CHAPTER
11

POPULATION PROJECTION

11.1 Introduction

A population projection is defined as a “best-guess” calculation of the
number of people expected to be alive at a future date, based on what we
know about the current population size and what we expect to happen to
births, deaths, and migration. More formally, population projection is the
technique of forecasting the demographic scenario of a region or a country
that may be expected to unfold in future years. The forecasting is made
possible by calculating the expected number of persons age by age for each
sex at points in time subsequent to a census or other staring point. The
process begins by specifying what the future trends in birth, death and
migration are likely to be. This is followed by a series of calculations,
which spell out the amount of population change that would result if these
conditions were to materialize. The set of birth, death and migration rates
used may be those of some past period, or they may be an extrapolation
from the past; the extrapolation may follow a mathematically specified
method or it may be intuitive or an educated guess. Because the forecast is
completely determined by the stated assumptions, demographers refer to
the results of these calculations as projections.

Population projections are always set on a “conditional” future because we
can never be certain about the assumptions we use in the projection.
Projections illustrate possible courses of population change based on
assumptions about future births, deaths, net international migration, and
domestic migration. In some cases, several series of projections are
produced based on alternative assumptions for future fertility, life
expectancy, net international migration, and (for state-level projections)
state-to-state or domestic migration,
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Projections made under realistic assumptions are called ‘Forecasts’, It is
important o remember that forecasts are usually no more than educated
guesses or conjectures dressed up in sophisticated ways. If the assumed
:x:uvswx are in error, then the forecast will be misleading. Moreover, the
‘more’ one forecasts into the future, the ‘more’ are the assumptions likely
o be wrong. Thus, forecast usually leads to be reasonable for a short
period, but then become progressively worse — the margin of error
INCTCANES.

We sometimes talk of population estimates. While projections and
estimates may appear similar, there are some distinct differences between
the two measures. Estimates are for the recent past, near future and more
often for intercensal periods, while projections are based on assumptions
about future demographic trends. Estimates generally use existing data
collected from various sources, while projections make assumptions about
what demographic trends will be in the future. An estimate is unlikely to
be based on valid assumptions on the future courses on the components
(e.g. fertility, mortality and migration) of population changes.

In literature, there are primarily two approaches of making population
projection: mathematical method and component method. In
mathematical method, evolution of the population is assumed to be
described by some fairly simple mathematical formulae closed to the
concept of simple statistical models. In component method, the
components of population change, viz. the fertility, mortality and
migration, are taken into consideration explicitly. We describe these two
approaches in the next two sections.

11.2. Mathematical Method of Projection

In mathematical method of population projection, no attempt is made to
model the components of population change explicitly. Normally, the
method is applied to the total population. In mathematical method, there
are only three commonly used methods: arithmetic, geometric, and
exponential growth methods. In addition, logistic law of growth is also
employed for the projection of population.

The simplest way of projecting a population under mathematical approach
Is to assume that the population size at time ‘s is a function of the
population size at time ‘0’, called initial population, Algebraically,

P =f(P) (LD
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The equation (11.1) is dependent upon the rate of growth with which
population P, increases to P, during the time interval 0 to ¢ of length
years.

11.2.1 Arithmetic Projection

The simplest approach to estimating the population at some future date is
achieved through what is known as the linear or arithmetie projection.
This approach essentially assumes that the absolute change in the
population per unit time is constant. The ultimate equation for such
projection is of the form

P, = Py(1+11) L (112)

where
Py = Size of the initial population at time 0.
P, = Size of the population at time t.
t = Length of interval for which growth is computed
r = Rate of linear growth during the interval (0, f) of length t.

The estimating equation for any intermediate point in time between 0 and ¢
derived from (11.2) is given by

P ___p0+(§](3_P0) e (113)

where x is the number of years from base year to the year of estimate. The
equation (11.3) is essentially a result of linear interpolation of population
size at a point x between Py and P,

We illustrate with an example how the equation (11.2) and (11.3) are used
in estimating the population size at some future date.

Example 11.1: The population of Bangladesh as enumerated in 2011
census was 142315 thousand (Preliminary Results, Bangladesh Population
Census, 2011). The average annual linear growth rate during the
intercensal period 2001-2011 was estimated to be .0142 per person per
annum based on an intercensal interval of 10 years and 51 days. If this rate
of growth is assumed to remain constant over the next 10 years, what
would be the size of the population in 2021?

Using (11.2) for r=10, we have
Paoay = Pogy (14 11) =142319(1 +.0142x 10) = 162528 thousand.
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What will be the expected size of the population 5 years later followin
20117

Referring to the above example and using (11.3), the estimated size of the
population after § years (i.¢. in 2016) from the base year (l.e. 201 1) is

» ] 5 » ]
Pore ~ Mon 0 (P21 Pony)

1423194 ;(|o2szx 142319)

152424
The same size of the population may be arrived at simply by using the
equation (1 1.2). For example

Pyore = Py (14 11)

< 142319(1+.0142x5)

= 152424
It the same rate of growth can be assumed to hold for the period 2001
2011, then an estimated size of the population five years back (a back ward
projection) may be obtained using a formula of the type

h

|+ r1)
This formula is essentially a rearrangement of the formula (11.2)
Applying this equation, we estimate the population for 2006 using 2011 as
the base year

-
0~

A = Py _ 142319
2006 U+ r;) (l+.0|42x5)

= Li7aL = 132884
1.017

11.2.2 Geometric Projection

If the rate of growth is assumed to be constant and is thought of as
occurring at discrete points of time, the size of the population (P,) at some
future time *¢* is estimated by using the formulas (11.4) as shown below:

Po= Py(l4r) . (11.4)

The equation (11.4) represents a method, which is called geometric
projection and r is the geometric rate of growth. For Banglades?
population, the geometric rate of growth was estimated to be .0134 for the
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intercensal period 2001-2011. Applying this rate to the 2011 population,
an estimate for 2021 was arrived at:

Pooy = Prony(147) =142319(1 4 .0134)" =162582

The geometric law of growth may also be used to project the population
hackward or even between two consecutive census dates at some specified
point of time assuming an appropriate rate of growth. If we wish, for
example. to estimate the population for 2006 using 2011 population as the
hase vear population, then the geometric law of growth with a geometric
rate of growth of .0134 yields

Pyory 142319

Py = . - 13315
11013 (14.0134)

A

11 a linear rate of growth (.0142) is employed in geometric projection, the
estimated population size comes out to

13m6==( P _ 142319 _ o,

1+.0142)  (1.0142)

11.2.3 Exponential Projection

A more realistic assumption frequently made in projecting a population at
some future date is that the population growth during the projection period
is continuous in time. The projection under this assumption is known as
exponential projection and is achieved through the following formula:

P = Pye" .. (11.3)
Logically, r is known as the exponential rate of growth. After a little

rearrangement of the equation (11.5), we arrive at the following formula
for computing exponential rate of growth:

. = Joge pr ~log, py
t
UUsing the exponential model of growth as in equation (11.5), the estimated
size of the population in 2021 with base year population of 201 lis

<. (11.6)

Paoar = Pagy e =142319(1.14339) = 162727,

11.2.4 Polynomial Projection

If population data are available for a sufficiently long period of time in the
form of time series data, it is sometimes rewarding to fit a quadratic or
higher degree curve to the data of the form:
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P=a+bt+ct’ = (1 1.7)
The results obtained from fitting a curve of this type are usually more

zccurate than if a linear interpolation or extrapolation is used. The equation
vizlds reasonably good estimates of the population for the intercensal

neriods or immediate post-censal periods. To illustrate the method. let us
emplov the census populations of Bangladesh as shown in  the
e s S Bolulio .
accompanyving agic.

<

Table 11.1: Census Population of Bangladesh: 1901-2011

Census Enumerated population
vear (inmillion)
1901 0 28.9
1911 1 31.6
1921 2 333
1931 3 35.6
1941 4 42.0
1951 5 442
1961 6 55.2
1971 7 71.5¢%

1981 8 87.1
1991 9 106.3
2001 10 130.5
2011 11 147.9

*This figure actually refers to 1974. but for illustrative purpose.
we use this as an estimate of 1971

Use of least-squares method gave the following equations:
535.7=10a+45b+285¢
3079.2 =45a+285b +2025¢
21937.6 =285a+2025b +15333¢

Solving the equations, ¢=31.95, 5=-3.03 and c= 1.24

Thus the estimated equation is
P, =31.95-3.03+1241%.

We employ the fitted equation to estimate the population of 2011 and 2021
which correspond to two census years of Bangladesh.

A value of r=llcorresponds to the projected year 2011, so that the
estimated size of the population in 2011 using the estimated equation is
148.66 million:
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Aorp = MO8 303D« 1240 D7 - 14866
A0 censy of 2O reported an adiusted population of 1498 million.

o vorvting the total population at the next census date in 2021, =12

.
. \ vil
SRS QWY ‘\‘\\: AN

Noap - MO X0 12401 1740

< Ovox astimatad that in 2021, the Bangladesh population will stand at

t1 2o Logintie Law of Growth

Wonen the rate of growth is greater than *0° and the time interval for which

se roction s made, is long, application of either the geometric or the
Soonental methad results in ridiculously large figures, in which case, a
sore moalinie approach would be to use a mathematical function, which
seoc ooy an upper bound, such as logistie curve, first proposed by Velhust
s awer Dy Pearl and Reed. The formula for the logistic curve derived
o e axponential function (11.3) is of the form:

N
h=— . (11.8)
CoCreT 4k (

woeme O is 2 constant associated with an initial population size (C is not
“he same as ). Equation (11.8) assumes an S-shaped curve for P, with an
~ooer asymptote of 'k, Figure 11, 1displays such a curve.

.~ = simplest form, the logistic curve described by (11.8) is as follows:
.

vy . (11.9)

| |

I
o0 50 100 150 00

Time (years)
Figure 11.1: A logistic curve drawn for (11.7) for =03, £=.00005 and (=148
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This curve has been observed to fit to the growth of some species of
animals and some bacterial cultures, which usually grow rapidly at the
beginning when placed in limited environment with adequate supply of
food and space for their initially few members. This population then grows
slowly as the population approaches a point, where there is pressure on
available resources. The curve ultimately approaches an upper limit to the
number that can be maintained. whereupon the population ceases to grow,
and thus the S-shape.

Despite its usefulness. the mathematical method has several limitations. A
few of them are listed below:

a) The method implicitly assumes that the same model will continue to
apply throughout the projection period. Population, however, never
grows in such regular fashion.

b) The method does not take into consideration the current levels and
trends in the components of population change.

¢) The method seldom uses historical evidences pertaining to the
components of population growth.

d) Most mathematical methods tend to overestimate future trends in
population.

e) When applied to projecting the size of several sub-groups within the
same population, the mathematical method ignores the logical
interdependences among these sub-groups.

In particular, the pitfalls in using either the arithmetic formula or geometric
formula are numerous. Decidedly, population of humans does not increase
linearly nor it does so entirely geometrically. Thus these two approaches
are of limited value in projecting a population for a longer period. The
exponential model may be reasonable for a few years into the future, but
the assumption of an infinitely continuing constant rate of growth
eventually produces figures beyond beliefs. Logistic law of growth is
nearly a realistic solution to this problem, which produces an upper limit of
the population.

It is therefore advisable to fit a descriptive model rather than those based
on mathematical formula to the existing data and then use the fitted model
o extrapolate the population into the future. This may involve fitting a
curve (such as in equation (12.7 and 11,8) to the time series of population
totals using regression or similar statistical procedures, and then using the
resulting equation of the fitted curve to extrapolate the population at some
desired future date. This procedure also suffers from the limitation of
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attaching equal weight to each data point used. Weighted moving average
is sometimes used to get rid of this problem in that each projected figure is
taken into account when projecting the next.

11.3 Component Method of Projection

A somewhat more realistic approach of estimating future population size is
to make reasonable assumption about the patterns of changes in the
components of population growth; namely the changes in the rates of
fertility, mortality and migration. Estimates made in this way are known as
the component projection. This procedure is based upon the ideas
underlying the balancing equation that we have discussed earlier:

P=P+(B-D)+M L (11.10)

where,
P, =Population sizes at the beginning of the projection interval;

P, = Population at terminal year (7);

B =Births during the projection interval (0, f);

D =Deaths during the projection internal (0, f);

M =Net migration during the projection interval (0, £).

This equation just breaks population changes down into its individual
components. Now, this equation can be applied not only to the aggregate
population but also to its constituent components, by age, sex, marital
status, etc. A very useful variant of component method of projection is the
so called cohort component method that we discuss below

11.4 Cohort Component Method of Projection

In the cohort-component method, the components of population change
(fertility, mortality, and net migration) are projected separately for each
birth cohort (persons born in a given year). The base population is
advanced each year by using projected survival rates and net international
migration. Each year, a new birth cohort is added to the population by

applying the projected fertility rates to the female population.
To carry out any component projection requires the followings:

(a) A base population with which the projection starts by age and sex.
(b) A set of age-specific fertility rates in the base year. ‘
(c) A set of age-sex specific mortality rates in the base year in the form

of survival ratios,
(d) A set of age-sex specific migration rates.
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