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NOTE

SAMPLING BIAS MSE AND CONFIDENCE INTERVAILS
FOR SOME FERTILITY MEASURES UNDER
CLUSTER SAMPLING SCHEME

By A K. BHATTACHARYYA
Indidn Stoiistical Ivaldifuta
SUMMARY, The bias of the demograpkin rate TFE under cluater =ampling scherne has
heen investigated in this paper. Attemipt hes been made to safimate the sampling bins and
provide cormected eatimedora for the above rate. An esfimator for MBE of the estimated TFE

hea besn propoeed so that it can be wsed to give confiderse interval for the above eatimator,
Bimilar investigation haa beenn mada for other demorgraphie rates az wall

{. IMTRODUCTION

In & previous paper (Bhattacharyya and Mullick, 1987) we have shown that the
demographic rates TFR, GRR and NRER are spproximately uobiased under simple
random ssmpling scheme. We alzo gave expression for the MBE of thesc rates and
proposed esfimators for MSE fur weing them in giving confidence interval for the
estimmators. But in praoctice most of the demographic surveys do hot use simple
random sampling for wvarious practical reasona. Instesd from ocat consideration
& cluster samplmg scheme may e preforred for the survey., TIn this paper we show
by comsidering TWR that the usual ferdility rates are biesed upto chird order of
approximation under cluster sampling scheme. Sinee the sample estimates are
biased, we propose estimators for these biag and give corrected or revised estimators,
We alao attempt to give estimators for the MSE of these ¢orrected estimates which
we neod for giving confidence intervals for the revised estimates,

The practical aspact of this paper is that in many surveys, as for ezampls
fertility survey of a distriet zay, we coflect data from villages. Now gencrally a
sample of villages i chosen and further sampling is done within villages. Bui
as far as the household listing is concerned it is done for the complete village and
information nn the incidence of o birth last year is also collected for the whals
village. Thus if & SRSWOR of villages is taken we can use the formulae given in
this paper for estimmting bias of the fertility rate find ecorrected estimates and
also give eonfidence interval for these corrected estimates. To save spece we wil
confine curselves only to TFR. For other rates, we refer to the technical report
(Bhattacharyya, 1987).
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1. NoTATIONS AND DEFINITIONS

L&t there be a total of F females in the child bearing age group {1, w;). These
P femalee are divided. into N clusters. The siwe of the i-th cluster is #y, A simple
random sgmple of # clogters is taken from these N clusters without replacement.

Lot ¥y, = number of females of age x in the i.th cluater.
aFiz = number of female in the age group (=, x--a) in the ¢-th cluster.
By, = number of amgle births to the ¥y, ferasles.
oy, = number of single births to the ,Fy, females.

Let & denote the sum over the sample and X denote the sum over the population.

by = ;ﬂﬂix

abg = er-ﬂim

Jo= ‘?Fiz

of: = 8 oFes

iy = byffe

I#:?Bimf%Fm = B {Fy
ol = > HBF:H'I‘E a1z = aByfal,

Note that iz and gty are the nsual estimators of Iy and oI, are spoctively. Also we
have the sample eatimate of TFE na

AN AN i
TFR =X i,, TFR(Q) = 5 Syia.

Here & iz a notation used. for rates based on grouped data.

2. SOME PREELIMINABY EESULTS

Hore we give expressions for Bins (ig) — B{ig), MSE (i) and B ,—1s) (fg—Iy)

which we shall need later, We notice Bichy) = By and Bgfz) = Fy where ¢ = En"

Hence by expanding by A method for ratio estimators we get the following
results by negleoting third and higher order terms

Biiy) = I, & { Flﬂ Vif.) — F;'}; cov (b, f,}} . 21
M8H(y) = I? cn{ flig Vibs) + Jﬁ A ——B;,# cov (bz, f.]} . (2.2)
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B{e,—Tg) (by—1y) = L0y o* { m%b_,, by) __ cot (b, Jy)

By B.F,
__cov(fs by) | cov(fs fu)
SRR - oy

Substituting the expressions for variance snd eovariance terms we can pei the ax
prossions for Bliz), MSE (iz) and E(i,—I,) (i,—I,). We find that B{iz} is non-zero,
Bence we can give sn estimator of B{i;) by estimating I, by i, and putting nnbiassed
egtimators of V{fy}, covlb.fx) and FZ and F By in (2.1). Bimilarly we can find esti.
mators for MAE(iz) and E(iy—I;} {(fy—1Iy} in the usual manner, Since weo shall use
the eatimator of Bies for getting eorrected or revised eatimators we explicitly give

the expression for .ﬁ(i,}, we also give the estimator of MS¥ and the estimator of
the term of the form E(i,—1I,) (#y— I,).
3. Esrpaavors ox BIAS, MSE axp B, —I) {y—I)
(N —mn) (N —)

. v 4 Flgao 2, T T
.ﬂ[t,}=t,u“ — —
y 3 _|.".:_'T.§‘_'?'5r___1? 8 Fy Fi
o 0 nm—l) ey
{H ﬂl] 8 -Hlm Fag— fﬁ' _ﬂ} 8 Bill F;fm
- ‘ (1) i . v (30)
N 8 B F +M ;_:,r B F
" e Li¥ ﬂ.(ﬂ.-—].:l fa LY

B (4i,) can be obtained by replaeing i, by wig; Bz by Bix
Fix by oFye in (3.1).
Even if age groups are not of B years then also similar results hold.

(N--n) (N —n)
PSP Nl S e = I Vhasdets
) = e ¥y HB?—}-N{N_” 8 By B
"y UET G 1) [y T
(N —n) {N—n}
1- N E FE' N{ﬂ-—l] igti 8 Ftz Fp
N NN
?{ "EFEt+m iii Fim F.f-t
F=n) g By Frzam ™), 8 Fro
_E_E . ir fix— H{n—l] Pl Bi:: L {33}
¥ 3 By, P42 ,B; Fye
B 4 tw : ﬂ-[ﬂ- ].} # ¥ )
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It is not abvioos that @E{I#] ia non-negative, hence it is advised that in such
cages MBE be takon a8 zero.

(N —n) {(N—n)

——! 8 B B
B I o) — i 4 5 e By g, B B
(fz—dz) (by~Ig) = iz iye ' W —1) 9 B B
- if'ﬂm B¢u+ﬂﬁm cng 7 OH
{N—n) N(¥—n)
___'__.N 3 Biz FH-' N( n—1) jﬁ_f Bz FIF
{ 3 Bixf'"frf- T(:N_ll; ) i Bix Fyy
(N —n) {¥ —n}
y_ ¢ T Bty e B
TN NN—1)
; JFFic -Bﬁr'l'm iﬁ_f FH: H_{;
(N—n) ¥-1)

. (3.3)

The details of these derivations are onmtitted here snd are to be found in
(Bhattacharyya, 1987),

4. REVISED ESTIMATES OF AQE SPEOIPIC FHETILITY RATES
Bince iy— B{i;) is an unbiased estimator of I we proposs the estimator

I =i—Bi) e {41
A3 @ revised estimator of I,
We note that
B(i; — Blig)—I1)* = M8E(i,)—{B(z,))
Henco we take

ﬁﬁ (1) = MIEG)— Bl e (£.2)

5. Ryvisep Eamuator oF TER

We denote the revised estimetor by subscript ¢ 1.e. Revised TFR is dencted
by T¥FR,

Clearly B(TFE) = T BG,) o (&1

Hence  TFR, = TFR—B(I'FR) = TFR~-Z Bi,) v (8.2)
E I-18



138 4. . BHATTACHARY YA

For grouped date we get
TFR, (@) = TFRIN—5.ZB(3,) o (83

6. Bermaropa oF THE MSE or THE EEVISED FERTILITY RATES
Sinee  B(3,—Bli)— I} iy~ Blis)—Iy) = Blie—I,) (iy—Iy)—Blin} Bliy)
wo astimate

B, —I) dy—1) by {Blis—I,) (Ey—T)~BGa) By
Now

MSE(TFR,) = BE I, —31)

)

~ LBl I8 E Bl 1)
] &>y

=S MSBI)+2 T B —~L)(iy~Iy.
. I
Therafore we have the estimators of MBE se follows

forany = = Houdy+o S Bl-L) I
= - BN

= ;E ﬁs}(uw 5 Bliy—I) {lg—Ip)—{% BGP

Y

vV

T M8BG)12 T B.—I) Gy—1)—{BTFRP. .. (6.1

axy

Similarly

A\ A R .
HSETFR) (@) =25, (3 HSEGH2E T Maol ) Giy—sls}~{BTFRG)
s (B.2)

Sincs in most case grouping of age in 5 years we mentioned them. But if age grouping
is not 5 yeara or even if they are not equal for ail groups, resulta are aimilar and have

not been oxplicitly given here.

CONCLUSION

In this work we have inveatigated the bias of fortility measures under culster
sampling schomme., We have proposed ocorrected estimators and have tried to give
estimators of their MSEs. We ean use the standard probability nequslities of the

form P(|T¥R~-TFR| <t} > I—HHE ;TFR‘} tor giving confidence intervsls.
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