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Definitions:

N(T) = Population size at time T
N(0) = Population size at time 0
B = Number of births between 0 and T
D = Number of deaths between 0 and T
I = Number of immigrants between 0 and T
O = Number of out-migrants between 0 and T

Demographic Balancing Equation:

In words:

Population at time T = ( Population at time 0 )  + ( births between 0 and T ) - ( deaths between 0 and T ) +
( immigrants between 0 and T ) - (out-migrants between 0 and T)

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

Example using actual numbers:

N(1991) = N(1990) + B - D + I - O

For U.S:

250,878 = 248,168 + 4179 - 2162 + 854 - 160

Natural increase = births - deaths = 4179 - 2162 = 2017
Net migration = in-migrants - out-migrants = 854 - 160 = 693

For World:

5,337,612 = 5,295,071 + 142,959 - 50,418 + 0 - 0

Balancing Equation #2:

Rate: The number of events in a specified period / Population at risk of that event in that period (0 to T)

Example: Crude death rate (CDR) in 1990 = Number of deaths in 1990 / Population in 1990

OR

(more precisely) Crude death rate in 1990 = Number of deaths in 1990 / Person years lived in 1990

The denominator of most demographic rates is number of “person-years” lived from 0 to T.

We can estimate this by (N bar) *  T.
(N bar) = Average population over the period examined

So, in above example for the U.S., the number of person-years = (N bar) * T =

[(248168 + 250878)/2] * 1 = 249,523

Change in population size over a period:

The change in population size over a period = births - deaths + in-migrants - out-migrants

∆ N = B - D + I - O



To get an annualized rate of population growth over a period, we can divide both sides by person-years
lived 0 to T.

∆ N =  B    -  D    +   I     - O
PY     PY     PY      PY    PY

Rate of population growth (annualized) = CBR – CDR + CRIM – CROM
Crude rate of natural increase: CBR – CDR
Crude rate of net migration: CRIM - CROM

For U.S.:

0.0109 = 0.0167 – 0.0087 + 0.0034 – 0.0006

OR

1.09% per year =  16.7 per 1000 – 8.7 per 1000 + 3.4 per 1000 – 0.6 per 1000

Alternative Way to Calculate Growth Rates: (for those with some math background)

r (o to T) = ln [N(t)/n(0)] / T

OR

N(T) / N(0) = ert

Since e0.69 = 2, the population doubles when r*T = 0.69.
So T* = Doubling Time = 0.69/r


