Jessica Campbell
MATH 1030 – T/R 11:30-12:45
Thomas Roybal
Final Math Project
Top 20 Country Populations and Carrying Capacity 
The notion that the earth is logistically growing in population and the earth’s carrying capacity is nearly filled is an intriguing topic especially when considering the human experience on the 24 hour clock.  The 24 hour clock explains that human population has grown exponentially with the vast majority of our population growing in the last 3 to 4 minutes (approximately the last 400 years) (Walton and Rockoff).  Upon determining the project that I would fulfill in Math 1030 I thought about this concept and pondered how this reflects on individual countries.  So, I set out to determine of the top 20 most populated countries, how many of those have hit carrying capacity, and if they haven’t already hit carrying capacity how many years will it take for them to reach their carrying capacity?  Within this paper I will describe how I derived my project, what formulas and strategies I used, explain my results, and the discuss the potential implications that are implied in the results.
The first thing that needed to be determined is what statistics and facts needed to be compiled.  So, I gathered information from the CIA World Factbook including: The top 20 most populated countries, their respective population as of 2010, and their individual growth rate estimates (chart 1) (CIA World Factbook).  Upon gathering these facts I realized that I would also need to determine what each country’s carrying capacity is.  After countless hours of research I determined that very few countries actually have calculated their carrying capacity.  This made a lot of sense for poorer countries such as Nigeria and the Democratic Republic of Congo, but it was interesting that some of the more developed countries didn’t have this information, such as the United States of America.
This led me to the next step of researching carrying capacity estimates.  It must be understood that the estimate that I found time and time again is not concretely developed, rather it is based off of ecological educated guesses, though the estimate is widely regarded as valid.  According to populationmatters.org the optimum carrying capacity is 1.8 hectares of land per person (2011).  The conversion of 1.8 hectares to kilometers2 is .018.  At this point I began to enter all of my collected data into a spread sheet.  Upon looking at the information I had, I realized that the best way for me to estimate carrying capacity reflective to each country would be to calculate how much land each country had at their disposal.
I returned to the CIA World Factbook and compiled each country’s land area.  Realizing that the reality of the world is that not all soil is created equal I also gathered all of the arable land figures, which happened to be recorded as percentages of total land.  I multiplied total land by the arable land percentages in order to have the arable land area.

Finally I had each individual country, their respective population, the individual growth rates, land area, and arable land area.  Now I needed to calculate carrying capacity in relation to area.  I realized that it would be best to estimate both total land capacity and arable land capacity in order to be able to compare the difference between the two numbers.  I also constructed two scenarios, the more conservative of these scenarios said that only arable land could sustain life and the more dynamic scenario said that arable land could sustain crops but all other purposes (energy production, building construction, animal life, etc.) could exist on non-arable land (high and low estimates) (see chart 1).  I simply used the formula:

The next step was to compare both computations of carrying capacity estimates to current populations.  To my astonishment all of the top 20 most populated countries have already hit arable land carrying capacity and 15 countries had already hit total land carrying capacity.  The five countries that haven’t hit total land carrying capacity are the United States of America, Brazil, Russia, Iran, and Democratic Republic of Congo.  So, I set out to calculate when exactly each of these five countries would hit their carrying capacities.  In order to do this I used the exponential growth function:
Realizing that I must solve for the exponent “t” I determined that I would need to use a logarithm as a logarithm is the inverse of an exponent.  I used:
To get the proper form I divided both sides by:
and then use these new figures in the logarithm.  Utilizing the logarithm rule:
I was able to create an equation to solve for “t”.  
So with the estimated carrying capacity and current growth rate the year that the remaining five countries that have not hit carrying capacity are as follows: USA: 2069, Brazil: 2086, Russia: NEVER, Iran: 2026, and Democratic Republic of Congo: 2029.  Because Russia has yet to hit their carrying capacity and their growth rate is -0.47% this means that they are actually losing population from year to year, and at current growth rates they will never hit their population carrying capacity.  The computations for the United States of America are as follows:






This means that it will be 57.97 years until carrying capacity is reached for the United States.
Upon concluding that 15 of the 20 countries have hit capacity, the question of whether or not they are currently experiencing Overshoot and Collapse phenomenon begs to be asked (Bennet and Briggs).  This required me to go back in time and analyze growth rates from decades past and access estimates in the future, leading to some interesting findings (See Chart 2) (Search Data 360).  Firstly, the growth rates from 2001 to 2011 all increased in The United States, Brazil, Ethiopia, Egypt, and Iran.  This was especially surprising with Ethiopia and Egypt as they have already hit their carrying capacity and yet are still increasingly growing whereas the other three countries have not hit their carrying capacity thereby it is understandable that they would still be growing.  The second interesting point was between 2001 and 2050, all of the afore mentioned countries show what appeared to potentially be the overshoot that can be seen as a growth peak and fall, this provides evidence that suggests the overshoot and collapse phenomenon is prevalent.

Limitations
It must be fully understood that there are several limitations within this paper.  Firstly, the carrying capacity figures that I have included in my calculations are estimates at best.  Calculating carrying capacities is a large undertaking, requiring the factoring of several different aspects, of which most are hard to pin down (such as developing agricultural technologies).  So, this translates that the figures quoted within this paper are a rough estimate, and as lifestyles, technology, and cultures develop and advance the base number of 1.8 hectares needed per person can change dramatically.  Secondly, for time and space limitations within this paper it was imperative that I calculated the data as if the current snap shot of our world’s progression would stay relatively stable.  This means that exponential functioning of population growth was not fully incorporated into the calculations.  Finally, this doesn’t consider major catastrophes that may occur (such as natural disaster or global wars) that could significantly impact the designated populations.  Disasters, wars, and famines have the capability of wiping out huge amounts of people in very short periods of time; consider the black plague, World War II, or even the tsunami of 2004 in Indonesia.
Even though there are some limitations to this project it is still interesting to see how quickly our world population is growing.  It is also interesting to consider how quickly impoverished third world countries are growing, especially considering how hard it is for the people within these countries simply to survive.  When considering the Middle East and African countries it is interesting that their overshoot is so significant.  The notion of what goes up must come down is quite disconcerting in regard to the countries that are significantly over their carrying capacities, and it ought to be of special concern how exactly the collapse aspect of the phenomenon will surface for these countries.
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