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' i SUKHATME (1950 a, b and 1954) has workedout the efficiency of stratifica-
r' tion in sub-sampling designs using the sample estimate. A ratio esti-

( •mate may be used when supplementary information is available. Based
•' on Sukhatme's approach, formulas are developed in the present paper

for determining the efficiency of stratification for the ratio method of
estimation in sub-sampling designs.

Let,

N, be the number of units in the population.

Nj, the number of units in the 7th stratum.

n, the number of units in the sample.

«j-, the number of units in the sample from the 7th stratum.

M, the number of sub-units in each unit of sampling.

m, the number of sub-units sampled from each unit.

k, the number of strata in the population.

Also let,

jji,, be the value of the character for the /th sub-unit in the ith
unit of the jth stratum.

*

jji(M). tie the true mean of the fth unit of the jth stratum so that
1 M . .

~ ji/

Jii(m); be the corresponding sample mean so that

[_ ymm) = - ,2^ ym , , (2)
.III 1=1

be the true mean of the 7th stratum so that

1 S'

I "^ ^ yinM) • (3)
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y„j be the corresponding sample mean so that

=^ Hyjn„) (4)
rij

yj^M be the population mean so that

1 s _
VuM = S Njyu^M

y„, be the corresponding sample mean so that

j>n = ^ if N,y„^
•ly 1=1 ._1;

The expressions for another variate ' x' follow similarly.

The estimate of the ratio of ;; to x is given by

i N,y.i
i=i

r -

y=i

and the variance of r, is given by

V{r)=y^ V{y<d , V(x„) _ 2 COV. (j>„, Xn)
•v-2____ ^UMynM

where

and

• L y NM '

The variance of y„ is given by Sukhatme (1954) as

yy-)' + X)

Pj is the weight of the yth stratum.

1 w/

2 (j'ji(M) —N, - 1 it

Nl M

1

X itn

~ Nj Li La Nj -1 y^my
i=l 1=1

(5)

(6)

(7)

(8)

(9)

Expressions for V(x,^ and cov. (x„y„) follow similarly. The estimates
for V (j,,) and V {x„), without stratification, have been worked out by
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Sukhatme (1954). In order to find out the efficiency of stratification
for the ratio estimate, it is necessary to work out the formula for the
variance of ratio without stratification and compare it with"that given
by (8) with stratification. We are therefore concerned with estimation
of cov. (jnXj without stratification; Covariance without stratification
is given by

,Cov. (j„x„)u.s.= Q- (M.P.)y

' \m m) n

where 'U.S.' stands for ' unstratified' and

(10)

{M.P.\ = mean products between Ist stage unit .ineans in the
population;

1 w ,
= ^ ~ (11)

and

{M.P.) w= the mean product between second stage units within
1st stage units in the whole population.

N M

WTlu n ^ ^ —yum^m))N (M — 1) i=i 1=1

We want an estimate of {M.P.\. We haye frorn (11)

[N — 1) {M.P.)t = S iynM)^um ~

— S S (%(J7)j'ii(M)
I '

= Z {Nj—\)j^M.P^jij^EN

(13)

We want to estimate the .second and third terms in (13). Now,
we have

Cov. (j'lij-^nj) —E yiijXnj

(12)
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or

Est. iM.P.)i,

_ (I _ J_\
\m m) tij

or

Est. h N, =UN, x„.y„. -UN, (I - 1) (M.P.)y.

Now

Cov. (x„y„) — E U (PjX„j) 2J (-Pjjnj) — Xfi^ysM

Therefore

Est. Jwm)- = NE (PixJ i: (P,j>„,) - N Est. cov. (xj„)

or

Est. iVW jwM = Nx„y„ - NSP,^ (M.P.l,

Subtract (15) from (14), and we get

Est. SNjXj^jy-uj— Nxu^yj^i^ = S Nj {x„iy„j - xj„)

-(s-s) ,

Now from (13) we get

1
(M.P.). = N~ 1

1

N- 1

S Nj{x„iy„i - x„y„)

+ Nj - P,.2-
»} n, N,

(M.P.l,

(17)
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Substituting the value of {M.P.)y as obtained from (17) in (10), we get
the value of covariance of x„, without, stratification.

If Pj=NJN, Sukhatme (1954) has estimated the difference between
variances without stratification and with stratification as,

Est. [F(A)„.s-F(J>„)s]= i p, (j)„. _ J.J2'
'niN~l)

^ . I . P, (1 - Pi)
k

+ 2J
n N -\ n . iij

Siy' (18)

Similar expression follows for x. Estimated difference between co-
variance .(;>„x„) without stratification and with stratification can be
expressed as,

Est.[cov. (j>A)a.s-cov.(j>„x„)s]= i', (x„J'„-x„.v„)

k

+ 2

niN - I)

Pj _Pl _ N ~n ^ 1 _P,(l -P,y
n Tij N — I M tij (M.P.),, (19)

The estimated difference between the variances of a ratio without
stratification and with stratification can be expressed as

V(r)u.s.-V(F)s

N — n ^ t
EP,{y„i-y„sy+S^ '•yuM^jniN - 1)

X.

'Pi _Pl _N ~n \ P,(l-P,)
J1 N n' n.
y'nM^

^nv

+

M — 72 ^ ^

Pdx„i-X„,)^+2]

N—Yl ^
^(iV—1) EPii^mynj—Xnsynd-'rS

T, _Pl N-n _ 1 P,(l -P,)
n N n n,-

_Pl_ . 1 Pi(l~Pj)
n tij N—l n It:

C 2

iM.P.)J

^NInyNM

Summary

In two-stage stratified random sampling supplementary informa
tion is sometimes available on the sub-units and can be used to estimate
that ratio of the two characters y and x. Following Sukhatme (1950 a,
b and 1954), who has worked out the efficiency of stratification for a
single variate, formulae for determining the efficiency of stratification

(20)
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for the .ratio method of estimation in two-stage sampling from each
stratum, have, been derived and are given in the present article.
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