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Abstract 
 
Global warming is the main concern of environmental scientists at present. The rapid emissions of greenhouse gases 
(GHGs) from different sources promote global warming and introduce several natural calamities. According to 
scientists, about 83% of greenhouse gases in the atmosphere are produced by human activities, and about 17% GHGs 
in the atmosphere are produced by wild animals. For global warming, the ice is melting and the lower lands in the 
world such as Bangladesh are going underwater. In a report, the annual increasing rate of seawater label is 
approximately 0.13 inches. In this study, such a situation has been investigated by developing a mathematical model 
in terms of four dynamical species. The model has been solved both analytically and numerically. The particular focus 
of this study aims to illustrate the impact of rapidly emitting GHGs on coastal lives. This study also discloses a 
mathematical relationship between increasing GHGs and global warming. 
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1. Introduction 
We live in the age of the modern world and different types of engines, aircraft, or vehicles are invented every day. It 
is enough to say that most of these produce greenhouse gas. Greenhouse gases (GHGs) mean a combination of such 
types of gases that are responsible for global warming. Besides, they change the climate by warming the atmosphere 
by forming an invisible layer around the world that restricts to omit the temperature of the earth. According to 
scientists, about 83% of greenhouse gases in the atmosphere is produced by human activities. Vehicles, factories, 
brickfields, industries, fossil burning, man-made forest fires, and cut down the amount of forest are the main human 
destructive activities to increase the amount of GHGs. As a result, the climate is being changed with the rising 
temperature. Due to climate change, nature restricts the lifestyle both of the human community and forest ecosystems 
near the coastal areas introducing various natural disasters such as hurricanes, cyclones, tornados, tsunami, floods. 

Mandal et al. (2020a) developed a mathematical model both analytically and numerically to describe the potential 
impact of climate change on coastal ecosystems. Biswas et al. (2016) discussed the effect of climate change and 
described the corresponding effect in Bangladesh through mathematical modeling. Paul and Biswas (2019) specially 
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described the bad effect of carbon dioxide on the Sundarbans. Sekerci and Petrovskii (2015) described the effect of 
climatic change on the marine ecosystem especially the plankton through modeling. Hader et al. (2017) statistically 
discussed climate change due to solar radiation and the effects of solar UV-radiation on the aquatic ecosystem. Khan 
and Alom (2015) discussed literally that greenhouse gases are the main causes of global warming. Mandal et al. (2021) 
investigated the increasing global warming on the planktonic ecosystem in oceans analytically and numerically. Devi 
and Mishra (2020) recently developed and analyzed a mathematical model to describe the effect of increasing 
atmospheric temperature due to rapid emissions of GHGs. Montzka et al. (2011) disclosed that the anthropogenic non-
CO2 GHGs are the most responsible for global warming as well as climate change. Besides, Samimi et al. (2013) 
claimed that rapid emissions of GHGs are responsible for climate change and introduced some controlling techniques 
briefly, whereas Ladley et al. (1999) briefly described some factors of GHGs for which the atmospheric temperature 
becomes hotter.   
 
1.1 Objectives  
The objectives of the paper are 

• to describe the effect of greenhouse gases on global warming and living beings in the coastal area.  
• to represent the interrelationship among these dynamical populations.  
• to perform the analysis both analytically and numerically for illustrating the dynamical behaviors of the 

considered dynamics.  
 
2. Model Formulation 
To describe the effect of greenhouse gases on global warming and living beings on the earth near the coastal area, we 
consider a dynamic system consisting of four dynamic variables as the density of greenhouse gases, the rising of 
atmospheric temperature in the earth, the human community in the coastal area and the forest ecosystem near the 
coastal area. This study aims to estimate the approximate change in global warming and lives on the earth because of 
the rapid emissions of greenhouse gases for different activities of the human population. The interrelationship among 
the species can be represented in the following schematic diagram which is shown in Figure 1 as   

 
Figure 1. Effect of GHGs on climate change, human community, and forest ecosystems near coastal areas 

 

According to the diagram (Figure 1), the modified mathematical model can be rewritten as the following form: 

CEGHGm
dt
dG

4321 )()( δδδδγ +−++−=                                                                                                 (1) 
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ECHCGCq
dt
dC

321 θθθ −++=                                                                                                                     (2) 

EHCHGH
dt

dH
321 ψψψα +−−=                                                                                                                 (3) 

CEGEHE
dt
dE

54321 )()( εεεεεβ −−+−+=                                                                                               (4) 

with initial conditions 0)0(,0)0(,0)0(,0)0( ≥≥>> EHCG  

Here, G(t), C(t), H(t), and E(t) are considered as the density of GHGs, the rising of atmospheric temperature in the 
earth, the human community in the coastal area, and the forest ecosystem near the coastal area. 

A brief description of the parameters in the model are as follows: 
m                                                                                                                                                   : the natural increasing rate of GHGs in the environment 
γ  : depleting rate of GHGs due to the ultraviolet radiations 

1δ  : producing rate of GHGs by the human population  

2δ  : producing rate of GHGs by animals in the forest ecosystem near the coastal area 

3δ  : absorbing rate of GHGs by trees in the forest ecosystem 

4δ  : producing rate of GHGs after natural disasters 
q  : natural climate change in the absence of lives  

1θ  : changing rate of global warming by the GHGs 

2θ  : changing rate of global warming by the activity of the human population 

3θ  : absorbing rate of temperature by the forest ecosystem 
α  : the normal growth rate of the human population at any instant 

1ψ  : hampering rate of human due to GHGs 

2ψ  : hampering rate of human due to climate change 

3ψ  : the growth rate of the human by the forest ecosystem 
β  : the natural growth rate of forest ecosystem  

1ε  : planting rate of trees in the forest ecosystem by the human population 

2ε  : deforesting rate in the forest ecosystem by the human population 

3ε  : the growth rate of forest ecosystems with the help of GHGs especially CO2 

4ε  : hampering rate of forest ecosystems because of GHGs especially acid rain 

5ε  : hampering rate of forest ecosystem especially wildfire because of global warming 

 
3. Analytical Analysis 
In this section, we test the positivity of the dynamical variables of the system, stability analysis at equilibrium points, 
and numerical simulation [Biswas et al. (2017), Biswas et al. (2020), Kabir et al. (2020), Mandal et al. (2020b), Sardar 
et al. (2016)]. 
 
3.1 Boundedness of the System 
Now, we will establish that the system of nonlinear ordinary differential equations (1)-(4) is bounded. By the following 
lemma, we start to prove. 

Lemma 1. The set 








≤≤++≤ℜ∈=Φ + α
η
υ )(,)()()(0:))(),(),(),(( 4 tHtEtCtGtEtHtCtG  is a region of attraction 

for each solution and initially, all the variables are positive, where η  is a constant and βγυ ++−= qm . 
Proof: Consider a function from the system (1)-(4) as  

)()()()( tEtCtGtg ++=  

ECG
dt
dE

dt
dC

dt
dGg

dt
dg ηηηη +++++=+⇒  



Proceedings of the International Conference on Industrial & Mechanical Engineering and Operations Management 
Dhaka, Bangladesh, December 26-27, 2020 

© IEOM Society International 

{ } { }
EEC

HECGGCCEGqGmg
dt
dg

ηθε

εεθδθηδεεδδβηγη

++

−−++++++−−−++++−=+∴

)(

)()()()()(

35

2121144332                                                                 

Since the density of the human community is absent in this section, let put 0=H . then we get from the above equation 
as  

{ } EGCEGCCEGqGmg
dt
dg ηηθεθηδεεδδβηγη +++−+++−−−++++−=+ )()()()()( 35144332

 βγη ++−≤+∴ qmg
dt
dg  

Since { } )()()()( 5144332 βγηηεθηδεεδδ ++−≤++−+++−−− qmEGCEGCCEG  

υη ≤+∴ g
dt
dg ,   where βγυ ++−= qm               

Applying the differential inequalities, we have )1()(0 tetg η

η
υ −−≤≤ , 

Taking limit as ∞→t , we get  
η
υ

≤≤ )(0 tg   i.e.  
η
υ

≤++≤ )()()(0 tEtCtG  

Then α=+ hH
dt

dH ,  where  ECGh 321 ψψψ −+=  

Taking limit as ∞→t , we have 
h

tH α
≤)(  i.e. 

h
tH α
≤≤ )(0  

Hence the solution of the system is bounded in Φ . 
 
3.2 Equilibrium Points 

We obtain equilibrium points of the system by setting 0====
dt
Ed

dt
Hd

dt
Cd

dt
Gd . The system (1)-(4) produces three 

equilibrium points ),,,( DZPTEi . Then we get  

(i) 






 −−
= 0,0,,)()0,0,,(

441 δ
γ
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
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+=
b

q
q

m
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qaEEHCGE HE
31
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1

41

1

31

41

1
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θαβδ
δψβ
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γαθ

δψ
αδ
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θ  

 
3.3 Stability Analysis 
The system of equations (1)-(4) can be represented in the Jacobian matrix as  



















−−+−−−−
+−−−−

−−+
−−+

=

CGHEEE
HECGHH
CCEHGC

GGEH

J

5432121543

332121

323211

3214321

)()()()(

)()(

εεεεεεεεεε
ψψψψψψ
θθθθθθ
δδδδδδδ

                     (5) 

 

Theorem 1. The system (1)-(4) is a saddle point at the life's free equilibrium point LE . 

Proof: The Jacobian matrix (5) becomes at the lives free equilibrium point LE  
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The characteristic equation of 0
LEJ Iλ− =  takes the form as 
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Hence the eigenvalues are 

11 θλ −= , 42 δλ = , 2
1

1
3 ψ

θ
ψλ −=

q
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Here 1λ  and 4λ  are negative, 2λ  and 3λ  are positive ( 21 ψψ > ). Therefore, the lives' free equilibrium point is 
asymptotically stable. 
 

Theorem 2. The system (1)-(4) is a stable point at the human community free equilibrium HE . 

Proof: The Jacobian matrix (5) becomes at the human community free equilibrium HE  
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where 
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Hence the eigenvalues from the characteristic equation of equation (6) are  
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Here all of the eigenvalues are negative. Hence the human community free equilibrium point is stable. 
 

Theorem 3. The system (1)-(4) is a stable point or saddle point at the global equilibrium point GE . 

Proof: The Jacobian matrix (5) becomes at the equilibrium point GE  
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Hence the eigenvalues of the characteristic equation of (7) are  
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It is clear that 1λ  and 2λ  contain negative values. There exist three cases as  
Case-1: If 3λ  and 4λ  contain negative values, the extreme equilibrium will be stable. 
Case-2: If 3λ  and 4λ  contain positive values, the extreme equilibrium will be asymptotically stable. 
Case-3: If 3λ  and 4λ  contain the opposite value (i.e. one contains a positive value and another contains a negative 
value), the extreme equilibrium will be unstable. 
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4. Results and Discussion 
Numerical simulation is the most useful task to represent the interactions among the dynamical variables. Here we use 
Maple coding to check the feasibility of our analysis concerning stability axioms. Numerical computations have been 
driven by using a set of parametric values given below: 
 

Table 1. Parametric values of parameters used in the model. 
 

Symbol Values Symbol Values Symbol Values Symbol Values 
m  2101.0 −− kmdaygm  4δ  20001.0 −kmgm  α  1105.0 −− Thusandyear  1ε  12001.0 −− yearkm  
γ  21003.0 −− kmdaygm  q  1001.0 −yearCo  1ψ  11048.0 −− Thusandyear  2ε  12098.0 −− yearkm  

1δ  21011.0 −− kmdaygm  1θ  10020.0 −yearCo  2ψ  11096.0 −− Thusandyear  3ε  12015.0 −− yearkm  

2δ  21029.0 −− kmdaygm  2θ  100016.0 −dayCo  3ψ  1100001.0 −− Thusandyear  4ε  12095.0 −− yearkm  

3δ  21050.0 −− kmdaygm  3θ  1002.0 −dayCo  β  120001.0 −− yearkm  5ε  210988.0 −− kmCo  

 
Figures 2-5 represent the competition among these dynamical variables with the change of time. Since the human 
population is rising at a constant rate, as a result, they increase the amount of GHGs for various purposes which are 
shown in Figure 2. Because of the increasing GHGs, it raises the temperature of the earth’s atmosphere which carries 
a bad change in the global climate. Therefore, an excess increase of GHGs is responsible for global warming which 
is shown in Figure 3. On the other hand, because of the increase of GHGs and climate change, the growth rate of the 
human population will be negative after a while and the total human population will be started to decline during this 
century shown in Figure 4. The forest ecosystem will be declined due to the excess GHGs and global climate change 
because of frequent acid rains, global warming of the earth’s atmosphere, frequent natural disasters, etc. Besides, 
depopulating the forest and acting unconsciously to prevent the depopulation, the human community contributes to 
creating the forest ecosystem imbalanced. The change of forest ecosystem with the interaction among other 
populations concerning time is represented in Figure 5.  
 

 
Figure 2. The growth rate of environmental GHGs per year. 
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Figure 3. The growth rate of atmospheric temperature per year. 

 

 
Figure 4. The growth rate of the human population near the coastal area per year. 

 

 
Figure 5. The growth rate of the plants and wildlife near the coastal area per year. 
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When the GHGs emitting activities of the human population ( 1δ ) increase, it proportionally raises the amount as well 
as the emissions of GHGs in the environment. Figure 6 represents the growth rate of GHGs in the environment when 
the GHGs emitting activities of the human population increase. When the emissions of GHGs increase due to the 
human population, the atmospheric temperature proportionally increases shown in Figure 7. The increasing GHGs 
contribute to heavy acid rain and deficiency of fresh oxygen for breath, and the rapid global warming contributes to 
different natural destructive phenomena. As a result, the growth rate of the human population and the density of the 
forest ecosystem decrease with the increase of emissions of GHGs in the environment which are respectively shown 
in Figure 8 and Figure 9.   
 

 
Figure 6. The growth rate of environmental GHGs for different values of 1δ . 

 

 
Figure 7. The growth rate of atmospheric temperature for different values of 1δ . 
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Figure 8. The growth rate of the human population near coastal areas for different values of 1δ . 

 

 
Figure 9. The growth rate of the forest area in the coastal area for different values of 1δ . 

 
5. Conclusion  
In this study, a nonlinear mathematical model has been newly formulated to describe the harmful effect of increasing 
GHGs on global warming and the living beings in the coastal areas. The study analytically analyzed the model to 
ensure the existence of the considered species and to obtain the nature of the system at each equilibrium point. To 
describe the dynamical behavior of the species under different concentrations of environmental GHGs, we also carried 
the study numerically. The study presents that the human population is responsible for increasing GHGs and global 
warming. And inversely, the human population along with the forest ecosystem are the main victim of the harmful 
effect of excess emissions of environmental GHGs and rapid global warming. The study also shows that the 
environmental GHGs and global warming can be controlled by enriching the coastal forestation. On the other hand, if 
the situation will be continuous, the human population may lose its survival capacity to live and about one-third of the 
total forest ecosystems may be lost their existence at the end of this century. Therefore, the study concerns with climate 
change and presents a relationship to environmental management along with mathematical modeling.  
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