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We analyze a Malthusian simulation model proposed by Artzrouni and Komlos to describe the World-System economic and demographic development from the Neolithic Revolution through the Industrial Revolution. The model points out the conditions of the "escape" from the Malthusian trap. The slow accumulation of capital and the buildup of the population of the capital-producing sector eventually enable the population to overcome the constraints of the hostile economic environment that were prevalent up the Industrial Revolution. The dynamics of accumulation of capital and the growth of human population generated by this model can be re-interpreted against the background of the production revolutions’ theory that includes the Agrarian, Industrial, and Information-Scientific Revolutions. 
In a Malthusian simulation model proposed by M. Artzrouni and J. Komlos [1] there is described mathematically the World-System economic and demographic development from the Agrarian (the Neolithic) to the Industrial Revolution (from c. 8000 BCE to 1900 CE). The model takes into account the ‘incessant contest’ between the population growth and the means of subsistence that characterized that period. In their model Artzrouni and Komlos divide economy into two sectors: 1) a subsistence sector; 2) a sector producing all other goods, including capital, or the capital-producing sector. The model describes the proportions between these two sectors and conditions of the ‘escape’ from the Malthusian trap. In this model the ‘escape’ from the Malthusian trap depends on a sufficient accumulation of capital and a buildup of the population in the capital-producing sector. According to the authors such conditions of the ‘escape’ from the Malthusian trap were created as a result of the Industrial Revolution that could be considered as the outcome of an accumulation process by which the aggregate capital stock increased steadily. 
Below I present the system of Artzrouni and Komlos’ equations. The outputs QA(t) and Ql(t) of the subsistence sector and the capital-producing sector at period t are described by equations of the Cobb ‑ Douglass type:
	Ql(t) = C1 K(t)1 Pl(t)2,
	(1)

	Ql(t) = C1 K(t)1 Pl(t)2,
	(2)


where 1) K(t), the aggregate capital stock at period t, is accumulated through the following process
	K(t+1) = K(t) + (t) Ql(t),
	(3)


where (t) is the savings rate prevailing at period t;
2) Pl(t) and PA(t) are the populations of the two sectors at time t and may be thought of as the urban and rural populations; P(t) = Pl(t) + PA(t) is the total population;
3) C1, C2, 1, 2,1, 2 are positive constants with 1 + 2 = 1 + 2 = 1; 

	P(t + 1) = (1 + r(t + 1)) P(t),
	(4)


where r(t + 1) is the decennial growth rate at period t + 1.


Artzrouni and Komlos next define the per capita output of the subsistence sector as 

	S(t) = QA(t)/P(t) = C2 K(t)ß1 PA(t) ß2/P(t),
	(5)


	r(t+1) = r(t) – e(t),
	(6)


where e(t) is a nonnegative random variable generated by a Monte Carlo type simu​lation. In sum, Artzrouni and Komlos have 

	S(t) ≥ S* => r(t+1) = r*,
	(7a)


	S(t) < S* => r(t + 1) =r(t) – e (t),
	(7b)


when the population is in a Malthusian crisis, Artzrouni and Komlos have 
	PA (t) = PA (t – 1),
	(8)


	PI(t) = PI (t – 1) + (P(t) – P(t – 1)).
	(9)


Then Artzrouni and Komlos define the quantity
	U(t) = 1/1 + 4e-400(S*-S(t)).
	(10)


If the above procedure resulted in a strictly positive perturbation e(t), Artzrouni and Komlos suggest drawing a random number v(t) from a truncated (the positive side) normal distri​bution with mean 0 and variance 1. Artzrouni and Komlos then postulate that e(t) is proportional to v(t) U(t). In addition e(t) increases with y(t), the number of periods (decades) the population has been in a crisis; e(t) is given by
	e (t) = 0.1 *v (t) U(t) (1 + e0.15(y(t)-5)).
	(11)


For the savings rate (t) Artzrouni and Komlos choose a function of the form

	 (t) = 0.01 + 1.778*10-26 e0.05756t,
	(12)


which corresponds to values of  (t) growing slowly from one percent per decade in 8000 B.C. to four percent in 1700 CE and eleven percent in 1900 CE.

The model applies to the 10,000 years extending from the Neolithic agricultural revolution to the Industrial Revolution. In the model Artzrouni and Komlos assume that such a long period can be thought of as a unity. For the task of showing how a slow accumulation of capital stock brought about the Industrial Revolution, thus enabling the population to emancipate itself from the Malthusian menace, to conceptualize these 10,000 years as a unity is quite acceptable. However, the time span of 10,000 years is quite a big one. So one has to mark at least a few benchmarks in the acceleration of the world population growth as well as in the accumulation of capital. That is why Artzrouni and Komlos point out some really very important benchmarks, namely: c.8000 BCE (the beginning of the Agrarian Revolution); 1500 BCE (a considerable acceleration of the world population growth); the 17th century CE (the beginning of the abrupt growth of the capital-producing sector and the consequent start of the final escape from the Malthusian trap); 1900 CE (the completion of the Industrial Revolution and the finalization of the escape from the Malthusian Trap). Besides, from this paper’s context one can reconstruct such important, from our point of view, dates, as the following ones: the 15th century CE; 1850; 1970.

But unfortunately they either do not explain at all or explain insufficiently why exactly these dates had become the starting points of acceleration of the dynamics. For instance they say that prior to the beginning of Neolithic agricultural revolution (c.8000 BCE) population grew extremely slowly. It is true. But the model does not really explain why just after that time the population acquired the opportunity to grow faster. The model's principle mechanism is based on the assumption that due to the changes of the urban population the capital-producing sector absorbs any change (especially all the decrease) in the total population. It is quite true and such an idea is very important for the explanation of the demographic cycles’ dynamics. But the fact is that in 8000 BCE there were no towns. That is why though they slightly mention that land is not explicitly included in the capital but as an actual starting point for the work of the model they choose the date of 1500 BCE when in the World-System there appeared a considerable number of towns and there was observed a considerable acceleration of the world population growth rate [2]. 

There are some problems with the explanation of the date of the beginning of the 17th century. The matter is that as Artzrouni and Komlos point out, some scholars (e. g., D.C. North) maintain that the most important results of the Industrial Revolution occurred only in the last half of the 19th century. At the same time “indeed for every run of the simulation the escape occurs during the seventeenth or eighteenth century” [1]. We think that in this case both views are right to the same degree (see below). Besides, the analysis of Fig. 3 (and to a lesser degree of Fig. 4) shows that the real new phase in the growth of the capital-producing sector (after which its size already started steadily, although unstably grow, but mainly it would never decrease as it had happened earlier) began not even in the early 17th century but in the first decades of the 15th century. This point is not explained in the paper at all (for our explanation see below).
The dynamics of accumulation of capital and human population growth generated by this model can be re-interpreted against the background of the production revolutions’ theory that includes three production revolutions (the Agrarian, Industrial, and Information-Scientific ones) as the most important turning points in the World System history (for more detail see [3]). According to the theory every production revolution has two qualitative phases; each of them represents a major breakthrough in production. The general scheme of two phases of production revolution within the theory looks as follows: the Agrarian Revolution: the first phase is the transition to primitive hoe agriculture and animal husbandry; the second phase is the transition to irrigation or non-irrigation plough agriculture. Industrial Revolution: the first phase is the vigorous development of seafaring and trade, mechanization on the basis of water engine and other processes in the 15th and 16th centuries; the second phase is the industrial breakthrough of the 18th century and the first third of the 19th century. For more details about Information-Scientific Revolution see [3]. 

Each stage of every production revolution: a) creates new technologies that contribute to the growth of volume and level of production means sector (or the capital-producing sector); b) increases both the population size and its growth rate. That is why all the dates used in Artzrouni and Komlos' model correlate rather well with the chronology of the production revolution stages.

In particular, the beginning of the 15th century corresponds to the start of the first phase of Industrial Revolution; the beginning of the 17th century is the period immediately following the first phase of Industrial Revolution when its achievements were widely diffusing throughout the World-System. The beginning of the new model of population growth after 1750 coincides quite well with the beginning of the second phase of Industrial Revolution (the industrial breakthrough) corresponding to 1730–1760. The diffusion of the results of this revolution during the whole 19th century altogether explains why the model of population growth formed after 1750 ‘worked’ until 1900. Consequently, it is evident that there turn to be right both those who maintain that the escape from the Malthusian trap retrospectively revealed itself already after 1600, and those who speak about the escape form it only in respect to the second half of the 19th century. It is evident that the process of escaping the trap was rather long, spreading in time for two and a half centuries. Eventually the change of the population growth model in the second half of the 20th century (reaching its highest point by 1970) is quite tangibly connected with scientific-information revolution.  
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