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1. INTRODUCTION

Sampling on successive occasions essentially consists of
partially retaining a fraction of the sample selected on the previous
occasions, supplemented by fresh units on each occasion and
utilising the entire ‘information from the matched units to improve
the estimates on later occasions. Repeat surveys are indispensible
if one wants to study the changes occurring in the population
character from occasion to occasion. The theory has been developed
by Jessen (1942), Patterson (1950), Eckler (1955), Tikkiwal (1951,
55, 56), etc.  The theory of successive sampling in case of multistage
designs has been considered by Tikkiwal (1964, 65), Singh (1968),
Singh and Kathuria (1969) and Abraham, Khosla and Katburia
(1969).

In case of two-stage designs the partial retention of primaries
and secondaries offers many alternatives. A general case can be
considered as retaining a fraction p of primary stage nits (psu’s)
and selecting afresh a fraction ¢ of psu’s (p+4g=1) and from each
retained psu retaining only a fraction r of second stage units ((ssu’s)
and selecting afresh a fraction s of the ssu’s such that r+s=1,

s

2. SAMPLING ON A OCCASIONS

Consider a population consisting of N psu’s each containing M/
ssu’s.  On the first occasion take a simple' random sample (s. 1. s.)
of n psws and select a s.r.s. of m ssu’s from each of the selected
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psu’s, selection being without replacement at both the stages. For
convenience the number of psu’s and ssu’s selected on each occasion
is taken to be constant in the present paper. On the second occasion
retain from the first occasion a subsample of size np of psu’s and
select afresh ng psu’s. In each of the mp psu’s retained, select mr
ssu’s and retain them on the second occasion and select afresh ms
ssu’s. In each of the ng psu’s, select m ssu’s following the selection
procedure as in the first occasion. The psu’s retained during the
second occasion will remain fixed for the subsequent occasions but
the remaining ng psu’s will be selected afresh on each occasion.
Also from each of the np psu’s, mr ssu’s retained on the second
occasion will be retained on the subsequent occasions whereas ms
ssu’s will be selected afresh on each occasion.

Let the character under study be X. The following notations
are used in the present context: '

X, : population mean per ssu on the #-th occasion.

-

#: : mean per ssu on the f-th occasion based on npmr units
which are common to all the occasions.

P

%'y : mean per ssu on the z-th occasion based on npms fresh
units taken from common psu’s on all the occasions.

bvikdd

%', mean per ssu on the #-th occasion based on ngm fresh
units on the #-th occasion.

The following result due to Tikkiwal (1965, Cor. 2'1, p. 126)
will be used =

E, is the best linear unbiased estimate (BLUE) of X; based on
observations up to and including h-th occasion if and only if
cov (E;, x;jz) = A for all i, j and k where x,j is the value of the k™
ssu in the j** psu observed on the i-th occasion.

It follows from this result that in order that an estimate E, may
be best linear unbiased estimate of X;, it must satisfy the following:

| Cov (Ei, ¥)=Cov (En, ¥')=Cov (Es, ¥""5) (1)
for all 1 ¢=1, 2, 3,...,.h). -

An unbiased linear estimate of X may be given by

h h
Ei= 2 ey (F—%") + Ela E'—F")+E" ()
i=1 =

By Lemma 2'4 (Tikkiwal, 1965), the variance of E, after ignor-
ing terms O(1/M), is seen to be given by

. 2h  2h
V(Ew)= ‘21 'Zl a; a; vy + [1—2aen—+aa)]VE"2) ...(3)
=1 j= .

L e .
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Xii;= the observation at the ¢th occasion on j-th ssu in
the i th psu. . .

' M
%w=WM)zﬁ%-
j=1
It is evident that Y = Yiie

The optimum values of g,’s, which will minimize V(E})
"are obtained from the following normal equations.

P4=B : . (d)
where P =((vi,) ) is a 2hx 2/ matrix of coeflicients,
4 = (a,, a,, as,...... »Asn)

and )
Be=(0,0,0,.,VE"VE".

Now, if the matrix P is non singular, the coefficients a;’s are
determined by 4 = P-1B

or a; = (Y=L 4y Wy pa A, (=1, 2, ., 20)

where A’ is the determinant of the matrix P, v is the cofactor
of vi in A'. With these optimum values of a,’s it can easily be
seen that the estimate E, satisfies the condition (1), for being best

linear unbiased estimate of X. '

Variance of the estimate Ej, is
V(E3)=Cov(Ey, ""3)= (1 —a i —amV (&)
_a — Y’Zh—l,2h——l+2Y2/I—1, 2]1+Y'Zh,2h:|
nq A’
where an==5Sb%,+ Sw?,/m
When there are only two occasions, the estimate of the mean on- the
second occasion is given by
Ezcal(:{‘ll_xull) + ad(-xlll__'—v-ull)_*_as(zlz_i;ulz)

vy

+a4(-§1l2_§:lll2)4_x 2

under the assumptions
Sb?) =Sb%=S8b* ; Sw?, = Sw¥=Sw?; a,=a for t=1,2
p'ip=p" and p'';y=p"" the coefficients are,

- _LIL ’ ’” 9 ._ 1 ) _‘Slvi]
ai= — 22 @+ syt g 1 ps)

.7

S L v nid

—— pﬂ.&_ - R NN 7] r_) /l; M
f’2~ A,.n[(w e’ +0'0""gs) Sb +gr9 " J
pzr : 11 S‘VZ i
= 1 1 b2 e
e Lo e Sy
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"“2%71’[ (1—p'e"qr—¢'"%s) Sb*

117 S 2
+[1—(g+ps)"?] n’: ]

wi]ere .
2 2
A":[(1+p’p”qs)Sb2+ gl ]

Sw?
m

T

— [: (g0’ +0"'s) SH*+0""(g+ps)

and the variance is given by
V(E,)= (a/ng)(1 —a3—a,)

JAY

It can easily be seen that when p=1, ¢=0 and when r=1, s=0, the
estimator and its variance reduce to the corresponding cases discussed
by Singh and Kathuria (1969).

An estimator [Abraham, Khosla and Kathuria (1969)] of A72, by
first considering np primary sampling units which are common to two
occasions and then utilising the information contained in uanmatched
primaries by proper weighing, is given as

Fp=K %o+ (1—K)x" '3+ K' (2, ~%,""")

Sw?
201 __A112:2 _ 19
=niq [ —pa SEU=es%) + m (1—(g+ps)se™)

where
Fpo=k[Fy+o" (X, =% D1+ (1 —K)7",

B =r% 571

The optimum values of k, K and K’ are
k=r[(1—¢""%s%), =pe*| A
" K'=(—gK]o) [¢'Sb*+ "' r|(1 —¢' 25" (SW*[m)]
where

_ o, 1=(q+ps)e’'%s  Sw? 0 ( R Yo'l Swi\?
A—(X. [Sb + (l_pugsg) m '—'q P Sb + l_ipuzsz m )
The minimum variance of ,, is given by

sy X o, 1—p"% Sw?
V(xw) n [U. (Sb + 1—9”282 m )

' rP” SW2 :
—q ¢'So*+ (Tij;—zs— =) ]

It has been concluded in the paper referred to, by an empirical study,
that the estimator X, is equal or rppre efficient than the estimator Eq

2 .
for different valpes of ¢, ¢"’, p, ¥ apd (_Xc(:xg,})ﬁv_{.ﬁ However, it can

casily be seer shat ¥, does not satisfy the nggessary and suflicient
. H o & e q‘:x‘ ‘ , 2 ooy P R TR
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conditions (1) for being minimum variance unbiased linear estimate,
for,

Sw?
Cov(Fa, ¥")) = I_a (Sb%hi'p )

n 1—p' %%

—q (9’sz + e S )!]

| —p' %" m

= ;,, o 1—p""%  Sw? )
Ty, o) = - ey P
Cov(Ty, 2 Nk (Sb + =52 “m

—q<p’Sb2+ e S )(9’ Sb?):]

1—p"%5% m

P o 2 1—9"2s Sw?
Cov(zy, ¥'9)= ——”—l:ot (Sb +*p”"s2 — )
. rapry __OF SWEN e 27,00
q<p SO+ e oy )(9 Sb*+o"(Swm) |.

This indicates that this estimator %, cannot be more efficient than
the estimator E, and thus the conclusion made in the paper referred
‘o appears to be not correct. The Table 2 in the paper [Abraham
et.al. (1969)] is corrected and is given here as Table 1. However, from
comparison between the Table 1 in this paper and Table 1 in the
paper referred to, it is observed that the superiority of estimator E,
over %, is not considerable.

It is assumed that the population parameters ¢, ¢'’, Sb* and
Sw? are known. In case they are not known, these may be calculated
from the sample observations and to that extent the efficiency of the
estimate is affected. The estimates of these population parameters
are given below

Est(Sb%) =sb?,— (sw*)/m)
Est(Sw?)=sw?,
Est(e'yr Sby SbyrY=r"yyr sbe sby —(r" 1y swy swyi )| m
and :
Est( p”,,'l Swy Swpr )=r"" 111 5wy sw,r
where
np

sb%,=(1/(np—1)) z(z'm—ae't)z
(=1

np mr
sw2=(1/np(mr —1)) z z =X )
k=] I=1

np
Figr st sby = (Uap—1) > & u—7) (Fpp—X'p)
; |

\

[l




TaABLE 1

Efficiency of the estimator Z,, over that of the sample mean per ssu on the second occasion, based on all #m units for m=4
and for different values of ¢/, o'/, p, r and o,
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and
np  mr
1
P Wy sWp = —E ) (g =%
P “ 7 np(mr—T) G =) Gire =% i)
k=1 =]

where x;; is the observation on character X of the /th ssu in kth
psu on the tth occasion. Also
mr np

X m=(1/mr)) z X and ¥ .=01/(np)) z * ik
. I=1 k=1
SUMMARY
Aa estimation procedure has been discussed in two-stage succes-
sive sampling on the /2 occasions where primaries as well as seconda-
ries are partially retained.
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