Demography India
Vol22.,N02(1993).,pp. 235-240

A. K. Bhattacharyya*

Bias and Sampling Variability of Some Fertility Measures
under Stratified Random Sampling

Introduction

WE have been investigting the sampling variability of fertility and reproduction

measures like TFR,GRR and NRR under different sampling schemes. In our earlier paper
(Bhattacharyya and Mullick 1987) we had shown that the estimates of these measures are
unbiased under simple random sampling scheme upto third order of approximation.
However, under cluster sampling scheme these are biased (Bhattacharyya 1989) and we had
derived revised estimators with expressions for MSEs which could be used for giving their
confidence intervals. In this paper, we investigate the bias of these measures under stratified
random sampling scheme. In particular, we attempt to estimate the bias and give revised
estimators of these rates with MSEs. These can be used for estimating confidence intervals as
in the prevmious cases.

Notations and Definitions

Let there be F females in the child-bearing age group. Suppose they are divided into L
strata. Let Fy denote the size of the Ath stratum, Suppose further thata simple random sample
without replacement of fi females is chosen from the Ath swratem, Lot

F,, = Number of fcmales of age x of the Ath stratum;

oFre = Number of females in the age group (x, x + a) in the Ath stralum;

By, = Number of single births to F,, females during the last year;
Bre = Number of single births to 7, [cmales during the last ycar;

Jue = Number of females of age x in the Ath stratum in the sample;

e = Number of females of age (x, x + @) in the Auh stratum in the samplc;

by, = Number of single births to £, females during the {ast year in the sample;
abae = Number of single births to f;,, females during the last year in the sample.

EBu Fx= The b=

Let B, =
X
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1 is the age-specific fertility rate.

‘E%bh" b
X
fp = — = L 1
]-zt Iy F}l j:t ()
%= fhx
kR fa

Clearly, b, andf; are unbiased éstimators of Byand Fy . TFR = X i, . Using similar notations

for grouped data, TFR (G) = 5. £ 5*
X

Some Preliminary Results

Here, we give expressions for B(iz), MSE(i) and Mean Product Error
(MPE(ix , iy)) = E(ix— {:)(iy - Iy) which we shall need for deriving the bias and MSE of TFR,
GRR and NRR.

We notice that Ebs = B, and Ef; = F, Hence we can use the A mcthod of expansion
for iy writing A; = (by-B)/B; and Az = (fy~ Fx)/F; and assuming | A; | < | and
| Az | < | which will hold in most practical examples we ultimaiely get, neglecting third
and higher order terms,

. 1 1
B(i,) = I, [F_f V(fx)—a: Cov (b, ,fx)] (2)

vy -2 | R 2.
MSE (i) = I} [BZV(bx) + Ff Vi) B.F. Cov (b ,f;)} 3)

X

C ,by) Cov(be.f,) Cov(f,.b) Covi(f,,
MPE(i,.iy)=lx1y{ 0 Ce.0) TGty CovGe.b)  Conl f’)} (4)

B,B,  B.F,  F.B, ' F.F,
Substituting the expressions for variance and conariance terms which can be found out by
using simple random sampling within the Sirata (Bhattacharyya and Mullick 1987), we get

4

oy = 1| L J 0B Fazp Fuc (| Fre
Bl = & Fp | A (Fa-1) Fh[ Fh)
L IR Fa—fi) Be [ Fix
FxBxf{fh (Fa=1) Fa (‘ Fi JH ©)

Similarly,

B2y Ufn (Fa=1) Fn Fn

+Ly P Fa=fi) Fie ]_F_m}
F2alfn (Fr=1) Fy Fn

MSE (ix) = li[iz {F—i En—fn) Frx [1 —B—’“J}
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L1 FRER) B | e ©
FyBy h | fn (Fp—1) Fy F
and
FEtF-fo [ 1 B By
MPE(i, ,i)y=-11|Z ptC ) 4
* y) x y[h fh(Fh_]) Bxby Fh Fh
1 BuFry 1 Fu By 1 P Ty 7
By Fy Fy Fy  FyBy F, Fy  FF, Fy Fy

We find that B(iy is non-zero and we give estimators of Bias, MSE(ix) and MPE(ix, iy), by
substituting unbiased estimators of Bx, Fx, Fix; B;u, Bryand F, hy in the respective expressions.

We explicity give the expressions for ﬁ(lx). MSE(:;) and MPE(:; iy) as they will be nceded
to find out the revised estimators and their MSE’s.

Estimators of B(ix), MSE(ix) and MPE(ix , iy}

FaFa=1o) (14 i/
Biiy =i | pihCh=In) |1 Jae [ Jhx
&) = & » SlEx=1) |f fa S

iyl ®
dew - AR i [
—[— w50
MPE i) = F:((ff,:'—_ 5 bjby b’;,,fy "5, b;,{ =

1 fucbry 1 fh.xfh
(10)
fx y fE fxfy f? H

Revised Estimates of Age-Specific Fertility Rates and their Estimator of MSE
As shown in the case of cluster sampling scheme, we have

A A
I = K-8 an
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MSE (I ) =
MPE { Ix . ly)
Revised Estimator of TF

We denote the corrected estimators by subscript ¢ :

TFR, =

TFR_ (G)

GRR,

GRR. (G)

NRR.

c

il

NRR, (G)
7/

Estimators of the MSEs of the Revised Fertility Rates

MSE () - 13 (11)}
MPE(:x iy} — B (lx)B (iy)
R, GRR and NRR

TFR-XB (i)
TFR(G)-5-LB (siy

GRRﬁzﬁ(f,-x)

GRR(G)-5-ZB (s;)

NRR -1 x5, B )
-ﬁnz X X

NRR (G)—j% §5fo3 )
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(12)
(13)

(14)
(15)
(16}

(17)

(18)

(19)

Asin the case of cliister sampling, we get similar expressions for the MSEs of the revised

fertility rates

A
MSE (TFR) = S MSE (i) + 2 L MPE (i, . i)~ { ¥ (sx)}z
x x>y X

A A N A 2
MSE (TFR_(G)) = 25 { L MSE (si) + 2L MPE (siy . 5i)) ~ { 23(5:',‘)} }
x x>y x

MSE(GRR,) = EMSE (f,)+ 2 £ MPE (f, ,f,-,)—{zg(f,-)}z
x X x)y x x x

MSE (GRR, (G)) = 25-[2M'§E(5f,-)+2z MPE (of, ,Sﬁ)—{zﬁ(sf,-)} }
x x x>y x 4 x r

MSE (NRR,) = %[Eff,MgE(f,-HZEfL’fL MPE (f; .f,)
RE A

_@aﬁﬁf}

2

(20)

(21

(22)

(23)

(24)



Bias and Sampling Variability of Some Fertility Measures 239

A 1 A A
MSE (NRR, (G)) = =5 [}:Sff MSE o+ 2 L oy s MPE(S,, )
o X

{8 }2 ] | @5)

Conclusion

In this paper, while investigating the bias and sampling variablity of fenility measures
under stratified random sampling, we have given the explicit expressions for the M3Es of
correcied estimators so that they can be used for giving confidence intervals.
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APPENDIX
In this appendix, we give various expressions in this paper. We note that
E by, = %{‘—Bm (1)
A
E(fy) = lf,—hth 2)
h
5 Eaf) P Fi
V) = (Fp-1) Fy - Fy &
_JnFr—fa) By By
Yo =TEm Ty | R, @
S Fhf) B Fa
Cov (bpe , fra) = Fr-1) F, 1~ E, (5)
_ _SaFa-Si) Biy By,
Cov (bpe . byy) = ~ Fn-1) F, F (6)
_ _JoFu—t) Br Fy
Cov (byy , fny) = -1 F, F, (7)
_ _JaFa—fa) Fiy By,
Cov (fiue - byy) = TF-1) F, F, ®)
Fro—fi) Fre F
Cov (ka 'fhy) = __f_‘.h(_h___j.}'_)_hx _hy 9)

(Fo=1) F, F,

These exprssions can be found out from first principles or may be derived by using
3-dimensional hypergeometric distribution.



