Determining the Population Growth on the Food Supply

Everyday the population on Earth is increasing by hundreds of thousands of people.The
population growth rate as of 2020 is around 1.05%. A decrease from 2019 where it was 1.08%
and in 2018 it was 1.10%. We have around 7.9 billion people living on Earth right now. This
means the more people, the more houses, schools, jobs, restaurants and more will be needed as
the population grows. All of these are important because the more people, the more space is
needed to fit all of everyone. However there is one thing that is very important besides space and
that is the food supply. The more people that there are, the more water and food is needed for
everyone to survive. We need three meals per person everyday. That is a lot of food needed and
that is something we cannot guess on. As the population grows the more food is needed because
of how fast the population is grown its not so easy to make an assumption of how much food
supply is needed to support the total populations.

Before we can see how much food is needed we need to know how big the population is
right now. There are many ways to find the population growth and see how much increase in the
food supply will be but the best way is with Differential Equations. In Differential Equations
there are multiple ways to solve this type of question. There is Exponential growth that needs
one population variable. This model is the rate of growth being equal to the separable size of the
population. This model is incompleted. The equation is dP/dt = kP with P(0) = P,. Now, we
would integrate the equation to get JdAP/kP = | dt —> P(t) =Ae* In this case the A is derived
from the constant of integration and can be found by using the initial condition. But there is
another equation we will be using and that is the Verhulist model.[2] That is a logistic differential
equation. This equation was published in 1845 by Pierre Verhulist. Verhulst had said the
population growth will slow down when the population is large because of limited resources.
The amount of resources available determines how large of a population there can be.

The equation is dP/dt = rP(1 - P/K). [3] The “K” represents the carrying capacity for one
set of population in the given environment. The “r” is a real number that represents the growth
rate. P(t) represents the populations as a function at a time.P, is the initial population. This
differential equation can be combined with the initial condition P(0) = P, to form an initial value
problem P(t).

The steps to solve a problem with growth Population using the logistic differential
equation.

1. First set the right hand side equal to zero leads to P =0 and P = K as constant
solution. The first solution indicates the population will not grow because no
organism will be represented. The second solution indicates the population starts
at the carrying capacity, it will never change.

2. Now rewrite the differential equation in the right form.

dP/dt =rP(K - P)/K
3. Multiply both sides by dt and then divide both side by P(K - P).



dP/P(K - P) = (1/K)dt

4. Now multiplied K on both sides and integrate.
[K/P(K - P) dP = [ rdt

5. Use partial fraction decomposition on the left side of the equation.
K/P(K - P)=(1/P) + (1/K - P)

[1/P + (1/K - P)dP = | rdt
Ln/P|-LnK-P|=rt+C
Ln[P/K - P| =1t +C
6. Now eliminate the natural logarithms by using exponentiate on both sides.
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IP/K - P| = e“* ™.
7. C,= € So the equation will be
P/K-P=C, e"
8. To solve this equation, move all the Ps on the left side. Start off by multiplying
K - P on both sides.
P=C, e"(K-P).
=C, Ke"-C, Pe"
P+ C, Pe"=C, Ke"
9. Try and remove the factors that are not P on the left side.
P(1+C,e")=C, Ke"
P(t) = (C, Ke")/(1+C,e")
10. Now solve for C,.

P/K -P=C,e")
P,/ K -P,=C,e®
C,=P/K-P,

11. Now substitute the expression C, into the equation.
P(t) = (C, Ke")/(1+C,e") = (Py/ K - Py)Ke" /1 + (Py/ K - Py) e"
12. Now multiply the numerator and denominator of the right hand side by K - P, and

then simplify.
P(t) = (Py/ K-PyKe" /1 + (Py/ K - Py) e" * (K - Py)/(K - Py) = (P, Ke")/(K - Py) +
Pee" .

This is how you would take the Verhulst model and solve the growth population by food
supply. We will use this equation and follow the steps to see the food supply needed. This
equation will tell us how big the population is. Once we know that we can finally see how the
food supply will grow. We cannot determine the food supply growth without determining the
population growth.
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