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ABSTRACT

� The concept of the coupled logistic equation has been applied in numerous fields like 
economic, commerce, finance etc. In economics, it deals with the dynamic interaction between 
investment and debt level. Here the two species population dynamic systems is used to study the 
dynamical behavior of debt and capital. Economy can be either in the boom state or in the recession 
state. This paper has been designed to identify the situation where the boom, recession and credit 
cycles occur. In economics, the boom state refers to symbiosis in population dynamics similarly, the 
recession state refers to competition and the credit cycle refers to predator-prey.
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INTRODUCTION 

� Consider a continuous – time economy with two goods, capital denoted as k and commodity. 
Capital includes any means of production like land, factories, inventories, good will and so on. In 
economy there are two active agents - firms and banks. The firms produce the commodity using the 
capital that they posses. There is an inactive agent in economics called households outside the system 
which consumes only the commodity produced by the firm (Costinotet al., 2014). Here we consider 
the situation where the commodity market always remains in equilibrium and the firms supply 
determines the quantity of the commodity in the equilibrium as given by Say's law (Say and Jean-
Baptiste, 1834).

METHODOLOGY

If the commodity is sold to the household, then the firm receives some units of capital in 
exchange. Thus selling the commodity to the household's upsurges the capital of the firms. The firms 
can also upsurge their capital through recent techniques. In either case, we assume that the firms are not 
in debt and they can increase their capital logistically

This assumption relies on the logic that innovation and the spread of the new products that grow 
rapidly at first and then slowly approaches a certain saturation level (Bussi_ereet al., 2004). This is the 
case where the capital grows without debt.

� Next consider the case where the debt without capital, decreases exponentially. Here take the 
volume of the debt as B. Assume that the banks cannot increase the credit advanced to firms unless 
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certain level of capital present with the firms. Such debt without capital decreases exponentially, 
satisfying the following expression:

The logic behind this assumption is literally "biological".

� Suppose a bank is collecting the debt extended to a certain firm. The bank has already 
liquidated all the capitals that the firm formerly possessed, however there still remains a substantial 
amounts of debt to be repaid. Then, the manager (or) the owner of the firm attempts to repay the 
debt by lowering their standard of living until the firm finally becomes defunct. If there is nobody 
operating the firm or responsible for it, the debt must finally be discharged to become zero. Thus 
equation (2) represents the rate at which the firms become defunct.

� Here we formulate the model for an interaction between debt and capital using (1) and (2). 
Assume that a prudent regulation is imposed on the bank that the growth rate of debt should be 
proportional to the existing capital of the firm, which can be used as collateral for the debt.

� In the entire economy there are two states, the first is “symbiosis”, where the growth rate 
of the capital increases with the volume of the debt and growth rate of debt is increases with the 
volume of the capital (Kotaro uchino, 2005). This corresponds to a state “boom” in the economy.

� The second state is “competition” where the growth rate of capital is decreases with the 
volume of the debt and the growth rate of debt decreases with the volume of the capital. This state 
corresponds to a “recession” in the economy.

� Therefore in the state of symbiosis

 Where a>0 and b>0, the co-efficient of 'a' represent the rate at which the debt economy 
enhances the capital accumulation. The co-efficient of 'b' represents the imposition of a prudent 
regulation, governing lending by banks. Combining (1) and (2) the symbiosis system can be written as

 In this state both the capital and debt increases and also the growth in one increases the growth 
in the other.

Purva Mimaansa | Refereed | Peer Reviewed 
ISSN: 0976-0237 | Volume 13, Issue March 2022 | Impact Factor 4.762

14
https://pm.sdcollegeambala.ac.in



#

PURVA M
IM

AANSA

� In the state of competition

Where c>0 and d>0

� The co-efficient 'c' represents the rate at which the debt reduces the capital of liquidation

� The rate is negative in a competition system because of the failure of repayment by the firm 

resulting in their liquidation.

� The co-efficient 'd' represents the imposition of prudent regulation that specific the level at 

which liquidation should occur.

� The negative sign implies that the entire firm is default in the state and the prudent regulation 

must ensure the reduction of the debt. Combing (1) and (2) we get,

 Now state the condition where the system of equation becomes symbiosis, competition 

and predator prey using probability.

� Let the probability of recession be P, where P can be interpreted as the proportion of the firms 

in the state of recession and (1-p) as the proportion of firms in the state of boom. Calculating the 

expected value of                 the entire system can be expressed by

 The behavior of the system of equation is determined by the sign pattern of the partial 

derivative of (7) and (8).

� Partial derivatives of (7) and (8) are
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Using this partial derivative and its sign pattern the following cases are established 

Case (1)

 If (a-(a+c)p)>0 and (b-(b+d)p)>0 then the equations (7) and (8) are in the state of symbiosis.

Now arbitrarily choose, a=0.4, b=0.2, c=0.1, d=0.05 and p=0.1

 l  a-(a+c) p=0.4-(0.4+0.1)(0.1)

     =0.4-0.05=0.35>0

	 	 	 ∴ a-(a+c)p>0

 l  b-(b+d)p=0.2-(0.2+0.05)(0.1)

    =0.2-0.025

    =0.175>0

	 	 	 ∴  b-(b+d)p>0

Using these values rewrite the dynamical system (7) and (8) as

 The negative value of the partial derivatives tells us that the system exhibits competition 

relationship between the debt and capital.

Case (2)

then the system of equation are in the state of predator-prey (exhibits credit cycles)

� Arbitrarily choose, a=0.02, b=0.3, c=0.9, d=0.4 and p=0.1

� Substitutes these values in(9) and (10) we get

l

l
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Using these values rewrite the dynamical system (7) and (8) as

 The negative value in (9) and positive value in (10) of the partial derivatives tells us that 
the system exhibits predator-prey relationship between the debt and capital.

CONCLUSION

Therefore the interaction between the debt and capital is also exhibit the three basic relations 
i.e. symbiosis, predator-prey and competition similar to the interaction between two species. This 
interaction is modeled in continuous–time economy and their behavior is studied through the 
techniques available in the coupled logistic model. These three discrete two dimensional logistic 
systems are considered as a fundamental step to build more complex systems with n-species, n-
agents and n-corporation.
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