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THE EFFECTS OF AGE MISSTATEZMENT ON
ESTIMATES OF NET MIGRATION

by

Brvan L. Boulier

There are many procedures for estimating net
migration. Among the most widely used are variants of
the census survival method. The procedure for estimating
net migration to an area using the forward census survival
method is to project the initial population of the area to
the date of the second census and to subtract the projec-
ted popu]atiog from the enumerated population, the dif-
ference beingZestimated net miqration. The survival
rates for thegprojection are calculated from the enumera-
ted nationaleopu]ations of the appropriate age groups at
the two cens?s;dates (e.g., the ratio of the number age
15-19 in %970 to the number age 5-9 in 1960.) It has been
demonstrafed that census survival methods implicitly take
into account the relative coverage of the two censuses as
well as age misstatement. so that it is very oftén the
case that these methods are preferred to other residual
estimation techniques such as vital statistics or life
table survival procedures (Hamilton and Anderson, 1944;
Zachariah, 1962; and Hamilton, 1266.) There has been much
analysis of the biases in the estimates of the volume of

net migration rates when the two censuses have diffaring



degrees of enumeration error (Price, 1955; Zachariah,
1962; Hamilton, 1966: and Stone, 1967.) It has been
assumed that the consequences of age misstatement are
jdentical to the consequences of enumeration error since
the transfer of persons oﬁt of an age-group by age mis-
statement is analogous to an undercount of the population
in the age group by a similar percent. This note pre-
sents for the first time an explicit derivation of the
effects of age misstatement on estimates of the volume of
net migratioq}and net migration rates and demonstrates
that resultszghich have been obtained in the analysis of
enumeration érror are not always applicable to age mis-
statement. d;he estimates from the census survival rate

(CSR) method are compared with those obtained from the

use of ]ifegtable survival rates (LTSR).
1

Assumptions and Definitions.

We shall analyze a simple case of age misstate-
ment where a certain fraction o« of an age group is repor-
ted as belonging to an older age group. Such age trans-
fers may arise, for instance, from deliberate misstatement
of age, rounding of ages, or inaccuracy of estimation by
enumerators who have to guess the ages of respondents not

knowing their ages. It will be assumed that there are no
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differences in mortality among regions in a country,

that there is a complete count of the population in both
censuses, and that all migration occurs at the end of the
intercensal period. Zacﬁariah (1962) examines the conse-
quences of differential mortality, previously cited
authors have considered cases of incomplete enumeration,
and the last assumption ensures that in the absence of
age misstatement the forward estimate of migration cor-
rectly estimates the volume of net migration. Siegel

and Hami1toq§(]952) analyze other patterns of the timing
of migrationi and the results obtained here are easily

generalizedj?o those patterns.

He;éhgll consider four age groups in a population
*
when the,length of the age interval equals the length of
the intercensal period (e.g., five year age groups and

five year census intervals.) Let us define the following

terms:

P(x,t) = true national population in age group x
at time t (x =1, 2, 3, 4; t =1, 2),

p(xst) = true regional population age group x at
time t,

P*(x,t) = reported national population age group
x time t,

p*(x,t) = reported regional population age group

Xx time t,



3 = true survival rate from age aroup x to x + 1,

(7}
*
1}

census survival rate from age group x to
x + 1 calculated from the reported
national population,

=
1]

true net migration age x,

Hx* = gstimated net migration age x from CSR
method, and

=y
1

estimated net migration age x from LTSR
method.

It is assumed that mjgrants move in age group x but are

age x + 1 ag»the date of the second census. Finally, it

is assumed éiat a fraction a of persons age x = 2 are

erroneoustjreported as heina ace x = 3.

H
i

Census Surégval Rate Estimates of MNet Migration.
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?Ta51e 1 shows the true and reported national and
regionai populations at both census dates. The CSR es-

timates of net migration are:
%*
(1) M* = pr(x + 1, t +1) - s *(x,t) p*(x,t).

The National CSR are:

() s - Pz

S s
*  _ P*(3,2) _ 2 a’l —P(1,1)-
(3) SZ P R = 1 - + ] - a Lﬁ{??r}_l, aNd

it

S'I (1 = a)o
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Thi CSR are rather complex, s: is the product of the true survival
rate S and one minus the fraction transferred to the next clder age
group. s; is a combination of the true survival rate, the age mis-
statement factor, and the naticnal age distribution. s; is also a

function of the national age distribution.

Table 2 shows the estimated volume of net migration to the
#
region ca]cu]atgd from equation (1) after some simplification of the

resulting exprefsions. There are several interesting results which
*

)
may be deriveizfrom the tahle. First, consider M] The estimated

volume of migrdtion is a fraction of true miaration denendina upon

the propertiod of persons whose ages are misstated. The smaller is
» the closer is estimated to true mioration. £ mioration rate which

relates migration to the end of the period population (1 - )M]
relates migration to the end of the veriod ponulation (Tngﬂ—TET?—?y

is unbiased: a migration rate which relates estimated miaration to the

(1 -

- . 1 L X )
beginning population ("—537177*» and which would be used for popula
tion projection is biased towards zero. (See Hamilton (1965)

for a discussion of alternative measures of migration rates.)



The results for M; are similar to those obtained in the
analysis of enumeration error. If the population is
underenumerated by a fraction o for both censuses, the
volume of net migration is underestimated by the same
proportion but migration rates ¢ culated from the end of
period or beginning of period populations will be un-
biased. For age misstatement, as was noted, the latter

rate is biased.

Now we turn to migration at other ages. M; equals
the true volé&e of net migration plus terms which include
the survivalgrate Sy the regional and national age dis-
tributions,éﬁigration into the preceding age bracket, and

the extent &f age misstatement. If the proportionate age

distribu;ioﬁs of the regional and national population in
the relevant age groups are identical at the time of the
first census, the term in sauare brackets equals zero, and

* *
M2 = M2 + a M], so that Mz is very close to M2 if o is

sﬁa]], M]aiﬁ small, or both. If however, the age distri-
bution are identical the brackated term is non-zero and is
weiqghted by o s]p(z.l). Even if a is small, the value of‘
the term could be large since n(2,1) is ordinarily large.
There is no presumption as to the direction of bias in the

* *
estimator %2 , and rates calculated fron M2 will acnerally



®
be biased. The relationship between M3 and M3 depends

upon the age distributions of the regional and nationa?
populations at the time of the first census, the survival
rate S3s and a. If the proportionate age distributions
of the national and regiﬁnal populations in the relevant
age intervals are equal at the time of the first census,
the term in the square brackets equals zero, and H3* = M3.
If the term is non-zero, then the smaller is o the closer

*
is M3 to M3. But even if o is small, the error may be

large since a times the bracketed term is multiplied by

*

s3p(3,1)/(1 + 5 g 1)). As in the case of M, , there is no

presumption gs to the direction of the bias in the cstima-
*

tor M3 and}he rates calculated from it will generally

be biased.
g

%
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Life Table Survival Rate Estimates of Met Migration.

Despite the biases note above, it should not be
forgotten, however, that the CSR method is likely to
provide estimates superior to those calculated from LTSR
methods. Suppose we assume that the national population
has the same age distribution as the stationary population
associated with the 1ife table so that the s, may be

identified with life table survival rates. The forward



estimates of migration using LTSR and the enumerated
regional population are also shown in Table 2. The esti-
mates include terms of the form a Sy p(x,1) which may well
be large even if o« is small. For instance, consider

ﬁ] = (1 - a) My - a slp(1;1). Persons who arc transferred
to an older age group are counted as outmigrants. The CSR
method implicitly adjustsfor this age transfer.ﬁ2 counts
as in-migrants persons who transfer from age x = 2 at the
time of the second census ( « 51p(1,1) + q M1) and the
survivors of the persons who misstated their ége at the
time of the first census ( a szp(z,l)L ﬁ3 counts as out-
migrants the Eersons who wer2 erroneously enumerated as
part of age group x = 3 at the time of the first census

( o p(2,1)}tﬁ%es53, the survival rate appropriate for sur-
vival from x£=%3 to x = 4,

%
1

Example.

Table 3 presents astimates of net migration using
hypothetical data. The national population is assumed to
be stationary with Sy = .99, S, = .98, and Sq = .97, and
it is assumed that five percent of the age group x = 2
is erroneously reported as belonging to agqe qroup x = 3.
The CSR's calculated from the enumerated national popula-

* *
tion are s, = .9405, 52* = 1.0842, and s, = .9229. The



regional population is assumed to have the same true sur-
vival rates and the same pattern of age misreporting as
the national population. At time t = 1, the regional po-
pulation is constructed by taking 10 percent of the
national population age x = 1, 12 percent of the number

Xx = 2, 11 percent of the number x = 3, and 10 percent of
the number x = 4. Part A of the table gives the basic
data, part B compares truec net migration with migration
estimated by the CSR wethod and by the LTSR method, and
part C compares migration rates. It is readily seen from
parts B and Ctgf the table that the CSR estimates are
superior to téé LTSR estimates. ﬁ} is less than half of
Ml’ ﬁz is moiz than three times MZ, and ﬁ3, is negative
while M, is Mhrge and positive. In contrast the CSR
estimates aré 531 within ten percent of the correct values.
Nonethelesg, it is important to note that in the presence
of modest age misstatement and age distributions of the
rcaional and national populations which are not very dis-
simitar, the errors in the CSR estimpates of net migration
and net migration rates arc large enouch to bHe important

for some analyses.

Summary.

In this paper; we have shown the consequences
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of age misstatement for census survival rate and life
table survival rate estimates of net migration. In the
presence of age misstatement, CSR estimates of migration
and migration rates are generally biased altthough the
direction of bias is not always clear. Moreover, estima-
tion errors due to age misstatemant are not necessarily
similar to those which result from underenumeration of a
population. Nlthough CSR estimates of net migration are
usually superior to those obtained by LTSR methnds, the
above analysi} suggests that in some cases it is probably
worthwhile té’attempt to adjust the data for age misreoor-
ting and theqg to apply the LTSR method for additional
estimates tg;be comparad with those obtained by the CSR

procedure.
3

N
1




REFEREMNMCES

- - w—— m— e e mmm mem G e

Hamilton, C. Horace. 1965. "Practical and Mathematical
Considerations in the Formulation and Selection of
Migration Rates,"” Demography, II, 429-463.

Hamilton, C. Horace. 1966, "Effect of Census Errors on
the Measurement of Net Migration,” Demography,
ITI, 393-415.

Hamilton, C. Horace.and F.4. Anderson, 1944, "Use of
Survival Rate Method in Measuring Net Migration,"
Journal of the American Statistical Association,
XXXIX, 197-206.

Price, Daniel 0. 1¢55. "Examination of Two Sources of
Error in the Estimation of Net Internal Migration,"
Journa% of the American Statistical Association, L,

R

Siegel, JJcobs and C. Horace Hamilton. 1952. "Some

Considerations in the Use of the Residual Method
of Es$imating Net Migration,"” Journal of the Ame-
rica

N
-

Statistical Association, XLVII, £75-

Stone, Léroy 0. 1967. "Evaluating the Relative Accu-
racy and Sianificance of Net Migration Estimates,"
Demography, IV, 310-339.

Zachariah, K.C. 1962. "A Note on the Census Survival
Ratio Method of Estimating Net Migration," Journal
of the American Statistical Association, LVII,
175-183.




(2°1)d=(2 1) xd Z . 3

(T°Dd=(1°1) yd T = 2

ey ey

Pa3aouay’

(z°1)d Z = 1

(1°1)d T=2

onIy

(T*'1)a=(z" 1) xd ¢ = 3

(1°'Da=(1°1) xa }

po3aodoy
(2°1)a 2 =13
(1°1)4a T=3

o

onay,




| Nz+ﬁz+ﬂa.dvnﬁMMw

W + (1°0)d T+ (1¢1)dls (»-1)= .

(1) d€s= (T y) xd (2¢2)d +(2°€)da(z €)xd (T0d(*-D=(z*2Yxd  (2Dd=(2D)xd T 3

(1¢49)d=(T1 %) »d (1°2)d + (1°€)xd (1) d(®-1) =(1°T) xd (1°Dd=(T*Dxd T =3
pojiocay

Cr(16g)dEs=(z ) d u(12)d%s=(z ¢) d g +(1°1)d Ts=(z¢2)d (z’Dd 7 =3

(1°9)d (1°¢)d . (1°2)d (1D d T=23

. anxy,

uorjeindod TeuoT3Y
(1°1)dlso
. +(1°7)alss= (1°1)d Is(e-1)=

(1°6)abs=(z ) xd (2é2)a® +(2°€)d=(T°€)xd (Z¢DaP-1)=(1°2) xd (Z2°1)d=(2*)xd ¢ =3

(1°9)a=(1°%)xd (1°2)de +(1°€)d=(1°€)xd (1°0)a(®-1)=(1°WDxd (1‘D)d=(1°T) »d 13

pa3aodoy

A e .Is!g

(1°€)abs=(zH)d (1°27)dlsa(1¢€)d t 1) alse(z2)d (z°1)d T =13

(1°%)d (1°¢)d (1°2)d (1‘°1)da 1 =73

anay

UOT3E1nd0g [EUOTIEN

suoyjerndod [euoI3oy pue feuovieN :pe3xoday pue 2ni] 1 A19VL




TABLE 2, Estimated Net Miggation

A, Census Survival Method
- )

‘2_(_.1_). P(1.1)
Mz + GM]_ + asy P(Z 1) , P(Z,l)

My + 283 P(3,1) 'P(2.1) _ p(2,1)
1+a P(2,1) P(3,1) p(3,1)
P(3,1) :

B, Li

a—

Table Survival Method

(1 -a Ml - G831 P (1,1)

‘““"“wfﬁhww,m,

M, + ?&ﬁ_+- asy p(1,1) + asy p(2,1)

My < o s3 p(2,1)




TABLE 3. An Illustrative Example of Age Mis-
statement and Estimation of Net Migration
by Census Survival Rate and Life Table

Survival Rate Methods

A, ta

National Population

Regional Population

True Regorted. True Reported
Age/Time (t=1,2) (t=1,2) t=1 t=2 t=1 t=2
xs=s1l 100,000 100,000 10,000 10,000 10,000 10,00
X e 2 99,000 94,050 11,880 10,900 11,286 10,35
X = 3 97,020 101,970 10,672 12,142 11,266 12,68
X =4 94,109 94,109 9,411 10,852 9,411 10,85
B. Number of Net Migrants
: x=] xXm2 x=3
True (Mx) N 1,000 500 500
Census Survig‘l Rate
Method ) 950 451 455
Life Table Syrvival Rate
Method (MX) 455 1,627 -76
C. Net Migration Rates (1)
True Census Survival Life Table

Beginning Period

.100 .042 ,047 .095 .040

End of Period

092  ,041 .046 .096 .036

. 040 . 046 . 144 . 007

042 044 128 -,007

(1) Beginning of period rates are calculated from My/p(x,l) and
end of the period rates are calculated from My/p(x+l,2), The true
rates use true migration and the true regional population; the CSR
and LTSR estimates of migration rates use the reported regional

population as denominators.






