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I, INTRODUCTION 

Fo2r a dyn•mtc population a aiDale aiU'Yey on a pal'tlculn 

occasion p:roridea lnfo:rmation about pllptdation cha:ractaristlca fol' 

that occasion ODly and doea not rve uy Won:aation about the cbaqea 

wJ:dch occUI' iD the population. But oftea, the espulDleutel' apal't 

fl'om eati.matiDI the vallle of the popalatlcm charactu fol' the moat 

of population cha:ractu under atady fi'ODl one occaalon.'to the other. 
I I 
I 

He may also be fzzterened iD enimatb;ll the averaae ,Y~ue of the 

' 
population character on aU occaalcms over a pven ~riod of tlJne, 

• I 

a.veral occasions. ODCe the decision to atw!y the pop~lon on 
I 

aucce .. lve occaalona is made, seve.,.al altuuatlves iD desi&niDI the 

sampliDa plan would arise, via., (l) chooa.lq a new sample on each 

occaalon ; (il) rotaiDIDI the aame aample on aU occaaiona ; and 

(lll) replactnJ a part of the sample on each occaalon. 

The nJattre advanta1e1 oUhe vadoqa typea of aelectlon 

procedana woal4 depend on the eatem of vuiability •mons the anita 

and the vaf'ia1»1lity of chaqea iD theae anita aa ... u aa on the relative 

which al'lse are aa follows! 

I 
I 



(a) 

(b) 

(c) 

(d) 

RetalDt.q aU the p1'1mai'T •taae nmpllaJIUdtl (paa'a) 
f~ oc:c:aliOJa to occ&liOll but •elecUq •ch time a 
freah nmple of •ecOJad~atace·o,ultl (111111) fJ:om the 
a elected paa'•. 

Retalaiq a fraction 1p 1 of the pn11 aloq with the 
11a'• i.ll thole pia1a from occaalOJa to oc:caaio.ll&lld 
•el•c:U.Il& a fnctt.oa 1q 1 ef pau'• &fl'elh auch that 
.P ... "'1 • 

Reta,i.lliq aU the p'u'a fl'om the pnc:o41Jaa occ:aaioll 
but ·keopi.ll& O.llly a fl'actiOJa 1p1 of the aau'a &.lld aelec:\l.ll& 
all'elh a frac~on 'q' ol11a11 i.ll each pall'j· 

I 

Rota~ a fraction 1p 1 of pea'• and frP'Ifl each such 
Pill l'otai&lnc o.llly • tractioD 1:r1 of th* ;*•a'• aad 
lelecti.Jl& all'elb a baetiOD '•' fJf lhe ••~J'• •w:h that 
l'+cf •1. 

The choic• of ado~ ou of the _~a'bove PJ'OCOdarea 

would dopeztd em th~ re~~uil'emeDt• AAd lhe •'vaUa!>ilily ~ reaporcel. 
I I 

Sappoll ou la bee to alter or :retaiD ~ compo.titiOD of the Ample 

aDd the total •ample •be ia to be nme on aU occa•IODI. Accordi.lla 
• 

to Cochnn (1961) U cme latelld1 to mawim\zo the pnclalon, the 

atatameDta to be made about the replacomeut pollcy are: 

(l) Fol' eat\mati.Jl& the ave:rase cwe:r aU occulODS it ia Mit 
to dnw a uw •ample OD each occuiOJI: 

(ll) For utlmati.lls chlqe. it ll beat to retalD the aame 
tample thi'011Jhout aU occaalODI, aDd : 

(Ui) Fol' CUI'I'Ul eatimatea equal prec:lllon ll obtailuid 1rt 
lt:eepi.ll1 the aame aample Ol' by chaDiiDJ U OD eve!'y 
occaelOD.· Roplac:emeat of a pan of the aample on --each occaalOD may be better than thtiltematlvea. 
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Accordlq to Yatea (1960) then an two f~&riher palata 

' 
occaelou. Fir.Uy l'epe&ted aiii'V•J of the eame aalh uay be la-

.xpedleJU alnctl .naletaue to tJae JWovlalciD ot ~ Mce•ni'J' iafonaatio& 

may 1M e.q&llden4 aad •t~ly repeat.cl ••n~ ma.y naallla 

modlflcatlau at theae aalta nlatln to the nn ef .the popalatiea. 

' f ' 
Vadoaa I'Ue&rch worbre. ~ve wo:r~ ,ott. the abcwe 

JJaea aad ebtalAod l'ealllta coa,aldelfla& ~lfic;if•relatloa modele 
I 

lD thell' atudy; Ia the pnJea& lave1dptlu •r/•tteJbp& h ... 'beea 

made to WIDI'k out the ezpre .. loaa fo11 the eatiulatee f~l' a t.w• •tal• 

dulp wa4er a ltmel'al conellatloamed~ Thie la c:U.ldered to be 

of pnctlcal value.t.§ ihe liJOI'ker• 80&&1ed lD aam.ple 1111/Veya lathe 
' 



I 

' z. REVIEW 'OF LITERATURE 

J'eucm (1M2) wa1 tho fir1t to 1tudy the theory of 

l&mpliDf On aw:cea~lve occ&aiCID8 wWl partial replac~tiUU of wdta 

on each occaelon. Hle atudywu conflnad to cmlytwo occaalou. 

He obtatned two .tndepemteat eatlmatel Of the mea~ oa the aecond 

occaalon, one betnc the l&mple mean baaed oa IUI1t' IIDUI OAly aad 

the ethel' a regreuloa e1tbxate baaed on tho unlu c:ommoza to 'both 

occasions. The-se '!:wplestimate• were weiJhled with lnvene of their 

. ' I 

varla~;;.a to iet ilA ~·~t~ ol She mean on tho aec;o~ occa~tiP with 

. , ' I 
mtGimam va:rlanc:e. lD a~dit1on an overall sample peaa wa. llUO 

I 
obtalned on t be ilrlt occaeion. I 

Yates (1949) cave a a~lified method for eatlmatlnc 
. I 

the valaea of the me• a on aucceaaive occae~ by tl'eat~ each 
' 

occ:aaien •eparately. He c:onddered two cues, (t) when the aample 

on the aecond occaaion wu a lab•a&mple of the orlJlqalaample 

sample on the aec:ond occaalon. Yates extended J'ea•oa'a l'eaulte 

fol' the •tudy of one cha:racter em two occeliou to h occa•lQu 

uncler the re•trictl.ve condltloaa of a ccmataat •ample abe and a 1 

fixed z-oplacemem &action at each occaaion. He aa~umed the va•l· 

abUity oa dlllezoent occaaloaa and the couelatloa 1p1 between 

conaecu&lve ~aloaa aa coaatam. ~U'milllfurther, tho co:rrektioa 

between the l th and j th occ11lon to be P \l·J \, be obtal.aed the 

relatloa, 



I 

• • (2.1) 

preclae eatlmate obtained fo-. h th occaaicm, 
utilillq aU the lalonuatlon upto &Ad lllclucliq the 
h th occaeion 

Y 
1
: stmila-. eatlmate fo-. the pnvlou i.e. (h-l}th 

h- occaalOA. 

- I 
Y' : mean of waite commOB to h th atl4 (h-1) th occaelone 

h I 
- '/ Yh-l: mean of Ulllt8 common to(h-l)lth and its paoev10WI 

occaaton · / 

I Yh : mean of unlu takenafHahJn h th occaalon 

I 

I I 

<]Jh depends on c:o-.-.elaUon (p), the fiacti.on -.eplace4 'q' on each 
I 

occasion and the numbn of occ:uloDJ 'h1• /lA h lncl'eaeea <]Jh 

-.aptdlytenda to a UmitlnJ value which depends on 'P' and 'q'. 

He alao eatabllahed the nc:urence relaUonahlp between 

I 

••••• (J.J) 
1-~ 

whue p+q • 1 

Patterlon'a (1950) app-.oach to the problem of aamplina 

waa dUferent. He obtained the e1tlroate •• a lineal' function of a aet 

of variates and developed a aet of c:~tlonl fol' hla eatlroate to be 

the moat ef.fic:tent. Uallla the .. cCGditlons he obtained an efficient 



.... 
eatlmate Clf the pop'.t&UoA mean o.a d1e h th occ:aalo.-.whieh 1• the 

aam.e •• ( •• 1) wo:rke4 out 'by Yat... Tb :reClUI'UC:e reJatl.ouhlp 

1-9 • 
b - - . 

t - <•·P)Pz • ppZ( t- 9aa~t ) 

wJdch -· the aame a a t'lll.* eatabUahed by Yat .. 
1
( r• 1. J). 

Patteraoa fU&Wr pUl t])e .-.cutlrerii:O ftllatloul\if1A aii.Cithel' fonn 
I 

u I 
I 

( 14h> ( ~4h_1> -<• + ~ K t4lll + ·~ • o ', 
I 

I 

by pattlq 9'h .. 9b..t a tJ. He .~•••• that With llacreaalBJ ho 

14h telllla Jli1JD8rically to the amaJJ•et l'OCit of the •••PUc 

Umtttat valu of 9 u 

where p ... •I 

I 
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Pattu•ca alto pve &a elficiut edlmate e1 the dlflei'UCe 'between 

the me~ oa the h th occ:atl aa and that oa (h-l)th occuic:a. The 

ca•• whe..e •he Iampl• alae van•• fi'CIQl occaaioa to occa•loa wa• 

TWdwal (195S) ttdied the pl'oltlem foUmr~at a mol'• 

seaeral appr..,c:la. He coulden4 the c:eneJatlou ltetwee.a ulte 

clnwa oa •uccelliYe eceutou to ••- ... ~that cor:relatlau -· , I J-1 
follow a product model. Acco:rdiq to him f~ • t,:, Pt,t+l 

I 
I 

1 f. l L... J b h, wh..,• pij I.e the COJ'relqiOA hetweon the ·~· 
I 

Wlite on l th and J th occaelcm. 

to be ••ua1 aa aU occaalaae, he pnwed that with limU:laa ¢. 

the nplacen:aent f.-&etlon to be eflected em dtlfuem occaaiou 

tlllde to baJlll'om abon. 

JCcklllr (1955) c!eY81op•cl a method of .rotation aampliq 

to obtain a minimum vari&Ace eatbnate of the· populaUOG value 

( me&D aact total) by aultably cODat:rndhtl a liDear fac~QA of 

eampliq value• at dlflereat tlmee. 

StnaJa ( 1968) ob .. rved that fol' utlmatiAJ the m•u 

' 

oa the thba occuloa It would be pnferable to l'eput the aame 

•ample f:ractioa from oa. occulcm to the Dlld, while foJ' Qtimatlq 

the meaa ovenU the beeaalau ~ eample•fnctlon repeated aa the 
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' 
a~Oild oecaaloD ahould act be npeated c the third ocearioa 

but f.a ita place a al&'b-eample of the aample aelected allreah Oil 

tlut aec:oad ot:c:aalu ahould be l'et&bl.ed. 

aacce .. tve aamplJ.!qi with parttall'eplacemat ol msJU Lila 

multl·atase 4ul.p, They obtaiuc!.eatf.matea of the popalatiOil 

meaa (l) aa tha aecoad occ:aaiaa aDd (U) on the h th oceaalOA 
I 

I I 

wader the folbrtq two eptemt ol replaea~£ 

(a) pan!aDy npJac lal p•u•a aAd '•P'-1 .. u•~ flud, 
I 

I 
(b) beptaa pau•a flad &Ad partraDy .-eplaclaJ aa11•a. 

la1i~I'81Ulq tho 1'88\ll\a folP h occa•loJls• the patt~Q ol vari

abillty between pau'a aDd aau'• waa .... umed to be c:~ oa 

aD occ:aala:w. 

to oll&abl. the mt•tmam variaaco lluar unbia .. d .. timatea of 

(1) the })OPulatiOil mean Oil the moat rec:em oceaatoa ; (li) tho 

cbaqe 1A the populatioa meau f1'o.m one oceaal.oll to aaothu ; alld , 
• 

(W) u ove:ralleatimate ol the populatioa meaA ove.- aD oc:eaaloDAJ 

In a ~o *&• dealp. The 1tdy ~ cqfin•d to two caau vta. • 

(a) putiaUy nplaclq pau'a and ~•pins 81u'a flQd, alld 

(b) bep$AJ pJu'a &ad &Ad pal'tiaUy nplaclDJ ••u'a 
£01' a liud aample alae 'a' aad Wldn the rateJtlon 
patter& Ia which 1 np' aDlta &•• retalud over aU 
oc:c&aiODa eel 'nq' ~~ aelected afreah a.t each 
oc:caaioa ( p+q) sl. 
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Tho utf.d 1Aveat!&a$101l hal been made !Wle.- a senual 

couolatloa p..ttes-n. Tho l'U\11h obtaiAecl by Yatu (1949). 

:patter•CIIl (1950) uadu .W.taa• &ad by Stnp (1968), Siqh au 

Kuhuia (1969) W&der two •taae de•tp lellcnv •• pal'ticular 

e•••• undn the abtlve reteattcm patt.m. 



J. SAMPLING ON h OCCASIONS IN A TWO STAGE D£8IGN 
RETAINING A CONSTANT Ji"RACTION 1p 1 OF THE PRIMARY 
STAG§ UNITS (PSU'S ) AND KEEPING THE SECOND STAGE 
t1N1TS(SSU1S) FIXED. 

·~ (a oll'o •> of ta• psu'e and a elect a •• Z'o •• o1 'm' .. u•• 

from each ol the ••lected pau'a , ae1ee$loo belq wlthoal replace

meat •* Qch ttal•· On the tlecond ~catlctD, retata '"F the 
I 

fir•* occ•eioa & tllb .ample of etu 'up' oJ P.ll'• alon,with aau'• 
. I 

au eelect alreah '114' pau'a from. the IID4• aot aolectec! em the 
J 

lint oceaaloA. ( p+q •1 ). ID aeholthe 'ala' pau'• .. ~oct 'm' 
I 

&au'• ~ th1t ··~OJ!, pzoctl\\un ... m \he fbft occlr.sica. 
J 

for the •ubaoqwmt oeea•Lona alao bat the nza&iiUA& '4CI' pau'• 

wU1 be •elected alreab Sa each oc:cul<~~a. Tba at~~ple else it 

kept coutaD& em each oc:c:utcm. Tbb lt couldered beplq Sa 

field cOAclitt.ODIIo 

Let the chr.ra¢te• mldel' atudy be 'X'. Undu the 

pattei'IL of eampliq of tl8"'' •• 1Adlc:-.te4 below, oae c:u bllUdl 

-~ h ~ed llzutiU' eatlm.-:te for the ~llOD meaD ( Xb ) 

01l the. h th OCCII!•toa uclwo~tk ool at. varia.ace. 



Oceaaloaa 

1 
a 
! 

• 
• 
• 
h· 

-u-

•• .... 
•• .... 
•• . ... 
•• .... 
•• .... .. ... . .. .. .. 

+ •• ,.. oa .. eh eccNloa. 

-. : 
' 

I 

populatlea m.u at tho t tb ~cuW. 

•ampJ.• meaa at the t tb occuloa. 

mea a per an. OD the t th occaalea fer the amp 
IUif.ta which an c;ommoa to aU the occaa4 eu. 

-;,.: : m .. a P•• an ,_ the t th oce&llcm for the JUDt 
uaita which are aelected &fre•h la the t tb 
occaaioa • 

.Aa •nlmate el the popW.tlcm mNa for tho h th occaalu t411billa 

aU the iafonuU• c:oU.ct•cl f:rCID'l fll'at to h th occaaloa 1Acludla1 

that oa thl h th occaaloa c:aa h writtea u, 



/ -
~ aal~' +~•+ ai&z'+bzR'a• + ••••• ~ -h + bh &•h 

h 

.. I: ( ·,•· + bt ·~·) 
l=l t . -SiAce E( ~ ) a E ( 'ii ) a x1 

h 
:. E ( ~ ) a I: ( a

1 
+ b

1 
)i

1 l=l 

- -111 order that ~ may be an Wlblaaed eatlmate of Xh the c:ondltloa 
I 

ahould be I 

for l al, Z, ••••• b 1
- 1 

Henc:e 

I 
I 
' 

I 

' 
I • • • (J.l.l) 

CODalderl.ng the population to be aWfictemly larae tbi. terma of 

ordu _!_ and ..!... can lMa lsnond and the vulaace ot the 
N M 

.. tlmate ih la jiven by 

h . ~1 
.,z: .a L- - + 
i=l i np 

h Ph• + a E a1a•, L-
l L. l' 

sb2 

+ (1-Zah )( --1!. + 
q 

Sw2 'Bb 2 

--~-+~ + 
Swz 

_;;_f J 
nmq nmp nq 

Bbi Sbil' 
+ 

P"u• Bwt~i' -
.J 

np nmJ! 
2 

Sw)l 
) .... ( 3.1. z ) 

~ 
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xtt .. J.. 

N\ 

De.fiaf.q •• 

I 

a Lfeaa •••~"• betweaa pall metu ill the pepalt.Uoa 
lllll the t th occadoa h •1. 2, ••..• b) 

1 
N(M·l) 

N W 
Il :z: 

tal J aJ. 

• Tl'1afl covariaJJCe beta'••• peu mo•~~o~ valUN oa 
thetthaadt1 thoccatloa (t,t1 •l.1, •••• h) 

,t ~ t• 

"Tr~• ccwati&ace .,._ ... ••• value• wUJaia p11111 
• U.. \ th ...S t'tb ecc:aaloa ( t,t• •1,2, •••• ,h) 

t, t' 

., the o'laaei'V&Uea at the t th occNloa • J th "u 
ta thlt l th P••· 

M 
:z: • 
jal'l ljt 

. a 
Sbl + 

s., 
a 

t m 

I 



I 

\ 

I 

The V(;.) tlveala (3.1.1) taU. thefo:nn 

h h ; 

'" :z: :z: •~.•~.. Yu• + ,.h < 1·~) / 
ia:lf.•-1 ,j 

II 
Whel'e yU1 •. J'U1 fOJ' t ; 11 

I' 

•a fort·<~l 1 1 
l 

I 

' ' 

•••• (3.1. 3) 

Opttmam value• of a1•a ( l •1. ~~ ••••• h) whkb wlU mfotmfae 
' -the vulaACe V (~)may 'be 4etumhaed by aolvlAI tho equatlona 

...!Lv ( il ) .. o, (I • J.a •..••• h), •· .. , .ll 

Ysf.• + lsl'.z + Yn•s +. • + Yu•t+ • • • • +wsh~ .. o 

•• •• •• .. .. .. 0 

• • •• • • • • • • .. 0 

lJt'l + lJz•z+ '~Js•s+ .. + lJlal + • • • • + -:tjh 
8

h 
.. {) 

I• \' .. • • • • •• ••)•0 A. /li·?' V1+ va+ '\.J•s+· .+ Yhi•t + • • • • + "hh"h = ~ ( "' k.) 
I 

~ 
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' 
2'lwae h equaticiD8 iavolviAJ h ~ caa be put lA the 

PA e: B 

' "n u \s·····"·····~ 

"n 'n Yas····· Yi1····· YZb 

,:u '.sa v,, ..... I I 

'YJi' •. "J YSh 
' whAJ:re • • •• • • •• r; •• ;, 

• • • • •• • • I • • 
P• "Jl "fj~ 'J3" •••• "tJlt ••• "Jh 

•• •• • • ·' • • 
' '\1 Yu \:s• • • • • I ~'a.!• • • • • ')m 

I 

la a h • h maulx of ceeBlctema 

B ., 

0 
0 
0 

• 
• 

0 
• 
• 

la a vecto:r ef h elem•m•. 



I 

-16-

~ .p ,.,_ ... .p .... .Jh 0 

1'1 vaa /s .... .;t .... -/>h 0 

;st YSJ n y ••• 31 y ••• -1'4 0 

• • • • • • • • • • • • .. •• • • • • •• , • 
.p .;a ·t" .... .Jl .... ,Jh .o 

•• • • •• • • • • • 

,hl ~ ~s ... ~-··· 
/; 

yij .6.Jl I 
where • I 

L:'>.h I 
\ 

/ I 
D. h le the detesomJnant af the ~ P 1. •· I 

,6.. • 
h qtt .11 CJJas •, • • • • • • • • 'iSl3h 

• •• • • • • • • 

~ ~Zh 4P5h········ ~ 

the l th colUDJD fll ..0,. h • 

Hen.c:e 

I 
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I 

Sa.Utltatlq theae valuett, the equatitlll (S.l.l) weald be 

(3.1.4) 

and ( 3.1. 3) would be 

' 
h · h b. hl' Yur 

o.pq V ( X: ) "' :z: a, :z: 'DO.. ----- - lp a. A. + pah 
n lr4 i'!tl··~~o -6. n·n 

h 
-e..· I 

·~ h ,11 Now it 1a Jmoum. that :z: v
11

, L1 
•I hl' . (.. : 1 

l .. h 

whe:re 

.. p/ ' foJP l ~h 
II 

I 

V( 1\) c:(./npq)( ~all • Z~ah +, pah) 

L'l .. 
h 

' ., 

••• (3.1.5) 

) /••. (J.l.6) 

(~~ .. ~ 
one• can see that 

I 
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' 1 q cflJ qb ...... qJlh 
lS 

' 
qs-u 1 (ldu ...... qSZh 

• 1 ••••••••• q ~ qS 13 qSzs 
11h 

3h 
- .. •• • • .. .. • • 

qJih •cfah 

.. .. 
'ld3h"""'~ 

I I 
I 

I 

Hence, the estimate ot the mean and ~ yariance Jlven In 

(5.1.4) ull (3.1.6) reapec:tivelywould~e 

• \ 
h I •h b.. hi 

"i. • 1: p/ - • ( i• - '!l• ) +X" 
D ~~ I ~ A h I i h 

I . 

Gh 
and V(~) a - (1..,..... p 

nq 

when 6 •jl la the e•ctor of the elett•eDt in the J th 

and l th column ol b. 
8
h • 

U () a S for aU l and j then the equation (3,. 1. 8) 
lJ 

would be 

V( ~ ) a ~ ii : p 1+ (h-Z)qcf J 
114 [\t{h-1)qJJ( 1-qd ) 

••• (3.1. 9) 

= ol.i t I+~- "Cr tfb' .. J-~+"v+k7.t~1 
~'1-L t.l~.ci~fHt-'Vs). , 

,. c<.c. \ IT~ '\1~ - ~ 'V~J 
-;;;: L C!. -t :c:; ~ x 1- '\1 s ) 
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Particula:l' Cases 

(l) Two occasions: ( h " 2 ) 

Puttln; h = a ln (3.1. 4) the eatJmata of the population mean 

et the aecond occa~Jion becomes, 

a 
• .. E pl!2 a t=I 

.. -

/ 
•• (i.l.lO) 

Puttln; h "2 ln the equation (3,1. 6) ono gets 

••• (3.1.1i) 

This result is esaeutlaUythe same ~s obtained by.D.Sln;h 

and Kathurla (1969). 

(U) Three oc:casioDS: ( h = 3 ) 

- - Ll31 c-· -. >+ •s = pGa L *1 - x 1 c.., 
A 

_.:;:.3!:. ("i' -X' • ) 
A 2 2 

J 

Ass - - -
4: - ( •'s -x•sl.f +1l• c.., , ••• (3.1.12) 



1 ~~o-

where 

o., ~u ~.u 
.1 .. ~lZ o.2 ql'~ s 

~13 calSz, 0.3 I 
/ 

2 z z ! 3 
~o.za., 1 (a.l~ !3 +a.!fJU +a.3~l2)+Zq ~az!Sl'l'u .. 

.. 
= 
.. 

•2tsu1Su~uo.a v 
z ..... ./ 

q ~lZ~13 - .,.,.Uo.l 
2 z 

o.la!- q ~lZ V 

l*g( O.f'z'1a,.;;, ) 

A, 
-./ _j 

a., -.. -L 1 
ll 

PI( "'JPz~ +ciz'\~ ·'14ur>rl'u > -
- --;--z·- 2 2 3 _/ 

a.fzo.s -q (e1~z' i1r.zl5u i1f.3~1Z)+ZqtlZ "n~zs 

When a. =o. and j5 
1 

,. P 
t tt 

(3.1. U} c:lln be w:rltten as · 

V( i } = ....!L. ( 1 -
3 ll 

••••• (3.1.13) 

!or aUt 

,. 

•••• 

This l'esah lathe aame ae obtained by D.Sinab (1~8). 



' 

3. a. Estlmate of mean at the tb occasion when data on h 
oc:caalons 1s available ( h > J 

1 J th occaaion when lnformatlon upto h occaalOM la avallable 

( h > J ). AD unhlu•d estimate of the popalatloa mean at the 

j th oc:cul.on la, 

-••a)+ •.• +aJ(i#/,. •l )+~'-J 

(-, -. ) + •••••••• +ahah-•h 

II 
I 

I • • • 

.I 
(3. 1.1) 

I 

npqV ( 
- h 2 h 

ha ) a E a1 a + q D a,a1, ~ + JiiGJ ( l•!a. ) 
J tot 1 ~· u• J 

h / h 
= E 

lc;l 
E a a y +- (l·2a) ...... ( 3.!.2) 

l'c;l t l' u• ...-J J ' 

whel'e y ls aa cSeflaed lA aec:tla S, I. u• 
The opt1muJD value• of a1 '• whlch wlU mlotmlae tho va•t~e 

V( bXj ) may btl obtained by •olvl.QI the etuatlana 

... (3. 2. 3) 

On solvtng these eqaatione the optimum value ot a
1 

would be 



a • sa 
1 J 

whezoe L1Jl •• cleflaed oarliezo 

l8 ,the cofacte:ll' of the elemau commCJD to the J th rfJW and the 

l th column iD Ll h • Putt1n1 the nlua• of a
1 

la (J. Z.l) and 
, ..... 

{S. Z. &) the eltlmate of the_,. at the J th occa1loa IIAd 1U 

variance would 'be 

h 
• E 

l:ol 

~ ('i• .;. ) 
.1 1 l 

h 

I 

(·1 - pa t.J.t.. ) 
J / L1 h 

~ ••• c 1 
l 

-p .JL) 
t.• 

h 

I 
... (s. a.•> 

... (1.!.5) 

... (1.2.6) 

•••• (S.I. f) 
.. 

Ia 1ectloa 3.1, the e&mple m••D baa beO·n o'btalaed lD the Go•'" 
I 

a1 pven lD (3.1.1) which coatalu the coefflclem• •a1•. Earllu 

l'elearch worlten have ••tablllhed 1eme relatloubip betweea 

oeca•lou. Similu zoe1aUoubip ba1 abo beea ~'btalDed lD the 



" 

( 1 •l,Z, ••• , h-2.) 

./ 

• 4h 
.... 8 -. z z ..:'• 

• L 1 + (p-.) & h-1,h J 4 h-1 - P J h•l.htlh-z 

••• (J. 3.1) 

N • • 
ow, !Jbh t1 bh 4 h-1 

.., • ~ • P - • p - • • • (3. s. a) 
.,1.h ~ h ll\ 

aad a the cornapcwalllq coe!flclat ~"'u• a:re h-1 h-1 --T7 

occadou b j 
(h-1) (h•l} • 

!J h·l.h-1 ., ~h-1,h,-1 ., 1\ p t,. h-Z 
ahl .. ._1 ~ p 1 • • 

- - l1• Ll h-1 ' & h-1 4 h-1 

... (s.J.a > 

where ~ aa c!eliaed urllel' lD. •~ion S.lla the cofactol' of 
jl .. 

tJie elell.liiDllD. the J th I'OW and l th columa of Zlh • The 
• 

aupuael'lpt (h-1) deot .. that the detenn'uat penalu to h·l 

occaalou •. From (3.1.1), (3.1. Z) aad (3.1.. 3), ll follow• that 
I 

• 

•••• (3. 3. •> 



fo~ 1 • 1,1, ..... , ll-1 

a caa fanl:le• llo oeea that a llDUt..._ Y&l~~~t of ~ wkea &aa. ..... 1• 

1 
(aay) caa 1M pvq by 

I ·-
• •1-

• t l -?l· ) j../ ( 1 - [} >Li· ~2(1-4pq) J 

, .•. 
..... 

I 

........................ - ... A .. 
I 

I 

Tbe 'U&b'• •elllnt;al' eltlmate of. the popiJlaUa mean at tho 
' 

h \h occaaloa la a two at.JO doaip ••J1YU 1a (3.1. 7)'.caa 'be 

plllao 

-*b .. p 
··1 - h 1 ° ..l,• /o. -,1 --C •• + • h ~ ..J!!. ( x'l - x " >J 

h 6. hh hl ro::- 1i 
i 

+ ( 1· ) .. " 
b 

•.••• , (S. 6.:t) 

• • whue!:. h~ {). hi &J'e •• deflaed ln aectiCIA S.l. 

SbnUarly 

-



f"\ .. t .. ··b:l ) p h·Z 
Ll(b-l}'t 

.. E h-~J (i'•-a•) • 1 i 

/•b~l /::. h-1 1=1 1&; 

\ 
• p toi-l •1,1, •• • • ,h•l 

(b-1~ 

- ~ hh - I ;;· ' [, h··~ . L1 h 1 1 
~ • P 1.. x: • + a . 2; P - , ( 11' - x• ) 

Ll..h . 11 . ~·h-1 b-l,h l=l ro:; f.t i 

(p b.. -b. ) •. 
h-2 h-1 ( O:J • i• >]J + ( l - 4 h-1 ) i'•h 

. 11•1 h-l p L). 
/~ .. 1 b 

• 
+(l .. p .6 h-1 

~:::..• b 
) -. . .' 

h 
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( :i. ~ ii ) J+(l..a ) .. 
ll-1 h-1 h h 

• 
.../ •••• (S. 4. 4) 

This Ia thl, ume expreaalon aa • obtniud 'by Tlkldwa1(19!11) 

llAd Patterson (1950) Ullde:r more reatr1ctlve cornlatlon m~•. 

It may ~ remazoked that the col'l'elation model canddel'ed ill 

the preu.JU .lnvo.dlptlon reduces to the product model aa 

consldel'id by Tlkki'9llli lf one Ia 1.11.\el'elted tn/aJ.l the occaalona. 

s. 6. Slnjle ataae deslp 
'I 

I 
I 

I 

It the design Ia &iQiQtaJe , thell iw 'lriJ!ch does not appeal' 

au.d p 18 the co I'U> J:attOA 
tt• 

between the same units (psufa) at the t th and t' th occaalona. 

The eatb:pate of the mean at the h th oc:easiOA and lta varla.llco 

&:regiven by 

h 

~ = ~~ pshl 
&I hi 
- ( il' -1i. • ) + 'Ra 
&lh l i h 

... ' 

... (S. 5.1) 



(;'{ 
G'l 

fVl 
co 

l 

cr: 

-2'7-

• •• (3.5.2) 

sa 
l ClPuslsz ''tl1t8s · · · • · · vlhsl~ 

2 
qp11s

1
s'l. s2 'I.Pusaas •••••• ., 'l.b. szsh 

where 
sa 

qp13SlS3 qpl.JS2S3 ''' ''. Vsh838h 4 3 
= 

h • • • •• . .. .. 
• • •• • • • • 

t'\hSlSn 'Pzh8a\\ • • ••••••• sa 
h 

h • 
V( i'h) II (tr s

1
1 ) Ah where 

hl 

1 "'u qp13 •••• 'I.Plh 

Vu 1 qpZ3 " •• 'tP'I.b. 

"u q.pZ3 l •••• "sh 
A• = •• • • .. • • h •• .. • • .. 

-qp 'IPab, qp3h< .... l 
1h 

SubatltuUna the•• value• in {3. 5.1) ud (3. 5. Z) OM aet• 
• 

&hl. .II. ( ·~· -pl) + i"h 
~I h 

.... (S. 5. 3) 
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/ 

• 6 -
.'bh _j 

kih. 

••••. (3. 5. 4) 

~ ftom eectlCII'l (S. 3) it CoDon directly that Slj = plJ 

ad th111 

V(~) 

where 

ud 

sa 
h = -(1- ah) nq 

p 

•••• (3,5.5) 

1 

- I 

( l .. ;_;4,h ) + P~,.1,h(1·~-1) 

I 
I 

I 
I -

p (a .,. a• ')../+( 1 -a )"i" 
h•l,h I h·l h-1 I h' h 

I I 

• • • .. (3. 5.6) 

which ls th6-tame as obtalll.od lay Ti.Wwa1 (1961} ud 

Pattel'son (1950), It 11 Hlll&l'bble that the va:rluce depend•, 

a pan from :r~eineQt fn.C~tlon and~ oal~ upon the vadaac:e 

at the lut oc:ea1loa. (J, , s 
f '-) ! 

3. 6. ;E•tb:bate of ehanse ~~ meal\8 betweea any two ocea1loD.I 

occaslona, net aec:uo:rUy the cODAiecutlve ones and to work out 

fol' h occa•Lou and lt is desll'ed to fhul the chaqe between ~ 
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j th &Ad j I th OCCaalon& Whelre h > j I> j • 

An IDI.bSaa ed utlmate of the cbaqe banreoa j th •nd 

j' th occ:atlnn utW.~ tho eatbe lzd'onna.li<m of h occaaiou u 

alve:aby 

h 
CJ1J' = E a ( il' - x• ) + ( x" - P ) 

hl l l l l' J 
•.• (3.6.1) 

h 
apq t V (C ) " :E 

Jj' 1"11. 

h h 

I 
b 

af e. + q E a a• ' -!.~a a.J,-a a.J) 
l ~~~I l l f ll I , j I J 

I 

I 

I -. 

where 'Vii' la aame ae defblod lA equatloa (3.1. S) 

Optimum valaea of a l 'a ( i " 1, ••••• h) which wm mlnlmlaa 

V( C 
1 

) may be obtalDQd 'by aolvlDJ the oquatlon~ 
Jj . 

--::4- v ( CJJ' ) D 0, 
dal 

or PA = E 

( 1 .. ,, .t. ...•..•. h ) 

.... 
where P'ud A a.-e aame aa defined lD aoctloll 1.1 and 

(3. 6. I) 

I 
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I 

0 
0 
0 

po.j, 

0 
0 

0 

ls a coliUllll vector of 
b ele:anent1 • 

I 

,/ 
I 

Auumtna f.. b which is same u 1u. aect~fo.l to be noa aero 
I 

and solving (3. 6. 3) for a 1•s oae gets • 1 

Patting these valuq af a
1

•a 1u. (3.6.1) the estimate af the qhaqe 

becomes 

"" • (3,6,4) I 

and the expesslonfor val'lancetive,a iu.(3.6. J) bec:amea 

npq V( CJJ') 
b h 

= :z: a :z: Yu, 
lot 1t•=l 

~J' {'.j'1'"1JCCJLJJ1' 

Llh 
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h 
NCJa' E 

yli' ""'kl' 
.. Dh 

1'=1 
1011 i .. k 

wherel k h .. 0 

.'. nqV( CJj' ) 

U Cl aClfo~raUt (3.6.4}becomoa 
t 

h 

+ (I& + A ) •• , , (3. 6. 5) 
J j• 

'·.. . (S.6.6 ) 
' 

• • CJj' .. E -1- 1 ( 15. -A )( ••• 'X" ) + ( ... - i"' ) 
i=l IJ. h . J '1 Jl 1 1 j' J 

••••• (3.6. ?) 

and(3.6.6)bec~ 

pea - ~~· • • -
nq v ( CJJ') .. --:;-- L ! f.j J'J -15. Jj -A J'J' _/+'ZA 

L\h 
••••• (3. 6. 8) 

Suppou cme Ia 11Uere1ted ill findbla tlUI variance of the eatlmate 

of chana• between two ccmaecutlve occa1lona ny h th and (h-1) th. 

then from (3.6.6)·, 



\ 

'-' 

when ~ "" for •U t t 

• .. • (3.6. 9) 

pl 

nq V( ch-l.h) = t.• - . - . . -
L 2 4 b,b-1 • t~ h-1, h-1- ,j hh ..1 +ZA 

b 

•••• (3.6.10) 

Particulal' case 

PuttlnJ b a 2 ~ 3,6. 7 al,ld 3,6,10 the <Ultimate and th411 

varlanc:e become 

and 
/ ... (3.6.1!) 

- -
Dean be nu that CJJ'" ha:J' - hxj where h hxj &1\C!hxj' 

a:re l&me u in 1ectlcm 3,2, Hence (3.6.5) can a.lao be obtained 

I 

'y( CJJ' ) = V ( hXj ) + V ( h EJ,) - ZCov ( hiij•' h'flf) • • • (3.6.U) 



I 

An overall unbiased llnea:r estimate of the populatiOJl 

me&A OTU h occulOJUI for the aamp11Aa patteru Iader b.veaU· 

h - -
E • 1: "'1 L a ("'i' _ x " ) + r • _J 

h l=l l - 1 l l 
••• (J. T.l) 

where "\ ( 1 .. l,Z, • ••• ,h) are eome •.lllta'ble ••lJ)zte depudlAJ 

upoA the nla~v• impo:rtaoce of the.o~~lCIJll. For example 
II 

lA a m.Uk yiel4 ea.rvey for eetimatla&rthe total availability of 
' 

mUk per day lA aA area U " l8 t b averaa• daUy milk .,t..ld 
',. th \ 

per aa!mallA mUk st the/occae~D theA w
1
•a.( 1 •l,Z, ••• ,h) 

' 
can he the p:roportlOJUI of the alll.male lA mUk eatlmated at the 

h 
·t th occaBian auch that l: ll)t a 1 • 

tid . 

N•alectiac flaite popalatlcm c:onectiolllactore 

wheA N a.u4 M are Iars• &Ad covariaace terme which are 

of order l/N &Ad 1/M, the varlaace weald he 

h 
• &p l: a "\2 • + 

1'11 l l 

h ! 
•pl: II) 0-

l=l l ' 

to 

•••• 

where ~· ., ~.U' for l ; 11 and equa1,...•1 for 1 •1' 

./ 
(S. T.Z) 
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J 

Optimum values of a
1

1a ( l .. t,a; •.. ,h )whlchwUl mlntmtae 

the va.-~o V(~) are obtained from the oquatlou 

d d';'"" V ( Eh) =0 ( l = 1, Z, •••••• ,h) whlc:h c:an bo upreued u 
l 

"i"u 
"'J.Ym 

when wlySl 

p .. • • 
6 • • 

IIJ\1 

" B 0 

lllz \z. (03 \3 ••••••• 

~Yaa (a)s Yzs • • • • • • • 

w2y32 ws ... 33 ••••••• 

' .. • • ' ...... .. • • ••••••• 

wa~ w3 ~s · · · · · · · 

la a ·h x b matrix of coeUlciezaU. 

"\,.~ 

'\lz.h / 
I 

y,h 
I .. .. 
~yhh I 

I - -
A0 a L\•a

2
,a

3
, • ••• a1 ••• ·~ _/ llf a row vector of Wlknowna and 

• 

B '" 0 

• 

• ia a colum.n vector of h elemema 
• 

Asanmtna the matrb P 
0 

to be non-sillgular 

-1 

Ao =Po Bo 
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D c:aa be caelly •eu that the .. ttmat .. of •,'• are, 

h 
a a -P Z: b, Cl 111 ( 1 al,Z, ••• ,h) 

1 L1 J=l Jl J j 1», h 

I 

1 where L Jl 11 ~ c:olactor ot the elemct 1D the j th row a4d 

l th column ot,6Ji .. , · "' 

Suhstltal1JsJ the val~• of a
1

•e lu (J. 'r.t) aad (3. 7. 2) 

h 

Eh •:II l=l 

aad 

h r
z:L.L< 

l'=l 

Ill ) ("i I • "i."/) +Jilt J 
' l '/' l 

I' 
••. ., •. (3. 7.1) 

I 

- h h 
- :t I "\w Y .. , ..J- Zp z: a

1
w
1 

'ca -4tp z: w ca 
l' ... hil l illll l l 

2 h h h 
= ..E- :z: :z: :z: 6 6: lllll J=l j 14 Jl 

Slac:e 
£:,. J'l' 

Therefore, 

h 
~~~ ~~~ ·r :z: , Ll 
J J' J' 11llll 11' J4!' 

=.0. 
h 

a 0 

~ ' =J' 

lt l/ J' 

I 

,, 

I' 

II 
:1, 

J 

l 
e: 

:I 



/j 

..... l'(.JC ) .. 
Ja 

.. 
•• 'f(l: ) .. 

h 

ell 

q(312 

qf313 

.. 
h~o~ ~ .. 

q(3lh 

144 
1 1 

... 36-

~lJ 

a.z 

~!3 

• • .. 
qj)Zh 

OJza.a 

h 
E 
j=l 

~u· · · CUllh 

~u··~• 
43 ••• ~3h 

.. . .. •• .. . .. .. 
qjS3!i •• ~ 
IIJ3C13 ••• "h<lh 

Pal'tlculu caaee 

'V 
• .. (3. T.4) 

folCl 
l 1 

'-2~ 

td3Q.J 

• • 
• • I 

'b~ 
1 

A.o overall ~sed linear e~.l.znate of the population 

'11:114 when then ere two oc:casians la glvon by 

t pa.a < 41~-qwzl3u)(i'l • ii")+pcll(4 a"'a-q(4_J'l .. )(x'a .:Xi') 
l • ~--:::.....:::.-.--"-.::::-.----:;-;-1! . ...,._ ....!. .. --=::_.... __ 

. "1
4

Z - q~lJ )/ 

•••• (3. '· 5) 



b. h 
.. - p E a ~o~1e1 + p E ., a • 

lo;l t. 1 lsi l l 

6 b a -
~-l)+Ew G _j 
£:, l=l 1 l 

h 

••• (3. T.4) 

•t .,.u "u· · · tillh wlal 
I 

•JSu •a fdlu·· ~. 'Y), . 

ctfS13. ~as •s ••• ~3h Ql,·~ 

6 
• • • • .. • • • • • • • 

• • • •• • • • • • • • -,.1 • 
hw 

~lh .,2la ctfSsli • • "h l"h~ 

.,{'1 w,.o. J w,o., ••• "h·h 1 

~1) Two oc:eallona ( h = ~ ) 

meaa ..S. whe.n thero are two occaalQI!la la pven by 

.. • • (3. v. 5) 
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I 

Uadu the reat:rlctiOD.I ~ a a. = o. ana ~1a a ~ 
1 I 

I • '• • • • 
../ (a.?, Y) 

L- (~a+~ 1)(~'_"4~)' +1po.~wa (~ ] 

.,a ... ~a ...• (3. 7. 8) 

l'heae expre .. loM an aa obtalnecS by D. Binsb (1968). 

(11) Thne occa.JCIIla ( ha3) 

~ 'h = 3 Ill (3.1'. 3) the overall utlmate of mean 

l• of the fcmn 

E a c.~.a ( ii' • :2'1 ) +w a (-.a• .. -'&" ) + co..& ( i' --x• ) 
' '1 1 a aa .. a ::ts s s· 

• • • . (t. t. 9) 



where 

a3 = p ( ~~ Ll 13 +cr.~~ L1 23 + "3~ L\33 ) 
~3 Ll 3 

L1 3 =~0a03 - •
2 

< •113a
2
s +o'1.~1; +ola:) + e.9.3~1lrlz3 

! 2 • z 6 11 = o.,.a3 • q Pas • L'1 1Z = CJ ~13~ .u ~ ,qc.3p12 

e:,. 13 = lr-u~u - qcr.a!l~;ilu = ~lPuPu - cp1Pu 

3 2 -
- 1) +I: ~~ 0.1 -' ... (3. 7.10: 

.l=l 

whel'e 

q!S11. ~13 CotCiol 

G?. 111'a3 "'aG2 

~l.l "s ~-ls 

~a a. a ~3G3 1 

fOl' all t a.wH', ( t; t') 
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Cl ...~. n~~- ~z 
a-[ 

n G~+c1~ .Zq2pZ 

3 
J( E 

l>:l 
fa)! ) 

l 

.... (S."'.U) 

U tal a to a to a 1/3 
1 I 3 

(E ) G L-1 + .2pj3 J / ' 
V 3 = h c&+Zqll 

• .. • (3. ?.U) 

, I 
These ruults are the same as obtBlnad by D. Sinsb (1968) 

I 
' 

I 

3. 8. Optimum :replacement fraction 

I 

Varlanee el tho el~imate 'ot tne&A at ~ b th occaalon 

aa given ln (3.l,fl) era alt ht pld sa i., 

0 

Llhh J 
• 

L':lb 

.. • (3. 8.1) 

oeeultrn baaed 011. the Wowmation. avto h oca.alou ( J L. h ) 

vide (l.l, f ) la 

• 
Lid' J 
,1h 

•••• 

for aU t,t 1 ( t r/ t 1 ) 

(3, 8. Z) 



• • 
lt can bo aeea that .1 jj 11 Ll hh for aU J. 

The equation (3. 8. !) redacea to 

• 
L'>hh .J 
t-.• 

h 

••• (i.Q. 3) 

' Evidently, ~e optimum ', 'q' , for wb1ch V( :i h ) la minimum 

alao minimises V( h X'J ). 'Jhuefore, the replacement fraction 

wlllch la obtained by mlnlmlatng the variance ,of thfl men at 
I 

~ h th occaalon la not cmly opllm.QD1 for*~ b th occaalon but 

la alao optimum for the improved eatlma~'· Oil an the prevloua 

equation, 

I 

' I 
The optlmmn replaeemenl f:raC:tiOJ1 la 'clvlll by the 

•••• (3. 8.4) 

Thla equation after almpllflc&tion can be e.xpruaed •• 

'-~ .. .. (3, 8. !l) 

Solvlnl (3.8.6) the oplmnm q, for h oc:c:uloM, la pven by 

.. 

. 
1 :/1-b['S (~:-(h.a) J 

6 L-6 (h-1) - < h-a ) J 

1 

1 + I 1· ~ L-o (h-1)-(b-a) J 



' 

./ 
1 • .. • (3. 8. 6) 

Sine~ & b ueaally leu than ~ty, lt b evident &om (3. 8.6) 

that· optimum. q would be email, lf the numbe:r ef occuleu 

11 la:rge. 

U S 11 UDl\y then, the oPtimum replacemeat 

f:ractiu ... aleo anity. When a • o. 4Dptlmam. ... halt· 

I Optimum va.luea of q and tb.!l galnl.n,precbtmllf auc
1
ceaain 

I r 

I •amp11Aa. with parUal l'la}lla~emeut oveao complete .. ~cemeaa 
1 1 o.s I 1\-t )>.A.. 
I for dlffuell* T&luea of sA &Ad h a:re pvea iD Table 1. ' rrl""" ' 
I 

I (:fo,o>,t#oS) , 

1 a can " a..n srtiJ:Xl ce. .tab1• that,.. •• s IDe :rea•• 

, the :rep~ pezcem.1e aad the ·pln iD pre Cllliru Wh 
I .Jo-e~"' . I ~l'e&le. It mane that._& la:r1e:r ,portioa of the new unlta ahould 

I be a4ded to the ~~&mple on the eecOAd and the aube .. W~.U occulGIII. 

l Ji'e:r lind S altbu.ih the :replacemiiDt .f:ractiOA de'c:re&lea with 

tthe W:naae of h but the preclllou lDCl'eaaee with the lnc~eaao 

,alb. 

Particulal' euea -
(l) Two occasions ( b a Z ) 

1 ••••• (3. 8.1) 



(U) Three occa•~- ( h • 3 ) 

.... (3.8.8) 

Tl!eao values ot optimum :replac:ellliUI.t fraction a:re same as 

obtallled by D.SJnjh (1968). l'A the CPO ot UJliataJe J 1a 

w•d~e to eonelasLt111 coefflclfll\ta 1. e. p'• • and optimum •'• 

a:re aivell by 

1 .. .. (3.8. 9) - -1 + /1 - , L (b-t)Jh·(h..a)..J 



4. SAMPLtNG ON h OCCASIONS IN A TWO STAGE DESIGN 
RETAINING A FRACTION p OF THE SECONDARY STAGE 
UNITS (SSU1S) FROM ALL THE PSU'S 

> 

4.1. Estimate of mean at h th occasion 

Let N be the nombel' of psu1s 1D the populaticm, 

/each contalntng M ssu•s. A l'andom sample of n psu1s la 

cb'awn &114 fl'om each .elected pau a sample of 'm1 ssu•s Is 

selected. At both the stages selectlcm Is done without :replAce-

ment. All the pau1s selected al'e l'etalned on aU occasions. 

On the 11econd al14 t1uS subsequent occaslons a f1xed
1
fraction 'p1 

of the ssu's Is ~:etalned and the sample Is supple~nted by fl'esh 
I 

fraction 1q1 ofssu•s drawn by slmple_ramtom/pmpllng 

(.t p + q .. 1 ). 
I 

I 

\ 

An unbiased llneal' estimate of the pOpUlation mean 

.on the h th occasion for the sampllna pattem given 1D (3,1) 

utill81Dg aU the lnfonnatlon con~ed apto aDd 1Dclud1Dg the 

h th occae!On Cfl.n be wniten r.s 

and its variance 

h 
< K'i -&11

1, l} :& -<. b' 
lal 

..... (4.1.1) 

Cov ~..- 1i" • ( X: I - x" ) J h l l 

I 



I 

b 
1 -=- L z: 

h 
I: 

i'=l 

\/ 
•• (4.1.3} 

npq 1..=1 

where 

V(i")= 
i 

z. 
Sb 

n 

2 
Sbi 

v ( X'' ) 
i "- + 

+ 

" = Q 
l 

n nm.q 

:: 

n 

'" for l f. 11 II 
qp 

i, l I m 

sJ 
i 

=-- for i =i' 
m 

v 
Cov {x' r x" ) = Cov (1i", "¥1 } = Cov(x11 ,'"X" ) = p' Sbi Sbi' 

i if i l' · i i• ii' n 

and 

C ( -· -, ' I ov llti' X i'7 = p U' 
n 

+ ..... 
•'i,i' 

·sw. Swi, 
-'l -

• 
np:m 

p1 is the cCl.'relatiPn between psu's and p" is between ssu•s 

within psu1s. 

Optimum values bf b 's ( i =1, ~ ••• , •• ,h) which will minimise 
1 

~ 
the variance may,_ obtained by solving the equations 

d v ( ~) = 0, (i=l,a, .... ,h) .... (4.1.4) 

• 

I 



' 

The•e equatloua are of the •am• lo:rm •• equatlOA pven lD. 

(I) vide •ectloa 3.1. Solvi.D.J then eq~o.u fo'l h unlm01ft18, 

b ( 1 =1, a ••••• b) 11 o'btalD.ed a• 
i 

Subftitutlog ~ YAlue ofbl equatlcm (4.1.1) tak .. the fo:rm 

_ b 11 Dhl 

•b • .r:. P .. Db ('II' I • ""1) +:ii"l>/ • ,, . (4,1.5) 

and equatlcm (4.1. S) become• ; 

• = Clh L-1 
o.q 

• -pi . 
h 

n 

2 - '~ 
_/+-

n 

.. / ••.• (4.1.6) 

Dhl ~eq the co~cto:r of the element cOmmOD to the h th 'lOW 

and 1 th eoJnmn 1n ~ where 



-46-

b s~ 
.. < n __!.. , D* 

1=1 m h 

1 ,, .. qp" ••••• V" 1! 13 1h 

qp" l v" ••••• v" u z:s &b 
qp" qp" 1 ••••• V" 

Where 13 :as 3h 

• • • • •• • ••• • • 

D* 
• • • • •• • ••• • • I 

• b qp" qp" qp" l/ . • • • • 
lh Zh 3b I 

z I 
' b-1 Swl • I 

Slmllal'ly Dhh a t• ll - J Dllh 
l=l m 

I 
I j 

Now G* D 
h hh 

D* 
hh 

Ill • Db Db 

Heace tU eatimate of the m .. ll aDd ita varlalu:e take the form 

b 
~~~ E p 

l=l 

and z 
Swb 

V(Xb),. -
mnq 

s~ 
'=-

......... " 
:. s;~ -\" .... 

( •• - ... ) + .... 
l l h 

•••• (4.1. ?) 

/ 
I 
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upoa the eCIIJl...-enb ct1 ni'Jatl• ealy at the Jut occul011. 

All •ach the unmptl~ of eflll&llty ol the cempc•v• fel' aU 

- -----

Two occaaiona ( h • 2 ) 

aw .. ( i•1 --rc"1 ) p fx': ·•" ) -"=----=-.--A.__ + . fl./ J. + jil I '-

Sw ( 1 _ .z , .. ~ ) ( 1-.~,.,a ) a 
1 u I ta 

I , ,, , (4,1.9) 

[1- p I 

I 

I 
st, v 

J + ...L. ... (4.1.10) 
A 

( 1- ~, .. z ) 
11 

The .. ~"••ulb have abo 'beeA obt•tae4 by D.Smp &1111 

· KathlU'Ja (1969) Ullda:r tU l' .. t:rletleu 

a 
Sw 

st.! 
l 

4. z. S1tlmate ef the mean at the J th occa1len when clata • h 
occa•lo"il'Sia ava~ble ( h > _j_j_ 

I 

An unbla1ed 1ln .. l' estimate of the population mean 

altho J th occasion utUl•lnJ the laftml&tiu collaeted apto &ad 

lncludiq the h th ecculon Ia alven by 
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h 
E b (a• ·x11 > +x" 
l=l 1 l l J 

.. • (4.2.1) 

aDd ita vari&DCe, 

where 

•••••• <•· a. a) 
n 

' . 
I . 

The optimum nluea of b,'• whlch wUl mt'n!mlae 
I I 

- I 
the variance V( h a J ) may be obtained by solvJAa' the 

d I 
equation - v(hx ) • o (t•l,a, ... ,.,h) .. ,.(4.2.3) 

1\t J ' 
I 

section 4.ll)ji lethe cofac*or of the element common to the 

J th '#OW aDd the 1 th coliUJm 1n Db • SubatitutlDg theae values 

• ol b1 's 1n (4. 2.1) aDd ( 4.1. Z) aDd defining D h as 1n section 4.1 

the estimate of mean and its variance 1a obtained as 

D 
...J1- (x' • a" ) +x" 
J) l i J 

h 

.... (4.2.4) 
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\ 

• Sb! • 
V(hij)•_l_ [1-bj J+ j -A 

/ Aq 

• Bbz 
awil - Djj 

-' 
+ _J 

0 0. (loZo5) .. j L 1- P n• n 

.omq h 

I 

To embilllh a zecunezace relatlWu~hip between 

the coe!fidcmta in h th oceaalon ~ ) ud that mz:) th 

occ:aa1on ~-t ) , the prOCedlll'e adopted lll the/' •• in 
I 

Section ~o io From aectloo 4o1 1 

• D •\ • D~ Dhh ... h-1 
bh '"P~ D "P n• 

p n• 
h h h • 

and (h-1) • D(h-1) D 
Dh·Z 

bh-1 
• (b-1, h-1 h-l.h-1 

"pe.h-1 '~~P • •p-• D 
h-1 

D .h-1 Dh-1 

00 o(4o 3.1) 

• where. D jl ia the eolactor of the elmumt in ~· J th row 

• &ad l th c:o!umD of Dh o The aupezoacl'lpt (h-1) dqotea 

tbat the detenniM~ penaina to (h-1) occaalou 

If P" II p" , " lh t,h-1 h-l,b 
( l •1, z, o .. ,h-Z) 

than .followlq the method adopted in "ctlon 3, 3 1t la aeen that 



b .. 
h 

The:refOa'O 1 b 
- b 

bh 

-so-
I 

p 

.. .L ( 1 - ., .. a ) + p"2 (1-b ) 
p h-1.h h-l.h h-1 

•••••• (4. B. 3) 

w:hen p11l,ltl a P" t"" l c 1.2, ••. ,h .. l , tbls/:rJ•alt Is 

the aame as obtained by D.Slnsh and E&.th1U'~,(J969). 
I I 

The Umit!ns value of ' when sampling la 1~nled over a 

suftlclent n'lmlbe:r ol occaai.Qns la obtained by writing 

b • b ,. b 1n (4, 3. J) and then salving lor b which la 
h h-1 

given by 

-( 1- P-'.a ) + ((1 - P"a )[1 - P"z (1·4pq)J 
b Q 1 - __ ...;:h:;..·l,h ..... ___ .....:;h;;..-..,l •• h:__._...:;h;..·~l!.::,h::__ __ 

I 
lp p" 

h-l.h 
.. • • (4. 3, 4) 

4. 4. A zoecunence zoelationshlp between the 4!1stimatea of the 
of the means In two cC!Inllecutlve occaal2A• 

Under the auamptlona glven In section 4. 3 and 

following the p:roce41ls'e Gdopted In sectlcm. 3.", the estimate 

s1ven in (4.1. 5) can be put In the fcmn 

I 
I 



-x· .. p 
h 

• Dbh 
+ (1-p ) ·'1i" 

• h 
~ 

•••• (4.4.1) 

U Swh = Swh_
1 

the expression (4.1.1) reduces to 

-K "P 
h 

[-;,.• + P" (ll· -x' , ) J 
h h-l,h b-1 b-1 

' 
;I 

nJ 
+(1-p ) x" 

n• .h 
h \ 

I 

... b C a' + P" (:a • "i' ) J+(1-h. ) x" b h h-l,h h..t b-1 -h b 

••. (4.4.!) 

<6. s. Estimate of the change in the means between any two 
occasions 

Ono may be lntenate4 to ti=i the estimate of the 

chuge between the eatlmalea of the populat.l.OD mean OD the 

J th ad J' th occaalou all4 the varia.Dce ·of thla cbaqe 

when data l.o avaUabl~ lot h occaalona where h ~ J ';> J • 

between j th and J 1 th occaaiau ( J • > J ) la pven by 

I 



c!J'J 

where 

h 
• Il b ( 'i' -... ) + ( ... -... , 
~· ' ' 1 J' J 

b .. 
l 

1 - • - L ·P a 
Dh J' 

• m 

I 

••• (f. 5.1) 

tor1•1' 

( the aetatiell be1nJ defined ill aeet!Gn f,l) 

Now 

• 
V( CJ'J) • ~ 

+ ...L ,I ( .j. + .j. ) + ..L 
~ n 

z - z . -L Sbj + Sbj•··Zp'Jj,SbJSbj, -' 

... ( ... 5.2) 



with the aaaumptiou 

=Sb 102' aU.~ and J' 

SW =Sw = SW 
t t' 

foz ~$and t ' 

o.* a a.* 
t 

fovaUt 

with the equatlom(-4.5.1) and (4.5/B) &-educe to 

with b 
1 

and 

. 
h 

.. :& b f'i' -i"' )+'i" .... 
l=l l i 1 J' j 

• • ( DJ'l • D Jl ) 

. . ' . 
• sw

2 L- mJ'J- Du • DJ'J' 
V( CJ'j ) a p 

0 
mnq Dh 

2Sb2 
+ - (1 - p'J'J) 

n 

••• (4.5.4) 

asw2 

J+--

•••• (4. 5.5) 



Pal'tlcular Caeu 

(l) Two o~eaaloaa ( b =a ) 

Putting j 1 • 1 &D.d J m1ln the equatloJUI (4. 5. 4) aAd 

( 4. B. 5) the e.um&te of the chaJ~~e &D.d lta varlanca woald be 

as .follows: 

c ... 
Zl 

and 

P fi,. --x1•) + 
1- qp" a 

12 

q( 1 • P'' ) ___ u ("2" - x" ) 
1- qp1z i1 1/ 

1- p" 
.U 

1 -qp" 
12 

;'/ .. • (4. 5. 6) 
,. I 2 

Sw,. I Sb 
J - I+ a< 1 - P'u ) '""D 

mol 
.... (4.5.1) 

(U) 'il'Juoee occaalcna ( h a 3 ) 

The estimate of the chang& between the thlrd aAd 

the firat occaalon 1a glven by 

+(D •.D.)(x' .~ru >J+x" -K'' .. (4.5.8) 
33 u 3 3 3 1 

where • 2 2 :a 2 3 
D3 = 1 -q ( P" + P" + pt• )+ 2q P" P" P" u 13 23 u 13 Z3 
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I • .. n• • ,z, II P" - qpll 1)13 31 u 23 1l 

n• <~D• 2 
'" -41P11 + q p4' P11 

u. lJ. 11 13 83 

n• • = -qp" + qz,,. P" ai)Z3 sa u lZ 19 

• a z D =1-g p11 

u u 

-
t} 

+ a (1. - p• ) ..:A. 
U A I 

•••• (4.5,9} 
mn 

An overall unbiaeed 11neu estimate of the p0pul&Uon 

me&n·ovel' b occaelona for the •ampllnJ pat.tem undezo lnv<18t1iat1on 

cq be pat follow1Ag the nGtatiODJ explalne4 ln •ectlon 4.1 as 

b / 

•••• (4.6.1) 

where b 
E '\ o 1 

'"' 



1>."' 

-'\' ,. 
\>("' 

/ 
•••• (4.6.1) 

• • I 
whore YH' =ca~'w • qp" SwBw fm tqr1JI'l' 

11' 1 1' 
lj 

= o• 
a l/ .. Bw

1 
/m for 1 "'1 1 

1 I 

Optimtsm values ol bl 1s ( i '"1, 8, •••• , h ) which wU1 mlntmlae 

V(Eh ) mi'Y be obitallle4 by aolvlDJ the equatiou, 
' 

( i =1,Z, .... ,h) ... (4.6.3) 

,~,_._ 

'l'b.oee h equaUOZUI c;an\aolved following the same proce<Sure·as ,, 
adopted Ill aecJU011 J. 7. The solation Obtal.Jied is " 

11 • 
!I D OJ wj 
J=l Jl 

Dh Gill 

p 
• ( l a 1, &, ••• , 1 h ) 

Subatitati.llg the vaiWia otb
1
•a ,·equations (4.6.1) iand (4.6.1) 

would be 
h -

JihaD[( 
1=1 

- h 
w )('if - x" ) ..1 + E ., x'' 
J 1 ' l=l t l 

.... •. (4:6.4} 
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V(Eh ) ., .J_ [ p ( 
nq 

+ _!_ 
n 

~- h 2 • _~-
D - 1 ) ifo ~~ "\ Cli 

h 

..... (4. 6. 5 ) 

whea'e 

• qfJ • • • • • Gl ~u • • • • • If •CIIJ~ I "l'\ u 

~· • ~2~ ·······~ ¥a• Cl u I 

• qJS:, 
. , . • Wtu a.3 ••••••• CJJJ!h -,a., 

D a 
hiD • • .. • • ..... ~ . .. ,,. 

qJS. • • / . • qJSZh q!J31J ••• • ••• oh ~ o.h 1h 

'"~. • • I 

~"a -,o., ....... '\.a.:- 1 

4saamlng Sb' II Sbt• .. sb an4 Swt • Swt, .. Sw !Dr aUt and t 1 

and 

• • awl 
Cl •G a -* D!. 

- • ., P" <~ 

h p4. h • 
a~(-.~Dji 
l=l Db j=l 

swa 
V(E._).,- [p( 

" mnq 

m tt' 

h 
lr) > ( &• -a" > + ~ "' i' J 1 1 . l•l l 1 

J 

... (4.&.6) 
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/ 
.... (4.6. 'I) 

when 

1 ., .. v" ...... ., .. '\ u u Ul 

41P" 1 ., .. ., .. 
'\ •••••• u IS Ill .... ,, .. 1 .......... ...s 

l3 IS Ill 
»* • •• • • • • • ••••• • • • • 

boo •• • • • • •••••• • • • • ,, .. v'' ., .. •••••• l "h 
Jh all Jll I 

"' 
.., w ...... ,;. l 

1 J 5 /, h 
I 
' I 

Pawttclllar cue 
I 

I 

Two occaalona (h.!) I 

Putting h "' & bs ( 4.6.6) and ( 4.6. 1) the f.Uewlq 

./ 
.... (4.'6. 8) 

/ 
• • • (4.6. 9) 
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u '\ '"eoa .. I 
Then 

s.z -
V(E ) • - L 2 ,___ mrt 

a 
1 + P"u- sb 
--='.../ + z;;- ( 1 + p' ) •• (4.6.10) 
1 + q ,.. u 

u 

. f. ? • Optl!num npJacement fractl011 

SOmetime .... mar be ccmfrcmted ;with •lt~tlcma 
where the ~relaticlll- ( p") betw~ eecou4-ataae anita on uy 

I 

I 
two occaelOIUJ doeanot 41Uu much. IQ auch ca•~· p" may 

, I tt• 
be taken to be cCIIllltant for aU t &Ad t 1• U.udei the ueumptlone 

I 

' 
p" • constant fc»o all t and t' ( t ; t 1 ) 1t ca.n be eeen • ., Ill 

tt' 
aectl.o.n !3. 9 • that optimum .. obtained by mlntml•U, V('\_) 

~. - I -

L-flde (4.1.8)_/ abo mtnlml .. , V ( ha ) L vide (4.2.5 )J 
. J 

for all J. 'l'hal q e1>tetnec1 ln the maMel." e,Q1alnec! above u cot 

only Optimum fO%' the mean on h th ~euion but abo optimum 

f• ...U the bnp~ eetlmatea em aU previOU. oc:caelou. 

Optimum q ln tbla caae is atven by 

1 
h'o = --=--

1 +I ( 1 - P" >' +·hp"( l • "" ) 

•.•• (4.7.1) ' 

• 

• 
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5. COMPARISON OF ESTIMATES 

- ' It would be of interest to know the elficleuy of the 

eltlmat'il of the mean ib diacU8se4 la aectl.oD 3 OYOJ' the estimate 

dlscu .. e4 lD soctt.cm 4. M.o:reOYel' ~study of the com~riaOD of 

the oatimates dlsc:U8eed la sectlcms 3 &ad 4 with the ••Umatea ob-

talned lD simple :rudom aampliq win 'be uselal. 

The efllc:iencloa which have been c:ouidel'ed In this 

sectlcm a:re as followa: 

(l) E.fflcliii.Cy of the estlma.te Xh slven lD sec:tlcm 3.1 OYII' 
complete nplacom•llt. 

(ll) 

(ill) 

EllJ.de&ly of the esttmate 
emnplete l'epkc:emem. 

Elficleuy of the estlmate 
ib glvea ill ••ctlcm f. L 

/ fib Slnll'JA sectlcm 4.1 OYel' 
I 
I 
' ib liven In eectlaa 3.1 0981' 

Compr.riaf:m.a of tlle eatlmat~ m 1e.aual pai:tei'A of 
• 

co:rl'elatl0Jl8· Wel'e, howeve:r, uol: ~ paa'atble. AI euch two co-

ztelatlau model8 c:cmveateatly ccmsidel'fld ue {l) ~lj =r S 144 

(ll) ~ iJ "' bll-Jl to:r an 1 a.ad J , ( l i J). 

5 .1. EHlclency of the eltimate of meaa i slver£ lD eec:UOJI S .1 
over complete replacement. 11 

----
Table 3J stves the pel'cCJitage pin lu balcieti~y (say) G) 

ol the eetm3ate of me&D ij, stveu m section 3.1 OVII' complete rep1ac:e

ment fo:r diffOJ"eat valuee of h,q, p•, ~' p" and ¢ /m uudu the 

aUumptlcms SIJ ud fo:r an l aDd J ( t· ri J ), The COII.ClUSlOilS dr&WD 

fl'om this table ue as lonow.: 

~ J.>.- f"Y" \\. " ,.J.~ '\ (l) The eHicleru:y G lii.CI'eaees mcmol:oalcally with h fol' aU values 

1 , "- _. 4~""'~.._ of q, p.f, P" and (¢ ~~ <\ \.....1>-. ,)It~ 
"' l -1~/ ~. c.\> ~ ~ "~"-"' .t-<V> "' 
,._, '.- - \'v f' f' < 

\ .... ..:~-~- "~/ '\ ,,.., 



---

(Z) In most of the caaea 0 la madmum. fo;r q = o. 5 app;roxl-

le attalDecl fo;r q a 0. 75 app;roxJmately, the galD iD ellide.ncy aa 

comP.,!'ecl to the caao when q a 0. 5 la Aot much. 

" I 

(3) Fo;r' given h &lid q 

1~;70 ,'~_,: ~~~~7~ '(a) G .lzlcaoeaaea aa <f>/m lDc:reasea wheA p' < p" 
~ 

(b) G l'em•lns COAStaAt aa ¢/m lDc;reaaea whaA ~· ,. p " 

(c) G decreaaea aa </>/m IACI'eaaea whoA p' > ,li'' 
I 

\\ It may be remarked that </> /m Ia the n'lo of variation 

'~~- \\betweeAaecODdarlea totheva;rlatlOA batweeD, p;rS..I'lea. Thua m 

iDcreaae lA ¢/m IAdlcatea aa iDcreaao 1A the vul&tlon betweea 

eeecmdarlea and coueapo.udiDaiy a decl'eaae lA the between Pl'lmai'Y 

varlatlona. D: la pelll'hapa, duo to the *'eaaon 'that for &A inCI'oaaJ.ns 

betweeA aeccmdny varlatiODP , G IAcnaaea cmly whoA conoelatiou · 

'betweeA aeccmdariea la mol'e thaA the cwnlatlou honroea primarlea 

on dlffei'OJlt occaalona. Sim.ilal' ngum.en!sholcl 101' caaea (b) and (c) 

slven above. 

For fixed h , q, p' PAd ¢/m G lo4;reaaea aa p11 &.Qc;reaaea. 

Fol' fJxed b, q, p" ucl F /m , G JJicl'eaaee &a p' ln4J'eaael. 
-

The ntea of l.Dci'O&Se lAG in cues (4) &DIS (!I) •bove are 

alfected bY </' /m 1A tha same way aa 1A caae (J) l. e. G W:roaaea 

npldly with lncl'eaalq p" fol' hlghel' valaea of ¢ /m IUI4 vice versa. 

Allo G iDcreasea a lowly with iDcreaaiAg p1 fol' hlpel' valuoa of {' /m. 



' 

Tho pell'ce.nt&ie ~ eftlclency of thit ih &8 W07ked Out 

under ieQmetl'lo model is atveu tn Table 6, It can be seen hom 

the table tba& tbo lnca.ae of secmeulc mod-1 of eonelatlOD 

( Sij = ~ ll-Jitor all land J, ( 1/ J ), the trend af efficiency 

l'q'"'•lns same aa io the model dlacusse4 earlle11 biU the numel'lcal 

values aa expected a'" leaa ccms~. Also loll' hlahez values of 

'I 
h ( 3 3 ), Gill this ~el JDcreues very slowly ... ..~.,.11-,. '" ~""t. ' 

5. 2, Elflclencv of the esit:mate of mean 32h glYu in Section (~ 4. 1) 
over complete replacement 1 

The vulaJlCe of the eetlmate of mean ib
1
•• pen io 

I 

( 4. L 8) la IDdepu.deat of p1• The )ipeJ'cemaae piJ,i iA elllcleDCy of 

the eattmate of mean 09CJ' Cl21nplete wepkcem•nt lo11 dllluem valaea 

of b,q,p"a <f/mu given in Table f. f~the~l p11lj::p 11 

107 alll aQd J, ( l I J ) ud In table 7ftm tl1e model p"lj "p111l•JI 

f07 alll ud J. It can bo seu from the~ 4 that '00 
~ >o 
"lie.. (l) G illcl'easos as h lllclreasu fw all valut~a of q, p'' ud ¢ /m. 

l zt. 1·1 ) ,~·'il· c,) «- {U) G la rnastmvm , maatly fol' q =l/'1. exeepl f01r a few caaea where 

p" ls very hlgh and h Is amaU ( f J ), 

(W) Fol' fixed 1> /m and q , G illcl'e&aea u p11 increues. 

Tho table OYuaU, Indicates that mo1tly the lain io 

e.f.ficieAcy lB not much fOI' 1maUe:r va1aes of P"· 

Table 7 ahqwa that .lnthe case of seomeutc model of 

COI'I'elatlcm the bead of efflclElllCJ nmalus aame u Ia the ~evlous 

model but the numerical values of ...aicleDCy are le11 COJUIIstemly. 

Aa expected G ptactlca.Uy remalas ccmstant u h lDcreuea ( h ~ 3 ) 

for aU a eta of values of q, p 11 ud </> / m. 



5. 3. Efficiency of the eat!Diate of meaa ij. pYaa Ia S.ctioa (J.l) 
OT8W ~ given in .. c:tloA L4.l) 

Tole 5 1lvea the pewcentase etflclucy of the estimate 

of meaa sivea lJl Sec:tloa (S.l) onr that Jina Ia Sectloa (4.1) for 

the ~el P'ij "'p" aad d"lj • fJ fen alll aad j, fow dlffereat 

Taluee of b,q,p•, p11 &Ad ¢ /m. The c:oacluslou dnwa f:rom the 

ta'ble are as follows: 

(l) 

(ll) 

(W) 

(lv) 

G inc:weaaea as ¢/m decreaaes for all seu of •luea 
of h,,, p' aac!l p". 

G lncreaaes aa p' lac:weasea tor fixed h,q~ '¢/m &Jlc!l p". 
. I 

The hehavloiU' of G with p" for • fixed values 9f h, q aad 
¢ /m la not sylltem&tlc:. Howevel', fdr p' " 0. 9, G 

lnc:reasea as f" increases .to:r all aet.- of 'il h , q and.. 
¢ fm. ( ~~ .., b ..,__.._.,~,,.<LA_ r" f.,~ J~-'J" t~-<,.,.J.::t~-4, ,, .-~· --{/..: 

P"-0"~ 7) / \ 

Sampllq pattern dlac:ulled in se~ea 3 Ia more 
elflc:leat thaa the one discussed Ia section 4. for 
the eatlmate of mean for aU value a of h,q, ¢ fm, p' 
and p" with a few ezc:eptlone, For example when 
q .. 0.75, p" aO,C), p1 :s0.50aad ¢/m 0.5 

fo:r aU h ( bf 5 ) G la Aeptlve. 

Percut&Je piA lA efficluc:y of the. eatlmete of mean 

model ~ lj .. 611-JI 

i) "' jl·)! hold• lf 
lj 

ls pvea la table a. Il caa be ..... that 

p'lJ ,. ,.t-J , p11lj • p11 ll-Jlanct 

P'tj Sbl .. P"tJ Swl • Tbel'efo:re the eatlmetea 1lven in 

SbJ SwJ 
3.1 &DIS 4.1 are c:cohpawable under the model ~lj "' 
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'l'lle broacl' c;oaclualCII&f are the 1&m,o u foUDd lA the c:a1e of 

p:revloua model but the a11medc:al valao of offlc:lucy b l'ed\lc:ed 

c:oadat~P~tly , Q l• aogati-v~e fo:r a putic:ulu c:ombiaatloa of p' .. o. 5, 

, .... o, 9. ¢/m ~ o. 5 for an h aad q c:oasldel'e<l fA the table. 



' 

6. AN ILLUSTRATION 

houaehold• lathe TWaae u •ecODd •*-1• wa1U (111111 ). The eathoe 
' 

&lre& to 'be IUYeye4 WU divided -0 elJht IOI:tOlrll ~the MIU of 
I , ' 

a Dmnhelr of milch ••'mall lathe popaJatlcm, fl*/uch 18ct01' 1J 
I 

vtUaaea ( 4 poupa af three Y11Ja1ea each) ....... •elecWd at ~radmn. 
I 

Oat of the•• folll' JI'OUPI of 'rilla1•• lD. ~ aecto~r , two poup1aeuu 

to each othe~r we~re allatted fo'lf the coat of pJ'odacticm '-4ahoy ad the 

~rewaln'"l two poupa for ••••• OJl •vall&lillJty of milk. Tll.e 

-f8 viUaJe• ulactecl lo~r cuat atwly ~remabled fixed thlroqhout dw 

pedod of enquby ( two ye&l'l) , whlle the f8 Yilla1e• aelec:ted lo~r 

avaUuWty atwly wldch wu £onttann4 f01' a paloc! of ou yUI' 

were .. lecled afHah 41ll'iq et:ch aeasOA. Thua Woee auch ••• of 

vtUa1•• wel'e aelacted fo~r anu&bilby atwly. Each aeuoa coaalate4 

wel'e I elected at ~rudmn 101' ~recolrcliq the data. Out of these eqbt 

houaebold1 two commercial pJ'odw:e• hol18ebo14• wel'e fixed 101' aU 
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the ~rowsds ift a teucm but the ~remalntna 6 poclucu hou.uhOlda 

wel'e a elected all'esh lD the eeccmcl aD4 the eubaequut ~ro'11!141 with· 

out •epJaceJIWlt, The pattem of lelectloa l8 the •ame u cUecueed 

1 atOI'e wu one mODth. 

I'OI&MlDilDcUvldiJ&l•nlmall ill the •elected houeholde, PJ'Odw::tlon 

aD4 uW.laatlon of milk , quaattty ud compoeWon of feed c:ouumed 

by antm•ls aD4 Pl'~emw of cattle teeds etc • .,.,. data on milk 
I 

yield of bldlvldual a.nlm.all ud qnt~*Y of led• ~ fod4el'l actually 
I 

fed to them on the 4ay of enument.e t ! vlett -,e~re collected by actual 

weJ.pent aD4 otheJ' bfoftlJ&Uon th:rouah duect o1:J1ern.t1o u4 
' 

I 
I 

The vWaa•• aeleeudiM C91't study u menttOM4 euJlu 

wen kept f1xed th.J'oupout the ~l'lod qf inqtdl'y. Ia each rilla1e 

selectee! fo~r cost etady fOIU' commndal p:roclucu houaehPlde wen 

selec:Jed Ul4 wen "flatted cQI~dnnouly lO"W a period of two pus by 

tnJAed enmnaatoll's once lD o&ch lomal•bt· Main item. of clata 

collected we:re the same u lD the caae of avaUabUity etudy. Addl· 

tloullDfol'ZD&tlon collected lA this study penallled to q\l&atUin aDd 

type of labou aDd wa1e ~rates. 

Data collected duriq nlrly eeuon aDd pen•fnh\1 to avail· 

abWty ltudy hu been consldel'ed bel'ca. Ia thls example , samp1lftl 

deslp hu l:Jeen cODildel'ed u two-sta1e deslp •Pl'ead OYOI' thl'eo 
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h occulou. SJace ·~UIU~ctualowtvey slb,. sw
2
,. P'u• ... 

p u 
1 

&Ire Girt lmown , *hey ue estimated &om the aample "Uinat••. 
'tt . 

UqJatte4 utlmat" ef thea~ ( .. •!!!!!''!LN_ud M to b.!_~ }_JUO! 

Eat ( Sb2 ) 
t 

2 2 
Eat ( Sw! ) • '""t 

.,..z 
t 

m 

Eat. ( p'tt' Sbt SJ»,., ) " •' ab a:b • •" .. tt• • ,, tt' 

Q -

when a:b*a .. :.,_ : .. 1 ( ~k. • ft. . ) a 
n mp 

~ • ...L ;7; :C ( Yt}d .. Yatr. ) I· 
• n(mp-1) k..J lal 

ab a ..J... ~ ( f.~ • V )( Y, • V., 
1

) 
ttl A•l kal t.f". t. • t'k. t • • 

ll m.p 

awtt' '" A(~p•l) ;=1 t~ ( '•kf. "~k. ) ( 7t'kt. ~'k, ) 

... . 
tt• 

coul4ftbll 1'0\Uid u u ~toa. the eu:n.- e*Umate , 

•• .. en .. the implrOII"ect eatlmaloa of the •"••a• d&lly mUk yield 

(•) pe~r bll&'o Ia mUk, bl adl~rbwt.d have ))eu o11taiu4 ham (.f.l. Tl 

alcmJ with 'A.daacu tztUS•IDI (f. L 8) • Beton ollt&bdq theae eatl• 

mat•• lt wooJd be clabaW. to kn¢W the Qtfmatea of the pop•tlaa 

n.ri&Dcos and carelatltm coefftcleata. 
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Eatimatea of uu ~l'iaace lat I'OUILd &a4 I'Oaad Sl'd I'Oad 

Betweea •Was•• EatA1 0.6Z59 0.73$9 0.6550 

Between hoaaehCI14a 
Eat.Sw2 

wl.tlafa 'rilJ&J•• 0.69'15 0.5~1 o. 9236 

Eadmatea of colf:relatloa coe.Ulclellia 'IMtweea tlle three I'Ouada 

Betweea villas•• p' 0.69 0.61 0.56 
I 

Betwe .. MUIIeholda 
wtthla 'llllaa•• 

p" 0.58 0.85 0.57 
,j . 

)J It can be aeu that the nlua of ¢/m. = <'f~ WI)/(~ ) few 
I 

the thlfee occ:u.lou l'aqefJtom 0.10 to O.:is. 

\ 
Tha eadmatea of averase ayDt yield u ,IWUitlaed ea•Ue:r 

• I ~ 
:.· c &l'e SWea in b.We Z. It la obae:rved fi'OZD the b.We that the 

percut&Je pin of aw:c•aal•• aarnplia1 with putlall'eplac:em.aJ&t 

over almple l'aadom. aam.pJ.lq (~··~ c:~ple~_re~c~~},.la W. ? 

na uh111 pna emect in talale 4. 

Tho optimum repJac:eiXI01'4 frac:tloa for utbatbat the 

populatl011 mean at the WI'C! oc:c:ulu '· baa beq oJ,talucl by rnlnl• 

m.l•lnl the ftl'laac:e Jlvea in (4.1. 8) with napettto 'i.e. from. the 

••aatlOA _!_ V ( Jb ) = 0. • Thla opUm.am ~l'eplaceiMJI:t fl'actloa 
dq 

worked out to be 0.506 , 1. •· allJhtly hiahu thaa half. 



SUYMAl\Y 

It ls weU ~that In sample oaneya amrilte'T 

lafom:aatf.Oil ean !M ... to lmpnve CpDil the eaUmatea. In the 

•llllenati.Oil • c!JfleHJ~t occaal01l8. The obllonati_,. tiD the eal'llu 

occatlOIUI &S'e ue4 aa encdlny ~Dfam&UOA to lmpnve the esUmate 

of~ p~pQJatton ehuactu wule~ IR\tliy at tbe tabsequenl eccaateU. 

Ia tide lA,..ttsatf.on aa attempt bat been made to e'btala the mlabnnm 

ftl'lallce lb:leu unMated eatbnAee ot 

1. the -utatJOil me.,. Oil the J110R nceat teca•«on I .... , ,. 
2. the dwqe lAthe pOpu1ailOil m•Q boqltM OCCIIIOD 

to another ; ~ · 

!, &A lltt'erall estimate Of the populatJOn mqg OMI' an 
occaatODt , tu a dpattdc: P'r"'ati'• wtlq a twO ata&e 
4ealp. 

Tile atudy bl confiDed to two caaea via, , 

(a) Panlally •ep'aclna prima., sta;e tm1ts (psu••) 
ud keepiaa aecQtld ataae tmUa (ua.'• )tla4; &Del 

(b) Reepht& peu'• 4u4 aa4 '9Gonla11y ~ aau'•• 
fu a fi;Qd eample alae 'A' &ad tiDd-. the nt•"•'• 
patten 1n whlch •ap• GDita ue nta1uc1 Ml' an 
occaa1CID8 -.4 'all 1 unlh uo selectecl a&eah at each 
eccaalco. ( p + q •l ). 

The esdh'e lnft.U&atl011 hae been made nndu a pn8Pl c_...'•*'• 

paUuD. The ronh• ebtato-4 1Jr acme of the SheS' "ae&.rch wvken 

ID the flel4 .,tonow particular caau o1. tJd8 laftattpttGR. A ce"ll*•'-
' 

•• of the '"'deacy of the twe ••mpi'DI pattei'At bat heD 4isca.ue4. 

fa. aukal»le ••am1!Je Ia abo pa to ll1uattate the appUcat'• ol the 

eatlmatet obtaiGad. 
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