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CHAPTER! 

INTRODUCTION 

. 
From tlmOB immemorial the concep& of soDOnllalDs from a 

pnt of tho populatlOA to the whole bas boeo 118od mo.o or leoo oabjoctl· 

vcly lD daUy We. Bat not antU the late" ball of tho .a.lo.ctoeath c:ectlli'V 

objec:Uve methode of &tmeraU•IDa fl'Ol'D a pan to tho whole aco:~ 

to bavo i'ecelvoc! ml&Cb oUentlon. ID thla c~:~ae two quosUcma erlao. 

t) how to se!ee!: tho pan from~ whole aDd U) bow to sapnUzo from 

the selct:ted put to tho wholo. Tho problem le ooo of liDding that c()JDbt• 
I 

' I 

aatlcm of seloc:Ucm oad oatlmatlOil proceecdtarea which would rninlmtJ!o 

tho riok Lo.volvoc! lD sonenUciDg fl'Om the pan to the wbolo pe• aD.l&_ of 

coat. Allematlvoly tho pl'oblom may bo viewocl as that of flD41D8 that 

comMaatloo of acloctlOil aod ootlmatloa procccodures whlch would mlDh 

mille tho coat, eaallrli:ls ot the same timo o apeclflod proctalon for tho 

info renee lrom a pan to tho wbolo. 

The oarUor developm•.,d• lD thls field l"olatlvo to the aocorad qaeotloa 
., 

poocd abovo and tho "eaalt h3a been a faUy weU developed thool'f of 
A 

estimation oDd stat18UcallDforCAce baaed em tho olmpleat of aelectloo 

proceedul'co, aamely equol probablllty oampUAJ wUh t>OplAcomeat. 

lmprovemcma lD aelectloo p~oedures may bo cCI181.dei'od to bavo been 

lclUated by Bowly (19Z6) who ll&od atratlfled slmplo I"GDdom oampUq wtth 

propor&toaal aUoeattoo. Neyman (1934) c:ooalderod the qoe.tioa of opll• 

IDQID eUocatloa in etratltled eampling. DurlDj tho decn4o l~·SO, 

couldenble dovelopmeDte in oampliq theory hDvo takoD place end tho 

... ....., ., 
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HW"witc(l943,1946) fl.lld Madow (1944) oeed special mootloa. Cocbrao 

conaidore• the quoatloD of aapplemoDtuy ln!ormattoa at tho oatlmatioa 

ataso by UllDI ratio and roareaalon oatlmaton. Cochran (1953), DemiDa 

(1950), Sakhaune (1953), Hanaoa, Hurwlta and Madow ( l9'!.J) end Yeteu 

(1953) bave covevod la detall the 011rllot devolopmonte lD tho theo:ry of 

aampllq lD '(oapoc:Uve boob. 

Sb:nple 'Cilndom ~mpl\Date by faY the moat commonly aaod metbod 

ofeampl\Da la suvvoya. It le almplo, opovatlouaUy eonvoalent lUIIl. 

alvoa eqaal chance of ••lectlon fov aU the unite \D the populatl•,n. wbou , 

boweveY, the unite vav1 conaldoyablytn 11ao aa la often the ca1e; •lmple 

't&ndom aampllna doe• cot take into aceoant tho poalllble t1np9 tUDco of 

the operational conventellCe of almple I:'&Ddom aampltna, lt la deatrable 

I 1 

to uao awriJ!•ry tnt~matloll, such ae abe of' unit ate t.he utJ,mattoa· 

ln the aoaae olilvtJaa .. tlmaton with amaUor atandard orron. Two 

example• of aach uttmattoa proceedGI'ea &l'e tbo • RaUo aDd aeareaaloa' 

methods of eatlmatloa. 

The two claaatcal ra&lo eaUmatorl are tho ratio of the meaa eatl­

Yn 
matar Ya " -=:- X 

ratio. e~~tlmator 
~ 

or equlvalamly the wetshted meao of the 
D 

l .. '1. ..... 
i'.,..i • ---

Q 

l:x 
l ... l 

-X 

and the mea a of the ratloa eetb:nator y .. r i • where y and •a 
r D D 

81'8 the eampl11 IDUQS, r t tb0 meQQ Of the lndlVlcf\181 1'8tl08 t D (y/x) 
D 
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iA the aample aod i le 1mowa population muo of the naiUa ry variable &. 

5o&b tb eltlmatou an bo8D to be blaaed. Tho IaUer te act even c:o.ula• 

teld • .AD ~c:.t uprdaloo for the bl .. to V la avaUable wblc:b doea DOl 
• I' 

depeDd apcm the sample atn o. SlDce the wrwelihted meaa i' may be • 
••ntw.ly blaaed tf 1r0 teade to be luaer (or 1mallu) for II rae • thaD 

' I 

' -for emaU •• the eatlmator Yr la likely to be mere bla141d thaD the utlma • 

tor iaba•ed oo walsJ1te4 meao i'.,. No uact exp:.11U1loo for the blaa lD 

i'a la anllable, bat lor ••snpl•• ol moderate •1••· from •pc!pUiattou 

lD wblcb the coefflc:lent of v..,laUoa of all Got too 11•1•• th~¥u lD 

- ~ I "a k Mcllal'bla. But the problem bow larp the .ample ~~ be to 

mau the blaa aecJlpble baa. Dot y.t been aolved aatlafactorily for oU 

type• ol popalatlooa. 

'l'be avallabla blaa ea.pneaiou aDd varlaace fprmola for both the 

rear .. aloo a1t!Dato1r Ytr aDd the ratio .. tiiD&tor Ya an OAly approsl• 

mate. the apptooalmattooa aaemniaa the .. mple alae a to lie elllflctutly 

lara•· 'l'or emaiL aamplel octh'aallltllowa a'boua the uture of their 

blaa aod precttloa. Tbla aituatioa haa led the rea•rcJa •o•Julra to the 

field to OJEP lon wap aad meacs of obtalJdq • B.atio au aepeeeloo 1 

twe eltlmaton which 11'1 elthar completely free from bSal or aabject 

to I om&UII' bl .. thaD the CUitOIDIU''f OJI.II. 

trai»Ja•ed ratio type eedmatort have beu evolved lD nc:~ ,...,. • 

Hartley ud Boa a (1954) have beeo th• pl0.1Uiere lo the aroap of aathort 

who obtaf.ae4 uablaeed eltlmatort ao4er the commoDiy adapted ••mpllaa 

4 .. tau. Ia almple raadom eampUDJ witholll l'eplac:emaaa they have 

I 
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1lvo ,u, elcp!lt upre .. lon tor the biaa. in y a.Dd au ablaeed NtlDmto, .. 
of that biaa, abenby ardriq at au aobiaeed raUo eftlmator 

(N•1) D 

+ 
N (n•l) 

a~ (1957J baa dedYod ftho esacl tormnla lo1t lta variallce aDd an 

~•od enhxmto ofthe variAnce. lD JarJe aampla. men almlh 
I 

eaumatora of the variaaco ot Vr aDd an UlctD~lvo dlacuaalon oUho 

relatift efllclonclea of V , . a 
Hartl&y (1958). 

I 
f. , V bavo been alvoo by Goodman aDd 

I' I' 

OccaeloaaUy eltaatlo.oa arlee when the coomcleftS of cone1aUou 

la coaotlvo. ID each ca~ tho proC!ac:t oatlmator(y
0 
&

0 
/ ~) PllOpoaod 

by Robson (1991) can be uae4 with adva.atago. a cao bo aou that the 

pro4aet estimator 9lU bo moro eHlcienl than abe elmple mean eatlmator 

J 1f tho COrJ:'eJation coeWclcnl behreen a &1ld Y (p) la lGaa tball 
n l Cy 
• i' c . 1\obaon hu abo dorlved an wabtaeed product type osu-• . v. iia 

mato.r conoapOn!llllj to n ~ an4 bo dodved tho oact varlanco 
X 

N· 

of tho entmator by aama maltlvarinto •JIIUI'8lrlc means. 

Olk1n (1958) hae cooaldared the a .. of multl· aapplemaery 

varlablet ln ~lldillli Qi1 ntlo- animator aDd thll eetlmator baa boeo 
.' 

foa,ud to be more oHlcleDt. However wh~ lh. e11pplomentary verlabloa 

are DOptlvely conelated with abe variable UDder co:ulderatloD, the 

ratto method of eeUmatlon ca~ bo efllcleDtly aaed. ID aah cases, 

M.P.Slnab (196Tle) baa conaldored the 1110 ol multlvarlato product 
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I 
•5• I 

I 

\ 

The Delli qaeatloa nleee i•• caa we m.ke the boat ••• of tho combtaa-
{ ,q\,"7<1.) 

tiGD of ,.atlo aad pl'odact metM<Ie ot utl:maUoa·. M. P.Slalh,.bae c:oul· 

dcred tb. eatlmetloa pl'oceed~~re which le the comblaatloa of ratio aDd 

product mothoda. He baa derived tho cOIIdltlQWI fol' thal.r elficlut aa 

iA aample aarYep. 

I 
to~· cue when aome OJ' aU ol tho awdlluy variablea &N poaitlqly 

confillatttd and •o=e OJ' all are aeptlvely conelatod with y le dcak by 

S.K.Srivaathava (1965) and s.a.s.aao aad Qo'f'lad.S.Mudholkar (1967). 

M.P. Stnp (1967b) baa coul4erod the cue of MalUva~ prcdUd 
. I 

eatlmatou (blued) aDd bo PieAded it to DoUle aar· 
The prucmt lAv•tlptlon cac bet aammut~ •• follbwa. 

I 

I 
Chapter U deala with the Qllblued mldtl.arlate ratlo type estimator. 

I 

I 

Suet vadaDCe ClAd anblaaed eatlmate of vartao,t:e are pv~ lty ulJsa 

malth•arlate aymmeh'lc moa.u. Comparleou ba'l'e beea maCe 1Mnreen 

dllferollt type ol eatlmato~ra wtth \he help ol eome cmperical dllta. 

· ' Cbapler In deals with the 11Dblaeed otto • cum- prodlltt type of enlmate. 

The deri'l'atlou of tho exact YllriaDCe and GDMa .. 4 eatlmate ol the varl• 

aDCe a ro given. 

Cblpter !V deala wlth the maltlvarlatca uabl .. ed product type eltlmator. 1 

The uact varia ace aal4 Wlh1aaed .. tlmato of the varlaace are obtalced 

with tho help of multivariate eymmetric me•••· 

Chapter V dade wltb the 1•uraUsed maltlval'l&tO uabtaaed eatlma"'l 

tlaa where eome of tbe ecpplemeutary vartablea ba.W, • + ~.!~~,orl'e• 

latloa aDd the reel bnlDJ • vo COI'I'elatloa wtth the variable aDder nudy. 
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Aa lD tb above ca .... tbe coacepl of maltlval'iate 8JIDIDell'lc meau 

are Qed lD findlDa ~ varlaAc:e aDd the eettmato of the varlanc:e. 

In Cbapeor VI. aD emperlcaletydy baa beeD made by uiq theeo 

oetlmatol'a aad l'eealta al'o bacluded •• Woatratlon. 

I 

I I 
I 

I o 

I 



cHAprEn n 

MYLTlVARJATJil UNB!ASQ Ml'IO TYPE ESTIMATOI\ 

11.1. ll!IJ\ODUCTlON 

The llllblaaed ratio lJPO C4timalor wao p~opoaad by Hanley acd 

a~ a (1954) tn tho uoe of simple nodom aampllua wlthoul l'ep&coroent, 

They bave ilVCD. AD elepllt api'OG8loD fOr the blu tJl i ~ ao4 AO 

ucblaaed estlmato of thllt bl.ae theM by an1vl.o& at u ~ae4 ratlo 

eatlmator, 

cmbiaaec! eatlma~·j of the vaclatu:o by Ulq tho m~ltl-varlato •vmmo· 
I 

\ 

hlc moaaa, IQ laiFge samples m.o:re elmplo eat~matora ottbe varlaraco 

' 
of i and aD oztODslve dlacusalcm of tho I'Glatlv9 eU1clODC1oa of 

l' 

' Ya• V. • aDd i Mve beoA give£~ by Go.odman aDd Hanley (19S8). 
J' I' 

Olkin bllo c0Jlll14ored tbo uee ohzmlti-aup~ary vuiablea tn 

builtS!.os ap l'atlo oatlmator aDd Cble cn~tor baa heeD fo=ct to bo IDOJ'O 

' between 4lfto-..om typo ot oatlmaton 1D Section &. 3 with tho bolp of 

ompcdcal data. 

I 
( 
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a. a. MULTIVARIATE UNl!WED U'l"XO TYPII miNATlON. 

J4t Ot.er• be 'P' • .,pl.-u&awy varl&blu ~· •a• •3• •:: !l}'v; 

lafoamatloa wbich ta avaU&W. 101' eadl aai1 Gf the popalaUoa. W 

Y .., :x1 , 1 •1, a, • • ., 11o tbe poplllattoa totab of t1ut vula~ 

Qdol' -'ll4y &ad the p •uul•rne••rr •ulahlaa. W the popalattoa alae 

beN, ~a radom aaaple of atu a be cbawa. tlut nJa~ oltu c:!Jarac• 
/ 

tor -'•" lltMy ud tH a.,tJ.am•lilltary fti'IUlea be 

(yl' .... Ku• • • Kpl• ru• r&l' • • rpl )( 1 •1,1, • • a)~ wltaro 

~'Jt • YJs/•Jt ( 1 •l.a, •• •· J•&.a, •• ., ). 

( J ••••• •• p) 

a 
V • (1/a) E Yt 

l•1 

• I 

Ltat y1 
• 7 X - a (!:!) 

J J If (a•l) 

I 

I 

( J ••••• •• p) I 

I 

/ 
I 

( &1 i'J - v) • J ; k. a~ • • ,. ( a. a.1.) 

b• ,the Hal'tley aDd aoaa •a aabiued l'atlo tJPI utlmaton. 

Ia tei'DUI of the •JB'mtlltl'lc meaaa we c:aa ""'"•· 
1 ! p 1 J J+l. , 

7J • L.( 0 0 0 • • 0 0 • • 10 • • 0 )/ (Ja1,J, •• p) 
1 I J J+l p 1 p 

i'J •.((OOO •• IO •• 00 •• 0)7 (Jal,&, •• p) 
I Z p 1 p v •<(loo •• oo .• o)7 

cotiaa p IDI1h for ~· •a• • • a, aa4 the remalatq p alta fo~r 

"I' ".&• • • "p .... ,.cttvely. 

•tmmarto meaa whl1e t_ / wttUld prime 4eaotea a Ample ayaurteh4d 

"DMDo Metau.ct method of m.ultipllcattoa of &JDUDebio meau bu 

baea ,,, .. by ao'lwoa (1951). 

'I 
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Vlo caa wrlh (2. 8.1.) with aymmdrlc: mean ootatlcu bal tt 

wUI be tedlu to w~lte the oxpreaalon ID this £onn. Alao to derive 
, . . 

V t.J • c:ov (7
1
, Yz ) bepil\1 lj ln eymmetrlc ·mean aotatloA ln tho 

form alvea aboYe wU1 be Jaborlolg. Bellce we ·~ dorlvo 

v11 • ( .yi, V'~ ) , aaaamlq that we ba•e two npplemi!Diuy IJator• 

matlon -a, •z with y 'lllrltllout loaa ot tOJUinltty. 

fD lenn. ot atmmet1'lc mea a oatatton. we bave, 

' ~~5 ~ vi • ~ (01000)7 L(OOOIO) 7 - N \l.(OIOOO)? L(00010)7•L(l0000) 7 J 

V~ • L. (00100); L (00001)7- ((N •1)/N~00100)7 L(00001)7· L(IOOOO) 7 J 

I 
I (Jolo !. ) • • Cov ('fl. Ta ) ••••• 

I t I 

m•uiiJ, we have the .-ac;o~~preasloD of Co.. ( v1• Va) aa 
I I 

f I (N•l) ~ •\ I 
Cov ('fa Va) a L(OilOO), (00011~·7 + L.(OIOOl), (00110)7 

• N1n (n·1) 
\ 

+ (o.•!)<'(OilOO), (00010), (00001)/' + (n-J) dOlOOl), (00100), (00010)' 
\ 

+ (o.~).((OlOOO),(OOUO), (00001)7 + (n•J) L:(OlOOO), (00101), (00010): 

+ (n..Z) (n-J) (.{01000), (00100), (00010), (00001) -i ~ 

+ ~-s \ ( (ZOOOO)~ + (n•l) L(lOOOO), (10000)?
1 

\ I 
• L (11000), (00100).,. • £(01000), (10010) / 

• (1\..Z) l.. (10000), (01000), (00010)) • L(IOIOO), (00001) 7
1 

• L(OOlOO), (IOOOl)j • (n•l) L(IOOOO), (00100), (00001)--) J 



.. io. 
I 

\ I 

I $ ' I ' + 7. l L~OUU)7 + CU·l) L(OJlCY)), (00011) 7 
D . 

+ (a·l) <.(cmo). (00001)71 ~· (o-1) L(OD.Ol), (oool0)7
1 

+ (D-1) (N-1) dOUOO), (00010), (00001))+ (U-1) L(OODl), (01000)/' 
1 

+ (N -1) t.(OJOU), (00100)~ + (N-1) (N•J) L(OOOU)• !(0!000), (OOlOQ) 7 1 

+ l , •• 1) L(01010). (00101)7
1 + (D-1) L(OJOOJ), (00110) 7 I 

I .. (D-l) (N-J)L.(OlOIO), (00100), (00001) 7 1 

+ (a•l) (N•J) L(OlOOl), (00100), (00010)71 

+ (D·l)(li-1) ~(01000). (00010), (00101)71 

+ (a-1) (N•J) L(01000), (00110), (00001) 7
1 

+ (a•l)(W•I)(N•S)L(OlOOO), (00100), (Oel9lo), (~001) 7 1 J 
. t;..; \_ ~(<>1010), (00010)7. d~ (01010) 7

1 

v l + (11-J) L(OlOlO ), (01000), (00010) 7 t- L.(OOZOI), (00001) 7 
I 

't L.(OOlOI). (001011) 7 1 't (H·2) L(OOIOI), (00100), (00100) 7 I 
\ 

... L.(Oo..OOb), (000'10).7
1 

. 1 ~ I / t- L(OlOI()), (01000)7
1 

I . 

+ (1'1-l) L (000!0), (OlOOO), (01000) 7
1 + L(OOlOJ), (00100)? 

1 

+ L(OO!OO), (00001)~ + (N-1) L(OOOOI), (00100), (00100) 7
1 

+ (a•.l) L.{O!OOO), (00100), (00010) 7 1 

+ I (a•&) L(OIOOO),(OlOlO), (00010) 7 1 

+ (ll•!)(o•J) L(OIOOO). (01000), (00010), (00010) 7
1 

+ (D-J) L (OOWO),(OOOOJ), (OC001) 7
1 

+ I (a•l) L(OOlOl), (00100), (00001) 7
1 

I I 
+ (a .. J) (JI-3) L(OOIOO~. (00100), (00001), (00001)7 •LfllOlO)? 



• 

-n-

I 
• CN•I) ~ (lOo!lo), (olOoo) 7 

I 
• (a-1) L (11000), (00010) 7 

\ 

• (D•l) L_ (10000), (01010)) 
\ 

• (la•l) (N•l)L(OlOOO), (00010), (10000)7 

• ( (10101); .. (N-1) L(OOlOO), (10001) 7\ 

\ \ 
• (a-1)«10100), (00001)7 - (a•l)L(lOOOO), (00101) 7 

.. ~a-1) (N-a) .((OOIOO),(lOOOO), (OOOOl) 7' J 
• ~ L(Zoooo)i- (N~l) L(lOOOO), (10000)7

1 ( z.z. 3) 

I I 

AD Ullbiaaed .. ttmate ol cOY ( 'Y1 Yz) caa 1M ~lDed by Wl'lttaa the 

' \ 

aame ezpre .. toa, replaclq the popalatlOl) aymmllltrlc rae with the 

reapec:tive aaasple aymmehic moau. Vie auwne u.J" N ia very Ia rae. 
I 

Thera we caa omit terma of the or.S.r of (1/N). F~her we call aae the 
I 

< <••>• (az), •••••• 

Vader these •t•umptlau (I. a. S) hec:omu 
' 

• • 
Cov ( v

1
• v2 ) " ! L(2oooo).f • L(lOOOo);} L(I0000)7\ 

\ \ \ I 
• L(ll000)7L(00010)7 +L(10000)7L(Ol000);} L(OOOIO) 7 

• L(l0100).f«ooo01)-i + L(lOOOO)J l(OOIOO)iL(oOOOl) 7
1 

\ 'S \ I \~ 
• L(OOlOO))l(OOOOl)7 \L(00101)7 • .((00100)7~(00001)7 j 

• L(OOlOO)l((OOlOO)> \L(00002)j • L(OOOOl)j L(00001)l ~ 

- L.. (olooo}i.((OlOoo)) V<ooozo)-i • L(ooolO)i L.(ooo1o)7 ~ 

• L (01000):}((00010 );} { l(OlOIO )"7 • L(OlOOO) i L(00010)t 1 
+Zl.(OlOOO)i L(OOOOl)~\ L(ooilo)-i • L(OOlOO~~ L(00010)7

1 ~ 
+ L (OlOOO)j L(OOIOO) 7\ f L(OOOU) 7

1 
• [_(00010)-j L (00001) 7 ~ 

+. L(00010)iL.(00001)-} \ L(OUOO) j - L(OlOOO)/ L.{OOIOO)~' 

) 
I 
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+ L(OOlOO).f L(OOOIO)~{ L(01001)-i • L(OlOOO)iL(00001)?
1J 1 

• n(:.,AL.Couoo))L{ooon)}-L(ouoo}i Ljoooto)f L(oooot)7 1 

\ \ ~ \ 
• L(OOOI1}7 L(01000)7L(00100)7 
I 

1 I I \ \ 
+ L (01000)7 L(OOI00)7 L{00010)7 L(00001)7 

\ \ \ I \ .+ L(Ol001)7 L(OOU0)7 • LJOl001)7L(OOl00)7L(OOOlO)/ 
I 

• L(OOilO)} L(OlOOO);;) L(OOOOl) 7 1 

+ L (01000) 7 ~00~0) ?' L(OOOlO) i L.(OOOOl) 7\ J I (2, Z, f) 

I 
I 

Ezpre .. inJtho •ymmetrlc meaDS intorma ol ~/usual DOtatlODfl, 

we have 
I 

Cov ( Yt y) 
2 

- I I 

" (1/n) ( / ,.,., • Rt CTqy - Rz "•aY I • X a az O'•Fl 

1 
+ n(n-i) ( cr -t•z a fj r

2 
+ CPLS: CTa.z ) 

-&2. 41 
(Z. Z. 5) 

I 

Ill ieDeral 

( -· ' n x n Cov y1 YJ) a (1/n) ( CTY'f • l'l1 ~r1111 • J CT11jy • 1 j CTiljrJ 

i' .,1. J 
• x,tt, ,zt"' •. xJ "~"J"J • xl a ~"l~"l 

+ lij Xt O'Kjl'l 't Xj Rl crrj.. + Z XlXJ O'l'll'j 
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(2. 2. 7) 

AD ubt ...... umat• o1 (a. z. 7) u .gplamed lA the pepe .. by 

Goodm•• aa11 Hanley (1958), U•IDI ,._ aame tecbalque the tmbltlee4 

enimate of (2. 2. 7) caa be o!ltalan aad la omitted h•~"•• 

Uam, Olkla'e method, wa c::aa dellaa tho multlvarlata tmbla .. d 

(2. z. 8) 

I 

whua v; te liven by (a. 2.1) ... ••llbb "'J .... c#en each tbat 

II tbollr a am 11 .. ua1 to 1. 

_, I -A 
(1, a. I) caa be writtoa lD the matl'la fo:rm aa y r(M. V, )f • W' y r 

when w • • • 
•• 
w 

p 

Vi 
T! •-A _, I ....... ' . I' 
• • 
• • 
Yp 

aacl W' la the traaapoaa of W, U e' • (1, 1, , • 1) ( 1 X p mabill) 

tJ.a e• w •1. . ............. . (Z. a. 9) 

U V la the Variance, Ccwariallce matrlll then V ta 1lvea by 

Vn vu • • • • • • 'Yip 

vu Va;a • • • • • • vzp 
v •• • • • • • • • • • • • • 

• • • • • ,I' • • • • • • 

vp1 Vpa • • • • •• vPP 

when V lj Ia liven by (Z,I. 6) &11'.\d Vu by (2, 2, 7) 

Tbe welJhte wJ ( J•l, 2, • , p) &l'e choaeta 10 •• to mtatmt .. the 

\ 
' 

I 



·~ I 

nrlaaca of V~(M. V. ) • 

ApiA follw1Da the alpltn of OUdA, wa baYa w1 • Rt/'D 

when a, b the aum of an the elamaata lA tha lth 1'- of tha mat~lll 

v•l aac! 'D ia tha IQID of all the aJamallll lJa tha matria y•l, y•l 

I 
balal the tava~aa of V. Tha mlplmam varlaACa of y _, la 

"'M. V.) 
equal to 1/11. Fo~ .. UmatlAJ tha wata!la• au the varlaaca of the 

aatlmated mUA uiaJ aU tha awrUluy Y&l'lablaa ill the maltln<li-.r 

rlata tmblaaed aatimatol', the aat$mataa of v1jat (a.z.&) aad (z.z. T) 

are aU.tltuted !ov v1J lA tha matrix v. ,; 
I 

Comparlaona between Malti-variate nnbla .. d ratio type eatlmatofl 
I 

with dlHerent nomber of aopplameata ry pa rtablea: 

-· C I Theorem. Let y rq and y dt daaote r'tpedlvely the malttva rlate 
I \ 

1111biated catlo type .. tlmatora of Y with op&Smom welJhtt 'ba,.d oil 

tho aopplementa ry vuiabl .. (~), (a1), . • . (•cat , aad <-a>• (s1), 

• • • (a ) where k lt 1reate1' than q. 
k 
I o 

Then V{Yrq) ? V(Vrk) 

Proof of the theorem Ia tlmlla r to OlklD and l1 omitted here. 

I 
z. J. Numerical lllutratloa. 

The rea alta o'btailaed lAthe precadtn1 ,.c:tion wlU now be 

iUutrated with the help of data coUec:ted from a aampla aorvey 

condoc:ted on pepper ta the State of ~orale darlA1 the yean 1966-68. 

The data relate• to tha number of peppe.- ataAdarda aad area under 

pepper enumerated complately ln each of a random aampla of 1ZO 

vtna,. •. Iatormatloa on two awdllary dulrac:tart 
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a. Garden uoa ol tho vlUAae. 

woll'e avalbblo tor aU vlllogoo ln the stato. 

Notatloaa apd Deflnl.ttona. 

N • TCltal ownbor ol vlllagoa Ia tbe popalGU04. 

o • Total nambor of vtllasos to the samplo. 

Yu• Number ol poppol' otandards CIDGmOI'otod lo tho l.tb soloctod vlllllso. 

Yaa· Aroa endow popper (iD hactocl'oo) ouumorated iD tbo tth 

aolocted v11JAgo. 
'I 

YU' Y ll the hoe val11011 oltbe onmbol' of pcpper- nundrado. aAJ 
I 

- A 

I 
I 

I 

vlllogo iD tho J»<>PQlatlon. 1 

Yz .. (1/N) ~ Yzt 
hl 

• Avczago 81'08 ando.t popper por vllloge lu tho 

popalatloo. 

x1 • Total Gooaropblcal orCA to tbo popolaUoo. 

x2 • Total Garden a.:-oa to tho populotf.on. 

x1, x
1 

• the roopocdve popalati.CA moana of X. aad X&. 

- -nu .. v1 t x1 

aaa a V,tia 

a
11 

• V1ti2 

a21 • i 1 1 x1 

I 



-16-
1\ 

Y1 - Eatlmata of t!la avalral• avmM'I' of pepper ataadarda baaed 

OD the umple meaa. 
1\ 

Y 1 • Eatlmata of t!la ave :a a• area andol' peP1J8r per vtnaao baaed 

OD the aample mea a. 

The tablaa 2.1, 1. 2, 2. 3, 2.4 atven at the aDd 11va the diUarent 

I 
oatlmatea of the Damha r of pepper atanda rda aDd a rea ~mde r pepper, 

o'btlliaod by ua~Dt vadoua pr(ocedu.ra1. 

"~ ' .. 
I 

....... ~ 1\ .1\ 1\ 

Thu• YlRU' Y11112 , Y ZR!l' Y 1B.!2 era the eatmu,t~ maazt 

Dumber of pepper atalldarda aDd area wader popper, the eatlJ.tea are 
;I 

ba1ad OD the blued ratloa which are IDdlcated by the auba!1rlpte. 
' • t • 

vhU' vl:-12' Yzr21' Varzz reJiv'Uem the eatlmated aeaa Aum'bel' of 
I 

pepper ataDdard• .and area ~mdor pepper, baeed ora the uabia .. d !lath~ 
I I 

' type eatlm&tel liV&D by Hartley and Rol8. 

" 1\ 
Y lR(M. v. ) • Y ZR(M. v. ) a ra the aatlmatad meaD of the maltlYa rlata 

blued ratio. 

V,
1 v' are the aatlmated meaD of the Maltlvarlat.~ 
lr(M. V. )' 2c(M. V.) 

~mblaead .-atlo type eatlmate. 

From the tablea lt may lie aaen that the multfyariata ~mblaeod 

ratio type eatlmate whUe beiDa unbiased la equaUy efficient aa the 

multivariate blaaad ratio eatlmato aDd ta alwaya more of£1clcut thea each 

of the ataale uabtaaod ratio eatlmatea. It la alwaya mo&-o a!ficiant then 

the aatlmata bued oD the almple meaD. 

----·--· 
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CHAPrER UJ 

'ONBIASED RATIO CUM PRODUCT TYPE ESTIMATORS. 

S.l. INTRODUCTION. 

Use of Woc-matloa OA oQO Oil' mo1ro nondll.ary .,nl-illbloa at tho 

ootlmatloa mao to lncronoo tho procloloa of tho enmplo roealto,la 

I froqaob&ly roeo.rtod to by survey prnc&ltiOAore. When two awdliary 

vorloblae are ovaU.ble and U OAG of tbom lo bavtns pooblvo c:ocrolntioo 

and tho other -oogatlvo conolatton with tho •nrla'blo UDder otody thoo 

a ratio cum product estimator will be moll'e etllclen& than ,; 
l) Simple aoblased ostlmato( estimator with no sapplcm~ary inlormntlon) 

I 
ll) Estimators whlc:b atlllse ooo eapploment.a.ry chara$r ( ratio and product) 

lll) Eetlmaton whlch atll~sa more thaa 0110 suppL·cnneQsary 

characters( maltlvoriato rotlo and muJtl.arlate -product} 
I 

has been deab by M. p, Slaih (196 7). Ia hie study ho bas coneldo rod tho 

estimators which are aU blosod. Io tho p:rosoat lavcetlptlonan aoblued 

Rotlo cam product typo estimator le obtained, along wlth tho Olllllct varlaDCo 

by using tho concept of ma1tlvarlate aymmetrlo mooao. 

I. 2. Unbiased Ratlo cum prod as! type estimator. 

Lot there be two aapplemeatary variables •• a Wormatloo oo which 

le available for each Ql1l.a of tho population. Lot Y, X and Z bo tho Wlbloecd 

ostlmotoeof tho poramotorl correapoodlng to the varlablo Wldor study 

I 

aoCI the sapplementa ry variables x aod ••, and tho populatloa totals X (total of 

a). Y (total of y) be tmowola odvanco. J..et tho correlatloo between y ocd x 

be poaivlve &Qd tbat of J' ADd II be DOJIItlve, 
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Thea the ratio c:um product .. tlmator wW be 

- X - -y • '7 - ft4are X aa<l Z are tlul populatloa mana of the 
rp y 

variate• x and a re1pec:tivoly. 
N 

Lel RP • . .! lE I'Pt • 
N •1 

I '/ 
I 

' 

Whoa we axpreaa the ewe expresaioaa iD terma qi aymmetrtc mean~. 

1r .. L.( 1000) 7 

"9 • L(OlOO) / 

"I • L{OOlO)/ 

?Jr a L(OOOl) 7 

I 

I 

I 

Tlul correapondlq popalaUOIUI meaa.e caa be upreaaed aa 

x •<(1000)7.1 

y • ..( (0100) 7 \ 

\ Z' • L..(0010)? 

QP a .l(OOOl) 7\ 
I 

I 

Aa uoal aa aqle bracket with a prime L 7 la 118edlo deaoto a •ymme• 

tric population mea~ while L 7 without pTlme denotea a aampla 

aymmetric meaa. 

Hence Vrp • 
L(OOOl)/" 

I 
L(lOOO)/ 

(3. 2.1) 



The blu of V •·ia okalaed aa , 
(Blaa V:,J • E( y ) • V 

rp 

\ 

' 

I \ \ I 
L(0001)7 L(IC00)7 • L(O'l.GO)?L(0010)7 • 

L(0010) 7 1 = 
UalD1 rho mllhlplicaticm .rule of oymmetrlc meau, 

1 t (1/N). L(l001)7
1 

+ ((N-l)/N)L(OOOl) I (1000)7' \ J 
(Blu '1 ) • 'Z , 1 

•P ·(1/N) L(OU0)7 + ((N-1)/N) L(OOlO) 1 (0100)7 

1 

\ 

((N-1)/N)L(OOOl), (1000) 7
1 1 

0 i • ((N·I)/N) L{OOlO), (OIOO)J 
(!. z. 2) 

lor (OUO) '" (1001) 

Ala Qllbla .. d eattmata of (3. z. Z) wUl be 

Eat.(Blaa V ) '" (N-1)) L(OOOl),(lOOO)-]. L(0010),(0100)7 ~ 
rp N% \ J 

Heace we caa obtat.a aa aahlaeec! eattmate of y rp by a a1lt ractma tMI 

't 
eattmated 'blaa. Let U be V • Thea 

rp 

• (N·l) S L(OOOl),(lOOO) 7 
N'Z \. 

Haaca aa uablaaed eatlmate la pvea 'by 

(N•l) D - N (a-1) 

- L{0010).(0100)71 

(J. z. !) 

The varlance of Y' ma., thu be calcalated a a a atralaht forward 
'1' 

appllcatloa of the awltipllcatloa fo.rmala for aymmetrlc meau. 

UaiiiJ (J. Z,l.) aad (3. z. !, ) 



L (loOO):;iL{OOOI) 7 

• L{OOIO),(OIOO) 7]] ((N-1)/N) [_ L(OOOl), (1000) 7 

1 \ ' -
a r ( L(1000)7 L(l000)7 L{OOOl) 7 L (0001)7_1 

+ (N-1)
2 

1 

N2 r 
(N-1)2 1 

+ Ni ;; 

-2 (N-t) 

N-:f 
+ _z ..:..<N~-,:.1) _z 

NZ 

/L(OOOI),(IOOO) 7 L(OOOl),(IOOO)/ :.1 -
iL(OOlO),(Ol00)7 L(0010)~J ..jOlOO) 7 7j 

I r L(1000)7 L(0001)/ L(0001.),(1000) ~~ 

- \ -I L(l000)7L(ooo1)7 L(oolO),(otoo):? I - ' I 

• z CN-1)
2 

J-zZ 
1- L(l000).(0001) 7 L(QOlO),(OlOO) 7-1 - -

(S, 2. !!. ) 

y ( v' ) a E ( y' )U • yr. (3.Z.&.) 
rp rp 

···. 

"l- 1 - \ ,_ 
'f a I L(0200)7 + (N-1) L(OlOO), (OIQ0)7 /. 

TfNZ -
\ \-r L(oozo)7 • (N-1) L,(ooto). coo10> 7 1 -- (3.2,?.) 

ExpaDdlna (3. z. 5} and (3. 2. 7.) • ueloa '"the maltlpUc:atlon rule• of 

eyzDJDetrlc meau • 1uad a log (5, z. 6. ). we have after •lmplllic:atlone. 



a 

+ L(ZOOO),(OOOZ)j ~ (N·1)/ N2n + (N-1)1./ o N2(a-1) 

.- Z (N•I) /n N2 ~ 

+ L (2001), (0001) ~ \ l (n-1)/ N
2o • z (N-1)/ o ~ J 

+ L (1001),(1000)~ ~ l (n-1) • I (N.l) +- (N·1t ~ 
l NlO ;Nr D N (D•1) ( 

' 

+ L (Z000),(0001), (0001) j {<o-1) (~,.2) + (N ·1)
2
(o..Z) 

o N' o (o•1) N2 

' - . _; Z (N•1) BD-2.) ~ 
I oNZ I 

\ y. I + L (0002), (1000),(1000)7 N-l)(N-2) I 
' Nln I 

z 
+ (N -1) (n·Z) 

o (o-1) N2 

+ L(1001),(lOOO),(OOOI); \ 4 (N·I) (N-2) (n-1) 
D (N·l) HZ 

z (a·&) (N•1)1 

+ z 
D (o-1) N 

. • Z (N-1)(N-1) ~ 
D N2 1 j 

\ ~ (N-1)2 • a (N·l)
2 ~ +L(OUO),(OU0)7 

o (o-l)N2 Ns 

,,.,l(N )z (N-1) l + L (OZOO),(OOZ0)7 •
1 

• 
n (a·l) N1 N3 



\ 

+L(OZOO),(OOlO).(OOlO)~{(N·1)1(n"'Z) 
N2 n (D•1) 

+ L(OOZ0),(0100).(0lOO)j1(N·1)
2

(n·Z) 

N2n (n-1) 

• (N·1)(N·Z)~ 
NS j 

• (N·1) (N-Z) ~ 
N3 j 

+ tL(OllO).(OlOO),(OOlO);;~ S z (N•l)
2
(n·Z) • 4 (N·1)

2 
(N·Z) 

\ Nz D(D•l) (N·l) NS 

t I (N•l) (n-2) 2 
D Nz 1 

+ L (OlOO),(OlOO),(OOlO),(OOlO)i { (n·l) (n-3) (N-1)
2 

l ' 
N D (D•l) 

• (N·1)1(N·Z) (N·S,Z l , 
(N-1) Ns I 1 

I 
' ' 

+ L (U01), (0010) j { a lN·ll J (N•l) 1 I 

nNZ -
NS 

I 

+ L(lOU). (01:>10).) 1 Z (N·1) - z (N-1) 1 
DNa NS 

+ L(lOlO ). (0101) ) 1 a (N-1) • 2 (N·1)
2 1 

aNI N2 n (n-1) 

\ 1 2 (N-1) Z (N-1)2 7 + L (UOO), (OOU} 7 • 
nN2 

N2n (D•1) 

+ L (l 000). (OOU).(OlOO) i ~ (N-1) (N-2) 
rDNZ 

+(L (0001),(UOO),(OOlO) j 

+ 

{ 
a (N -1) (a-Z) 

o. Nz 

+ L(l010),(0100),(0001) 7\ J 

• ·Z(o-I)(N-1)2 ~ 

Nz n (n-1) J 
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\ 
• L_(1()()()),(()1()()),(()()l()),(()001):7 

2 
a (N-1) (n-Z)(n-3) ( 

N 2 n (n-1) ) 

~ a {N ·l)(n·Z)(N -!,) 
N2 n 

(3.2.8) 

An Wlblaaod eatlmator ol Var ( v'rJ la therefore conatracted 

aunply by oabstllullng-the aomple symmetric means lor popalatlon 
I 

oymmatrlc mea011 ln (3.&. 8). 

When population eleo la very Iorge then ln tho llmltlng CDSe 

(3. z. 8) tekoa the fonn 

Vu ( V:,p) a lzn C L(2()()(),(()()()1),(()001)'7\ 

I I 
• L(l()O()),(JOOOj). (()0()1),(()001~7 

' + L(002()),(()100),(()1()())? • [(()1()()),(01 OO),(()()JO~ 
I I (COlO).?' 

' I + .((()!()()), (()01()),(()()10)/ .. L(()1()0}, (0100),(0010), (()()1()) 7 

+ Z L{Oll()) ,(0100),(0010)> • £.(0100),(01()()),(0010),(0010) /\ 

- 2 L(llOO),(OOl()),(OOOl)~ • L(IOOO),(()l00),(()010),(0001)? 1 

• a L(IOIO),(OlOO),(OOOl) >' + l.(lOOO),(OlOO),(OOOIO),(OOOl).;.V 

- -·- - \ t + n (n-l) "f / L(ZOOO),(OOO!) 7 ·L (lOOO),(()JO()),(OOOI);;:;.. 1 

• L(OOOZ),(lOOO),(lOOO)) -t l.(IOOO),(l()()0),(0001),(000l) '?I 

+ l(lOOl),(IOOl)) • 2 L(lOOl),(lOOO),(OOOl)~ \ 

+ ((lOOO),(lOOO),(OOOI),(OCOlp~ t- L(OZOO),(OOZO)? I 

• L(OOZO),(Ol()O),(OlOO)) -L_(OZOO),(OOlO),(OOlO)/ r 

+ L(OlOO),(OlOO),(OOlO),(OOIO)?' 
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' - Z L(UOO),(OOU)? 

\ 

L(1000),(0100),(0011) '7\ 

\ I 
- L(ll00),(0010),(0001)7 + L(lOOO),(OlOO),(OOlO),(OOOl) 7 

\ .. z L(1010),(o101)7 ' • L(lOlo),(OlOO),(OOOl) 7 

• L (1000), (0101), (OOlO)j + L{lOOO ), (0100 ), (0010 ), (0001) 71/ 

(3.2.9.) 

Now we caD u.e tbe approximatloa 

L(a
1
),(a2), •• (a,.)~ • 

when N la very lara•· Expreaalna the symmetric meana ln terma of 

the usual AOtatlona, (3. !. 9.) can be almplUled and we bave, 

vc v;.; • 1 

~ 
1
- '111'9oz _ ....z ,..2 

Ar • + z- "- + IY"" rl!l& - - ,, 
I 

+! Y z" ~ -zYiP "xa ·!fl.,. D'Z_/ 
ya. -· 

(3.2.10) 

A proceedure lo• comptHlna aa tlllbiaaed eatlmato• aaaloaous to 

lll 'Xa •• X r-1 

la slnn by I 

RobaOD to his paper (1957), where x1, "J• .. Xl'•l bavlnJ neaatlve 

correlation with the variable UDder ataay. He baa derived the variance 

lo tbe cue of three varlated. 



·25-

I 

Now lf sltuatlOAs al'o euc:h that more oambor of oupplemomary lo-

formt~t10Dtl available, say (r+s) where rot them hovlaa -tvo cot·roletloo 

aod 1 ot them having •VO corrolotloo tholl we cao defioe 

• a 
rl 

. . .. 

z 
s 

aod we cao flod ao uoblaaod oatlmato correspooding,to thia estimate aDd 
\ 

the varlaoco ol this oatlmato cAD also bo c:alculated ;rlh:oedlag ID tho 

exact mao.aer aa 1t la doDO for V • 1; 
rp I 

--------·-· 
I 

I 

I 

l 
I 

I 

' I 
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CHAPTMlV 

MULTIVARIATE UNBlAs.e!D PRODUCT TYPE ESTIMATOR 

4.1. IN'I'RODUCTION. 

In sample survey altaatlODa lt la a lably common occu:reace 

that ODe o:r more awdltary va:rtablea ( x'a) aa-e poeltlvely corroJated 

withy, the variable lD fl110etlon. When poattlve conelatton occure, 

undo:r cortalD cODdltlou aU the blaaed and abtaaed ratio-type eatl• 
' 

matora have been abOWD to have amaDor varla119e than the aample 

mean y. Situation. whore one or more a•a l!llr0-J/a 'aattvely correlated 

wlUl yare perhaps DOt very commOD. They do cor however. For 
I I 

moat of the couamor aooda, prlc:e and fla&~ty are ao,ptlvely conelat4Jd. 
I 

Foll'lamlll .. with a alven level of lDcomo~; uaaallythore la lle1attve 
I 
' correlation between theb aavlnaa and p,oraou.alloa~. In tho field of 

,. I • 

•1rlcuhore aloo conaGmptloa and ma,l'ketable aurplwt of faod anlaa 

aa-e found to be neaatlvely conelated, For a flxod holdlna alae, tho 

all!Dber of tamlly mombera of a cultivator and hla marketable aurplua 

an abo aeaatlvely correlated. 

Olkla (1958) haa c:oastdered the ue oi multlaupiJlemeatary 

vartablea la bulldlai up ratio eatlmato" aad thla eatlmato~r baa ~en 

found to be mo"o eUiceont in compal'iaOA to tho ratio estimate ualD19 

one supplementary vadable.Howovor when the aa.pplomental'y vulablea 

are neaatively conolated with the study variable ratio method of eatl• 

" matlOD caanot be off\cleu.tly aaed. In auch caaea for the uae of alaalo 

aa.pplemeotary variable, Morthy (1964) baa coaddered tho complomen• 

tary altaatloa of lmprcw'lna apoa tho llDblaaed estimator by coaalderlna 
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0 
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I 

a euttahle product eetbilator. M. P.Stoah (1967b) hal coneldered the 

oldeiUilOD of the aaaal blued pl'oc!uct eetlmator to the maltlvarlete caae. 

RobsOD(1957) hae cOJUtldel'ed an osabl&~ed pl'oduct type eetlmator lD the 

UDlvari_ate caee. The preeem toveetlaattoo le an exteoelon of the UD.blaeed 

pl'oduct type eatlmato:r to the mulUvarlate caee. Once aplD tha val'la.ace 
I 

uprellloiUI at;"e obtalDed by uatoa multivariate aymme&rlc meaiUI. 

4.&. MULTIVARIATE UNBJASED PRODUCT METHOD OJ' ESJIMATION. 

J 

Let there be II: allPPlemeuta r:y Vlll'lablee (&1), (•a)• • • • (&~~:) 

lDformetlOD 011 which la avaU.able for each UDlt of the popalatlosa. Let 
I 
' ' y aDd x1 be the UD.bla1ed llttiN!tOI'I of the pa .. amet,re Y aDd x1 con••· 

poodlDa to the variable UD.del' etudy aDd the ltb supplementary variable 
J I 

( l • 1, a, . . k) baaed OD any pn~babllity deample !kelp and let x1 be 

known iD advaace. 
n 

Let v • (1/ll\.,f .,, n 
II (lfn) 'E ,JrJl 

h1 
( Jo 1, l, •• k) 

• Let 'PJ ( j a 1, l, • • lt) be the J UDbleeed pnldoc:t type eetlmatoz 

ualDa &he jth aopplemeata..y variable. 

TUD 
.J Ej y 
ypJ a-

ltj 
- (N"'Il) /- 1 ·~ " .,,. ,., 

N (a·1) D '"'l 1 

( j a 1, l, •• k) 

1 l J J+l k 
L (COO •• 1 0 • • 0) 7 ( J • 1, 1, •• k) 

1 l , k 
V • L(looo •• o )? 

. ~v _} 

(4.1.1.) 

I 



I 

~~8-
\ 

' ' 
' 

1!. 
Here the lint elemat lAthe ,.~or npre .. nte they wdt, the eaccidlDa 

A 

\ 
• AI 011111 U 111Jle bracbt with I prime L 7 il Qlld to duote I 

populaUcua eymmetrlc mMD whlle L. 7 witboul prime denote• e eample 

We caa write (4. 1.1.) wltluymmetric me&lll aoaattoaa but It 

will be tedioe to write the e&pl'lllloO iD thll form. Aleo to derive 

VP lJ • Cov ( f'pt, 1pj) 

knplaa -,;J lA lyauDetdc meaa aoutloaa7 lD fonn clvu above 
I 0 f 

wW be laborlooe. H111ce we ebaU derive V' • Cov ( Vpt , Vpa ) 

a11umlDc thlt we uve two eapplemelduy ""onnatlcua ~· •z withy 
I 

without loll of ceaerallty. 1 

I 
•Ill terme ofeymmetric mMa aotatloaa aftel' almpllficatloaa 

I ' 

we have 

• 

y' 
p1 

V'pJ 

(N-l) L(lOO),(OlO) 7 -; 
N -

(!!:!l. L(lOO),(OOI) / 7 
N -

Cov ( Ypt , y'pJ ) • ' ' ...2 ~: < vpl • vpa > - T (4,2.1) 

• E r 

Maltiplyloc the aymmetrlc D101Ul8 wide the laracbt aad tb111 taklaa 

espectatlOD1 0 WI Uvl 

E ( Yp1
1 

, (,) • 
2 

I _ ~ L(2U)7' + (a-1) L(llO .. (lOl) 7' 
r- · N rax1x2 \ 



+ (N·1,a ~ 
ta-1> I 

\ \ ' L (ZOO),(OI1)7 + L(UO),(l01)7 + (a·Z) L(ZOO),(OlO).(OOl)? 

\ I 
+ (a•J)L(lOO).(l01),(010).7 +(a-&) L(IOO),(UO),(OOI)/ 

I 
+ (a·Z) L(lOO).(lOO).(OU) 7 

+ (a-l) (a-S) L (100),(100),(018),(001) 7\ J 
+ (N•l)1 L(ZIO),(OOI)7' + LIIOO),(W)~ + (a·Z)L(l10),(100),(001)7

1 

· +L(zol),(010)..>' + L(lOO),(Ill):i+ (a-J)L(Uo),(lOO),(OlOlij} 

yz il y Jk 'Srz • z' [L(llO)f + (N~l) L(IOO),(OlO)~f 
X1X2 N ~~~ ' -- ,. 

LL(10~,. (N·l) L(IOo).(olO).Q 

1 - 1 I I • I L(ZU)7 + (N-l) L(UOI),(lOl) 7 
)e-N AlXZ - I 

' ' + (N-1) L (200),(0~)7 + L(UO),(l01)7 

+ (N-Z) L (100),(101),(010)j + (N·Z)L(Z00).(010),(001) 

+ (N•l) L (IOO),(IlO)f(OOl)) + (N·Z)L(IOO),(lOO),(Oil) 7\ 

+ (N·Z) (N-S)L(I00),(100),(010),(001)7 
1 

+ L(.UO),(OOl)) + L(ioo),(~ 7 1 

\ I 
+ (M-Z)L (~).(100),(001)7 t L(Z01),(01P) 7 r 

\ . \ 
+L {lOO),(Dl) 7 + (N-Z)L(101},(100),(0l0) 7 I -

Heac:e (4. z. 2.) Mc:ODUia aaer rearraqtq the term., 

• 1 
- '{

11 J I L(Zil);;- -·-
- n N 



' I .;o. 

+ L(200),(01l);f ~ (N·I) ,. (N-l) a a J 
\_ ll(a-1) N (N·1) 

•f L (ZOO),(OIO),(OOl)j. 

+ L(lOO),(IOO),(Oil);) 

+ L(IOO),(l01),(010)-) 

+ L(100),(110),(00l) 7'J 

z 
(N •I) (ll•l) • 

a{ll-1) 
(N-l)1 (N-Il 
N (N-1) 

+{ L (100),(101),(010) ~ t(N.p ~ft•l) . (N-ll ~N-Z) J 

' \ 

+ l(JOO),(UO),(OOl):;i~ J 
• L (leO~~), (010),(001) ;i { ·~·~~;:) )~-~!11·'1} (N -l)Z 

+ L(ZlO),(OOl)_?' {(N•lltll-1) _ (N-1UN-2J1~ 
D N I j 

+ {a L(JOo),(Ul);>' ~(N·l>J"·•> - (~~~~N-a) J _/ 
+ L(&ol), (ool) 7

1 ~ l ' <•· a. 3.) 

f f 
Allaa'blued eatbaato• ol Cov ( V p1, yp1) u ccmatruc:ted ttmply by 

puttlas the ~.umple symmetric meau lutead of the popalatlCG 

aymmetJ"ic me&.n~ iD the eapnlllOD (f. 2. 3. ). 

\Vbell popalaUcm ,, .. N ta vuy luge (4.1. 3. ) Mc:omea 

1 r L(lOo).(IOl),(oso> /' 
GlQXa - . 

I 

\ \ 
+ L(lOO),(UO),(OOl)7 + L(ZOO),(OlO),(OOl) 7 

+ L(lOO),(lOO),(OU)/
1 

• f L{l00f,(IOO),(Ol0),(001)7
1 J 

+ l /-L(UO),(IOl) 7\ + L(ZOO),(OU) 7
1 

Xl i 1 a(a-1) -



\ \ 
• L(ZOO),(Ol0),(001)7 •; L(100),(100),(0U)7 

- LjlOO).(lOl),(OlO)::i - L(lOO),(UO),(OOl)?\ 

\ -- + z L'{IOO),(l00),(001),(010)7 _I 

' Ji'IU'theiL' we caD uae tho apprnxlmatloo 
\ 

' L(a1), (a2), ! • • (aD) '7 " 

(4. 2. 4) 

Espro .. tq the .above oapre .. ion (4. z. 5.) ill terma of uaual notations 

we bave 

I I 

Cov ( ypl, ypl ) 

+ 

1D aeneral, 

Cov ( y~, ~j) = 

I 

= v (V~) 

(4.2.5) 

(4. 2.6) 

~yy .J 
(4.Z. 7.) 

I 
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j 
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AD wablaaed eatlmate of (4. z. 7) c.aa be eatimated aa lD the aama li.Dea 

done by GoodmaD aacl Hartley (1958), ualq Flahu'a Blval'lata 'k' 

atatlatica, a ad la omitted here, 

AplD uama Olltln'a matholl, we caD defiaa the multlvarlato 

wablaaod pro411Ct type eatlmate of the populatla mean a a 

v' p(M. v.) 

I 

.. k ' 
E w T. 

J •1 J pj 
(4.1. a.) 

when ypJ la atvoD by (4, Z,l) aad wolshta wJ are choau aucb that 

theb aam k 
:z: .. , 

J •1 J 

.. 1 

(4.Z.8) caD be written lD the matrix form •• 

v' • w• y' 
p(W. v.) P 

where w .. .. • • • .. • • 

aDd w• •• the traupoae of w. 

. 
i VPll VP

0 VPlk l • • 

VPZI VP
21 • • . VPZk u v • 

• • • • • • • • 
• • • • • • • • 

VPicl VPkZ • • VP 
kk 

Where VP1j 
Ia alva by (4, Z. 6,) aD4 VPU by (4.Z. 7). 

I 



\ 
I 

The weights wj ( l •1, a,.·. k) oro choaCD ao as to mlnlmlae the 

• 
vartanc:o of V • 

p(M. v.) 

Ajaln followi.Da the alJebra of 01ki.D wo bavo WJ .. aj I D 

-1 
where BJ it! the sum ol aU tbla ~omenta in tho jth row of the matl'ls V , 

-1 -1 
anCI D la tho aum of aU the olomnts in tho matri.Jc V , and V is the 

lavol'ae o f V. The mlnlmmn vaa-tsnee of v'p(M. V.) Ia 1/D • 

For estimating the wolahta and the val'iance of the estimated 

mea a using all the awdllory variables in the multlvari.Gte anblased 

estimator, the estimators of VPlj at (4. &.6.) and (4. 2. ?. ) are sub­

stituted for VPtj iD the matrls V. 

4. 3. COMPARISON BETWEEN MULTIVARIATE UNBIASED PRODUCT 
TYPE ESTIMATORS WITH DIFFERENT NUMBER OF SUPPLEMENTARY 
VARIABLES. 

THEOREM. 
I I 

Let Vpq and Yplc denote respectively the multivorioto 

unblosecl product type estimators of Y with optimum weights based on 

the set of supplame.Qtary vulables (•
1
), (•

2
), •• (~)and (a:1), (x2) •• 

. . <~it> whore k is areator thor& q. 

Then V( y' ) :;;::: V ( V' ._ ) 
pq p .. 

Pl'oof of the thoorem is slmilaa- to Olkln (1958) and ta omitted here. 
I 

I 
Application of the above l'eaulto call be atlldlod for any po rtlc:wra 

sampling sehemo. The rosalta aro lUUIJtratod with some emperlcal 

dota in Chapter VI, 

·--···· 
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CHAPl'Efi V 

GENERALIZED MULTIVARIATE UNBIASED ESTIMATION 
FOR THE MEAN OF FINITE POPULATIONS. 

5.1. lNTRODUCIION. 

J11ot ao ratlo estimators are often indicated when the Yariohle 

y is positively couelated with an awdUary vulable a ao the product 

estimators aro indicated when y la negatively correlated wlth a. Tho 

method of estimation suggeatcd by Olkin (19!18) ia extended to the case 

whorlll aom111 or an olthe awdllary variables are poaltively correlated and 

aome or an are negatively corl'elated to the variable under study. 

s.a.S.Rao and CiOYlJld S.Mudbolkor (196?) have suggested a multivulato 

eatl.mate with p+q aupplementary varlablea where the !lrat p of them 

bavlng poaltivo correlntion with the variable undel' study and the romai· 

ning q baving nt~gativo correlation with the variable under atudy. 

Slmllal' atudiea bavo been done by S.K. Srivaatava (1965). 

lD tho present inveltlgation a maltivariato unbiased oallmatlen 

o£ the population mean V la c:onaldorod and tho esproaalona are 

obtained by uing the maltiva rlate symmetric meana. 

9.2. GENERALIZED MULTIVARIATE UNBJABED ESTIMATION, 

Let there be (ptq) aupplementary varlablea (xl), (az)• , , (xp), 

(xp+l)' • • ("p+q) lnfo~rmatien en which la available for each unit 

of the population. Lot y and x1 be the ~sed estimators of the 

po.-amotera Y and X1 c:orroapoDding to tho vorlablo under study and 

the ltb supplementary varlahle ( i "1, 2, • , p+k ) baaed on any 

probablUty aample design and lot Xi bo known ln jadvance. 
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1 
Q 

Let y .. - ll Yt n l•l 

1 D 

and Xj .. - E •Jt ( j .. 1. !, • • p+k) 
D t • I 

Let a random sample of n obse:rvatton• ( y1, •u• x21• • • •(p+k)l • 

I' • r • , • r ) ( t = 1, !, , , D ) 
1l Zl pi 

be obtained from a population of etae N whel'e rjl = Yji /sjl • 

( t •1, a ••• lh J =1. !, •• p) 

1 D 
Let ~ 

.. - 2: YJl XJl ( J a 1~ Z, • , p) 
D l =1 

' - D (N-1) 
( ~ i'J y ) (5. !,1,) Let Yj .. 'j XJ • 

N (n-1) 
'( J a 1 • a. • • p) 

,.a (N·n) n 
Let y a ( v. v I xj) • '< E ( a,i - 1r.) v 

pj -J No D•l) tal ~ J 
( s.z.z.) 

( J a 11+1, p+Z, , , p+k) 

(5. Z.l.) ta the Hanley and Rosa unbiased ratio type eatirnate aDd 

(5. 2. z.) la the Robaoo•e unbleaed product type eatlmatol'. 

lntel'me of aymmetrlc mean we can Wl'ite 

1 z p p+lll 2 J J+l p 

1j a L..( 0 0 0 •• 0 •• 0 00 • • 1 0 •• 0):/ 

( j a 1, 2, • , p) 
1 2 J j+1 p+k 1 p 

)('j a L(O 0 0 •• 1 0 •• 0 0 • • 0 )/ ( J a 1 , !, •• p+k) 

1 2 p+k 1 p 

f = L(l 0 0 • • 0 0 • • 0 )7 



I 

1 \ 
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0 

c 
Here the lint elemellt ln the vector :repr .. ellta the y uolt , the 

aaceeddlng (p+k) anita for (x1, x1 •. • 

p anlte for ., , r .. , • • r nspectlvely. AD angle bracket with a prlme 
1 • p 

\ 
L / la uaed to denote • population eymmearlc meaa while L 7 

witboat prlme denote• a .. mple aymmctdc mellll. We CIUI write (5. Z.l.) 

and (5.1. z.) ln aymmotdc mnn notation. bat it wlU be tedlua to write 

it ia thia form. AS.o •to deJ'lve 

\ v 
l'plj 

• 
I I 

cov ( V rl, VpJ ) 

mean notatlone will be lebortoua. Hence we ahall derive 

v 
rpu 

• I -' Cov ( Vrl' Ypz) a .. amlni that we have two aapplemen• 

tary lnlonnatlGa z 1, .-2 ( z 1 hariag +ve COI'I'ela&iOil wlth y aDd .a1 

bavlna negative eonelatlon with y ) wlthoat lou of senen11ty. 

In terma of aymmetrlc mean DOtatlOIUI we bave 

.,. L (0100) j.l(0001) / + (N -1) /- L (1000) ? 
:rl ,. N - • L(OlOO).(OOOl)J 

(5. a. s.) 
• !, ,-(1/N) L(l010}7+ (N-1} L(lOOO),(OOlO)/ _/ 

AI- N 

(5. z. 4.) 

.. .. Y. (S.l. 5.) 

Multiplying ( 5.&.1.) with (5. Z. 4.), tald.Dg upectatlOIUI, ( 5. z. 5.) 

become• after gl'oapj ng the tenna , 

Cov ( V:1 • Vpa ) • 
, \ I 1 L L(llll)7 + (N-1) L{OlOO),(lOU) "7 

N 1a r. z 

I 

+ (a-1) L(lllO),(OOOl)-) + (n-1) L(l010),(0101)7 \ 

+ (o-1) (N-Z) L (0100),(1010),(0001) 7 1 _/ 



I 

\ 

I 

- ' \ L L(UOO),(OOU)? + L(lOOO),(OW)7 
\ 

+ (N-Z) L(l000),(0100),(00ll)7 I 

+ (N~l) (n-Z) F L{llOO),(OOlO),(OOOl)? \ + 
N nx2 

' 

L(OllO),(lOOO),(ooOl);'- + [iOlOl), (1000),(0010) 7\ 

\ -
+ (N-3) L(lOOO),(OlOO),(OOlO), (0001)7 I 

(NAl_ - \ \ 
·~- I L(ZCOO),(OOlO)? + L(l000),(1010) 7 

N n Xz -
1 

_ 

+ (n-2) L(1000),(1000),(00l0) 7 _I 

(N-l) 1- L(UOO),(OOll):;) + .((lOOl),(OUO) 7 I 
2 -N n (n-1) x 2 -

\ 
-t (n-2) L(1100),(0010),(0C01)7 

+ L(Oll0),(0001),(1000)/\ • 

.(_(0011),(1000),(0100)7 \ + 
' 

L{lOOl) ,(0100),(0010)7 I -t 

\ -
(n-3) L (1000),(00lO),(Cl00),(0001)7 _I 

N~X r L(ZOlO).?' + (N-1) L(l000),(1010}7 \ .:1 
1 

+ L(lOOO),(lOlO) 7
1 

+ (N-Z) L.(lOOO),(lOQO),(OOlO);> \ _/ 
(5.2.6.) . _, 

All unbiased estimate of Cov ( y rl, Ypa ) ia cOillltruc&ed a imply 

by aubstltutini tho umple aymmetric moon lot' population symmohlc 

mean• in (5. 2. 6.) 

When the population el.&e N le very luge, (5. Z. 6.) can be 

written after :-earranatns the terme os 



. ' 
Cov ( Vr1' ~j ) 

I 

\ 

(5.2.9.) 

( 1 al, J, • • p, J c p+l, p+Z, •• p+k) 

( I. •1, 2, •• p, j • l, z ••• p) and 

( 1 c ~.,.1, p+l, •• ptk, J • ~ ~1, p+Z, •• ptk ) 

llrealreadyde!lnedl.D!.Z.?. nnd2.2.8. nnd •• Z.?. B'Od. 4.2.8. rea• 

pectively. 

Followlllg Olldn'a metho•. we can define the aeneralii&od 

mu1Uvadat o unblaaed ratio type eatimate of the population mean a a 

• p ' . p~k 
" • E w V I + :t w V: i (S. 2.10.) 
'G h 1 1 r iap•l l P 

' ' where Vri , V"pi ue siv~m by 5.2.1. aDd s.z.z. reapec:tively, 
p+k 

and weighta w1 11"1'6 clunen aaeh that tbolr 11um E w1 "1. 
lc1 

Van VGlZ • • Valp Val(p+l) • • Val(p+k) 

VOZl • • • • •• • • Yaz(p+k) 

• • • • • • . • • • • • 

lf va D • • • • • . • • • • • • • 

v 
G(ptk)1 • • • • ••• 

where VG.Ij ( ia 1, Z, •• p, j •1, Z, • • p ) are given by 

(2. z. 7) and (2. z. 8.) 



' 
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V Glj ( l =~t-1, p+Z, • • ptk, j • p+l, pt2, • • p+k ) 

are alven by (4. a. 7 and 4. a. 8. ). 

v GlJ ( 1 .. 1, a, • . P• J .. f>-tl. p+Z, • • p•k) 

are glvon by ( 5. 2. 9.) 

• The welghte wl are chosen eo ae to m1111mlse the variaoce oJ Va • 

a1 la tho sum of aU clemoats lD. the lth row oJ tbe1 

-1 
and D l• the sam of aU the e1om.eata ln the matrix V a . 

where 

-1 • v0 la tbe inverse of V 
0

• The mlnlmam varlaoce of v
0 

la 1/D. 

For eatlmatlllg the welgbta and the variance of the eaUmated 

meanaalns all the awdllary varl11ble ln the rnaltivarlate anblaaed 

oadmotor, the SjJtiJn&Ces of V Glj at (5. z. 9, ), (a. z. 7.), (Z. z. 8. ), 

(4. z. 7.) and (4. 2. 8.) an allbslltllted for V Qlj lD. the matrix V 0 • 

When wo have supplementary variables with only poaltive correlatloo 

• 
or with ooly aegative conelatioo then Va wtn bo reduced to a 

mulUvarlate QDblased ratio type estimate or a malttvarlate ublaaecl 

product type eatimate. 

5. J. COMPARJSON BETWEEN OEN.ERAUZED UNBL\SED ESTJMATS: 
WITH DlJI'FS:RENT NUMBER OF SUPP.Lli:MEN'!'ARY VAlUABLES. 

THEOREM 

• • 
Let "'9a(p+llr) and Va(r+a) denote reapectlvo1y tho 

seneraUB4d maltlvarlate unblaeod eaalmatora ol \' wlth optimum 

wtllgbta based oo the eet of aupplemelltBI'f. variables 

(a:l)' (x1) • • (xp) • (•p+t>• • • (ap+k) (where tbe llratt p variabloe 

havlna po8ltlve conelattoa with y and the rematnlns 'II bavloa o.egntl.vo 

correlation withy ) and (•1) , (xz), •• (•r> • (xr+l)' • • ( •r+a) 

( where the flrat r vulabloa bavlllg poaltive correlation with y and 



the remalal.q a bavlna aeaauve couelathm with y) where r 7 p 

aade7k then 

• 
V ( Vji(r+a) ) v ( ,.~ptk) ) 

Prall Proot ef tlle theorem la aimllar to Ollda (1958) ud ta omitted 

here. 

Appl1catlOA ol tile •N¥• rM._ aa lie atuil .. lor hf 

pertlc:alar aampllag ache~. The renlta an Wmnte4 wftll the 

help of eeme empulc:alota ia c:lsapter VL 

--------



I 

CHAPTER~Vl 

ILLU5TRATION 

6.1. INTRODUCTION. 

feed, aeed ancl-•taae ba•e been met. By coneampt\on of the cultivator 

we mean the foUowi.Jl&. 

(a) Quantity aet apart for aeed. 

(b) Olantlty coneumed Ol' aet apart for latn coneamptlon. 

Fol' marketable auvplu we ca.lllel' the foUowilla type• of diapoaab. 

(a) Quantity aold tlarina the aeaaon foJ: caah. 

(c) Quamlty pald teland owner aa rem. 

(ti) !Aane retUI'ned. 

(e) Quan.tlty ol other tllapoaale. 

Jt baa been obaene4 that marketable eurplae of a pat .rtlculall' 

crop le hlibly couelated wtth the volume of oat-put, end holdtna eUie 

of the caldvator. When we fiz the hol4inl alall, then marketable eorplua 

la neaatively conelated with the numbel' of family membe.r. Also mal'-

ketable eurpl1111 le observed to be bavlna oeptlve COI'I'elatlon with con-

eumptloa. 

The l'eeulte whlcb we have obtamed tll Chapters W,IV, V will 

now bo 1U1111tnted with the help of the data collected m the Bench-Muk 

aDd Aueament SUI'vey UAdel' llltenalvo Aarlcaltural Developlrlent Pro1-

nmme (lADP) cmd11cted by ltletUate of Agl'iel11tUI'al Research Statistica, 

(l.C.A.a.) lD TanJore dtatrlct in the year 1967-68. 

I 



The aampllAa plan fen the eurvoy Wl'• ODe o.f the etr,tlfied multlataae, 

the 'blocb heina the atntu. vUJaa .. and cultivator& aa firat and aeconcl 

ataae UDlta repeetively. From each atl'atam about !I vUlaJe& were aelected 

at random ao4 from each vlUaae a aample o.f S cultivatcna wae aelected 

,or coUec:tina infol'mallon OD productlODo C:ODSumplion and dlepoaal of 

crope produced of each of the ultimate ataae unite of eeleettcm, viii the 

c:oltlvatol'a. The foUowina ltema of Information bom the alll'Vey weN 

utlllaed for the llllBlyala. 

t.) Nambn o.f bloc:u. 

u. ) Number of vUiaaea aelected from each 'block. 

Ul.) Namhel' o.f cultlvatora aelected from each viUaae. 

lv.) Namher of family memhera ln the boaeehold of each of the 
a elected cultivator•. 

v.) Holdina alae of each of the aampled caltivator. 

' vl.) Prodac:tlOD of paddy obtained by enqalry method of each of the 
aelec:ted cultivator. 

vU.) Sarplaa reported to he avallalit for m&l'ketilla by each of the 
calUvator. 

The complete lnformatloo on itema mentioned above were 

avai.Utble for 519 ealtlvatol'll in "Samba" M&IIOD and 69S c:ulllvators 1A 

Rabl "Kuraval'' seaaOD, 1A the year 1967-68. The 519 caltlvatora 1A 

"Samba" eeason and 69S caltivatora in 1 'RUI'aval11 aeascm wera~ conaldered 

a a formina two popolatlou for purposes of the stady~ A raodom sample 

( witboat replacament) of 100 culllvatore from Sambn seaaOD and a.aothel' 

100 caltlvatora from !l;araval aeaaon were taken and the followl.na obaer • 
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1. Marketable auwplu of paddy per cultivator In klloanme (y), 

z. Holcllaa alae of the culttva~or (xl) ( iD acrea) 

3. Number of famlly mem•bera (x1) ln the caltlvatora famlly. 

4. Cau11mptloa of the cultivator (x
3

) 

• numhn of cultlvato ... lathe .ample. 

• Averaae marketable a.uplu of paclcly per cuhlntol' ( In k&• . ) 

• Averaae hcili:Aa •••• of cuhlvatol' ( ln acrea) per cultlYIIDI' • 

- Avnaae number ol family member• per cultivator. 

\ 

x
3 

Averaae quantity of pac1dy cooa11mptton pe:r cultivatol' (iD ka.) 

y, r 1• rz, sr3 •~"• the unbta .. d eatbnatea ot V, x1 • x~. x
3 

baaed on 

a random aample of 100 obanvatluna. 

• 

• 

the eattmated averaae marketable a.uploa b .. ed OD tbo biaeed :ratio 

l D yl 
• -:c- xl 

Dial .llU 

tbo eatlmate4 ave:raae marketable eurplae baaed OD the 
unblaaed Hartley and aoea Ull.blaaecl ratio aelDa the a~mu­
tary variable-.~ 

the eatbnated anraae mukable au:rplu ba•ed on the blued 
proclllCt eetlaate • 

.. -xz 
the eatlmated averaae marketable aurplue baaecl on the ~mbiaaed 
product type eetlmate aetna tbe aUpplementuy Y&rl&ble zz. 



-' 

- the eatlmated avea'aae markotable surplaa 'b .. ed OD the 'blaeed 
prod111:t • 

.. 
• the estimated averaae marketable auplue 'baaed OD the 

llD.'blaaed prodw:t type estimate aalDa the supplementary 
val'lable x

3
• 

the estimated avel'aae markotable siU'P111B based OD the biased 
ratlo-cum-prodw:t eatlmate. 

a !. ~ ~ xl ..--
D lol xu X! 

7dpZ • the eatlmated averaae marketable aarploa 'baaed em the llD.blaaed 
ntto-cum-prodw:t estimate •aaaeated lD chapter J, aatoa the 
supplementary variable X,• aDd x2• 

V - the estimated averaae marketable auplua baaed oo the 
p(M. V •) moltlvarlate blaaed prod111:t eatlmate ualna the supplemens• ry 

variables x2 • · aa.d •s • 

v• -
p(M. V.) 

the estimated avuaae markotable aupua based OD the aoblaaed 
maltlval'lato prodi1Ct type eatlma~e ulDJ the same supple• 
meatal'y variables x2 • aDd x3• ,, 

yCi(M 11' ) -the estimated averase marketable aurpaa 'baaed OD the aonerall­
• • sed blaaed multivariate eatlmate aalDa tho supplementary 

variables-,_. aad x2• 

Y. -G(M. V.) 
tbo eatlmated avoraao marketable aupaa baaed OD the aeoera • 
llsed ao'blaaed multivariate eatlmate ualDa tho aapplemontary 
vula'blea ~. aocl x2• 

6. J, Dlacl18aiOD of the reaulta. 

Tables 6,1 aW\d.. 6. 2 alven at the end of the chaptu atvoa the 
vadoaa eatlmatea &UIJiQSted above with thell' vadancea. The l'osalta show 

tbat the anblaaed estimates are cloael' to the hue value than tbo 'blaeed 

I 
estlmatea. The nsulta lDdlcato . • that lho anblaaed ratio and ratio• 

cum-product estimates are auporlor to' the blued estimates lD aU cases 

I 
I 



I 
becaue the forme• eatlmatu &l'e DOtlacconipa1ded by alplft.caDtly lal'• 

1•• ouo•• in compulMD to the latter. wblle beiDa unblaaed. The p•oduct 
I 

eatlmate and the l'&tlo-cum-pl'oduct f-U.m~tea ( both blued ADd 1Ulblaee4) 
' 

••• 1e .. efflctut than the almple ""•n eatlmate an4 tble 1a due to ver, 
' 

emaU ne1atlve cornlatlona betwee the variablea y and x2 aDd &leo 

between y anti •s· 

lo the date coa.ldel'ed fOl' tb1a iUIUll'atlon, tho coefllctente of 

' conelatlon behrHD the cbal'acter etll4led ud val'loaa eupplemont&J'Y 

V&l'lablee WOI'O af low maanltude. Better l'eauJt.e aboulf be eapected fOl' 

caaea when eti'ODIOI' cor~rolatlona ( poaltlve and aeptlvo ) ealat. Fol' 

auch caeee the eatlmatora dlacaaaed lD thle dlaeertetleo could be more 

a4vanteaeouly aaecl. 

• •••••••••• 

I 



Table • Z.l. 

Estimate of averaae number of peoper lltandarde per villaae to Kerala State 

dlll'lo& 1966-67 obtatoe4 by varloue eetlmation procedures alooa with their 

variances and blaeee. 

-------·-------------------~~----~---------- -~---·-~···----------------· ---· serial eetimator. estimate of averaae varlance. percutase aa!n percen• 
.number. number of 1-'eoper iJi ('lrecteioo over taae bias. 

etGndards per villa&•· eimple mean. 

-----~-----·-·r---·----~~--~-c--~--------- -_ _(_1}. ••••• !~--------··-·-·- 3). ____________ :<~j== - · --I·r··--·------6----- ~ __________ .t1 
1\ 

1. Y
1 

(S.M.) :J.Cj) 9 'f \ 4 6 l"lt-'60\ --
1\ 

z. Yla Z8737 10438999 83.4 o. 7301 
u 

A 
3. y 

lRlZ 
Zl'78? U060Z94 '16.4 l.Z938 

4. Ylr11 
Z9Z4Z 11973124 61.9 

5. -· ZlOOZ 14873373 31.1 y 
lr1Z 

1\ 
6. \\a(M.V.) 28096 9534211 104.6 (0. 7804) 

7. ..,. 
lr(M. V.) 

30195 1194U31 63.4 

----------------------------~-----·--------------------------~-----------~----· 



Ellt~to ef avom• numbeJ' of P!PF•~' lt&l).dards per vlllaae l.n Kerala State durhll 

1961-68 ob&&~ ~ty va:r:tous ostlmatic. procodurea alona wltb their vaJ'lanc:ea and 

'biaeoa. -
------------- ------ .. --·--·--·-·------~------~-----·---·---- ---A --------·· serlal •n•mator. 
number. 

l. 

a. 

3. 

•• 

5. 

6. 

1. 

{\ 

-y 
lR(M.V.) 

v: ll'(M. V.) 

ellt~te of avoroae 
numbel' of pepper 
nandarda per "illaae. 

16384 

23194 

Z1918 

23194 

12586 

variance. perc:entaao a•tn percentaae 
l.n preclaion ovor bias. 
al.mple meu. 

6975448 --
4595801 51.8 .40Z3 

2161201, zn.1 -.4013 

48!1874 --) 

U5065l 22.4.3 

2121555 Z28.Z •• 41Z2 

2099536 23!.23 --
••••••••••••••••w•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 



Table - Z. :9. 

Estimates of aveurage aroa under pepper pel' vlllaae In Kerala State di.U'ln& 1(}66-.67 

obtained by varloaa eatlmatlon procedareo 'AlOAg with tborl varlaocos and biaoeo. 

----------------·---------------------------··--------- ---------------~--------· serial estimator. osttm.ate of average 
llllDlber. area (area In acres) 

per village. 

variance. perc:ootllge golD perc:ootoge 
In prec:lslOA over bias. 

aimplo Qle&D. 

·-n,-·----··rt>·----------·-r:s1·---- ------- ··r.al···---·····t~r-· ---------~1······ 

---l--------------------------------9·------·--·----·----------------------- ---· 

1. 6:92.01 14595 . - --
z. ?ZO. 73 3980 z66.7 -.1767 

3. 546.44 3507 I !16,1 • 25!19 

4. 4013 
I Z6S.8 , --

s. v' Zr22 
54S. 31 305.6 

1\ -6. y . 
21\(M. V.) SZ4.U 3502 316.7 • 3089 

7. y' 
Zr(M. V.) 

nt.7z 3978 JOf.. 9 --
I 

--------·----------------·~----------------------··--------··--·-··-- ----------· 



I 
Table - 2.4. 

J:.tlmatea of avua1e ..-.. UDdeJ' peppe• per vU1a1e lA Korala State d11J'IAM1967-68 obaaiA• 

ed by •••lou. enlmatton proc:etlu .. alCI&la with tl!.eh' va~rlancea and blaeaa. 

------------------------------------------------------------------·-·--~---------· ao:rlal eatlmato:r, 
DIUDber, 

enlmated ave.raae 
aru (a realm auea) 
per vUlaa•· 

variance. pell'cenataae pln po:rcaD· 
f.n fl'e«:UlOD OVOI' taae bias • 
almple mean. 

---·Jn·--·--···ra)·-·-----------·cf\·-------------J•'·---------·(sJ·----------~,,--· •••••••••••••• ~---········•···· ~--······-····· .L ••••••••••••• ••••••••••• • L ••• 

1. 376.81 2861 . . 

a. 61'7. 94 uaz 34.8 

s. 533.<114 687 -. 3117 

f. 6Z8.01 2187 30.8 .. 

5. 515.54 199.7 --
6. 515. 55 647 343.3 -.3986 

7. ' v a.-(114. v.) 
499.18 651 338.9 

---·---------------------·-------------------------··----------··--------··'·· I 



Various eatima.tes of the averaae marketable surplus of Paddy in klloarams per 
cultivator in Tanjore Diatrict (Tamil ~a<lu) ln the year 1967-68 under the lAD 
Proaramme durin& 'Samba 1 Sea a on. 

eatimator. estimate o£ averaae 
marketable aurp1uaof 
paddy per cultivator. 

variance. 

··ttr·-----------·ca)·----------------------------------··t;r··------- -----,4)-- ·· 
--------------------------------------- ---------···-----------------------~---
1 • Simple mean. ( V) 1594 48800 

a. Biaaed utio type ( yr. ) 1496 41013 

3. 
I 

Unbiued ratio typo ( y rl) _ 1458 4Z095 

4. Blaaed prcWuct (y pZ ) 1791 55416 

I 

5. Unbiaud product type < vpZ > 1785 55507 

6. Blued product ( y~3 ) US6 1036ZS 

I 
7. Unbia .. d product type ( V ) 1U8 105189 

p3 

s. Biased ntio-cum-product ( V~lpl ) 16'l!Q 54019 

9. Unbiaaec.'l ratl.o-cum-product ( V' ) 
rlpl 

1649 S413S 

10. Biaeed multivariate product ( V ( ) 
p M.V • 

) 1767 553.C6 

u. • Ullblased multivariate product ( V ( ) ) 
P M.v. 

1761 55435 

u. Biased multivariate aenerallaed ( Ya(M. V.)) 1548 41488 

I 

13. Unbiaeed multlvariate aenraltaed ( Ya(M. V.)) 1512 41536 

----------------------------- -----------------------------·--·-·-------·-··-----True valuo(V ) p US 7 
Sample aiae " 100 
Population al.ae • Sl.9 

Correlation between y and a:1 
Correlation between y and sz 
Correlation between y and x

3 

+.3975 
-.0523 
- .0223 



\ 
• Table - 6. Z. 

Val'lou. eatl.matea of the averaae marketable aurplu. of Padcly ln ldloarame per 
cultivator ln Tanjore Diatrlct(Tamil Nado) lD the yeoar 1967-68 ODder lAD Proaramme 
darlDa ' Kuruval 1 Sea aWl. · 

---------------------------------------------------------------------------------· aerial eatlmetor. estunate of averaae variance. 
nam'bfor. markata'ble aiJ11)loa of 

paddy per cultivator. 

--li·r·--·-ri·------------------------------------------;1'----------------,.,----· 
-- --'-----·9·-------------------------------------------~~------------ ---~~----· 

1. Simple mean. ( V ) 467 85742 

2. Biased ratio type ( V' ) 
d-

163 SZ630 

s. I 
Unbiased ratio type ( Vrl ) 6S9 56106 

4. Biaaecl product. ( y ) m 10Ss;t6 
pi 

s. Ullbtaaed _product typa. ( Y~z ) 414 l064ZO 

6. Biased product. ( V~s ) 404 106911 

1. Unbiasecl product type ( y~S ) 409 111177 

8. Biased ratio-cum-product ( y ) 63Z 102836 
dp2 

9. Unbblaecl ratio-cum-product type. ( V~lp2 ) 705 U7Z06 

10. Biaaed multivariate product type ( Vp(M. V.) 418 9!1478 

11. 
I 

Unblaaed multivariate product type ( Vp(M. V.)) .01 97Z84 

u. Biaaed mu1t1varlate aenerallaed ( Ya(M. v.) ) 802 47870 

I u. Ullblaaed multivariate aene~allaed ( V (M ) ) 734 54.!18 a • v. 
I 

-----·-----------------------------------------------------------·------------·--
Troe value ( Y ) 
Samllde elae 
Populatlcm alae 

.. 
• 
• 

672 
100 
693 

ConelatlOD between y and x1 
Correlation between y and •a 
Conelatllm between y and a 3 

.. + .4173 
• - .0125 
• - .0097 



ln the present ~dy the ,uestion of developiAa the unbiaaed 

ratio type, procigct type, and ratio cum product type eatlmatora bae been 

taken up ud app:roprlate eatimator• alona with their vadanc:ee have 

been worked out. The followlni estimatu, the vartanc:ea of the estimates 

and the estlmates of theae variances are obtained by uaina the concept of 

multivariate symmetl'le meane. 

1. Multivariate unbiaaed ratio type estimator of the popJulation 

mean ueina data on two or more supplementary variables •. 

Z. MultHa.rlate unblaeed product type est\m&tor. 

3. GeneraUeed multivariate anhiaeed estimate where p of the 

supplementary variables bavina positive correlation and q of 

them havl.na neJative correlation with the variable under st)Jdy. 

•· Unbiased ratio cum pl'oduct type estimator. 

An emperlcal atu4y ha• been made by ueina these eatlmaton 

and results are laclnded •• tDuatrauon. 

------.......... .. 
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