — My

n, 1-my

S,=k

At this gationary state, the value of constant capital, employment and labour force ae fixed, i.e.,

~

K,/a,=Ly =N, =0. The stationary general profit rate is (1 — u)/s, = i/k.

Unlike the unstable stationary state defined by the eguation (15) of the initial subsystem (12) —
(14), this one seams to be globally or at least locdly stable for the subsystem (12), (13) and (18). A
formal proof of the property of global or at least locd stability of the non-trivial stationary state (19)
requires a substantial additional effort beyond the scope of this paper.

4.3 Potential Efficiency and Robustnessof the Pro-growth Sabhili zation Policy

It is known that the magjority of dynamic systems in economics belongs to the dassof disspative sys-
tems. A charaderistic property of a disgpative system implies that the ‘volume' of an element of the
phase spaceshrinks to zero as time progresss, when tragjedories approach an attrador. Formally, this
property can be examined with the help of the Lie derivative or the divergence defined as
where V isthe “volume” and dv(f) isthe divergenceof the vedor-function f (a, s, v, u).

For theinitial model (11) — (14), the Lie derivative is cdculated as follows:

V IV = div(f) =

8 It could be shown mathematicdly that the latter subsystem does not have atrivia stationary state
where u, =1, s, >0and 1>v, >0. Moreover, the guityu, =1 is not compatible with capitalist pro-
duction relations, as explained above (seefootnote 6).



k(1-u)
S

VIV = —n+G-ny+(b-m)nu+ W-(V)(Emzu). 21)

The Lie derivative is negative except vicinity of critica (singular) points. it moves to positive in-
finity since the sum of coefficients at ' (V) is positive ( m3(2+ nu) >0) and ' (V) —» +eofor v - 0.
So induced technicd progressand economy of scde presented in particular by the compound positive
element mstp'(\A/)(E+ nu)are & least locdly destabilizing in vicinity of the aitica points in the initial

model.

For our control law defined by the equations (11) — (13) and (18), the Lie derivative is given by:

VIV =-n-ny -(1-m)n,L-u) —mny'()L-u) —% <0, 22)

Lie derivative is negative in this case. Its magnitude moves to negative infinity in vicinity of criti-
cd (singular) points snce the sum of coefficients at '(V) is negative (—myn,(1—u) <0) and
@'(V) - +ofor v - 0. Thusin this case induced technicd progressand economy of scae presented
in particular by the cmpound negative dement —myn ' (V)(L-u) are & least locdly stabilizing in
vicinity of the aiticd points.

As computer simulations have shown, the @solute magnitude of the negative Lie derivative in the
modified model is higher than 0.5 as a rule for the given parameters values (Table 4). This means that
the “volume” V shrinks more than 50 per cent a yea and the model variables s, v and u moves rapidly
to the their stationary magnitudes (s,, V,, U,) defined by the equation (19) while n approadies 0. Asthe
initial magnitudes v, and u, are doser to v, and u, then s, to s,, the variable sis gill far from its da
tionary magnitude, when the variables v and u are in vicinity of their stationary magnitudes.

Four smulation runs presented by Figures 14-19 below are based on the equations (11) — (13
and (18) of the cntrol law. All of them, like the inertia scenario before, use the initial magnitudes of
state variables for 2001 and relevant parameters values estimated by the EKF based on data for 1969
2002for the initial model. Parameters b, g and r from the cmprehensive Philli ps equation (8) are not
applicable for the modified model.

The information from the initial model is preserved in the basal simulation run most of al. The
new stationary magnitude of the eanployment ratio is defined in this run acwrding to the estimate of
the Council of Economic Advisers (Economic Report of the President 2005 41). The other three
simulation runs use estimations of the stationary employment ratio and stationary growth rate of out-
put per worker from threetrustees' projedions known as low cost, intermediate and high cost scenar-

ios of the American economy in the mming decales (Board of Trustees 2004, which have been men-



tioned in the Introduction of the present paper. The Table 4 provides the reader with the necessary pe-

culiarities of the four smulation runs.

Table 4. Parameters of the smulation runs based on the modified model

Parameters of the Simulation runs
modfied modd inertia reated to the trustees’ scenarios
scenario basal low cost intermediate high cost
(V) €Y (2 ©) (4)
i 0.009 0.009 0.015 0.012 0.010
A 0.925 0.925 0.900 0.900 0.900
c, 8521 10.376 4934 2941
X 0.950 0.956 0.947 0.943
Vo 0.954 0.954 0.954 0.954 0.954
M o 0.014 -0.030 0.030 —0.030 —0.030
m, 0.236 0.236 0.552 0.450 0.320
V, 0.933 0.949 0.955 0.945 0.940
v, that would be
in theinitial modd 0.933 0.944 0.998 0.974 0.953
S, 6.455 7.099 4.657 5.562 6.837
u, 0.72 0.693 0.657 0.666 0.668

6500
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3500

Figure 14. Totd profit (1 — u)P (billion 1996 allars per yea) in the basal run

(violet curve) and in inertia scenario (blue aurve), 20012057
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Figure 15 Profit rate (1 — u)/s inthe basal run (violet curve) 2001-2057and

in the inertia scenario (blue arve), 1969-2057

Table 5. Measures of eanomic dficiency: average magnitudes for 20012057

Variable Simulation runs I mprovement by
Inertia | Basal the dosed loop control
1) (@) 3 4 =03 -2
Profit, (1 — u)P (billion 1996 $ayea) 2,924 3,924 1,000
Employment, L (milli on) 166 171 5
Profitability, (1 —u)/s 0.101 | 0.119 0.018
Employment ratio, v 0.915 | 0.948 0.033

The total sum of profit over 20012057 is 34.2 per cent higher in red terms in the basal run than
in the inertia scenario; improvement in the mean profitability is 1.8 per cent point; improvement in the
mean employment ratio is 3.3 per cent point (Table 5). Ups and downs of the potential economic
long waves are succesgully smoothed in the basal and threeother smulations runs presented.

The suggested pro-growth stabili zation policy mitigates the tendency of general profit rate to fall
in the smulation runs. Unlike the inertia scenario based on the initial HL, a relatively high employ-
ment ratio that is deliberately chosen is geadily maintained after a short transition period, although the
tendency of genera profit rate to fal remains in the mitigated form. These properties e for pro-
spedive dficiency of this policy.

Figures 17-19 illustrate dso prospedive robustness of this pro-growth stabili zation policy against

exogenous dhifts in parameters values acarding to the simulation runs numbered in the Table 4. The

choice of growth rate of net output ( I5) must suffice since other variables evolve smilarly.
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Figure 16. Employment ratio (V) in the basal run (violet curve) 20012057 and
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Figure 17. The growth rate of net output P (blue aurve) inthe first smulation run related to the
growth rate of red GDP in trustees low cost scenario (violet curve), 2003-2034
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Figure 18. The growth rate of net output P (blue aurve) in the second smulation run related to the
growth rate of red GDP in trustees’ intermediate scenario (violet curve), 2003-2034
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Figure 19. The growth rate of net output P (blue aurve) in the third smulation run related to the
growth rate of red GDP in trustees’ high cost scenario (violet curve), 2003-2034

The designed closed loop control has succesgully passed extreme conditions tests. For example, it
avoids over-shooting even if the scde dfed refleded by the equation (4) is much stronger or wedker
(the aefficient m; can be multiplied by a positive fador and/or the wefficient j divided by a positive
fador without creding a problem for control). This control remains effedive for negative values of
growth of labour suppy (at least for 0 > n>-) if the equations (7a) and (7b) are modified.



Concluson

This paper uncovers and explains the paradox that profit is the dedsive fador of big emnomic cycles
under capitalism and could be the key for smoathing them! It demonstrates that a more efficient so-
cia control over the oscillatory maaoecnomic system requires a substantial reshaping of primary
income distribution that takes into explicit acount this dual charaderistic of profit.

The modelling process refleded in this paper, has went through key stages in System Dynamics
including spedfication of structure, dedsion rules, estimation of parameters, behavioural relation-
ships, and initial conditions, testing the model, finally policy design and evaluation. The Structural
Control Theory has been mostly helpful during the policy design phase.

This paper defines a hypotheticd Law (HL) of capital acaimulation. The main state variables are
the labour productivity, unit value of labour force employment ratio, and capital-output ratio; a wm-
prehensive Philli ps equation governs a rate of growth of red wage. An applicaion of an extended
Kaman filtering to the US maaoemnomic data 1969-2002 and computer smulation runs demon-
strate that long wave resulted from the socio-eamnomic relations has been a viable pattern generated
by capital acawmulation. The HL includes the hypotheticd partial law for the labour supgy as a non-
linea function of cgpital intensity. Although this hypotheticd law is not a necessary condition for
Kondratiev cycles, it helps to portray them more accirately.

The daraderistic of the inertia scenario based on the HL is a strengthening of the seaular ten-
dency of the general profit rate to fall. This is not acceted by the US state and business lealership
pursuing a pro-growth stabilization policy.

The initial HL of cgpital acawmulation and computer simulations based on the US official statistics
have put in a nutshell how under conditions of the arrent war American workers have got to take
freeZng red wage to restore profitability and seaure higher employment in coming yeas. The modi-
fied HL, that curtails the comprehensive Philli ps equation, refleds moderation of red wage increases.
This modified HL maintains the mobilising scenario with its open loop control over total profit. With
all its benefits, espedally for cgpital, over-shooting endangers capital acamulation in this cenario.

Applying the Structural Control Theory the present paper uncovers long-term advantages of the
closed loop control over total profit in comparison with the open loop control. Based on examination
of causal linkages, the supposed control law of primary distribution of income is derived as the more
sophisticaed modificaion of the initial HL. The new equation, representing feed-forward control,
substitutes the cmprehensive Phillips equation of the initial HL for the rate of change of red wage.
The ontrolled transition to a non-trivial stationary state defined explicitly would aleviate the ten-
dency of general profit rate to fal, maintain deliberately high steady employment ratio and uphold to-
tal profit.



The designed pro-growth stabili zation policy for the maaoecnomic oscill atory system is tested in
original projedions related to three scenarios of the US ecnomic evolution in 20032034 (Board of
Trustees, 2004). The comparison of the basal run with the inertia scenario demonstrates that the sup-
posed closed loop control could bring abou, each year, addtiondly 1 trillion 1996 allars of profit
and 5 million of jobs (on the average for 2001-2057). This paper shows robustness of the proposed
closed loop control as well.

A question about its potential efficiency and robustnessunder rigid constrains of natural resources
remains open. Figuring out whether the control law supposed in this paper redly governs capitd aca-
mulation and primary income distribution in the modern US emnomy is another task for subsequent re-

seach.
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Errata
Figures 1 and 2 contain errorsin (Ryzhenkov 2004 10). The corrected figures follow.
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Figure 1.1 The positive feedbad in the Solow model
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Figure 1.2 The negative feedbadk in the Solow model



