
Appendix A

A NOTE ON THE "MEAN POPULATION"

In the present Manual it has been recommended to
present, wherever possible, estimates of the mid-year
population, i.e., of the population as of 30 June or
1July. The mid-year population appears to be the most
suitable standard for comparability with regard to
time reference; and it is in most cases a practically
sufficient approximation for the computation of annual
rates, such as birth, death and marriage rates, annual
per capita income, production and consumption. The
mid-year population suffers from a slight defect for
some uses because it is not necessarily the exact average
number of people living in the area during the entire
year. In a country where the population is subject to
considerable seasonal fluctuations, the mid-year popula
tion may sometimes differ by a significant amount from
this mean population. Where this is the case, there is
some theoretical advantage in basing the computation
of various per capita rates on the mean rather than on
the mid-year population. However, in nearly all cases
this difference is practically negligible. It need not be
taken into account except in countries in which statistics
are highly accurate (such as balances from population
registers derived quarterly or even monthly), or where
seasonal fluctuations are of major importance (e.g.,
owing to the presence of seasonal foreign workers at
the time of the harvest, or tourist travel into or out of
the country during the holiday season).

A mean population can be computed by averaging the
population figures for each month, or each quarter, of
the year, provided that estimates at such intervals are
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available. The average of the population at the beginning
and at the end of one year is often used as an approxi
mation of the mean, or the mid-year population.

Monthly or quarterly population figures may be ob
tained where population registers are balanced at such
intervals, or where data on births, deaths and migration
are available for such intervals. If population is esti
mated by means of assumed rates of increase or by
means of extrapolation, an estimate can of course be
computed for any date whatever.

If an arithmetic rate of increase is either assumed or
extrapolated, the mean and the mid-year population co
incide exactly. A slight difference arises, however, if
the assumed rate or the extrapolation proceeds geo
metrically or according to a curve.

Example. A population increases geometrically at a rate of
2 per cent per annum, from 1 million at the beginning of a year
to 1,020,000 at the end of the year. What are the mean and
mid-year estimates?

The mid-year population is computed by letting the population
increase at an annual geometric rate of 2 per cent for half a year.
The precise result of this computation is 1,009,950.

The mean population is computed by adding the population
for the beginning of each of the twelve months and for the end
of the last month, and dividing the sum by 13. The resulting
mean population is 1,009,969.

It can be seen that the difference is, in this case, exceedingly
slight. If the mean or mid-year population had been computed
by simply averaging the population at the beginning and at
the end of the year, i.e., by assuming an arithmetic rate of
increase during the year, it would have amounted to 1,010,000.



Appendix B

THE USES OF SAMPLING IN THE IMPROVEMENT OF POPULATION ESTIMATES

1. The principles of sampling

Statistical sampling is a procedure by which a num
ber of units is selected from a group of persons or objects
in such a way that the examination of the sample will
permit valid inferences with regard to characteristics
of the whole group. This procedure, which has been
used for a long time in commerce - e.g., in determining
the quality, weight, etc., of shipments of merchandise
by inspection of sample batches - has qeen greatly
elaborated in recent times through the development of
scientific techniques of statistical sampling.

In order to permit valid inferences, i.e., inferences
of measurable reliability, regarding the group from
which a sample is drawn, the sample must be selected
according to prescribed procedures. For example, when
a sample of individual persons is to be drawn from a
population, each person in the population should be
given the same chance of being selected. One of the
cardinal principles in drawing a "representative" sample,
therefore, is random selection. If this criterion is fully
satisfied, the inferences drawn from an examination
of the sample will be free of bias and the errors of
sampling can be calculated by means .of standard
formulae based on the laws of probability. It is not
always easy to devise a method of truly random selec
tion, and methods which appear at first to be suitable
are often found, after careful consideration of the char
acteristics of the group, to involve serious biases. Hence,
a scientific sampling investigation must be carried out
under expert direction.

It is also important that the sampling procedure should
be efficient; that is, the size of the sample and the method
of selecting it should be such as to yield the minimum
errors of sampling that can be achieved at a. given ex
pense, or to minimize the expense of achieving an
acceptable standard. of accuracy. Given some knowl-

1 For further information see also:
United Nations, Statistical Office. Population Census Hand

book (provisional edition), Lake Success, October 1949, pp.
46-51.

United Nations, Statistical Commission, Sub-Commission on
Statistical Sampling. A brief statement on the uses of sampling
in censuses of population, agriculture, public health, and com
merce. Lake Success,· February 1948; Reports of Sessions, 1-5
(E/CN.3/37, 52, 83, 114, and 140); and Statistical Papers,
Series C, No. 1 (revised; "The preparation of sampling survey
reports") and Nos. 2-5 ("Sampling surveys of current inter
est"), Lake Success and New York, February 1949 to March
1952.

A reference book on sampling methods is F. Yates, Sampling
methods for censuses and surveys, New York, 1949.

edge or some previous experience of the degree of
homogeneity of the group with regard to the character
istics being investigated, a sampling expert can estimate
in advance the sampling errors that will result from
a given procedure and, by considering the costs of
alternative procedures, he can choose the one which
is most efficient.

Errors of sampling do not arise in an investigation
covering all cases, as in a census enumeration of the
entire population, or a comprehensive birth and death
registration. Nevertheless, other errors occur in com
plete enumerations, owing to mistakes on the part of
the enumerators, inaccuracies in the information sup
plied by respondents, and clerical errors in the process
of compiling the results. Similar errors, of course, may
also occur in sample studies, in addition to errors of
sampling. The scale of a sampling investigation is,
however, much smaller than that of a complete enumera
tion, and a relatively small staff of well-trained and
highly qualified enumerators who can be easily super
vised can perform the task with greater precision than
can be attained in a larger-scale operation. Under
favourable conditions, the total error in estimates based
on samples - that is, the sum of the error due to
inaccurate returns and the sampling error - may be
smaller than the error due only to inaccurate returns
in a complete enumeration. In some situations, there
fore, a sample can provide more accurate results than
a census, and do so at considerably less expense, in a
shorter time, and with the use of a much smaller staff.
Sampling can also be repeated at more frequent inter
vals than a census, in which case the efficiency of
sampling is greatly increased. Sampling is sometimes
the only possible means of obtaining census information
~nder conditions where complete enumeration is im
practicable.

2. Summary of possible applications of sampling in the
improvement of population: estimates

At many points in this Manual it has been suggested
that sampling could be used to advantage in obtaining
information on certain topics relevant to the improve
ment of estimates of total population - topics on which
information is defective or entirely lacking. The uses
of sampling which have been mentioned can be sum
marized under the following headings:

. (a) To obtain basic data on population size by the
enumeration of samples, in lieu of a complete population



The present summary is intended merely to suggest
the potentialities of sampling procedure. More detailed
information regarding actual sampling procedures may
be found in the sources referred !o at th& beginning of
this appendix. The service of a sampling expert is
indispensable if an actual sample investigation is to be
carried out.

crease, where adequate statistics on these subjects are
lacking. The types of sampling studies that are appro
priate for this purpose are various. If the results of a
previous census, even a fairly old one, are available,
rates of increase can be ascertained quite efficiently even
by small samples. A selection of households may be can
vassed and asked to report on numbers of births, deaths,
arrivals or departures during a stated period, e.g., in
the course of the past year; such a canvas of selected
households may be perfonned concurrently with' a
census. Vital registers may be established in selected
localities. Migrants, or samples of groups containing
migrants, may be counted at selected points of entry
or departure.

(e) Sampling is, in all countries, an almost indis
pensable device for the checking of the quality of
statistical information. Thus, the completeness of the
enumeratlOn of children may be checked, at least ap
proximately, by matching census returns of children
with a sample of recent birth records. On the other
hand, an approximate check for the completeness of
birth registration can be provided by matching birth
records with a sample of census returns. Similar checks
may be made by comparing census returns on foreigners
with recent records of immigration. The accuracy of
enumeration or registration can also be checked by
obtaining new measures of the same magnitudes, with
the same or different methods and the use of specially
trained enumerators in sample portions of the territory.

Sampling also finds important applications in con
trolling the accuracy of the tabulating process in a
census.

(f) The population of certain areas or certain cate
gories of the population not covered by the census or
other basic data can be estimated by sampling. The
procedures that are appropriate for these purposes are
like those. which may be used for sampling censuses,
except that they may be limited to the particular areas or
population groups on which special information is
desired.

census. There are many ways of doing this which have
been described in other reports;2 the choice of a
method will depend largely on the type of information
that is available as a framework for the selection of a
sample. The best sampling frames for human popula
tions are, ·of course, a previous cen~us or, at least, a
fairly complete list of individuals or households. Lists
of villages, administrative divisions (in some cases also
tribal divisions) can likewise be utilized. Where infor
mation of the latter type is lacking, samples can also
be derived on the basis of maps or aerial surveys. In
most cases, sampling for population size is not as effi
cient as sampling for population characteristics. If,
however, the sampling process is repeated, the efficiency
of sampling can be greatly increased.

(b) To estimate the multipliers which should be
applied to certain known quantities in order to arrive
at conjectural estimates of the population; for example,
to estimate the average number of persons per tribe
or village by studying a sample of tribes or villages, to
estimate. the average density of population in certain
areas by"examining a sample of areas, or to estimate
the average per capita consumption or production of a
staple commodity by determining consumption and
production on the part of a sample of the population.

(c) To estimate appropriate multipliers for the re
sults of non-censal counts relating to portions of the
population, such as average numbers of non-taxpayers
per taxpayer, non-voters per voter, women and chil
dren per adult male, persons of other ages per child
of school age, or persons per dwelling. Such multipliers
may be estimated by enumerating samples of taxpayers,
voters, adult males, school children, dwellings, etc.,
and persons attached to them,

Where it is doubtful thq.t the basic lists (of taxpayers,
voters, households, etc.) are complete, a sample may
also be selected from a different framework, and com
plete enumerations may be carried out in some selected
localities. The ratio between the population enumerated
in such localities and the numbers of.individuals appear
ing on the basic lists corresponding to the same locali
ties then determines a multiplier which also contains
a correction factor for incompleteness of the lists. The
latter type of multiplier, if applied to the total of listed
individuals, tends to result generally in an efficient
estimate of the total population.

(d) To estimate birth rates, death rates, rates of
immigration or emigration, and rates of population in-

2 United Nations, Statistical Commission. Statistical Papers,
Series C, Nos. 2-5, "Sampling surveys of current interest".
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