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Summary

Post stratification in two-stage sampling on the basls of the sample
second-stage units has been discussed. It has been empirically
. demonstrated that the suggested procedure not only provides estimates
of the character under study according to the strata variable, but also
improves the precision of the estimate pooled over the strata compared

to the conventional unstratified 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

farming community in a majority of under 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
of stratified multi-stage random sampling, the strata generally being
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 of holding 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. Scheme for 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 that 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 of the K strata. Further, a selected
fsu may possess at least one ssu pertaining to each of the k strata.
Let the number of sample fsu’s containing at least one ssu belonging
to the h'" stratum (h =1, 2, ..... k) be denoted by ny, (0 < ny, =n) and
myp) denote the number of ssu’s from the i fsu falling in the hth
stratum (0 < myy) s my) and Ny and Myy,, denote the corresponding
numbers in the population.

2.1 Proposed estimator

An unbiased estimator of the population total for the hth stratum
viz; Ygp,) for the study character y is given by

M) ' Ip
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and y, is the value of the ™ ssu of the i fsu falhng in the h™
stratum.

and an unbiased estimator of population total (Ys)is given-by
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It is easy to see that Y, is unbiased for Y,
2.2 Variance of the estimator

For fixed ni.ng, . . ., ng and my;, my, . . ., my, fhe variance of the
proposed estimator is given by
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- where E, and V, are conditional expectation and variance_
respectively forgiven fsu's and for fixed nn and myp);

E, and V) are expectation and variance for selection of fsu’s for
fixed ny, and myp) '

Now,
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In order to evaluate

K .N My N Ny
h h' .
25 O o X Y00 g 3 Yo

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 number of fsu's having an ssu belonging to
both the hth and h'th strata in the sample be denoted by nyy’ and
that in the population by Npy. Likewise, let nypy and Np'hh) denote
the number of fsu’s having an ssu belonging only to the hth and h'th
strata respectively for the strata pair (hh') and Npmny and Nb'tn)
denote the corresponding numbers in the population. Obviously

Np = Npw + Nh@h')
and Ny = Opy + Dpew)
The above expression may, therefore, be written! as
k Ny n.hh' nh(hh’.) Ny nml' hh’(hh’)
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Substituting from (4) and (6) in (3) we get,
k
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Now in order to find the average value of V(Y,) in repeated sarhples
of size n, proceed as follows :

V(\A() =E [V{YS/(nl. Ng, . .., 0g); (mi(,), My2), . . ., My, )}]
+V [ E{Ys/(nl. N, . . ., Ny) ; (mm)- my(g), - - -, M) )]]
Since, E {Ys/(nl. Ng, ..., Ng); my), My, - - - ml(k)} is a

constant independent of ny, mym),
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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 :
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n (8) from (9), (10}, (11} abd (12), we get,
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The variance expression given in (13) is seen to be made up of
four components. The first term is the variance of a 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 the second stage due to
post-stratification of the second stage units.

2.2 Particular cases

(] IN,=N,n,=n;N,=N; -Nk-Oandn2 ng=...
n, = 0and My, = M, rn,u, m1 Mm, =My = » Mj,, =0 and
My, = Myg = ..o =my, =0 and therefore cpm =landw, =1

the variance expression at (13) reduces to

N
1 1 N 1 1\ e
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which is the known result appropriate for two-stage sampling
without post-stratification.

(i) Ifm, = M, the variance expressibn at (13) reduces to
k k

sz(xll ;)whsi(w E(l w,) S )+N22

h=1

h=h'




A SCHEME FOR POST-STRATIFICATION IN TWO STAGE SAMPLING 169

1 l-wy, 1wy 1) /1 1) L+wy, 5
Wan | 2 nw, ¥ nw,, *al ln”N nN | “bhm)
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

~ Comnsider simulated data on area under high yielding varieties
(HYV) of wheat crop in a hélding as the character to be studied. The
population consisted of 100 first- stage units, being the number of
village growing HYV wheat in a district. The second stage-units were
cultivator's holdings growing HYV wheat. The number of such
holdings ranged between.19 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 n|, n; and nj in the sample and the value of Nj, No,
N3, Nj2, N3 and Naj in the population are as follows :

N N N N3 Nig Ni3 ~ Nog
100 89 89 85 80 78 80
n m g ns

10 8 6 9

Estimates of stratum-wise and overall totals of and their.
variances are as follows.

Under post : R A
stratification: Stratum (holding Y V(Y)
size class)
scheme

Small 13287 2026951
Medium 28866 20062941
Large 86950 102653320
Overall 129103 124743212

Without post Overall ‘ 127747 200669953

stratification
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It is observed that the suggested scheme of post-stratification
has not only provided estimates of the total according to the strata
variable but has also improved the precision of the estimate of the
overall total. The efficiency of the suggested procedure compared to
that of the usual procedure is 161 per cent.
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NEWS AND NOTES
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Small Domains”,
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