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Sampling on Two Occasions: Estimation of Population Total

RAGHUNATH ARNAB'

ABSTRACT

Two sampling strategies have been proposed for estimating the finite population total for the most recent occasion, based
on the samples selected over two occasions involving varying probability sampling schemes. Attempts have been made to
utilize the data collected on a study variable, in the first occasion, as a measure of size and a stratification variable for
selection of the matched-sample on the second occasion. Relative efficiencies of the proposed strategies have been

compared with suitable alternatives.

KEY WORDS: Composite estimator; Matched-sample; Sampling schemes; Sampling strategies; Varying probability

sampling schemes.

1. INTRODUCTION

We very often survey the same population at regular time
intervals to estimate the same population characteristics
which change over time. For example, many countries
collect data to estimate total number of unemployed
persons, HIV infected people, immigrants efc., on an annual
or quarterly basis. In this article, we consider a finite
population U = (U,, ..., U,, ..., Uy) of N identifiable units,
which is supposed to be sampled over two occasions, to
estimate the population total of a variable under study for
the current (second) occasion. In successive sampling, one
utilizes data collected on the previous (first) occasion
effectively, to get an efficient strategy in consideration of
cost, and providing an efficient estimator of the population
total for the current occasion. Extensive literature is now
available for this purpose. Singh (1967), and Avadhani and
Sukhatme (1970) utilized information, collected on the first
occasion as a measure of size, for the selection of the
matched sample on the second occasion; while Arnab
(1991) utilized such information as a stratification variable,
as well as the measure of size, for selection of the sample
on the second occasion. Recently, Prasad and Graham
(1994) modified Raj’s (1965) and Chotai’s (1974)
sampling strategies, by using information of the first
occasion as a measure of size, for the selection of the
matched sample in the second occasion. They found
empirically, that one of their proposed strategies fares better
than that given by Chotai (1974). In this article, two
alternative strategies are proposed. One of them utilizes
information in the first occasion as a measure of size, and
the other utilizes information as a measure of size and also
as a stratification variable for selection of the matched
sample in the second occasion. In this paper, it is shown
that one of the proposed strategies is better than that given
by Prasad and Graham (1994) and for the other, we do not
have any definite theoretical conclusion. However,
empirical evidence shows that the latter is more efficient

than that described by Prasad and Graham (1994), as well
as the former proposed strategy. This is possible because it
utilizes first occasion values in all possible stages viz.,
stratification, estimation and selection of the matched
sample in the second occasion.

The general methods of selection of samples and
estimation over two occasions are described below.

1.1 Sampling Schemes

On the first occasion, a sample s, , of size n, is selected
by some suitable sampling design, say P,, and the data
y,, ies,, is obtained where y, (y,,) is the value of the
variate y under study, for the i-th unit on the first (second)
occasion. On the second occasion, a matched sample
(sub-sample) s, of size m(=nk, assumed to be an
integer, 0 < A < 1) is selected from s, by some suitable
sampling scheme P, , and it is supplemented by an
un-matched sample s, of size u(=np=n-mp=1-12)
either from the entire population U or from UJs, , the set of
units not selected in the first occasion, by some suitable
sampling design P, and information y,, (ies,,, ies,) on
the second occasion is obtained. It is obvious that the cost
of survey for the matched sampled units is expected to be
much lower than that of the un-matched units, but for the
sake of simplicity, we assume that the cost of the survey
remains the same for all the units in the second occasion.

1.2 Method of Estimation

From the data y,, ies;, and y,, ies, collected through
the initial sample s,, and the matched sample s, , an
unbiased estimator Y, for Y,, the population total for the
second occasion, is formed by treating the y,;’s, ies;, as
auxiliary information. Thus ¥, is normally a difference,
ratio or regression estimator. From the un-matched sample
s, an unbiased estimator IA’Zu is also constructed for Y,
Finally, a composite estimator, a combination of ¥, and
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YZu
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, is obtained by using a suitable weight of ¢ (0 < ¢ < 1),

?2:¢?2m+(1_q))?2u' ¢y

The optimum value of ¢ =¢ (A) is obtained by
m1n1m1zmg V(Y ), the variance of Y with respect to @,
fora glven value of m(ie,N). The expressions for ¢ (A)
and V(Y IX), the variance of Y with ¢ =¢ (A) are
obtained as follows, when Y and Y are independent:

o) =(UV )1V, +1/V,]7,
VZ,IN =11V, + UV,

where V, and V, are variances of Y and Y
respectwely The opt1mum proport1on of matched sample
A =2, is obtained by minimizing V(Y I)\) with respect
to A. Finally, putting A =2, in the expression for
V(Y 1), the minimum var1ance of Y2 is obtained, and it
will be denoted by V_. (Y Y=V( Y I')\,). Our object is to
find a suitable strategy, which is a combination of
P=(P,P ,P,) and Y,, to control the magnitude of
V (Y ) toarmmmum

min

1.3 A Few Sampling Strategies
1.3.1 Avadhani and Sukhatme (1970)

On the first occasion, the initial sample s, of size n was
selected by simple random sampling without replacement
(SRSWOR) method, assuming that no auxiliary information
is available prior to this survey. On the second occasion, the
matched sample s, of size m was selected from s, by the
Rao, Hartley and Cochran (RHC, in brief, 1962) sampling
scheme using y,; as a measure of size for the i-th unit ies,,
assuming y,.’s are positive. Under the RHC sampling
scheme, the selected # units of s,, are divided at random
into m groups, each of size n/m, which is assumed to be an
integer. From each of the selected groups, one unit is
selected independently with probability proportional to the
measure of size. Thus if the i-th unit, U,, belongs to the
J-th group G;(j =1,...,m) then U, will be selected with
the probab1l1ty q; (zssl) yi! Zm ¥y;- The un-matched
sample s, was selected from U/s, by SRSWOR.

132 Chotai (1

On the first occasion, the initial sample s, of size n was
selected by the RHC scheme of sampling (assuming N/n is
an integer), as described above with probability propor-
tional to z,, the size measure for the i-th unit which is,
assumed to be positive and known for every ieU. Let
A, = YkeG, Dy the sum of p, (= 2,/Z,Z=Y 2, values
that belong to the random group G;(j=1,...n), whichis
formed in selecting the sample s, by the RHC method. The
matched sample s, was selected from s, by the RHC

scheme, with normed size measure A, for the i-th unit
ies; (Y., A, =1) assuming n/m is an integer. The
un- matched sample s, was selected by the RHC sampling
scheme with normed size measure )2 for the i-th unit
assuming N/u is an integer. Let P, (P/) = total of the
A, (p,) values associated with those units that belong to
the random group from which the i-th unit was selected in
Sm (s,) by the RHC sampling scheme with Y, P, =1
(ZIBS P’ = 1)

The compos1te estimator for Y, is given by

?2:¢?2m+(1_q))?2u

where

= E (y2,-/p,-)Pi+ -

€5,

Y E (3’1//171')}71‘+ - E /P A3

€S, €8

V=22 0lp)P; 2)

es,

where v is a suitably chosen constant to minimize variance
of Y Chotai (1974) derived the expression for the
rmmmum variance of Y, as

(F) =k[l-f+V(1-8]062/2= V (say) (3

mm

where

k=N/{n(N- 1)}, f=nIN,

o =Y plp,- Yo t=1,2
el

Yﬁzyn-”: 1,2
iel/
@

=E p;(yylp;— X)) (v,/p, - Y))/(5,0,).
ieU

1.3.3 Arnab (1991)

Arnab (1991) presented several strategies where the
initial sample s, was selected by probability proportional
to size with replacement (PPSWR) using normed size
measure p, =z,/Z for the i-th unit. Utilizing the ascertain
values y,.’s (ies;) on the basis of certain criteria, the n
sample units are assigned to a suitable number of L strata.
Let s,, be the sample of size n,, belonging to the A-th
stratum (s, = U, s,, and Zh n, = n). Here, it is assumed
that 7 is large enough to ensure that », is positive for every
hin practice. On the second occasion, sub-samples San S
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of size m,’s (= v, n,, v, is a predetermined fraction and m,
is assumed to be an integer) are selected from s,,’s
independently, by suitable sampling schemes involving
y,;’S, ies, in the selection of matched samples s, ’s. The
unmatched sample s, is selected by PPSWR method from
the entire population Uusing 2z as measure of size.

1.3.4 Prasad and Graham (1994)

Here the initial sample s, is selected by the RHC scheme
of sampling similar to Chotai (1974) with normed size
measure p, = z,/ Z for the i-th unit. The matched sample s,
is selected from s; by the RHC scheme with
D, -(yl,A,/p )/st (»,;A/p;) for the i-th unit, ies,;
where A, is the sum of the p, values for the group
containlng the i-th unit, formed in selecting s, by the RHC
sampling scheme of sampling. The un—matched sample, s,
was selected from the entire population U by the RHC
scheme similar to that presented by Chotai (1974). Here
also N/n, n/m and N/u are assumed to be integers. Prasad
and Graham (1994) proposed the following composite
estimator for Y,:

?2=(szm+(1 _(P)?zu

where P, = Yie, (02 /P ) B3 ¥y, = Lies, (V2i/P)P;
Vo; y2,A/p,,P (P) = total of the P, “ p;) values
associated with those units that belong to the random group
from which the i-th unit was selected in s, (s,). The
expression for minimum variance of Y , 18 obtained as:

V(1) =k(1-f+V0) 6312 = Voo, (say) (5)

where
(=005, 00 =Y, 4,09, - V)% q, =yl Y (6)

k, f, ci and Y, are defined in (4). )

In Prasad and Graham’s (1994) expression for V_. (Y,),
the divisor 2 was omitted and is obviously a typographical
error.

Remark 1.1

From the strategies described in section 1.3, we note that
the Avadhani and Sukhatme (1970) scheme does not
require information on size measures in the whole frame,
and hence is less demanding than the others. Chotai (1974)
used the original size measures p; in selection, but the first
survey values y,’s, ies; were used additionally in
estimation only. The use of additional information, p,’s, for
the selection of the initial sample s, will make Chotai’s
(1974) strategy more efficient than that of Avadhani and
Suhkatme (1970). But to use the optimal estimator 172 for
the Avadhani and Sukhatme (1970) strategy, one needs to
estimate ¢, the only unknown parameter. However, in
Chotai’s (1974) strategy, both the parameters @ and y have
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to be estimated in order to use the optimum fz. Prasad
and Graham (1994) used both these variables in the
selection of the matched sample (hence automatically in the
estimation) and showed empirically that their strategy fares
better than that of Chotai (1974). In addition, to gain in
efficiency, Prasad and Graham’s (1994) strategy can be
used in practice, because f’z involves only one unknown
parameter, ¢. It should be noted that Arnab (1991) first
introduced the principle of stratification using y,,’s, ies, as
a stratification variable. This should always be done in
practice whenever the necessary information is available,
particularly in the selection of large units with marked size
differences of the type considered in the numerical
examples in section 3. Arnab’s (1991) strategy is expected
to be more efficient than the preceding strategies, since it
utilizes first occasion values for stratification in addition to
estimation. However, the optimal estimator f’z contains the
several unknown parameters (for details see Arnab 1991)
which may hinder the application of the strategy especially
when the sample size is not large enough.

2. PROPOSED STRATEGIES

Here two sampling strategies have been proposed which
are modifications of strategies proposed by Prasad and
Graham (1994) and Arnab (1991), respectively.

2.1 Strategy 1

The sampling scheme for this strategy is the same as was
considered by Prasad and Graham (1994), and described in
section 1.3.4. Here, only the estimator based on the
matched sample s, , has been modified by introducing the
original size measure into the estimation. The proposed
modified estimator Y and the composite estimators for ¥,
are as follows:

Py =3 /PP - B[E (z"Ip) P, - Z] -

1es,, ies,,

Y (' Ip )P, +BZ

IESm
where z,] =z, A, /p,,yzt =y, A, /p;s ¥ r = r A, /p,, ;=
¥, ~ Bz; and B is a su1tably chosen constant to minimize
variance of Y2 ) D ,P and A, are as described in the
section 1.3.4;

V=97, +(1-9)7,
where f’2u is given in (2).

Denoting E,(V,) as unconditional expectation
(variance) over selection of the sample s, , and E, (V,) the
conditional expectation (Valriance) over s, when s is fixed,
one gets the variance of Y, for a given value of §, as

V(T IB) =E V,(¥, IB) + V, E, (Y, IP).
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Following Prasad and Graham (1994), we obtain
- 2
E V,(Y,, IB) =k 05 (B)
and
V,E, (¥, ) =k(1-f)o
where
k,=N(n-m)/{nm(N-1)};
2
o; (B) =Z q;(ri/q, - R)?
ieU
=03 +B* oy - 2B 6,0, 8;
R=Y R =Y,-BZ,8=0,/(c,0,),
eV
Op = Z q,(z/q,- Z)*,
ey
(M

Op3 = E 4;(Vyla; - Y)(z,/q,- Z)

el

02, k and 63, g, are as in (4) and (6), respectlvely The
optimum value of B that minimizes ¥ ( Y IPB) comes out
as, opt B =B, =980,/0,.

Putting the optimum value of B =p, in the expression

of V (¥, IP), we get the optimum value of

V(T IB) =V (P, IB) =k[(1-f) +(1-A) (' /A] o2

where " = (1 - 8%)¢; k, f and { are defined in (4) and (6)
respectively.

The optimum variance of Y for a given value of A is
obtained by minimizing the varlance of Y with respect to ¢
when B =B, and is given by

(Y,I0) = [1/ V(P IB)) + 1/(F, )]

opl
=[U{k(L-f)+ (1= A C/A) + w/{k(1 - fit)}] ' o2

Finally, minimizing V_ (Y 1)) with respect to A, the op-
timum proportion of the matched sample and minimum
variance of Y are obtained respectively as

opt A =2y =VC /(1 +VE)

and
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V(D) =k(1 - f+VC )o5/2 = M, (say) (8)

Remark 2.1

The estimator Yz*m, described in (1) is usable in practice
when the optimum value of B =B, is known, or a good
guess value of [3 is available from some previous surveys.
If instead of the regression estlmator Y2m descrlbed above
one uses the difference estimator Y =), es,, (yulp )P, -
[Zm (z'Ip; )P Z] based on the matched sample, the
expression for the minimum variance of Y would be as
follows:

mm(Y) k(l f+\/C)02/2 M(SaY)
with
L=(1+7-218)¢, t=0,/c,.

2.1.1 Variance Estimation

To get approximate unbiased estimators for V (Y ),
we first present the following theorems without proof

Theorem 1

P05, - (RICL- B)) [{Z 2, pD Bip, - fzm*z}

/p, J

is an unbiased estimator of V(thn), when BO is known,
k=(N-n)/{n(N-1)} and ky=(n-m){m@n - 1)}.

y P,

ICS

+{k 1k} Y P,

Ies,,

(r,.*/p,

Theorem 2

Vo[ ey, 7Py 1= N (= m)/{nm (N~ 1)} [0 + 65~ 20,,]
can be estlmated unbiasedly by
{(n-m)inm -1} (7' Ip =Y F'Ip, ) P,
ies,, ies,,

~* ~ ~ 2 2 . .
where 7, = F.A/p;, F, =Y, ~ 2,; 03, 6y and O, are given in
(4) and (7) respectively.

From the Theorem 2 we note that

5 =d2(zi/p,* - E zilsi/p,.*]zﬁi,
ies,, ies,,

. = \2

:dE (y2i/pi - E Yo, Pilp, ) p;
ies,, ies,,

and
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620 = dz (zi/pi* - Z Z; P-i/pi*)

ies,, ies,,
[yZi/pi* _E y2iﬁi/pi*) Pi
ies,,

are unbiased estimators of 0(2), 0§ and o, respectively
where d =m(N - 1)/ {N(m - 1)}.

Estimator for ¥, (¥,12)

Thus for a given value of m (i.e., 1), we can suggest an
approximate unbiased estimator of V (YI L) as,

(YIL) = (I/V +1/V) !

opt

where V V(Y 1B,) and V = an unbiased estlmator of
V(Y,, ) = (V- )/ N - 1)}2,25 P! (yulp;- )%

Estimator for V. (Y )

min

Putting suitable estimators for A,{" and 02 in the
expression for V. ( (Y ), we get an approximate unbiased
estimator for V_, (Y ) as,

V(P = k(1= £+ (1 - %) /AVE;,
where

E=-Ei=vra+v),

A2 22\1/2 _ 2
$= 8y /(67 63) C 03/02,

82=R82(m)+(1-%) &l

6, (m) = an approximate unbiased estlmator of 0‘2 based
on the matched sample s, = Y., ( yz,A Ip})P,Ip, -

{Y2 V | oz(u) an approx1rnate unbiased estimator
of oi based on the un- matched sample s =u(N - 1)/
(N -1} L P/ (3, P/Ip, - Y,,)%; k and fareasin (4).

Remark 2.2

Ideally one should estimate og through the optimum
combination of &*(m)and &%(x) and in this case, the
optimum combination will involve unknown parameters.
To avoid this complexity, the simpler estimator (62) of ¢*
has been suggested above.

2.2. Strategy 2

The population is supposed to consist of L strata with N,
as the unknown size of the A-th stratum (h=1,..,L;
Y, N, = N) stipulating that one can identify the stratum to
which a unit belongs, as soon as its value is observed on the
first occasion. On the first occasion, the initial sample s, of
size n was selected by PPSWR method with normed size p,
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attached to the i-th unit. Let n, units of s,, falling in the
h-th stratum, be denoted as s,,. Let y,;(h),y,,(h) be
respectively the value of the variate under study, of the i-th
unit of the A-th stratum for the first and second occasions,
and z,(h) be the corresponding size measure. On the
second occasion, independent samples s, ,’°s of sizes
m, =mn,/n (assumed an integer for every h), keeping
Y, m, =m as fixed, are selected by the RHC sampling
scheme with normed size qh, [y, (W) /z,(h)]/
Z,es [y,;(h)/z,(h)] for the i-th unit of A-th stratum. The
unmatched sample s, was selected from the entire
population by the RHC method with normed size measure D;
for the i-th unit as in strategy 1. The proposed estimators
for Y,, based on the matched-sample s,, and the
un-matched sample s, are respectively as follows:

IAlzm 22 Wy f’zm(h); ?214 :E (i /p) P/ €))
h 5,
where
Y, (h) = E ri(h) Q! (1, Dy @+ €, 2 2, ()
Sin

(nypy) > Wy, = 1y n,py =2,(R)/ Z,

r,(h) =y, (h) = ¢, y,(h),

Q,; = sum of qh for the group containing i-th unit of the
h-th stratum, that was formed for selection of the matched
sample s, by RHC method. ¢, ’s are constants chosen to
minimize variance of Y » (A). Following Amab (1991),
the expression for variance of Y is obtained as:

Nh
Vly) =k Y. 3. 4y, (/4 ~ R)P(h) +03/n
ho j=1

where =(n-m)in,q, =y, (R)ly,(h),Y,(h) = Zj |
Yy (), N populatlon size  of the h-th stratum,
P(h) Z 1Z,Z = Z "lz(h)
The opt1mum value of ¢, that minimizes V(Y ) and the
corresponding value of V'( Y ) comes out respect1vely as
Nh

opt ¢, =¢,(0) =8,; = 2; qy; 0 B/ (649943)
i-
and [1 + (n - m)0/m] o;/n, where

yzj(h)/th Y (h), th Zhj/th h’
Nh Nh Nh
2 2 2
Op3 = 2; 94 Opj» Opo = 2} 9y th’Yz(h) = 2; ij(h)
Jj= j= Jj=

and 8 =Y, (1 - 8,) 0y/{ P, 03}
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The proposed composite estimator for Y, , the optimum
proportion of matched sample and the expression for the
minimum variance of the composite estimator 172 are given
respectively by

)’}2 =(pj}Zm +(1 _(P) )’}Zu
optA =2, = [0 - (1-/)IVOVS 1/[0 +FVOVf —1]

Vow(Fy) =k(1/pg - 1) 03/ [1 + (hg/ug)VS " 1v0]

= M, (say)
where Azm and f’zu are given in (9), f" =N/(N-1),
Ho=1-2%; k& f and oi are given in (4).

3. EFFICIENCIES OF THE PROPOSED
STRATEGIES

The proposed Strategy 1 is more efficient than the
strategy proposed by Prasad and Graham (1994) in the
sense of yielding smaller minimum variance, as &%<1.
Efficiency of the Strategy 1 increases as 6, the correlation
between y,./q, and z,/q, increases. The efficiency of the
Strategy 1 and Prasad and Graham’s (19942 strategy
increases as { decreases. The value of g = 0§/ ¢, depends
on the magnitudes of cg and ci . 65 will be smaller
(greater) than 63 if the proportionality of y,. on y,; is
higher (lower) than that of y,. on z,. Obviously, Strategy
1 can be used in practice when a good guess value of B is
available from the past surveys. If the difference estimator
is used in Strategy 1 instead of the regression estimator
mentioned in Remark 2.1, then the proposed Strategy 1
fares better than that of Prasad and Graham (1994)
whenever 8>%206,/0,. Strategy 1 fares better or worse
than Chotai’sz (1974) strategy according to {* = (1 - 8*) { <
or >(1-06"). Here, 8" may be regarded as a correlation
coefficient between y, /p, and y,,/p,. In particular, if z,’s,
are constant, then 6" becomes the simple correlation
coefficient between y,,’s and y,.’s. The expression for the
minimum variance M, for Strategy 2 is complex and does
not yield any simple comparison with the other strategies
described here. However, we note that the efficiency of the
Strategy 2 increases as the stratum correlation §,,
increases. Following numerical examples based on the live
data reveals that the proposed Strategy 2 fares better than
Strategy 1 and also the alternatives proposed by Prasad and
Graham (1994) and Chotai (1974).

For numerical comparisons, three data sets are
considered. One of them (will be called Population 1) was
considered by Prasad and Graham (1994) which relates to
the area under wheat in 1937 (y,)and 1936 (y,) and
cultivated area (z) for a set of 34 villages in India,
compiled by Sukhatme and Sukhatme (1970). The
population 1 is stratified in two strata in accordance with

area under wheat in 1936 less than or more than 200 acres.
Parameters for this population are: N =34, N, =20,
N, =14, 8" =.7635, 5 = 3638, { =.3811,0 =.2436. The
Population 2 comprises of production of cereals in South
America for the years 1980 (z), 1988 (y,) and 1989 (¥,
compiled from The Statistical year book, United Nations
(1988/89). The population is stratified in two strata
considering 1988 production of more or less than 570
(thousand metric tons). The parameters for this popula-
tion 2 are: N=19, N, =7, N,=12,8"=-.6939,
6=.7666, {=1.1478, 6 =.3681. The population 3
compiled by Singh and Chaudhuri (1986) relates to the area
under wheat in hector during 1979-80 (y,)and 1978-79
(¥,)and total cultivated area in 1978-79 (z) of 16 villages
of Meerut District. The parameters for the population 3 are:
N=16, N, =9, N, =17, 8" =.7729, 8 = .1057, { = .3965,
6 = .2827.

The following table shows relative efficiencies of the
proposed Strategies 1, 2 and the one proposed by Prasad
and Graham (1994) with respect to Chotai (1974) which are
respectively denoted by E, =V /M, E, =V /M, and
E, =V IV

Table 1
Efficiencies of the Strategies

Population 3

E, E

Population 1
E E E, E E, E

f

.05 1.0463 1.1033 1.0181 1.0196 1.0850 .8262 1.0053 1.0864 1.0030

Population 2

E

1 1

.10 1.0479 1.0895 1.0187 1.0202 1.0711 .8212 1.0055 1.0711 1.0031
.15 1.0496 1.0776 1.0194 1.0209 1.0579 .8172 1.0057 1.0577 .0033
.20 1.0514 1.0683 1.0200 1.0216 1.0519 .8123 1.0058 1.0469 1.0034
.25 1.0533 1.0622 1.0208 1.0224 1.0490 .8071 1.0061 1.0396 1.0035
.30 1.0554 1.0604 1.0216 1.0232 1.0530 .8017 1.0063 1.0368 1.0036

From the above table, we note that in all the three
populations, Strategy 2 fares better than the others. It is also
worth noting that both the proposed strategies fare better
than those of Chotai (1974) and Prasad and Graham (1994).
For the population 1, { = .3811 which is quite favourable for
Prasad and Graham’s (1994) strategy, hence for the
proposed Strategy 1. Both Prasad and Graham’s strategy
and Strategy 1, performed better than Chotai’s (1974)
strategy. For the population 2, { = 1.1478 which is high
and unfavourable for Prasad and Graham’s (1994) strategy,
but & =.7666 is quite favourable to Strategy 1. Hence, for
the population 2, Prasad and Graham’s strategy becomes
less efficient than that of Chotai (1974), but the proposed
Strategy 1 remains better. For the population 3, { =.3965
which is quite favourable for Prasad and Graham (1994) but
at the same time 6" =.7729 and this (") favours Chotai
(1974). In fact Chotai’s (1974) strategy is marginally
inferior to Prasad and Graham’s (1994) strategy but the
proposed Strategy 2 remains better than both. It should be
noted that the examples shown here are quite unusual in the
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sense that they present low correlation between y, and z
(in example 1, 8 = .3638 and in example 3, 6 =.1057 ) and
there is a negative correlation between y, and y,
(8* = -.6939) in example 2. The correlations & and &*
are expected to be high and positive. Hence, further
investigation is needed to compare the performances of the
present strategies with suitable data.

Table 2
Sensitivity of Efficiency £ * = VPG/M(;

[v| .05 .10 .lf5 .20 .25 30
Population 1
0 1.028 1.029 1.030 1.031
2 1.027 1.027 1.028 1.029 1.031 1.032
4 1.023 1.024 1.027 1.026 1.027 1.028
6
8

1.032 1.033

1.017 1.108 1.019 1.019 1.020 1.021
1.010 1.010 1.010 1.011 1.011 1.011
1.0 1.000 1.000 1.000 1.000 1.000 1.000
12 .989 988 .988 .988 988 .987
1.4 976 976 975 974 973 972

Population 2

0 1.234 1.241 1.249 1.257 1.266 1.278
2 1.219 1.227 1.233 1.241 1.249 1.258
4 1.180 1.186 1.191 1.197 1.204 1.211
6 1.125 1.128 1.133 1.137 1.141 1.146
8 1.063 1.065 1.067 1.068 1.070 1.073
1.0 1.000 1.000 1.000 1.000 1.000 1.000
12 .939 938 936 935 933 931
14 .883 .880 877 875 871 .869

Population 3

0 1.002 1.002 1.004 1.003 1.003 1.003
2 1.002 1.002 1.002 1.002 1.003 1.002
4 1.002 1.002 1.002 1.002 1.002 1.002
6 1.001 1.002 1.002 1.002 1.002 1.001

8 1.001 1.001 1.001 1.001 1.001 1.001
1.0 1.000 1.000 1.000 1.000 1.000 1.000
12 999 .999 .999 999 .999 .999
1.4 .998 .997 .998 .998 .998 998

To study the effect of departure of the optimum value of
B = B, when some guess value of B is used in Strategy 1,
one may consider sensitivity of efficiency of ¥, for the
Strategy 1 for different choices of B, following Prasad and
Srivenkataramana (1980). The minimum variance of f’z for
the Strategy 1 when some guess value of B = is used,
produces

Vmin(?zm):k(l "f+\/C“)G§/2:ME )
where £ = [1 - (1 -v*) 8] and v =1 - B/B.

From (9), we note that the proposed Strategy 1 with
the guess value B fares better or worse than Prasad and
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Graham’s (1994) strategy according to Ivi<l orlvi>1.
Similarly, the proposed Strategy 1 with B = performs
better or worse than Chotai’s (1974) strategy according to v*
>or<(l - 1/8%) (1 - 1/£). Table 2 proceeds sensitivity £ *
of the estimator f’z compared to Prasad and Graham’s
(1994) strategy where E* =V, / Mﬁ. From the Table 2, the
loss with v> 1 is likely to be more than the gain with v< 1
for population 1 and population 3 but the situation is
reverse for population 2.

CONCLUSION

In sampling over two occasions, one should utilize data
collected on the first occasion to get an efficient estimator
for the population total on the second occasion. Chotai
(1974) used data collected on the first occasion at the stage
of estimation, while Prasad and Graham did so at the stage
of selection (and hence estimation) of the matched sample.
In this article, two strategies have been proposed. The first
one utilizes data collected at the first occasion for the
selection of the matched sample similar to Prasad and
Graham and formation of a regression estimator as
determined by Chotai (1974). These make Strategy 1 more
efficient than that of Prasad and Graham. The proposed
Strategy 2 utilized first occasion values as a stratification
variable, measure of size for the selection of the matched
sample for the second occasion, and formation of a
regression type estimator involving auxiliary variable (z),
available on the first occasion. Intuitively one should
expect the proposed Strategy 2 to perform better than the
others mentioned here, but no theoretical result was
established due to the complexity of the expression for the
minimum variance of the proposed estimator. However,
superiority of the Strategy 2 was established through
numerical data.
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