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Human Population:  relevance to climate change

Forcing of climate change:  

predicting emissions of greenhouse gases

Impacts of climate change:

sea-level rise

Bangladesh

80 million in 1975

160 million in 2015

200 million in 2050?
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1. Test your intuition about population growth

Exponential growth or exponential decay results when 

the change in a quantity is proportional to the quantity 

itself.  

Populations of animals, plants, or bacteria, are capable of 

growing exponentially because the number of 

offspring is proportional to the current population.  
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Relation of fertility rate to growth rate:  

the example of Easter Island

Year Population

600 ~24

1600 ~6000

Easter Island

(27 S, 109 W)
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Relation of fertility rate to growth rate:  

the example of Easter Island

Year Population

600 ~24

1600 ~6000

Make a guess:  how many children (that reached 

reproductive age) did each couple produce, on average, 

during those 1000 years?  Write down your guess.

(Assume a generation time of 25 years.)
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Easter Island

The increase is a factor 6000/24, or 250, or 28.

The population doubled 8 times.

24

48

96

192

384

768

1536

3072

6144



7

Easter Island

The increase is a factor 6000/24, or 250, or 28.

The population doubled 8 times.

8 doublings in 1000 years, so the doubling time is 125 years 

or 5 generations.

Population doubles in 5 generations, so in one generation 

it increases by the fifth root of 2, or 1.15.

1.15 × 1.15 × 1.15 × 1.15 × 1.15 = 2

The population grows by 15%  in one generation, 

requiring 2 × 1.15 = 2.3 children per woman.
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It's useful to memorize some powers of 2:

21 = 2 26 = 64

22 = 4 27 = 128

23 = 8 28 = 256

24 = 16 29 = 512

25 = 32 210 = 1024 (i.e., very close to 1000)

So:

10 doublings is a factor of one thousand (103);

20 doublings is a factor of one million (106);

30 doublings is a factor of one billion (109).

40 doublings is a factor of one trillion (1012).
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Population Total       Doubling   Number      Population

in year 600      fertility   time           of                in year 1600

rate         (years)       doublings 

24 4              25               40            24 trillion 

24                      2.3         125                 8               6000

24                      2.0           -- 0                   24
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Recent population history

World population doubled in 40 years

3.0 billion in 1960

6.0 billion in 2000

U.S. population doubled in 56 years

150 million in 1950

300 million  in 2006

A doubling of world population in 40 years:  

is this unusual?
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In previous centuries, did doubling take longer than 40 years?

32 doublings to grow from 2 people to 6 billion people

At 40 years per doubling, 32  40 = 1280 years

Cohen (1995):

“Within the lifetime of some people 

now alive, world population has tripled; 

within the lifetime of everyone over 40 

years old, it has doubled – yet never 

before the last half of the twentieth 

century had world population doubled 

within the life span of any human.”

1945 2.4 billion

2019 7.7 billion
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Cohen 

1995
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Cohen

1995
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Growth rate 2% per year
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For the last 45 years, the annual increase of world population 

has been steady at ~80 million (i.e., steady growth rather than 

exponential growth), because the growth rate is dropping.

140 million births - 60 million deaths = 80 million net per year
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Age-specific 

fertility rates;

total fertility 

rates (TFR).

per year
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Total fertility rate (TFR):   The average number of children a 

woman produces during her lifetime, using the current rates for each 

age-cohort.

Highest TFRs are in Africa, 6-8 children per woman (cpw) 

(e.g. Niger, Angola, Congo).

Lowest TFRs are in Eastern Europe and East Asia, 1.2 cpw 

(e.g. Poland, Greece, Taiwan, Singapore).

Replacement-level fertility (RLF):  The fertility rate needed to keep 

the population stable.

If children do not die before reproductive age, 

RLF = 2.0 children per woman (cpw).

In countries with low child-mortality, 

RLF ≈ 2.1 cpw  (or 2.06)



192010

Age structure of populations: “population pyramids”
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Examples to illustrate

(a) the relation of total fertility rate to doubling time 

(or halving time)

(b) population “momentum”

Consider a little community of 80 people in the year 1600, consisting 

(for mathematical simplicity) of only four "cohorts", spaced 25 years 

apart, and equal numbers of males and females.  [Your "cohort" is all 

the people born the same year you were born.]  They all live past age 

75 but they all die before reaching 100.  Children are born when their 

parents are 25 years old.  
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Grandparents

Parents

Young adults

Newborns 
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If the TFR, the generation time, and the life expectancy are 

constant, and if the children do not die before reproductive age:

If  TFR = 4, population doubles in one generation.

If  TFR = 2, population stays constant.

If  TFR = 1, population halves in one generation.
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Philippines

The population doubled about every 28 years.

population  

(millions)    

1900         7

1928       13

1957       26

1986       51                             

2014     100
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United States

The population doubled about every 25 years.

population  

(millions)    

1800         5

1820       10

1845       20

1871       40                             

1900       76
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Population history of the United States

Census    Population   Percent increase 

Year         (millions)    since previous census

2010 309 10

2000 281 13

1990 249 10

1980 227 11

1970 203 13

1960 179 18

1950 151 14

1940 132 7

1930 123 16

1920 106 15

1910 92 21

1900 76 21

1890 63 26

1880 50 30

1870 39 23

1860 31 36

1850 23 36

1840 17 33

1830 13 34

1820 10 33

1810 7 36

1800 5 35

1790 4

The low growth rate from 1930 to 

1940 was during the economic 

depression; people may choose to 

have fewer children if they're unable 

to support them.  This is also 

happening now in Russia.

The high growth rates from 1790 to 

1890 coincide with opening of the 

"frontier“; colonization of the 

continent by Europeans and their 

descendants.  
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United Nations Population Division

World population in 1980

Predicted in 1951 3.3 billion

Actual (1980) 4.4 billion
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United Nations

Population Division 

(2004)

240 pages
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“demographic transition”



34

Negative feedbacks required!
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Demeny

(1997)
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Niger

Latvia
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Niger

Latvia
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Logic of the UN report World Population to 2300:

(1) Replacement-level fertility is 2.1 cpw.  (fact)

(2) Stability of population is desirable (assertion)

(3) Therefore:

All nations will converge to TFR = 2.1

Wishful thinking
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2.1 children per woman

Why is this assumption so persistent?
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2.35 cpw

2.1 cpw

1.85 cpw

World population projections

(U.N., 2004)

To avoid disaster, keep TFR at 2.1!   Avoiding disaster is admirable, 

but avoiding disaster by wishful thinking . . . ?
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UN Children’s clinic.  Zinder, Niger, 1977
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Agadez market, Niger, 1977
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Niger 1977 (population 5 million)

2018 population   22 million.        
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caused by 

“decline in international development 

assistance for family planning”
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Niger

Latvia

Did the U.N. cause harm 

by publishing this graph?



52



53

Niger

Year 2015     2030    2050   2100

Total fertility rate (cpw) 7.6 6.7 4.9 2.5

population (millions) 20 36 72      209

life expectancy at birth (years) 61 66 71 77

under-5 mortality (per 1000 births)  104 60 30 12
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“unmet need”
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In the United States, 45% of pregnancies are unintended.

Mistimed   27%

Unwanted 18%

Total unintended 27+18=45%

Unintended pregnancies result in birth (60%) or abortion (40%).
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Family-planning is the most effective way for Americans to reduce 

their CO2 emissions.
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(assuming your child will have 1.85 children)
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Murtaugh and Schlax (2009)
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Birth rates have been dropping.  

What causes birth rates to drop?
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How to reduce the birth rate in high-fertility countries?

Fertility rate correlates inversely with affluence and 

education of girls.

The causality goes in both directions.  Countries with 

fewer children to support are able to invest more in the 

education of those children.

Lutz, 2011:  “Under conditions of high population 

growth, the increase in the school-age population is such 

that even maintaining the current school enrollment rates 

is an uphill battle.  From a policy perspective it is most 

effective to try to increase female education and improve 

access to family planning programs at the same time.”
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As of 2004, half of the world’s population live in countries 

in which fertility is below replacement level. (Wilson, 

Science, 2004)

Birth rates have been dropping.
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2010
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Median projection of TFR for Nigeria reaches 2.2 in 2100.

[Gerland, Raftery et al.  Science 2014]

Nigeria

TFR projection
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Median projection for 2100 is 900 million.

Can Nigeria’s agriculture support 900 million?

Population projection for Nigeria 

(5 times the size of Washington state)

Gerland, Raftery et al.  Science 2014

900

33
178
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International New York Times, 2 November 2015.

“Mass migration poised to rise”
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India is building a fence on the 

border of Bangladesh.
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2006
201 pages

Countries with low fertility rates:  aging and shrinking
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2006
201 pages

Countries with low 

fertility rates:  

aging and shrinking
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2019
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Science, 2014
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2018
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Summary

For the last 45 years, world population has increased steadily 

by ~80 million every year, because the growth rate is 

decreasing.

Fertility rates in Africa have been declining more slowly than 

expected (“stalled”).

There is nothing unusual about having more than two 

children; it is normal for all animal species.  The cause of 

human population growth is advances in agriculture.

Agriculture is in a race to keep up with growing population.  
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Recommendations for the U.N.

Instead of population projections based on optimistic 

assumptions of fertility and mortality, 

identify TFR = 2.1 cpw as a goal, and identify 

policies for each country that would push TFR 

toward that goal.
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Costa Rica

Britain

Uganda

China

Philippines

Niger

Pakistan

Iran

Israel

Japan

India

Thailand

2013

Recommended reading:
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Let’s take a poll:

What will stop world population growth?

(a) Decrease in birth rate 

voluntary

by coercion

accidental

(b) Increase in death rate 

Pollution

Contagious disease

War

Depletion of resources

Lack of food

(c) The population won’t stop growing


