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Population And Settlement 
Part III 

Think of the earth as a living organism that is being 
attacked by billions of bacteria whose numbers 

double every forty years. Either the host dies, or the 
virus dies, or both die. 

- Gore Vidal 



Population and Settlement 
Part III 

• Population and Growth 

• Mortality Rates 



POPULATION AND 
GROWTH 
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Limits to Population Growth 

For a small population, as long as the birth rate is slightly 
above the death rate, a population 

grows exponentially with a characteristic J-curve. 

Two major themes govern the growth of populations over 
time: the resources of an environment control the growth 
and continued existence of populations, and the resources 

of an environment are limited. 

Where conditions are ideal, every member has food and 
shelter, no predators or pathogens in the environment and 

enjoys maximum reproduction. Limiting factors in the 
environment on food, water, minerals, predators, shelter 
or buildup of waste materials usually prevent organisms 

from reaching their potential. 



Limits to Population Growth 

Typically, after a period of exponential growth, 
growth levels off or even stops when the carrying 

capacity (maximum number of individuals an 
environment's resources can sustain) is reached. 

Sometimes, populations grow too large and 
overshoot their carrying capacity.  

Overcrowding can help diseases, pathogens and 
parasites spread quickly. 

A population can also crash due to factors like 
depletion of resources, buildup of wastes and 

pollutants. 



According to the exponential growth model, when things are 
growing exponentially, the bigger they get the faster they grow. 

How about human population? Take a look at this graph showing 
human population over time. 

 

 

 

 

 

 

 

 

 

 

It has a few jigs and jags, but overall it has that upward curving shape 
familiar to exponential growth curves. We can also see that the 

population plodded along at relatively low levels for thousands of years 
before it really began to climb. 

Exponential Growth Model 
(J-Curve) 



Human Population Growth 

• FIRST: Humans developed the capacity to expand 
into new habitats. 

– 2,000,000 YBP (years before the present): 
Early humans were vegetarians, but ate meat when 
they could get it. 

– 200,000 YBP: Humans organized into bands of 
hunters/gatherers. 

– 40,000 YBP: Hunters/gatherers spread throughout 
the world, using knowledge passed on generation-
to-generation on how to live in diverse habitats by 
building fires, building shelter, making clothing and 
using tools. 

– Knowledge and language development allowed 
humans to survive in habitats throughout the 
world. 



Human Population Growth 

• SECOND: Humans increased their carrying 
capacity in existing habitats. 

– 12,000 YBP: Humans shifted to farming, eg, 
agriculture, domestication of animals and wild 
grasses (rice, corn, wheat, rye), irrigation, meeting 
specific human needs. (Human population in 
10,000 BC: 5-10 million) 

– Agriculture increased the carrying capacity for the 
human population. 



Human Population Growth 

• THIRD: Humans sidestepped limiting factors on 
their growth rate. 

– ~200 YBP: (1802) Knowledge of disease 
processes, increased medical care, improved 
sanitary conditions, use of fossil fuels for heat, 
warmth ... All of these dropped the death rate 
sharply. (Human population in 1800: 
1,000,000,000) 

– ~100 YBP: (1902) Development of antibiotics, 
surgical procedures, vaccines, machines ... All 
allowed support of a larger population. (Human 
population in 1930: 2,000,000,000) 

– Knowledge about disease and treatments allowed 
humans to sidestep limiting factors to growth. 



Exponential Growth Model 
(J-Curve) 

I had to shrink 
this chart a great 
deal and shrink 

the tail even 
more in order to 

get it on the 
slide. That 

means the tail is 
much more 

dramatic even 
than pictured 

here. 

 Human population seems to have followed an 
exponential growth model. Common sense tells 
us that such growth cannot continue or within a 

few hundred years every square foot of the 
Earth's surface will be occupied by humans. 

Furthermore, experience with other species tells 
us that, ultimately, resource limitations and/or 
habitat degradation will force population growth 

to approach an upper limit - the carrying 
capacity.  

The question is does humanity 
have a carrying capacity and, if 
so, what is it and when will we 
reach or overshoot that limit? 



Logistic Growth Model 
(S-Curve) 

• Exponential growth is possible only when infinite 
natural resources are available. When the number of 
individuals becomes large enough, resources will be 
depleted, slowing the growth rate. 

• Eventually, the growth rate will plateau or level off. 
This population size, which represents the maximum 
population size that a particular environment can 
support, is called the carrying capacity (K). 

• Population growth is greatly slowed in large 
populations by K. 

• To model the reality of limited resources, population 
ecologists developed the logistic growth model, 
which yields an S-shaped curve. 



Exponential vs. Logistic 
Growth  

When resources are unlimited, populations exhibit exponential growth, 
resulting in a J-shaped curve. When resources are limited, populations 

exhibit logistic growth, in which population expansion decreases as 
resources become scarce, leveling off when the carrying capacity of the 

environment is reached and resulting in an S-shaped curve. 



Exponential vs. Logistic 
Growth  

• J-Curves 
– Show a boom and bust pattern. 
– Population grows exponentially then crashes. 
– These collapses/crashes are called diebacks. 
– Population often exceeds K before the collapse occurs 

which is referred to as overshoot. 
– Want to decimate some fish? Visit Salmonville. 

• S-Curves 
– Start with exponential growth. 
– Above a certain population size, the growth rate slows 

down until population stabilizes. 
– consistent with density-dependent limiting factors 
– Population size stabilizes at the carrying capacity (K) of 

the environment. 
– The area between the exponential growth curve and the 

S-curve is called environmental resistance. 

http://jersey.uoregon.edu/vlab/ExponentialGrowth/index.html


Logistic Growth Model 
(S-Curve) 

• There are three different sections to an S-shaped 
curve. 

1. Initially, growth is exponential because there are 
few individuals and ample resources available.  

2. Then, as resources begin to become limited, the 
growth rate decreases. 

3. Finally, growth levels off at the carrying capacity 
of the environment, with little change in population 
size over time. 

• This model also allows for negative population growth 
or a population decline. 



Logistic Growth Model 
(S-Curve) 
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So ... Do we grow 
exponentially or logistically? 

Current human population growth appears to be J-shaped 
as we either do not have a population carrying capacity, 

have not yet reached our carrying capacity or have already 
exceeded the carrying capacity but have not yet seen the 

population crash normally associated with J-shaped or 
exponential population growth. 

If the human population meets the carrying capacity of our 
environment then population growth may level off at the 

carrying capacity, which would cause our population 
growth curve to more closely resemble an S-shaped 

population curve. It all depends on what happens once the 
human population meets or exceeds a carrying capacity. 



Regional Percentages of  
World Population 

# Region 
Population 

(2016) 
Density 
(P/Km²) 

Area 
(Km²) 

Migrants 
(net) 

Fertility 
Rate 

Median 
Age 

% Urban 
Pop 

% World 
Pop 

1 Asia 
4,436 

million 
143 

31 
million 

-1 million 2.2 30 48.7 59.7 

2 Africa 
1,216 

million 
41 

29 
million 

-579 
thousand 

4.71 19 40.2 16.4 

3 Europe 
738 

million 
33 

22 
million 

824 
thousand 

1.6 42 74.3 9.9 

4 

Latin 
America 
and the 

Caribbean 

641 
million 

32 
20 

million 
-414 

thousand 
2.15 29 79.5 8.6 

5 
North 

America 
360 

million 
19 

18 
million 

1 million 1.86 38 82.6 4.9 

6 Oceania 
39 

million 
5 

8 
million 

190 
thousand 

2.42 33 70.8 0.5 

 



Regional Percentages of  
World Population 



Projected Regional 
Population Growth 



Consequences of Population 
Growth to Developing States 



Future Population Levels 

Fertility levels 
remain as they 

are now 

Fertility levels 
decline 



Census: US Population Count 
and Dynamics 



Population Growth 

population growth = 

(births  -  deaths) 

+ 

(in-migration  -  out-migration) 

Another way to show population growth is: 

∆P = (BR – DR) + (I – O) 

∆P = NGR + NMR 



Rate of Natural Increase 
(RNI) 

births  -  deaths  =  RNI 

 

…the percentage growth of a population in a 
year, computed as the crude birth rate minus 

the crude death rate 



Crude Birth Rate (CBR) 

…total number of live births in a year for every 
1,000 people 



Crude Death Rate (CDR) 

…total number of deaths in a year for every 
1,000 people 



Crude Birth and Death Rates 
by Level of Development 



Rates of Natural Increase 
(RNI) 



Africa 
Fertility 

Rate 

1975-1980 6.60 

1980-1985 6.45 

1985-1990 6.11 

1990-1995 5.67 

1995-2000 5.26 

2000-2005 4.97 

UK 
Fertility 

Rate 

1975-1980 1.72 

1980-1985 1.80 

1985-1990 1.81 

1990-1995 1.78 

1995-2000 1.70 

2000-2005 1.66 

…the average number of children a women 
will have in her childbearing years. 

This rate varies from just over 1 (Taiwan) 
to over 7 (Niger). The US rate is 1.89. 

2.1 is generally regarded as the 
replacement rate (the rate at which a 
population neither grows nor shrinks) in 

the developed world. 

In less developed states this rate might be 
higher to compensate for the number of 

children that die before reaching 
childbearing age. 

Total Fertility Rate 
(TFR) 

Palestinian 
Territories 

Fertility 
Rate 

1975-1980 7.39 

1980-1985 7.00 

1985-1990 6.43 

1990-1995 6.46 

1995-2000 5.99 

2000-2005 5.57 



Total Fertility Rates (TFR) 

…number of children per woman of childbearing 
age 

To further complicate the situation, more than 33% 
of the world's population is at a pre-reproductive age. 



... the rate at which the number of individuals in a 
population increases in a given time period, expressed as a 

fraction of the initial population 

 

 

% annual population growth 

 
The average of the annual population growth rates for a 
period of years provides a better picture than an annual 
rate. However, calculating any growth rate for a period 

longer than one year requires more complicated 
mathematical formulas than the one used to calculate an 

annual rate. 

population increase in one year 
(ie, ending pop minus starting pop) 

population at the start of the year   

Population Growth Rate (r) 

X  100  = 



Population Growth Rates (r) 



Doubling Time (dt) 

Doubling time is the number of years it takes for a 
population to double in size at its current rate of 

growth. 

We can find the doubling time for a population by 
using the Rule of 70. To do this, we divide 70 by the 

growth rate (r) entered as a whole number, not a 
decimal (5% is 5, not 0.05). 

dt = 70/r 

For example, a population with a 2% annual growth 
would have a doubling time of 35 years. 

35 = 70/2 

 



Key Properties of Doubling 
Time 

The larger the rate of growth, the faster the doubling time. 

A negative natural growth rate cannot be used to 
determine doubling time because the population is actually 

shrinking in size. 

If the rate of growth changes, the doubling time changes. 

You can also divide 70 by a country’s doubling time to find 
its growth rate. 

Most populations cannot double forever. Resistance 
factors like natural resource constraints and disease 

contribute to a leveling off in population size over time. 
When this happens, the population has reached 

its carrying capacity. 



Some Common Doubling 
Times 

Growth Rate 
(% per year) 

Doubling Time 
in years 

0.1 700 

0.5 140 

1 70 

2 35 

3 23 

4 18 

5 14 

6 12 

7 10 

10 7 

 



Doubling Times, 2016 

World = 62 yrs 

Niger = 17 yrs 

Sudan = 30 yrs 

Vanuatu = 32 yrs 

India = 58 yrs 

US = 96 yrs 

China = 152 yrs 

Denmark = 184 yrs 

Italy = 7,000 yrs 

Russia = never? 



MORTALITY RATES: 
measure the frequency of occurrence of death in 
a defined population during a specified interval 

Return to Table of Contents 



Mortality Rates 

• Infectious disease - caused by a microorganism or 
other agent that enters the body 

– HIV/AIDS 

– SARS 

• Degenerative disease - not a real disease, a process 
of wear and tear that occurs with ageing in virtually all 
individuals 

– obesity 

– tobacco use 

• Environmental disease – illness or condition caused 
by factors in the environment 

• Epidemiology - improve the understanding of factors 
which influence the health of populations, study the 
causes, distribution and control of disease in 
populations 



World Mortality Patterns 



Epidemiological Transition 

Epidemiological transition is the process by which the 
pattern of mortality and disease is transformed from one 

of high mortality among infants and children, with 
episodic famines and epidemics affecting all age groups, to 

one of degenerative and man-made diseases (such as 
those attributed to smoking) affecting principally the 

elderly. 

It is generally believed that the epidemiologic transitions 
prior to the 20th century (i.e., those in today’s more 
developed states) were closely associated with rising 

standards of living, nutrition and sanitation. 



Epidemiological Transition 

In contrast, epidemiologic transitions occurring in less 
developed states have been more or less independent of 

such internal socioeconomic development and more closely 
tied to organized health care and disease control programs 

developed and financed internationally. 

There is no doubt that 20th-century declines in mortality in 
less developed states have been far more rapid than those 
that occurred in the 19th century in what are now the more 

developed states. 



Epidemics: AIDS 



Epidemics: Adult HIV 
Prevalence Rate 



Epidemics: New TB Cases 



Epidemics: Malaria Death 
Rates 



Epidemiological Transition 
Dynamics 



Maternal Mortality Rate 
(MMR) 

• ...the annual number of female deaths per 100,000 live 
births from any cause related to or aggravated by 
pregnancy or its management (excluding accidental or 
incidental causes) 

• Maternal mortality rate is the greatest health disparity 
between the developed and developing states. 

• The World Health Organization reports that 600,000 
women die each year from complications of pregnancy. 

• Social, cultural and economic barriers prevent women 
in developing states from receiving proper health care. 



Maternal Mortality Rates 
(MMR) 



Infant Mortality Rate (IMR) 

Infant mortality is conventionally measured as the number 
of deaths in the first year of life per 1,000 live births 

during the same year. Roughly speaking, by this measure 
worldwide infant mortality approximates 80 per 1,000 
(about 8% of newborns die within the first year of life). 

This global average disguises great differences. In certain 
states of Asia and Africa, infant mortality rates exceed 150 
and sometimes approach 200 per 1,000 (15% or 20% of 
children die before reaching the age of one year). High 

infant mortality tends to result in higher fertility rates as 
families seek to compensate for the loss of children. 

In states such as Japan and Sweden, the rates are well 
below 10 per 1,000 (1%). Generally, infant mortality is 
somewhat higher among males than among females. 



Infant Mortality Rate (IMR) 

The leading causes of infant mortality are birth asphyxia, 
pneumonia, pre-term birth complications, diarrhea, 

malaria, measles and malnutrition. Many factors contribute 
to infant mortality such as the mother's level of education, 

environmental conditions, and political and medical 
infrastructure. 

In developing states substantial declines in infant mortality 
have been credited to improved sanitation and nutrition, 
increased access to modern health care, and improved 

birth spacing through the use of contraception. 

In industrialized states in which infant mortality rates were 
already low the increased availability of advanced medical 
technology for newborn and especially prematurely born 

infants provides a partial explanation. 



Infant Mortality Rates (IMR) 



Infant Mortality Rates (IMR) 



Infant Mortality Rates (IMR) 

Lack of maternal health care or child nutrition 



Philadelphia Infant Mortality 

Red area has a 
higher rate than at 

least 28 less 
developed states, 
including Jamaica, 
Malaysia, Panama, 

Sri Lanka and 
Uruguay. 



Infant Mortality Rates in 
More Developed States 



Infanticide 

The deliberate killing of newborn infants has long been 
practiced. It seems to have been common in the ancient 
cultures of Greece, Rome and China, and it was practiced 

in Europe until the 19th century. In Europe, infanticide 
included the practice of overlaying (smothering) an infant 
sharing a bed with its parents and the abandonment of 

unwanted infants to the custody of foundling hospitals, in 
which 33% to 80% failed to survive. 

In many societies practicing infanticide, infants were not 
deemed to be fully human until they underwent a rite of 

initiation that took place a few days to several years after 
birth, and therefore killing before that time was socially 

acceptable. The purposes of infanticide were various: child 
spacing or fertility control in the absence of effective 
contraception; elimination of illegitimate, deformed, 

orphaned, or twin children; or sex preferences. 



Crude Death Rate (CDR) 

…total number of deaths in a year for every 
1,000 people 

The crude death rate is the death rate from all 
causes of death for a population during a 

specified time period.  A cause-
specific death rate is the ratio of the number 

of deaths due to a specified cause to the 
average total population. 



World Crude Death Rate 
(CDR) 



Fertility and Mortality in the 
US 



Continued in 
Population and Settlement 
Part IV 
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