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Population change

• Populations can change only through three ways:

1. Births (plus, only at age zero)

2. Deaths (minus)

3. Migration (in = plus and out = minus))



Balancing equation of population change

N(T) = N(0) + B[0,T] - D[0,T] + I[0,T] - O[0,T]

Where:

N(T) = Population at time T

N(0) = Population at time 0

B[0,T] = Births between 0 and T

D[0,T] = Deaths between 0 and T

I[0,T] = In-migrations between 0 and T

O[0,T] = Out-migrations between 0 and T



Stocks and flows

• Population change is made up of 2 major components:

▪ Stocks

→ Population age and structure

▪ Flows

→ The number of demographic events (e.g. births, deaths, in-migration, out-

migration)



Sources of population data

• Traditionally: 

• Population census

• Surveys such as MICS and DHS

• Civil registration records

• Other administrative records

• Potentially also:

• Big data

• Citizen generated data

• Other non traditional? 



Census - advantages

• The coverage aims to be universal

• The census provides an important sampling frame for subsequent surveys and studies

• The census can serve as a useful tool for ‘nation-building’, by involving the entire 

population

• Census data avoids the sampling errors that can occur with sample data

• Censuses provide data for small areas, such as districts and counties, which is vital for 

the planning of service



Census - disadvantages

• The size and complexity of the exercise means that the content and quality control efforts 

may be limited

• The cost of carrying out a census means that most countries can pursue an enumeration 

only every ten years

• There is usually a significant delay between when the data are collected and the results 

released. Typically this delay is between 18 months to two years, and means that the 

census only offers a snapshot of the population at some point in the past

• Censuses are easily politicised – either by groups who feel that they might be 

systematically undercounted by the exercise, or by parties with a vested interest in 

seeking to ensure that their group’s population is found to be larger than that of other 

groups



Surveys - advantages

• Unlike a census, surveys are inexpensive and don’t have the legal mandates

• Can collect more detailed information on different aspects of population

• Possibilities of experimenting with new questions

• A regular survey program may be superior to those from a census in some respects. For 

example, the shorter time interval between surveys makes them more suitable for 

studying changes in population characteristics.



Surveys - disadvantages

• Sampling and non-sampling errors

• E.g. Failure to cover certain population subgroups, such as tribal populations or 

persons living in group quarters. 

• The public may not cooperate as well in a sample survey as in a national census



CRVS data - advantages

• Continuous registration of births and deaths allows for intercensal population estimates.

• Death registration and detailed cause of death classification are important for 

understanding the health of a population. This can then be used to formulate and prioritise

effective public health policies and interventions.

• The same information allows for monitoring of the effectiveness of public health 

interventions. This allows governments to ensure that tax money is spent in effective 

ways, and gives accountability to aid donors that donated money is improving the health 

of a population in the way that it was intended.

• Vital registration also allows for monitoring progress towards targets, such as SGDs 

Without continuous registration of vital events, it is difficult to know whether progress is 

being made and whether the target is likely to be reached by 2015.



CRVS data - disadvantages 

• Very few!

• Specific groups might be excluded e.g. refugees or stateless people

• Barriers to use may bias the data

• Delays in registration/lags

• High initial costs to establish

• Issues with data sharing with statistical office



Age and sex structure

• Knowledge of the age structure of a population is vital for planning and providing 

services for that population. 

• The types of services required vary largely by age, and also by sex. A population with a 

greater proportion of children will need a greater number of schools, whereas a 

population with a greater number of elderly people will require care homes and a greater 

emphasis on the social care needs which face people as they age. There will also be 

consequences for the health care system, as medical requirements vary largely with 

age.

• It is also necessary to understand the age-sex structure of a population in order to 

predict the numbers of births and deaths which are likely to occur in the future.



Population pyramids

• Important tool to understand the age/sex structure of a population

• Sex is shown on y-axis and percentage/number is shown on x-axis

• The age grouping = cohorts

• Shows trends in the past (older cohorts), impact of mortality shocks, comparison of 

generation sizes, and can show how population might change in the future



Population pyramids – rapid growth



Example 2: little change (almost stationary)



Pop pyramids –negative growth



Population pyramid: Lao PDR



The pyramid for 1950 looks like a 

pyramid: the base is wide and the top 

is narrow. This reflects the fact that 

there is a continuous risk of death 

from birth on and through all ages.

The pyramid in 2017 is wider at the 

top and narrower at the bottom, 

because child mortality is falling, so 

the risk of death is now more 

concentrated at older ages.

In 2100 the pyramid will be almost like 

a box. There will be much less 

inequality in life expectancy – most 

people will survive young ages and 

deaths will tend to take place at an 

advanced age.

https://ourworldindata.org/child-mortality


Other measures of age structure

• Proportion of the population under a certain age (often 15) or over a certain age (often 65)

• Median age of a population i.e. the age which half the population are younger and half the 

population is older

• Dependency ratios

• Child dependency ratio

• Old age dependency ratio



Changing 

age structure, 

Lao PDR

• Slowly decreasing 

children

• Slowly increasing 

aged population

• Higher proportion of 

working age people



Other measures of sex structure

• Sex ratio of the total population

• Sex ratio at age x

• Sex ratio at birth



Growth rates

t

t



Doubling time: the rule of 70

• The doubling time, tdouble, is the time it would take a population to double at a given growth 

rate if the exponential model were exactly true. 

• We start with the formula: P t = 𝑃 0 . 𝑒𝑟𝑡

• We seek 𝑡𝑑𝑜𝑢𝑏𝑙𝑒 such that 𝑃 𝑡𝑑𝑜𝑢𝑏𝑙𝑒 = 2𝑃(0)

2𝑃 0 = 𝑃 0 . 𝑒𝑟𝑡𝑑𝑜𝑢𝑏𝑙𝑒

2𝑃 0 = 𝑃 0 . 𝑒𝑟𝑡𝑑𝑜𝑢𝑏𝑙𝑒

2 = 𝑒𝑟𝑡𝑑𝑜𝑢𝑏𝑙𝑒

𝑡𝑑𝑜𝑢𝑏𝑙𝑒 =
ln(2)

𝑟
=
0.6931

𝑟

• Therefore doubling time (t) is approximately 70 / growth rate (in percent)



Growth rates

• Populations grow exponentially



Lao PDR 

population, 

1950-2100



Growth rate, 

Lao PDR, 

1950-2100



Difference 

between births 

and deaths, 

Lao PDR, 

1950-2100



Natural 

increase and 

net migration, 

Lao PDR, 

1950-2100



In order to study how the world population 

changes over time, it is useful to consider the 

rate of change rather than focusing only on 

the total population level.

This chart shows annual population growth 

rates, superimposed over total world 

population for the period 1750-2010, plus UN 

projections up to 2100.

In 1962 annual population growth rates 

peaked, and since then, they have been 

going down.

According to these UN projections, growth 

rates are likely going to continue decreasing 

through the century.

This means that while the world population 

quadrupled in the 20th century, it will not 

double in the 21st century.

Human population is not currently growing 

exponentially.

(Note: You can read more about population 

projections in our entry here.)

https://en.wikipedia.org/wiki/Exponential_growth
https://ourworldindata.org/future-population-growth


Population momentum

• Population momentum occurs when a country's fertility rate declines to or below 

replacement level (2.1 children per woman), yet the population is still growing.

Time Gen 1 Gen 2 Gen 3 Gen 4 Gen 5 Notes

0 100 (old) 200 (fertile) 400 (children)
Population:700
Fertility Rate: 4

1 Dead 200 (old) 400 (fertile) 400 (children)
Population: 1,000
Fertility Rate: 2

2 Dead Dead 400 (old) 400 (fertile) 400 (children)
Population: 1,200
Fertility Rate: 2

Source: https://en.wikipedia.org/wiki/Population_momentum



Let’s hear from Hans Rosling about 

population growth and structures

https://www.youtube.com/watch?v=2LyzBoHo5EI

https://www.youtube.com/watch?v=2LyzBoHo5EI




The pop pyramids of the first 4 DT phases



This chart shows the demographic 

transition in action for five very 

different countries in Europe, Latin 

America, Africa, and Asia.

The pattern is clear: first a decline 

of mortality that starts the 

population boom and then a 

decline of fertility which brings the 

population boom to an end.

This is one of the most important 

lessons from demography: the 

population boom is a temporary 

event.



PM



Proportions

• Proportions show the size of a sub-group of the population relative to the total population. 

They are calculated by dividing the number within the sub-group of interest by the total 

population:

Proportion = Pi / P

Where  Pi is the sub-group of interest and P is the total population.

• A proportion will always be between 0 and 1. However, we can express it as a percentage by 

multiplying the value by 100, or per 1000 by multiplying by 1000 and so on.



Ratios

• Ratios are another way of describing the structure of a population. 

• However, rather than describing the size of a sub-group relative to the total population, 

ratios describe the size of a sub-group relative to another sub-group.

• The numerator is not included in the denominator.

• The most commonly used ratio in demography is the sex ratio, which describes the 

number of men relative to the number of women (i.e. number of men divided by the 

number of women). This can be done for the whole population, but is more commonly 

calculated for specific age groups. Other commonly used ratios include dependency 

ratios and the child-woman ratio.

Ratio = P1/P2



Rates

• The term rate is very widely used, but some indices called rates in 
demography are in fact ratios, proportions, or more complex measures. 

• Strictly speaking, a rate is a measure of change in a population over a 
specified time period (usually a year). 

• When calculating a rate, the numerator is the number of events of interest 
(births, deaths, marriages, disease diagnoses etc.) that occur during the 
specified period of time. 

• The denominator is either the number of person-years of exposure to risk 
during the time period, or an estimate of this. In demography, the mid-year 
population is often used as this estimate and is equivalent to the mean 
population for the period specified. 



Person-years

• Time that individuals in a population at risk for having an event

• Used when calculating rates. For example: Crude Birth Rate

Crude Birth Rate =
𝐵𝑖𝑟𝑡ℎ𝑠

𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑟𝑠𝑜𝑛 − 𝑦𝑒𝑎𝑟𝑠 𝑙𝑖𝑣𝑒𝑑

• If a person lives one year, he (or she) has contributed 1 person-years

• If a person lives 6 months, he (or she) has contributed 0.5 person-years

• Usually use MID-YEAR population when calculating annual rates

• Assume people die in the middle of the year on average



Dependency ratio

• Number of dependents for every 'economically productive' person.

• Dependents are usually taken to be those aged less than 15 and those aged 65 and over, 

while economically productive people are taken to be those aged 15-64. T

• The total dependency ratio (TDR) measures the total number of dependents relative to 

economically productive people. This can then be decomposed into the child dependency 

ratio (ratio of people aged less than 15 to those aged 15-64) and the old age dependency 

ratio (the ratio of people aged 65 and over to those aged 15-64).

• The total dependency ratio can be seen as a rough indicator of the socio-economic 

burden the productive proportion of a population must carry. 



Dependency ratio



Sex ratios

• Although population pyramids show the relative numbers of men and women in the 

population, it is more common to use sex ratios as a summary measure.

• Sex ratios give the number of men for every woman in the population. It is calculated as 

follows:

sex ratio = total number of men / total number of women

• This figure is often multiplied by 100 to give the number of men in the population for every 

100 women.

• Sex ratios may be calculated for the total population or by age group

• Sex ratio is strongly related to age and so calculation by age group is often more useful 

as the sex ratio for the total population obscures important variation.



Sex ratios

• Sex ratios at birth are remarkably consistent across time and populations, usually falling 

within the range of 104-107 male births for every 100 female births.

• However some Asian countries such as China, India and Republic of Korea, have sex 

ratios far above this normal range, reaching 115 or even 120 male births for every 100 

female birth



Sex ratios

• Although at birth the number of males is higher than females, over the course of the life 

span this reverses. At the oldest ages there may be as few as twenty men for every 100 

women. This is due to higher mortality rates for men at every age.



Cohort measures

• Cohort data reflect the real life experience of a cohort of people. 

• A cohort is defined by a shared demographic event which occurred during a specified 

period of time. 

• This will most commonly refer to births during a set period of time, but may also refer to 

marriages, onset of puberty, migration, first birth etc. 



Cohort measures

• Cohort measures have the benefit of telling us about a group of people’s real life 

experiences. 

• However they are often not feasible, as data collection takes decades. For example, if we 

wanted to know the fertility experience of a birth cohort, we would need to wait until every 

member of that cohort had reached the end of their reproductive life span. For women this 

may take 50 years. If we were looking at the mortality experience of a birth cohort this 

would take even longer.

• For this reason it is usually only possible to calculate historical cohort measures. We may 

create partial cohort measures, based on the experience of a cohort thus far. However 

these are necessarily incomplete as we have no idea what will happen to these 

individuals in the future.



Cohort examples

• The "Chinese birth cohort of 1920-1924" refers to all people born in China between 

January 1st 1920 and December 31st 1924.

• The "British female marriage cohort of 1984" refers to all women married in Britain 

between January 1st 1984 and December 31st 1984.

• When popular media refers to "baby boomers" they are actually referring to the post-

World War II birth cohort in a number of countries, which includes all people born in the 

approximate period 1946-1964.



Period measures 

• Period data are events which occur during a set period of time, often either one year or 

five. 

• Period data contains the demographic experiences of people of many different ages (in 

other words, people belonging to many different birth cohorts). 

• Many of the commonly used demographic rates are based on period data



Period measures 

Advantages

• Period data are easy to collect.

• Period analysis can use the most up-

to-date information and thus be used 

to measure current trends.

• Period analysis is useful for when we 

wish to show rapid fluctuations which 

are a response to social, political or 

cultural events.

• Disadvantages

• The summary rates calculated from 

period data do not represent real life 

experiences. Over the course of an 

individual’s life the rate of occurrence 

of demographic events will change.

• Period analysis is subject to tempo 

effects. 



Lexis diagrams

• A Lexis diagram provides a convenient way of showing the relationship between periods 

and cohorts.

• Demographic events can be viewed in three ways:

• By calendar time

• By age

• By cohort



Lexis diagrams

• Calendar time and age are shown on the axes of the Lexis

• Calendar time is given on the x-axis.

• Age is given on the y-axis.



Lexis diagram



Lexis diagram


