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Summary
Post stratification In two-stage sampling on the basis of the sample

second-stage units has been discussed. It has been empirically
demonstrated that the suggested procedure not only providesestimates
of the character under study according to the strata variable, but also
Improves the precision ofthe estimate pooled over the strata compared
to the conventional unstratlfled two-stage procedure.
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Introduction

Under the various agricultural development programmes,
launched/under operation, emphasis is being put on raising the lot
of the marginal and small farmers, who constitute the bulk of the
farmingcommunityina majority ofunder developed and developing
countries. For a proper assessment and evaluation of the impact of
these programmes as well as for their efficient monitoring, it is
imperative to have the results available separately for each holding
size class. In a majority of the surVeys, in the field of social sciences
and agriculture, the most commonly adopted survey design is one
ofstratified multi-stage random sampling, the strata generaUybeing
the geographical areas in a region for obvious reasons. In an
agricultural survey, generally the villages and holdings are taken as
the primary and secondary stage sampling units respectively. The
stratification according to holding size is not adopted in these
surveys since the frame of the holdings according to their size class
is mostly not available. One possible approach to obtain estimates
of characteristics of interest separately for each holding size class
under these surveys is to resort to post-stratification according to
the size ofholding after the survey has been conducted. In this paper
a scheme of post stratification in two-stage sampling on the basis
of sample second-stage units in the sample primary-stage units is
presented.
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2. Schemefor post-stratification in two-stage sampling

Stratify the selected ssu's of each of the sampled fsu's into k
strata on the basis of the chosen stratification character. It is
possible tliat a selected fsu may contain more than one ssu's
beloning to the same stratum. Again, a selected fsu may not contain
any ssu's belonging to one or more ofthe Kstrata. Further, a selected
fsu may possess at least one ssu pertaining to each of the k strata.
Letthe number ofsample fsu's containingat least one ssu belonging
to the h*^ stratum (h =1, 2 k) be denoted by n^ (0 <nh sn) and
miih) denote the number ofssu's from the i^ fsu falling in the h*^^
stratum (0 ^ muhj s mj and Nj, and Muh) denote the corresponding
numbers in the population.

2.1 Proposed estimator

An unbiased estimator of the population total for the hth stratum
viz; Ys(h) for the study character y is given by

ni. 2 I 5"»>- I "•<>•>
mio)

where Y.1(h) mi(h) j

and y,j„,, is the value of thej'" ssu of the i'" fsu falling in the h'"
stratum.

and an unbiased estimator of population total (Ys)is given-by

k mi(hi

• " if. n, 1 m„„ I
k AT "h

^i(h) 11(h)
h=i 1 (2)

A

It is easy to see that Ys is unbiased for Ys

2.2 Variance of the estimator

For fixed n i, n2 nk and mi i, mi2 mik, the variance ofthe
proposed estimator is given bj"

VCYs) = V

k nh

h-l " 1
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= E1V2

Vi E2

k ^

^ ^l(h)
h-1 " 1

h-1 ^ 1
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(3)

where E2 and V2 are conditional expectation and variance
respectively forgiven fsu's and for fixed nh and m((h):

El and Vi are expectation and variance for selection of fsu's for
fixed nh and mi(h)

Now,

E, V.1 V2,

k ^

hT, "h .

El

k .

h-1 ^ 1

/ 1 1 \

ini(h) Mi(h)

A r\

since C0V2 FMKh) Y,(h) • Mkh') Yi(h') = 0, and

Ml(h)

5l(h)

Therefore,

Nh 1
Nh

1

• I. ^ I [r-m "
and

S?(h)

1 ^ Si^

V,E2
" M A

h-i 1

= v,
•' M

E E M«h, Y„
h-i 1

(4)

(I n

h-1
Hh . Nh

k n^h , "^h

Sb(h) +̂ Covi ^
h-h ''1 "1
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In order to ev^uate

E Covi
h •< h'

Nh

Hh

nh

ii(h) 2)

proceed as follows:

As mentioned above a sample fsu may,contain ssu's belonging
to one or more of the k strata and for that matter a fsu in the
population too. Let the numberoffsu's haying an ssu belonging to
both the hth and h'th strata m the sample be denoted by nhh' and
that in the population byNhh'. Likewise/ let nh(hh )and nh(hh') denote
the number offsu's havingan ssu belongingonlyto the hth and h'th
strata respectively for the strata pair (hh') and Nh(hh') and Nh'(hh')
denote the correspondingnumbers in the population. Obviously

Nh = Nhh' + Nh(hh')

and nh = nhh' + nh(hh')

Theabove expressionmay, therefore, be written] as

Hhl

2
hKh'

Hh

^hh' ^h(hh')

2
Hh'

Hhh'

"h'Chh')

2 ^i(h')

2
hi«h'

k

Hh

1 12. NhN h'

hp"h' '^hh' Nhh'
St,'h(hh')

and therefore ... (5) may be written as

k. k

E Nj
h-l

c 1 n

Hh Nh
\ /

1

Sg(h) + 2 NhNh'
h-h'

.,2
"hh'

nh^h'

1 1

"hh' Nhh'

where 'b(h)
1
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Nhh' Nhh'
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"hrih'

(6)
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vSubstituting from (4) and (6) in (3) we get,

k k

V(YJ = 2
h-l

(I n

Hh Nh

1

Sb(h) +2 Nh' Nh

1

h»h'

2

nhh'

Hhh' Nhh'
'b(hh')

1 11

nii(h) . M,(h)j '1(h)
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(7)

Now in order to find the average value ofV(Y,s) in repeated samples
of size n, proceed as follows :

A

V(Y) =ErV{Ys/(ni, nz nu) ; |̂ m,(i), m,(2) mi(K) ^}"
+V EYs/(ni,n2 n^) : /mi(i), mi(2) n^i(k) j
A ^

Since, E {Ys/(ni, n2 nk) ; mi(i), m,(2) mi(k)} is a
constant independent of nh, myh).

V(Ys) = 2 Nh
h-l

1 1

Hh Nh
Sb(h) +2 NhNh'

hi«h'

Nh

E
Phh' 1

r^h^lh' Nhh'

I \
rihli

nhHh'

Sb(hh') +2 Nh E^ ^ Mf(h)
• .h.i 1-1

1 1 ,2
mi(h) Mi(h) ^ '1(h)

(8)

The expectations required in the above equation may be
obtained, to the first order of approximation utilizing the usual
technique in ratio method of estimation as follows :

1

nh
\ /

^hh'

nhHh'

/ 2

Hhh'

nhHh'

1

nwh
1 +

(1-Wh)^
nwh

Whh'

nWhWh'

wfih'
WhWh'

nWh' nWh n

1-Wh' ^ 1--Wh ^ 1-Whh' ^3]
nWh' nWh nwhh' n

(9)

(10)

(11)
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1

mi(h)

Nv

1

miqPhi mi (phi (12)

Nh-where Wh = w^. = ^ and cp^i = Substituting
Mi

in (8) from (9), (10), (11) abd (12), we get.

V(YJ =^'2 I] ^ S (l-Wh)SV) +
h-1

n N
h-l

5;
h.h'

, 1-Wh 1-Wh' 1
Whh' 1 + + +

nwj, nwh n
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h-l
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Nh

l-tPhi
m?

S"1(h)

(13)

The variance expression given in (13) is seen to be made up of
four components. The first term is the variance ofa stratified sample
taken with proportional allocation at the first stage, the second
represents the adjustment at the first stage due to post-stratification
of the sampled first stage units on the basis of the sampled
second-stage units and the last two terms represent the
contribution to the variance on account of stratification of the

second-stage units and the adjustment at tiie second stage due to
post-stratification of the second stage units.

2.2 Particular cases

(i)

m

If Ni = N, ni = n : Nj = Ng = . . . , = N,j = 0 and rig ^ ng = . . . =
n^ = 0 and Mm, = M,, mjn, = Hij. M^g) = M,|3, = Mi,^ = 0 and
mj,2| = m^3, = = m^i^, = 0 and therefore (p^j = 1 and w,j = 1
the variance expression at (13) reduces to

N'
a
'n

n=2
h-l

N
S" + -2n •4'

M?

rj.
n N

Wh Sb(h) + K
n^

1 1

nil M,l '

which is the known result appropriate for two-stage sampling
without post-stratification.

If nij = M,, the variance expression at (13) reduces to

2(i-wj +
h-l h-h'
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W,hh'

1-w,

nw.
1 +

nnw,
h'
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n

1+w,hh'

nN
^b(hh')
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7
which corresponds to the variance expression for a uni-stage
cluster design with post-stratification on the basis of the
elements of the selected clusters (Mehrotra et al 1984)

3. Empirical illustration

Consider simulated data on area under high yielding varieties
(HYV) ofwheat crop in a holding as the character to be studied. The
population consisted of 100 first- stage units, being the number of
village growing HYVwheat in a district. The second stage-units were
cultivator's holdings growing HYV wheat. The number of such
holdings ranged betweenJ 9 and 41 per first-stage units i.e. a village
growing HYV wheat. The holdings were categorized into three size
classes on the basis of the operational area of a holding. The size
classes were small (less than 2 hectares), medium (2-4 hectares),

and large (above 4 hectares). It is desired to estimate the area under
HYV wheat for each of the three hoding size classes as well as for
the district as a whole, on the basis of a sample of 10 first stage
units drawn with equal probability without replacement and a
sample of 10 second stage units per sample first-stage unit again
with equal probability without replacement, i.e. a sample of 100
elements.

The value of ni, ng and na in the sample and the value of Ni, N2,
N3, Ni2, Ni3 and N23 in the population are as follows :

N Ni N2 N3 Ni2 Ni3 N23

100 89 89 85 80 78 80

n ni na ns

10 8 6 9

Estimates of stratum-wise and overall totals of and their,

variances are as follows.

Under post
stratification

scheme

Stratum (holding
size class)

Y V(Y)

Small 13287 2026951

Medium 28866 20062941 •

Large 86950 102653320

Overall 129103 124743212

without post
stratification

Overall 127747 200669953
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It is observed that tiae suggested scheme of post-stratification
has not only provided estimate^ of the total according to the strata
variable but has also improved the precision of the estimate of the
overall total. The eflBlciency of the suggested procedure compared to
that of the usual procedure is 161 per cent.
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