
Modelling the Effect of Depletion Rate of Forestry Resources 
due to Industrialization on the Effect of Population and 
Population Augmented Industrialization on Forestry 
Resources

Jonathan Ezeorah1* and E N Ekaka-A2

1Department of Mathematics, University of Calabar, Calabar, Nigeria
2Department of Mathematics and Computer Science, Rivers State University of Science and Technology, Port Harcourt, Nigeria 

Abstract

In this work, we used the 0de45 to simulate the behavior of the dynamical system of the nonlinear system of ordinary differential equation at 
equilibrium. It is shown that if the forest resources is maintained at the given equilibrium, the activities of man will not affect the stability of 
the forest resource biomass but a little below the equilibrium the system will be unstable.
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Introduction
In the last thirty years, several remarkable researches have been 

made towards understanding how the decrease in biodiversity affects 
the functioning of the ecosystem and its effect on human lives. It is an 
established fact that biodiversity promotes the efficiency by which 
ecological communities get their resources, produce biomass and 
recycle essential nutrients [1]. It is a known fact that biodiversity 
increases the stability of ecosystem processes in changing 
environment but the stability of this ecosystem has been threatened 
seriously by the activities of human beings on the forestry resources. 
The main reason for this is food and development. Proliferation of 
both wood- based and non-wood based industries has brought about 
incessant attack on forestry resources. The stability of the 
biodiversity has been threatened and the effect has been shown in 
the climate change [2].

In 2015 Misra and Lata proposed and analyzed a mathematical 
model to study the depletion and conservation of forest biomass in 
the presence of industrialization. In their model, they assumed that 
industrialization increase where there is enough forest biomass and 
the intrinsic growth rate and carrying capacity of the forest biomass 
depend on industrialization and technological effort. The model also 
showed that increase in carrying capacity due to technological efforts 
has a destabilizing effect. Numerical simulations were also performed 

to confirm the analytical results [3]. Mathematical model for the 
degeneration and regeneration of forest resources. The dynamic 
model showed that the effect of industrialization on the reduction of 
forest biomass and the effect of regeneration on the model which 
allows for the model sustenance. In study of the depletion of forestry 
resource biomass that has been attributed to crowding by 
industrialization using the technique of a nonlinear mathematical 
model showed that the density of the forest biomass would decrease 
as the crowding by industrialization increase [4].

Robert in their research the role of population in developing 
countries concluded that pressure on forestry resources in developing 
countries arising from population growth are often covered or 
complicated by the rise in market demand of the resources, poverty 
and poor management of forestry resources. They illustrated this with 
a variety of data and a simulation model of resource management. In 
their model showed the effects of industrialization and associated 
pollution on forestry resources [5]. The assumption here was that both 
wood and non-wood-based companies coexist in the forest habitat 
and both generate pollution which also affects the forest resources. 
While wood-based company depends on forest resources, there is a 
constant rate of resources which does not depend on the forest that is 
provided to the non-wood company. The stability theory of differential 
equation and numerical simulation are used in the analysis of their 
model. The result of their research showed that increase in wood-
based companies decreases the forest resources and also increase 
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in non-wood-based industries decreases the forest resources too. 
They concluded that forest resources may go into extinction if 
pollution from both wood and non-wood-based companies are not 
well checked [6].

A mathematical model to study the growth and existence of 
resource-biomass-dependent species in a forested habitat which is 
being depleted due to increase in industrialization. The model 
showed that increase in industrialization decreases biomass density 
thereby decreasing the density of species which may go into 
extinction if not well handled. The model encouraged control measure 
to ensure the survival of resource-biomass-dependent species. In 
their paper proposed a nonlinear dynamic model to study the survival 
of biological species in a polluted environment [7]. Environmental tax 
is considered in the model to be a measure of improving 
environmental quality. By using suitable Lyapunov function, local and 
nonlinear stability conditions are obtained. It was shown that increase 
in pollution brings decrease in the density of the biological species. It 
was also shown that environmental tax plays a major role in 
controlling the concentration of pollutant in atmosphere thereby 
maintaining the concentration of the biological species. They 
proposed and analyzed a nonlinear mathematical model which 
studies the formation of acid rain in the atmosphere due to 
precipitation and the effect on plant species [8,9].

They stated that acid-forming gases like SO2 and NO2 emitted 
from various sources combined with moisture and form acid rain 
which affects the forest biomass. The model was analyzed using 
stability theory of differential equations and numerical simulation. The 
result shows that increase in acid rain decrease the density of 
biomass plant species. They developed and analyzed a nonlinear 
mathematical model that studies the dynamic of population density 
dependent emission of carbon dioxide in the atmosphere [10]. The 
model is governed by three nonlinearly dependent variables: Plant 
biomass density, population density and concentration of carbon 
dioxide. Using the method of stability theory of ordinary differential 
equation and numerical simulation, the result shows that the density 
of the plant biomass increase as the concentration of the carbon 
dioxide increases. It was also shown that the density of the plant 
biomass decreases as human population increases but the 
concentration of carbon dioxide increases in the atmosphere. 
Numerical simulation was used to confirm the analytical results [11].

In their research work on a model for interaction between forestry 
biomass, wildlife population and industrialization pressure, where the 
functional responses are assumed to be ratio-dependent showed that 
in the absence of industrialization. The density of the biomass and 
wildlife species are high and reduce when industrialization increases. 
The model encourages minimum green cover to be maintained with 
controlled expansion of industrial development ta sustain wildlife. The 
logistic models with prey-predator type nonlinear interaction terms to 
propose and analyze the depletion of forest resources caused by 
population and the corresponding population pressure. They 
assumed that the cumulative density of forestry resources and the 
density of the population follow logistic model. The model shows that 
carrying capacity of the forest resources decreases by population 
pressure. The model also shows that as the density of the forestry 
resources increases, the cumulative density of forestry resources 
decreases and the resources may go into extinct if population 
pressure becomes too large. The simulation analysis of the model 

confirms the analytic results. They proposed and analyzed a 
nonlinear mathematical model to access the effect of economic 
efforts applied to control population pressure and to increase forestry 
resources by the conservation of the forestry resources. Numerical 
simulation was also conducted to support the analytical results 
[12,13].

They proposed and analyzed a nonlinear mathematical model to 
study the simultaneous effects of industrialization, population and 
pollution on the depletion of a forestry resources biomass. Here the 
stability, global stability and instability are also obtained. The result 
shows that an increment in the population, pollution and 
industrialization decreases the forestry resource biomass and if no 
control measure is implemented, the forestry biomass may go into 
extinction. Computer simulation was also used to illustrate the 
results. In their paper attempted to assess the depletion of forestry 
resources biomass with population density and industrialization using 
the system of nonlinear differential equation. It was proven that 
forestry resources biomass reduces with increase in population and 
industrialization. The analytical results were confirmed by using the 
numerical simulation. The asymptotic method of differential equation 
was used to analyze the model [14,15].

Case Presentation of       Model
Shyam formulated a dynamical non-linear system of first order 

ordinary differential equation model that shows the effect of 
population and population augmented industrialization on forestry 
resources. Their assumptions here were that the Population density 
N(t), the Biomass density B(t) and the density of industrialization I(t) 
grow logistically and the forest biomass are been used by human 
beings to fulfil their needs. The model is as shown below:

S1: The depletion rate coefficient of forestry resources due to 
population growth and it is positive

V1: The cumulative growth rate of population and it is positive

∅: The depletion rate coefficient of forestry resources due to 
industrialization and it is positive

∆: The growth rate coefficient of the industrialization due to 
population and it is positive

u1: The depletion rate coefficient due to crowding effect and it is 
positive

u0: The natural depletion rate coefficient of industrialization and it 
is positive

r: The intrinsic growth rate of N

s: The intrinsic growth rate of B

u: The intrinsic growth rate of I

K: The carrying capacity for N
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L: The carrying capacity for B 

M: The carrying capacity for I

Results
 Following researcher, we have utilized the following parameter values 
r=1, K=1000, v1=2, s1=0.0001, s=1.2, L=1500, ∅=0.0005, u=0.1, M=10,

δ=0.0003, u0=0.01, u1=0.02. The values of N(t), B(t) and I(t) at 
equilibrium point are give as 1027, 1363 and 13 respectively.

We have utilized the application of ODE 45 which is computationally 
more efficient than other numerical methods like ODE 23, ODE 23tb 
ODE 155 etc (Table 1).

S/N ø N B I λ1 λ2 λ3 TOS

1 0.0005 1027 1363 13 -1.0584+0.0434i -1.0584-0.0434i -0.3818+0.0000i

2 0.001 1027 1363 13 -1.0617+0.0417i -1.0617-0.0417i -0.3817+0.0000i 

3 0.0015 1027 1363 13 -0.3816+0.0000i -1.0650+0.0398i -1.0650-0.0398i

4 0.002 1027 1363 13 -0.3814+0.000i -1.0684+0.0375i -1.0684-0.0375i

5 0.0025 1027 1363 13 -0.3813+0.0000i -1.0717+0.0347i -1.0717-0.0347i

6 0.003 1027 1363 13 -0.3812+0.0000i -1.0750+0.0313i -1.0750-0.0313i

7 0.003 1027 1363 13 -0.3811+0.0000i -1.0783+0.0271i -1.0783-0.0271i

8 0.004 1027 1363 13 -0.3810+0.0000i -1.0816+0.0216i -1.0816-0.0216i

9 0.004 1027 1363 13 -0.3809+0.0000i -1.0849+0.0133i -1.0849-0.0133i

10 0.005 1027 1363 13 -0.3808 -1.0766 -1.0997 Stable

11 0.005 1027 1363 13 -0.3807 -1.0699 -1.113 Stable

12 0.006 1027 1363 13 -0.3806 -1.0661 -1.1234 Stable

13 0.0065 1027 1363 13 -0.3805 -1.0635 -1.1326 Stable

14 0.007 1027 1363 13 -0.3804 -1.0615 -1.1413 Stable

15 0.0075 1027 1363 13 -0.3803 -1.0598 -1.1495 Stable

16 0.008 1027 1363 13 -0.3802 -1.0584 -1.1575 Stable

17 0.0085 1027 1363 13 -0.3801 -1.0573 -1.1652 Stable

18 0.009 1027 1363 13 -0.3801 -1.0562 -1.1728 Stable

19 0.0095 1027 1363 13 -0.38 -1.0554 -1.1803 Stable

20 0.01 1027 1363 13 -0.3799 -1.0546 -1.1877 Stable

21 0.0105 1027 1363 13 -0.3798 -1.0539 -1.195 Stable

22 0.011 1027 1363 13 -0.3797 -1.0532 -1.2022 Stable

23 0.0115 1027 1363 13 -0.3796 -1.0526 -1.2094 Stable

24 0.012 1027 1363 13 -0.3796 -1.0521 -1.2165 Stable

25 0.0125 1027 1363 13 -0.3795 -1.0516 -1.2235 Stable

26 0.013 1027 1363 13 -0.3794 -1.0512 -1.2306 Stable

27 0.0135 1027 1363 13 -0.3793 -1.0508 -1.2375 Stable

28 0.014 1027 1363 13 -0.3792 -1.0504 -1.2445 Stable

29 0.0145 1027 1363 13 -0.3792 -1.05 -1.2514 Stable

30 0.015 1027 1363 13 -0.3791 -1.0497 -1.2583 Stable

Conclusion
It is concluded that here has shown that if the population is 

maintained either above or at the equilibrium but not a little below 
equilibrium, varying the depletion rate of the forestry resources will 
not really affect the existence of the forestry resources but a little 
lower, the system will be unstable.

The forest must be regenerated at every given time to maintain the 
equilibrium so that the effect will not be noticed even as the human 
activity increases.

As we can see from the ODE 45, reduction in the equilibrium 
population makes the system unstable in the next paper.
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