ENV 110
Population Assignment



Name____________________________________________________________

Objectives 

To become familiar with the concepts of: 

· Problems associated with population growth 
· Population growth calculations 

· Factors affecting population growth 

Introduction 

Ultimately a number of factors will stabilize the world population such as water, food, energy and natural resources, but for now populations are increasing and the current world population of almost 6.5 billion is continuing to increase. 

The rate of population growth is not uniform over the globe. How one area changes relative to another is important because this could have a big impact on the use of resources and the local environment. 

The concept of exponential growth is encountered in many areas such as science, economics, and for our concern, population growth. Exponential growth is where any quantity grows at a fixed percentage rate. This is in contrast to arithmetic growth where a quantity grows at a fixed value. 

The differences between these two types of growth will be highlighted in several exercises. This lab will primarily focus on population calculations as well as factors that affect these calculations. 

Theory behind population calculations 

The first step is to learn about the mathematics behind population growth calculations. 
1. Exponential growth - a quantity growing at a fixed rate will follow the following formula:
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In this formula 

N = Population at some end point (in time ) 

No = Population at some start point (in time) 

k = Growth rate expressed as a fraction (per year). 

       For example for 4% growth we would estimate k to be 0.04 

t = Time 

e= exponential function (a constant value equal to 2.71828) - use your calculator or a spreadsheet

Example: Using EXCEL, type the following (exactly) to solve for N, given that No =100, k=0.05, and t =10:
=100*exp(0.05*10)

2. Arithmetic growth -a quantity growing at a constant value will follow the following formula 
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In this formula 

V = The constant value of arithmetic growth 

Example: Using EXCEL, type the following to solve for N, given that No =100, V=0.05, and t =10


=100+((100*0.05)*10)

With these two types of growth many projections on populations can be made. For 

example, a high estimate is that the world's population will double from 6 billion in 2000 to 12 billion by the year 2050. What is the growth rate (k) under exponential growth? Under arithmetic growth? 

Assuming exponential growth 

You can rearrange the formula to the following:
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All the variables are the same as previously mentioned. The ln term refers to the natural log function. If you are unfamiliar with this term, don't worry, you will come across it in a future math class. For now we will define it as a calculator function that allows you to convert the exponent of the number e to an algebraic term 

Plugging in the following into a calculator or spreadsheet (N = 12 billion, No = 6 billion, t = 50 years) and solving the k equation gives you
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per year
(In EXCEL, the following would be entered: =ln(12/6)/50)

The value 0.01386 is the exponential growth rate, k. It is usually approximated as a percentage, 1.386 % in this case. 

You can solve the same example assuming arithmetic growth. Simply solve the equation for V and plug in the numbers. This will give you a V value of 0.04 or 4 %. 

The different k and V values show the difference between exponential and arithmetic growth. 

To double the world's population in 50 years requires a growth rate of 4% for arithmetic growth where as for exponential growth only a 1.4% growth rate is needed. 

Exercise I: Calculate the expected world population for 2010, 2020, 2030, and 2040 under exponential and arithmetic growth conditions using a growth rate (k and V) of 1.4%. 

	Year
	Exponential Population

in billions
	Arithmetic Population

in billions

	2000
	6
	6

	2010
	
	

	2020
	
	

	2030
	
	

	2040
	
	


(Extra credit – Graph Year vs Population for each of the above in EXCEL or other graphing software and attach)
Problems and Activities (long answers are not required)
1) Given the data in table 1 (page 6), calculate the exponential growth rate, k, for the world population between 1927 and 1999. Then between 1999 and 2054. Discuss why they differ. 

2) The example problem (page 2) predicted the world population to be 12 billion in 2050, table 1 has the world population at 9 billion in 2054. Explain why these two values may differ. Hint: Discuss the math behind these predictions (type of model, model parameters, etc.) 

. 

3) A. Use the information in table 2, to calculate the current population densities (people/ mi2) for each region. (Column 1) 

B. Now convert this value to people per acre using 1 mi2 = 640 acres. (Column 2) 

C. Finally, Assume that only 9% of the land is livable, calculate densities in people/livable acre. (Column 3)

	Region
	People/mi2
	People/acre
	People/livable acre

	Africa


	
	
	

	N America


	
	
	

	S America


	
	
	

	Asia


	
	
	

	China


	
	
	

	India


	
	
	

	Europe


	
	
	

	Oceania


	
	
	


4) As the world's overall population continues to grow, the populations in different regions of the world will grow at vastly different rates. How do you think the different world regions' population densities will change? Use the data in table 3, which contains estimates of different countries growth rates, as well as the population densities calculated in problem 3 to support your answer. (You can project a future population density using the exponential formula for the year 2050. You don't have to do this for each region, but pick a couple to help you discuss the effect of the different growth rates). 

5) Briefly, what factors do you think might cause the growth rates to vary so drastically? 

6) Consider how each of the following factors of population growth. Write a short description of how each of these factors will influence population growth and/or population density.
Immigration and emigration 

Average life expectancy

Fertility and infant mortality

Disease and famine

Environment and land use
GNP/capita
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[image: image5.png]Table 1: World Population Growth Rate

Population in millions Year
1000 1804
2000 1927
3000 1660
4000 1974
5000 1987
6000 1999
7000 2013
8000 2028
9000 | 2054

Table 2: 1999 World Population Data

Region Population Land Area in mi’
Africa 771000000 11716000
North America | 303000000 9529000
[South America 338000000 6884000
Asia 3657000000 17337000

China 1254000000 3690000

India 986000000 1237000
Europe ; 728000000 3828000
Oceania | 30000000 3284000
Table 3: Growth rates of different countries

Populations in millions
Year 1995 2025 Growth Rate in %
Country
China 1221 1526 0.7
india 936 1392 13
United States 263 331 0.8
Pakistan 140 285 2.4
Indonesia 198 276 1.1
Nigeria 112 238 25
Brazil 162 230 1.2
Bangladesh 120 196 1.6
Mexico 94 137 1.3
Ethiopia 55 127 28
Russia 147 125 -0.5
Iran 67 123 2.0




[image: image6.wmf]01386

.

0

50

)

6

12

ln(

=

=

billion

billion

k

_1107198308.unknown

_1170678530.unknown

_1107198525.unknown

_1107195129.unknown

