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Methods of Measuring Population 
Change

CDC 103 – Lecture 10 – April 22, 2012

Measuring Population Change

• If past trends in population growth can 
be expressed in  a mathematical model, 
there would be a solid justification for 
making projections on the basis of that 
model.

• Demographers developed an array of 
models to measure population growth; 
four of these models are usually utilized.
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Measuring Population Change

Arithmetic (Linear), 
Geometric,
Exponential, and 
Logistic.

Arithmetic Change

• A population growing arithmetically 
would increase by a constant number of 
people in each period. 

• If a population of 5000 grows by 100 
annually, its size over successive years 
will be: 5100, 5200, 5300, . . . 

• Hence, the growth rate can be calculated 
by the following formula:

• (100/5000 = 0.02 or 2 per cent). 
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Arithmetic Change

• Arithmetic growth is the same as the 
‘simple interest’, whereby interest is paid 
only on the initial sum deposited, the 
principal, rather than on accumulating 
savings. 

• Five percent simple interest on $100 
merely returns a constant $5 interest 
every year.

• Hence, arithmetic change produces a 
linear trend in population growth –
following a straight line rather than a 
curve.

Arithmetic Change
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Arithmetic Change

• The arithmetic growth rate is expressed by the 
following equation:

Geometric Change

• Geometric population growth is the same as the 
growth of a bank balance receiving compound 
interest. 

• According to this, the interest is calculated each 
year with reference to the principal plus 
previous interest payments, thereby yielding a 
far greater return over time than simple interest.

• The geometric growth rate in demography is 
calculated using the ‘compound interest 
formula’.
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Geometric Change

• Under arithmetic growth, successive population 
totals differ from one another by a constant 
amount. 

• Under geometric growth they differ by a 
constant ratio. 

• In other words, the population totals for 
successive years form a geometric progression 
in which the ratio of adjacent totals remains 
constant. 

Geometric Change

• However, in reality population change may 
occur almost continuously – not just at yearly 
intervals.

• Recognition of this led to a focus on exponential 
growth, which more accurately describes the 
continuous and cumulative nature of population 
growth.
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Geometric Change

Geometric Change

• A geometric series is one in which the 
population increases or decreases at the same 
rate during each unit of time, usually a year. 

• If this constant rate of change is represented by 
r and the initial population is represented by P0, 
then after t years the final population is given by 
the following equation:
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Geometric Change

• So that, the geometric growth rate r can be 
expressed in the following equation:

Exponential Change

• Exponential growth refers to the situation where 
growth compounds continuously – at every 
instant of time. 

• Accordingly, it is sometimes called  
“instantaneous growth.”

• In fact, geometric growth can be regarded as a 
special case of exponential growth, because 
population growth according to this model 
occurs at intervals much longer than an instant. 
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Exponential Change

• The shorter the interval over which increments 
occur, the faster the population increases – just 
as the balance in a bank account with daily 
interest rate grows more quickly than one with 
yearly interest.

Exponential Change
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Exponential Change

• The exponential change can be expressed by 
the following equation:

• Hence, the annual exponential growth rate can 
be derived from the equation above as follows:

Exponential Change

• Then,
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Exponential Change

• Example:

• If the population of Egypt increased from 48 
million in 1986 to 60 million in 1996, calculate 
the annual growth rate in the intercensal period 
using the exponential growth rate.

• Calculate the growth rate using the geometric 
method and compare the results.

Logistic Change

• Recognition that populations cannot grow 
indefinitely has led to interest in other 
mathematical approaches to representing 
population growth and defining its upper limit. 

• One of the best known is the logistic curve.

• The model assumes an upper limit to the 
number of population a country or a region can 
maintain.

• Fitting a logistic model for population growth 
requires more data than just population trends 
in the past.
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Logistic Change

Doubling Time

• It is often of interest to know the time required 
for a population to double in size if a given 
annual rate of increase were to continue. 

• This interest reflects the problems confronting 
many rapidly growing countries, especially the 
economically underdeveloped ones.

• For this purpose, we must return to the equation 
of the exponential growth:

• where t is the length of the interval in years and 
Pt is the population at the end of the interval.
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Doubling Time

• We want to find the number of years it will take 
for Pt to equal 2P0:

• In this equation, we know the values of P0: and 
r, so that the missing value is time t for 

Doubling Time

• Example:

• If the annual growth rate of the 
population of Cuba between 2005 and 
2010 was 1.35%, calculate the time 
required for the Cuban population to 
double.
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Doubling Time

Doubling Time

• Doubling time cannot be used to project future 
population size, because it assumes a constant 
growth over decades, whereas growth rates 
change. 

• Nonetheless, calculating doubling time helps 
sketch how fast a population is growing at the 
present time.
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Next Week

• April 29: Mid-term Exam

• Assignments:

• Calculate the rate of population change in your 
country or a country of your choice between the last 
two censuses using the geometric and exponential 
growth rates

• Calculate the doubling time of the population.

• Comment on the results


