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Introduction

In this mathematical research project, I explored the

implications of introducing linear and logistically

varying time-dependent carrying capacities in the

logistic population growth model. Using Python

generated graphs, I observed various graphical

features such as stationary points, asymptotes and end

behavior. By formulating hypotheses, I proved these

observations using limits (L'Hôpital's rule), Bernoulli's

differential equations and other analytical techniques.



What?
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A brief background on logistic population growth model



Logistic growth model

-> Defining differential equation:

-> Basic features:

● Initial behavior similar to exponential growth

● Population keeps on increasing; however, growth rate 

decreases (as opposed to exponential growth where 

growth rate is always increasing)

● Approaches a final constant value, K, called the 

CARRYING CAPACITY (maximum population size of a 

particular species that a given ecosystem can sustain)



Why?
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Rationale behind my intention to explore time-dependent carrying capacity in 

the logistic population growth model



It only ALMOST works …

Standard logistic best fit applied to US population 

after Industrial Revolution

Standard logistic best fit applied to UK population 

after Industrial Revolution



Climate change

Why a varying carrying capacity (K)?

Why?

Technological innovation

The standard logistic population growth model assumes constant K, which is a huge assumption since in 

today’s world with climate change, increased research, and technological development, it is improbable 

that our population will have a fixed maximum size.

Climate change can make certain 

areas less habitable and potentially 

limit the resources available for a 

growing population.

Innovation like clean energy could 

further enhance our ability to sustain a 

growing population.
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Thus, constant K would make little sense and rather varying K must be considered.



Functions used to vary K with time

2) Logistic variation i.e.,1) Linear variation i.e.,



How?
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What kind of methods and techniques I used to study these models?



Three major techniques

All the models were defined 

using differential equations 

which took this specific form

Bernouilli differential 

equations

Since solutions obtained were 

not closed-form, Python plot 

methods were used to create 

graphs

Computational plot 

generation (using Python)

Limits, differential, L'Hôpital's 

rule, and other tools were 

used to analyze the graphs

Mathematical analysis



Important method used (similar to actual research)

A very important feature of this work:

1. Graphs were plotted using Python

2. Graphical features that were observed were used to formulate 

conjectures

3. These conjectures were then proven rigorously in full generality.



So?
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A summary of important results obtained and their implications



Milestones in mathematics

300 BCE

Euclid publishes "Elements"

17th century
The development of calculus

1931

Gödel's Incompleteness Theorem

1994
Proof of Fermat's Last Theorem



Model 1 - Linearly varying carrying capacity



Model 1 - Theorems



A snippet
of one of 
the 
proofs



Model 2 - Logistically varying carrying capacity



Model 2 - Theorems



A snippet
of one of 
the 
proofs



Aligning new model with population data



Conclusion and further research

Overall, the new model provides a deeper and more realistic understanding of human population 

growth which is also in sync with how technology and climate change affect our species’ size.

Further research:

Factoring in fertility and mortality rates and other variables

Investigating a population-dependent carrying capacity with a variable growth 

rate

Exploring models with different mathematical functions for carrying capacity, 

such as sinusoidal, logarithmic, hyperbolic, etc.
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