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Usually the results of a sample survey are useful
for tixa cccasion vhen the survey is confucted. But
for a dynamdc population, i.e. which s subject te
change frem time to time such as area under improved
geedsy the extent of fertilizer used, area xmam-
irrigation oz number of unemployed persons etcsy 4t
i3 desirable to vepeat survey at somé regular intervals
of time and to obtain improved current estimates,
the use of ancillary information obtained on some
previous occasion should be considered. 4leo te
study the pmbilm of estimating changes from one
oocasion to the other eccasion, taking place in the
population or to study the average of population
over a pertod of time 4t is esgential that suyvey should
be repeated and also the survey should be able te
provide reasonsbly reldable estimates of tfae value
of eharg,ctarsmdsr study flor the period in wvhieh
survey is conductedi
The duration between twe successive surveys
1g to depend dpen the type of surveyed material,
the finformation thet is to be collscted and the
expenditure that has been sancticned far the surveys.
The study of optima for ance‘egg:l'\;éf sapplding
presenta some new aspects especidlly appliceble te
such problems only. For example the questions are
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ralised vhether the sempling units sheuld be
identical or they sbeuld be quite different af
successzive ocecasiens, if net what prepertien ef
units should be fdentical 4.e,, cemmen te beoth
occaslens and heow to utiliss the informatien frem
previous survey te impreve the estimates of current
flgurea? A solutien of preblems for q;_;&gi@
ellscation of sauple for each of twe ‘sceaglons was
first prepesed hy Jeasen (1942} end extended by
Pattersen’,

GAven the data freom a serdes of ssuplssg
there are three kinds of quantities Cfor which wve
nay be intervsted to get- estimates,

% The change in %, the mesn of e¢haractey
under study, fram cne eccasion ta the
cntuat dcaasien.

2. The average value ef Y over all occasien

/ or for a period of time,

3. éhs average value of ¥ for the most recent

. ogeasion.

Guppose we are free te slter er rstain the
composition of sample and that total size of smmple
ie to be same on 211 occasicns. If ve wish te
maximize the precisien the follewing sbtatements can
be made about replacement pelicy.

%« For estimating change 4t i3 begt te retain

same gample threoughout all the scc~asions.

2, For eatimating sverage over gll ocetasians

/

it i3 best te draw a new sample on ezch
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ogcasien,
3.Fer obtaining estimates for the currend
eccasien equal precisien is obtained in
beth wayse =
Kow for selseting a fresh sample en each
ageaslen se many difficulties relating to rheld
eperatien are confyunted with §.e. the
being new te the place of inquiry, may not get full
coepsration of lecal populatien secendly the viole
procedure of preparing the hasie frame, talulsting
end 1isting of sampling unite shall have to be
repoated each time and thus conmming mere timé and
causing the gost of emmeration to rise high,
1f the ssmpling units are not varying smch,
a x?éuwex of samg vnits may fell te give any
additionsl informatien of sny particular interests
Moreover as Yates (19%9) puts 1t "a repeated survey
of same wnits may result in medificatien of these
units relating to the regt of populatien, he asserke
the point by giving one example that 4in a survey ef
agricultural practices, visits to farms may reslt
in the farmers concemedy improving thelr practicss
through the advice frem the investigator, an advice
vhich when ssked for can scarely be refused,¥ Thus
retaining some of units frem previeous enquiry and

griumeratey
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supplementing them with a sample selected a fregh
from the population seems Yo be an effective pelicy
for adeption for field weork.

in a survey involving a single stage randem
sample design, partiel replacement qf Sempling un:ﬂs
dees not present any serious prablem. 'mhéfar. ‘
multistage designes; problem, is not so ,sini)ig.e and
various problems arize, for examples, for w; lééége
designs, what fraction of primary stags wiite sheuld
be selected a fresh and what fraction to be rebalned
from first occasian to the geeand occasion, then
vhat fraction of secondey stage units with Jn selected
prinary stage undts should be partfally replaced and
partially rotatned, al} these problems mae?i

While a good amount of work has been dene fer
single stage sampling design by Jassen, Pattersen,
Tikkiwval ete., nob ruch work hag begn done for
anltistage desdgn, D. Singh €1968) initdated the
vorR for two stage design, he studled the replacement
palicy for primary stage unitas from firat occasion
to second occasion while the same second stage units
vere obgerved for the selected first stage uniis
and he pregsented the optimm degign for twe occasions.
8ingh & Kathuyla (1968) a2lso studied two stage design
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¢ for_sloccasiens =nd they gtudied the pelicy of
" replacement of secondary stage units wiitde studying
same primary stage units from one occasion to next

oeeagion.

.~ In this work, the bias in the estimate of
populatien mean of a single chavacter studied
ntilizing information on the same character on a
previeus eccasion has heen examined, Blas 4n the

_ astimate of varlence of this estimate has also
been examined,

Hoxt, when meny characters are obsérved in a
single enquiry and the survey is cenducted contimmously
en different occasions, the efficiency of sn estimate
on a particular oceasfon can be increased by utilizing
the gneillary infermation availeble on \tha correlated
character\s on the geme oecasion as well as informetion
for g1l the eharacters on all previous occasicn’y
The estimate of mean for a genersl kth character on
hth oceasion and its veriance have been calculated.

The results obtained may be applicabls te

, many a surveys. For the numericsl 4llustrations
ve have considered the data obtained through 4Agroncmlc
and Agro-econemic survey of X.A.DWP. District dldigarh
frém years 1963-64 to 1966-67,



SAUPLING OF A SYNULE CHARAGTER

Lot N be the size of population under stwdy
uhich ﬁis sampled repeatedly on two ceccasionn. For
the purpose of our stndy we azsums throyglmull thad
N 48 very lapges let n be the samdle 23ze on lsd
oscagiony Hovw on sedpnd ageasion we %ﬁaﬂ.ﬂ 8
asmpls of np undts from the sample o, the Yst
oecaston and sapplemsnt 1t by ng aelect@d‘ indamdan-
tly from the (Nen) unitz. We shall ddnote by Xts
the population charactexistie orn the Ist nceasien
and Y's the same on thé sscend cecastony

Thus on eagh oegasion W have two components
in the sauple and thair mesns provide unblaged
astimate of corresponding populztion meansy

We define these estimates as followy,

; ap
‘{; ”""%5“ 2, % ©Hean on the 1at occosiem based
L=} on Ap toits ¢emnen to sedond
gecasione

o -;%7 D %X =Mesn ou lst occasion bafed om
o ng units vhich are not included
on 2nd oggagdons
and ?;:, g are defined simslexlys
; = Mpan based on n mits for lst cecasions



-

Hov a linear unblased estimates of ?2 _ths
population mesn en segond oceasion is given by

LeuG -Gl B oy
and its variance is given by -

3 aﬁ 8 (1) el

& . v 2 ¥ Bl b 8!
v 3 = — i
. 3&1 a5 Ev

P
where ai s veriance of X, 8:. is variance of ¥
m&w;&s the covarianes betwean X & ¥
How for minimising the varianes, differantiating
partlally wvith respact to &, and a, and qutm

to zere we ged

}v@aa
RICY
331 a;; 3 \
L X9 . Aam. — aag Z 3‘-‘6
Sy
araltr- - .__E,_.,.au — qag
Ev@a)
B 5

83 2 '
f.0¢ 28, ...Eg_.. - 2{1-ap) .-2:}...-& \Eal_f_:% =0



Values of ay and sy vhieh will minimize the
variance of 73 are given by

8
%# ?i——o aaq ‘%“’ '
s R ’—'PiF
L ? 2
% T So thad & wer

How if we assume si*s? then the adnimam
variance of ¥, 1s given ¥;
7y = 2 Or @

W) = -
al« f’fgqa)

The estimate Xg 4s wibiased only if [ (the
regression eoefficient of ¥ on x) iz Imown but
generally in praotics this is ¢stimated by only
the common units in the samples %The estimate s
8t11X unblased if X and ¥ follew a bivariate normal
distridution, but this is however obvious that
this e.sﬁn;mte is always gemistan}s.

Now the estimte ef variance is given by

which is not

" Tha bias in estimating above variance is given by

EV é'z) ""éa)
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When ve assume that x's an%m occasions follow a
bivaviate distribution then the jeint dlatribution
of 85 4 8.y y By has the frequency functlon ¥
given by
pd (m20 ¥02 -mil a)ni&.

47 [R"C iﬁ;

,vﬂ-‘m M20 -2u1 Wil +p20m0R)

P

dx ! Coreimes

2
in the demain 2200, n63,0 mI < 20 X023

¥ = 0 outslde the domain

\

=
Eemmﬂe y 502 53 -

y,m“ﬂ
REO = 83 ¢ 903 = u =0,
poz L

pat a0

#H o=
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How ve male the fellewing tramsformations

w13?

B® 0
v & o0

w = 3

Then :aij.—l
How V¥ (ayvyw) =¢ u é" n? (mm%

M. (08 v - 2001 (W + u20
(no3 2ml MW)\ e
Fob y-a = g
dw = 4x
Now integrating over g, F may be writtan oz

Flu,v) = ¢ nﬁ*v@ @ *%‘in%ﬂliﬁ) dn.dv

P - §
xf‘n@ R

ory wm mou ¥y G2, g 008 vl ).
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Now integrating werd.v va gob
D -fm® 3. - B.p20 8
Mu)wﬂﬁ;ﬂ(é.m, . #ﬁ"am

- %i‘mnwm«)
¢ dv 4w

How the terms under integration may be written ax
o .

‘ E - ‘%"‘MT S o
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e m ET Sy

Now B{u) = f a rtnzé
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2.2 Hov pubting the value eﬁafa;ﬁ we got

Y =0

S W )%j

2.8 et Bn be the trelative blas when sampls
#ize 1s 1 and 4t &3 B, vhen sauple siza ds (m2).
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Where Ay ® {nel) (n-3)
- 3
Qn = L - 12&
n+a

¢ Ga .
= @ A, Z[r #{ryn) iy 2rem) |

8o above expressicn is of the form
B, > [rtérym) B, tle;n)]
r=0
cn

(Where By = - and B, N4
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As B, is Tinite for given n and Plrye) is s
functien of » and » 4t is easy to sse that

2. p glem) >B..
1//1“‘" 7 %ﬂmi

Hénce B, - 3&!-3 is aesiﬁggﬁ Skwm that
L s the relstive bias of the estimate of variance is
monotenically decreasing functivh of ¥
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In practice we obsorve many characters in the same
enquirys If we are Ainteregted in esfimating with maximam
precision the population means of difmiént characters
on different occasions, the informatisn available on all
the cormelated characters onm all previous oceasion ean be
utilized to increase ths precision of the gstimate.

Wa shall first discuss the study of two characters
on two occaslensse

We denote by xh (X the valug of ith unit fer kth
character on hih ocgasiony hy X ® 1,3, £-13; Syecceen

How as earlier vo dsfine

!
B0 g 2 By = Netm fon b chomecter on b

" @xolusively studied on hth
occasion only.

-l /'7' 5;
Xy ==y O 94 = Mean for kth character on hth
h{k) BT xh(k)" oecasion baséd on units which
are commen to two oceasions.

ih(k) % Sample mean for kth character on hth occasion
based on all the n unitse.

We also define
v ( ) =g° . 2
@)’ = 8pey * $ ? eyt = Tney)
’ n/
Cov (Xh(k), Xr(s)) = Bn(m) v(s) "ﬁ‘}l‘ g (xh(k)i 'gb(k))"

Xriodt 'Yr(s) );Ty8 =142,
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And the correlation coefficlant between sth
character on rth occasion and kth character em hth
occasion 1is given by
Sn(w) x(s)
f * Botm B
h(k)rlea)  “hik) “rfs)

It should be noted that no réstriction have

been imposed on the correlation wbefficient ort he
population, How efficlent estimate of population
means of both the two characters on the lst occasion

are given by simple msans z{lél} & il(ﬂ) based on n
unitse

Now an officlent estimate of populaticn
mean for st charagter on second occasion, utilizing
information available for only corresponding lst

echaracter on 13t occasion was given earlier.

- 1Y . ; -t
Zetn = 2% - Bw Pt T e +{1-8,) 4Xg¢1
evodbe 3(301)

But 12t he information available for 2nd

character on lat oecasion iz also used to improve the
estimate then it iz given by

aia(l) ! ﬁ'zm 'fqm.)’ *“a(i;.(a) ‘qta) )

+ aa g‘l) + (1-88) g(l) .....(8.2)
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and 1f the information available for 3nd character
on 2nd occasion is also used, the ostimate ig given

by

JaR - ) ey

¥y * 4 Y - ?m’ *ay 51(2; '?ita) )
ML ‘gfa) "ig(a)’ *24 iam*u"" ) i’am

'TYX) 0(303)

Now from theorem givan in the appendix it
i3 easily seen that estimate (3.3) ia more.efﬁcioms
than estimate {3.2) whioch is superior to (3.1).
To find the varlance.

Woen we 2tudy two characters on $wd occasions
an unblased estimat‘;e of population mgan for 2nd

character on second occasion can be written as

12(2) =X (1) gm’ T, Q%) (2 ua))
¥ 13(%(1) - !;(1)) *14 g(?) ¥ 2:5 x;(a)
Such that 14 + 15 =1 eavveal3.4)

and 1ts variance 13 given by
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1 I, 13 1, 1) Y Vg Vi3 Yia Vs | %
Vo1 Vog I

I3

-~ ‘

- I

Ve Va2 Vs 8

| Here vﬁd = Va, the covar}ance between two
|
|| expressions in (3.4} having coefficlents Ii & IJ.
The above expressien for variance can be

vritten in a simple form as LAL'.
L! its transpose and 4 ls variances covariance @matrix.
How for obtaining tha best linear unblased

estimate we should choose Iﬂ")‘s ix such a way that
AN
v &'2(2)) 1s mintem subjeoct to condition howaver

that 14 + 15 =1,
Now for this conmsider the funectien
F = LAL -2)\ (LE'~1) where E is the row matrix
(@ 0 0 1 1) and 4is undetermined multiplif.y
Now for minimizing variance wa should have
%-%—:e $2¢¢ 2AL' =« 3 AE!' =0
1.8 AL' =AE!

Row letP#-;t :},.mPﬂ(Pl P

X
geeerPs ) Pi"‘é“



Then APt »R' A
or P = £+ Er
But I, +1,=1
haneo )9..3-.
{ 5
and hence L' = ) &** g

~—

Thug the best estimator for !3(9) is given
by(3+4) where IE; Aapsesssly 87O given by

ttttt

LY = --Ln & B e e
5 5

and the minfsum variance given by
Ll s 2ges = )8 gt g

We have gol éxpressions for all quantities
excapt VM, to geb the eatimate of mean and its
variancsy The variance covarianes matrix ean
be found as

2 .
1. Amae) Mz funn

TN T =y Bp
fha s fueee 2

npg np ap

npq

..¢Q§.um~ocpg‘-nvmu~f»ww*ﬂ

2
Y201y 22(1)2(2) Ag.
| mp
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When the stpdy 1s to be c¢ontinued for more

than tvo occasiona, bhe sample can be drawn in 3
-d1fferent ways ag

{1)

2.

v
3s

14t n be the sanple sfsze on 1st occasion, new
for all the succassive occasions we keep a fixad
§»Ts3. of np units for all occasions fromn
units in the sanple on 1zt occasion and on each
ocdasion we supéiemcnt it by ?ﬁ‘ indspendent
gample of nq mﬁ%ﬂa, selected from the (N-n)
unita which arg not observed on £h9 previous
ocoasion, B0 that gample 33z on each cceasien
is kept fimd. 3n this way on some ocaasien
after 2nd somp unjits in the fresh sampls on
$hat oceaglen my come which have been studisd
an somy previaus ioecaaiﬁn alsey but hera we
assame that they provide no sdditional information.
When the sample of np units is retained from
apong the uy uidtq vhich have besn 2 taudied
only on the mlt cccasion f.0. 0o units are
_comuon between twol cecasions, pne occasion apart.
When a gimple nanﬂLn_mlo of ap units 4s
retaingd for the mi} occasfon from n units
cbzerved on thae mﬂvgeua accasion only.
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The results $n the thesls hawve been dsveloped forx
/  the samplimg pattern 1. But vith minc changes and

and alternatiens these¢ can be easily extended te other
scheémes als@.

Hov the estimate of mgan and its varlance for
gonaral ocase of & characters studied om ¢ach of h
ocoasions for sanpling pattern 1 can be written very
casny.

Tamy ® bl @(n %1) 3 ey a'l(axg(a)"““
X 'iitm* *on Roeyy= gmﬂm ®a "gm’

PesovastbesVoconrasy dovasbscavsetissdrsstassssprsgssssgen

*'%' a(h‘”k*l q‘” 'g‘n’ ¥ reerrrssacescecas
tax Doy e ﬁm
vhere
B * Bypey *Aw 7
and ¥ (fn(k)) = RVL*
vhere L i3 row mabtyix ‘311 ’ oagtoﬂwl)

and Lt is its transpose apd V is varianeo covarianog
mtrix ss defined earlier.
; Nov a3 prgyved earliar this estimate will be
" mintmm variance eé';:imtc vhen
LY & f:l it g"‘x B?

vhere Lk 13 yow mirix (0,0,4¢050.141) of order hiel
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and P = (31, Pa¢ ““““'phkﬁl’

i A

wnd snce sy v, 0
- and ;aﬂ;%-’*—-k-e'
Pry *Phres

And the minimim variance s given by

P,

L < P

a2 : )
B! = LB w ) B 4" g
Y 2 4
ﬁﬁfpf-&;‘ ) EATCE
RE Ppkcey
Now since all tho quantitiss except & are
kpown sp we can sasily get a minimum variancs

unblaged estimate if only 4 is known. For our
study & i3 given balov.

3,‘ . R

. \ |
e 10 WY R 143 1177 Y mmam...‘, Meante. o
npq npq np np

t:

np N

W S ap Ay M P W am A W AR B A w



In this chapter wa develops the formmlaes
of previous chaptor for two stage design.

et N and B be the nos of Repedl and 5.3.%'s
in the population and suppose that a sinple random
sample of n pessnts 13 dvawn for the first
ocgasion and that from each pPes«u. selected we
select m BaSet’s so that sample on the lst
cccasion consiats ¢f nm sampling unitse.

Kow supposé that we retain a s.r.s. of np
pe8Juts for the sample on second oecazion and
supplimeny it by nq independently selscted pes«u’s
wherh p + q % 1, 80 that pos of pPese units on

v second oceasion 1 also n, Now in the p.s.W's
ratained €rom previouns sample we retain all
S«3eu's vhich ware observed on 1lst occasion and
in the fresh ng DPeseu's also we select m s.s.u's
from sach of ng pPeS«l 30 that total sample size
on 2nd occasion is agsin npm + ngm = nuf{peq) =nme

—Practical considerations in an actunal
fleld survey macéssltate the slze of samph te
be the same on all occasione

Now when the survey 1s continued for more

than two oocaslons, the sample can be drawn in

Cangydy

¢ many d1fferent vays but we shall ceatinus—to the

T ———— S
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ease whan fizsd 34T.8e of npn unitzs frem the
nm units on lst oaceasien is cbaerved over all
the h oesasiens ané om each ocessien the sample
is supplemented by independently sslacted mgm units
frou (N-n)m units whiich were not observed en
the previeus occaslon so that sample size remains
fixed on gach oocasion.
We sssums througheut tho investigatien
that o and R are large ensugh to nsglect

& -
R
Hov we shall denote bythu the value

of jth 2.8, in the Ith p.s.u for kth character
on hth oceus ien} .

We ghall have twe companents in the sample
on each ogsasions ¥Thely msans will give the
éstimates for the correspending population means.

We defins thase estimates as follsws

- | CORp =
Toam "o 3 % Totu)s

% Mosn on hth oeeagion for kth
gharacter based on npm units

vhich are commen %o all the

occsgiong.
- o=

Tw “mr 3 > Ruody

= Mgan on hth eccasion for kth
chavactor based on nqm units

vhich are selected afreshs
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and Xplyy the sampls. msan based on all the nm
units in the sampled
¥ov we defive

g . - 2
LTI~ th{k')ﬁ -Tuwms )
'Bm)w = 2 5 "hmm gn(k)t’

=3 > %cm e N =} 3 Xecniy
sh(k)r{a)w ﬁ'é* B-1 2 Z-(xhik)ﬁ xh(k}i.) ~
LYRITRS SR
Als0

N
. , a8
Bptiye “E’.'r‘z Gning - fnm’
and

N
Bumrtad ® 70 2 Fuws - Do) Feteys- Trtay?

P - ah(k)t{s}b .
hfk)l‘tﬁ)lﬁ shﬁk)b 32‘3)h
P - Sniu) (o) v 3
‘ L 3 A ) oy
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How an mnplased sstimate of wean for kth
gharacter on hth oceasion and its variance can be
ebtained just onm the similap lines as in the single
stage design.
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The 1.4,D.P. emvasgges the se :qfian‘ of
favourable aveas wvith maximm irrigation factilities
an@ providing &l the elements such ag full supplies,
credit, ete. to increase Agricultural Production,

An integrsl part of X.A.D.P» 18 provision fer
snalysis end evaluation of programme fyem fts
inception, The benchemark and ;assement gurveys
are organigsed in I.4.D.P. distrfots with the obdject
of assessing the changes being brought adout In
agronomic practices by cultivators znd the congequent
improvement in their yields., The £ield work velating
to surveya conilsts of two aémponents,

[ (&) Agronomie and Agro-vecnomie survey
(b) Crop-sutting experiments on fmportent creps.
For our utildization we have shudied here
component (a) Agronamic and Agro~-economic
surveys.

The sampling plan is suggested by I,A.R.8. and
48 based on stratified multistage randam sampling
technigue, A4 zone congisting of 2 to & blocks
;:senstitutes a stratum, A village and a eultivators
holding in the village are lat and 2nd stage sampling

-



units regpectively.

From the whole population sbout 100 villages
ave selected and from each gelected village 8
cultivatars holding are convassed e¢ach yeal, Ssmpled
cultivators in a tatal no. of & villages silected
on- 18% occasion have been kept fixed fo¥ convassing
frem year to yesr. In addition a fresh.gample of
about 76 villages is selected each year from those
villages which are not selected on the i"réviws
occcesion and frem each selected village 8 cultivaters
are convassed eo that sample size ¢n each ocoasion
remaing the ssme, ,

The survey was started in the year 1962+63
and the flxed villages were chenged in 196768 the
data for the ysar 1962+63 was not awailable in the
compact and raquired form. $So the data fo¥ the
4 years from 1963-84+ te 1966467 is utilized for the
present investjigetion.

The main character under study has been taken
te be consumption of nitrogeneous fertildizer per
cultivator in the year 1966-67 with the help of
enxiliary variaties available (a) ¥otsl irrigated
area (b) Total area undsr all crops, en all the
previous occasiens as well a3 on the current occasion.
Different cstimates utilizing aifferent no, of
auxilary variates hsve been censidered and theiwr
effictency 18 ealculated, The results are given ia
table (1),




We RBave considéred the follewing differyent
estimatos. ‘
§1 Yean censumptien of nitregensous fertildssr per
cultivator for the ysar (96667 utildzing the
information for the characters (a) Total
irrigatien area {b) Total a.!,':;' wider all ereps
for the year 1966-67 and for gll the three
characters on all previcus occasionsy

¥ Mesn consmumption of nitregefiecus fertilizer ea
ell the thres shove characters on all the three
previous occasions enly.

!3 Mean wtilizing information cn previous 2 occaaions
enly on all the three characters,

% Mean utilszing infomation en previous twe
occagions only for the character under gtudy.
tﬁ Simple mes-n of chargter wdey study only en
current ocecasioen.

Zablg tet

Ratinate Hean Variance
<! 84,9701 36,8815
L 4 76.0350 4943715
¥ 89,7037 §t.5105
%, 93,6588 57.630h
?5 87.932% 63.7075
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¥ew from the results obtained it is easily
geen that.as the utilization of auxiliary informstiem
is increaged, the efficiency of the estimate increases
/ and thus in multipurpese surveys the imfermatiom ’
en other correlated characters on previous occasisn
can be utildzsd te get better estimates of sny
chargeter. o
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Bxpressions for an efficient estimate of
»a

population mesn for a character and its vauanoe

on 2nd occazlon have bee/n. obtaine;a ;tmsﬁ.ns infor-
mation en the same character on the lst occagion.
The sample estimate of population varlznce is not

an wnblased one and the expression for the relative
Eas in the estimate of variasnce hag been given in
Chapter IX. It has been proved that relative blas
ig a monotonically decreasing function of nphe sample
sdzs,

In Chapter JXX the expresgion for the estimaste
of mean and its vardence of character on second
occasion have been obtained utilizing informatien en
ancther corxrglated character on the second occasien
| and else the information for both character on lst
occasion. Then the results have been extended t¢ the

general case of studying information en k characters

on h oecasions, h22, k 72 and an efficient estimate

i
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of mean for kth chsracter on hth occasion and itsg
variance have been obtaelnad,
%‘; -
In Chapter IV the resultg have besan extended

to a two stage dealgn vhen replaceme;at: ﬂ.s~ done only
in P.S.us 8. sDplied-of results,

In Chapter V the results hag been 1llustrated
b%,the data ebtalned in the Agronomic anéd Agro~
econenie surveys of the l.A.DP, Bistrict mm,

By considering the cansumption of nitrogenequs
fertilizer per cultivator it has been observed thab

as wo increase the use of awxdllary varfates the
estinates baecome more and more efﬁcier.m. $he
comparisons have been made of efficiencies of different
estimate having different number of auxtlfary vanates

end different number of occasions on which the survey

has been conductedt



Theovem Let ¥ and ¥ denste
irq 1rk

respectively the unhtased regmssiw estinators
of ¥ Dbased on the set of supplmntary varigbies

suseldh i “"‘.’.'* SR L
<x1>, (xan (xq) and (X)) t_xa: ix’g ere

k 18 greaster than g then

vﬁ a>v€‘k )

The proef of the theorem ig gimllar t9
O My HE ok
Olkin €i958) end hence is sabmitted heres l



fa
Bx

4y

8a
O
v L
8.
2 P

104

RBEF B ARNOFES

Jesson, RoJe (1942) Btatistical investigation of
a sample survay fo¥ obtaining farm
fachka, I0WA Agrds Expt, Stats Rese
Bulle 304, -

¥Yotes ¥. (1949) Sampling mathads for censuaea
and gurveys, tharles Gml
Goey Londons

Patterson, HeDe {1950} Samp on successive
otecasion vﬁ:h partial replacement
ef units J«R. 88 soriss B=12.

Sukhatme, PV {1953} Sampling thaory of surveys
e vith applications Ixﬁ:?f}ac- of Agri.
Stat. New Delni. The Kﬁm Btate
Callege Press Ames, fows, U.sSde

PLiicival, B.D. (1254) Theory of sucaess.'wa
mulbiphase sampling abgtract Anm.
Mathe $tat¢25 74

Pankiwal, B.D, (1966) On efficiency of cstimates
in sugcessive mnltiphase sampling,
Abstract Ann. Mathe 5tat 288 158

flensen & ilurwitz (3.956) Sample survoys, Method
haory, J'ohn%&ley & sons, Now

nultistage Design Ir. of
rican State Aaseciatitm.

8ingh & Rathuria 63368) ®gn two stage suecessive
a?p Australian Irs of Statistiese.
70 11 No. 24

Gochrany WG« {1063)9"Sampli tenhn%aues" 2nd
mq ' 'editi.an, John niley & Sons'

« Talukdar, 4.H. {1968) Maltivariate rogrossion,
estimates Dy finite population.
4nn of the Xnstitute of Statistical
Mathematics V. 20, KO‘&

Bingh, D. {meazﬂﬁstimates in snceessive sampling



1Be

13;
13,
15.

" 16.

17

0ikin {1958) Multivariate patio es'aimatim !or
finite populations Blometries 45

~4605 ¢

Parbhu sggachkaz, BuCs & nmwa.l Beliey €1961)
on the theory of unwariata suc qessiva ?
gampling am. Hakh: Stat+38; 340
fabstract) .

Eé.e},ar, A.R. {1955) Retation sampling Anne Mathe
Stats 3&; 64-685.

Fikkival Bebs (1964) 4 note an two aiz"" ¢_sucegssive
© .ogeasicng sankhyay 26 é%ﬂv ‘

Tikiwal BeDe {1968) An emz&nation “of t‘ne ai’fe&%
of mathod sanmpling on the efflcisncy
of es {nation in the theog of sueaeesivg
;ﬁ Jre Ind« Socs Aprie Statal0

3 ¥

Tikktivwal BeDs (1985} The theeory of two a“tzage
sampling on successive aecasion*
of Indlan State Assoalation Vola m
Nox X 126135



