
COMPARISION OF VARIOUS ESTIMATORS IN SAMPLING 

THROUGH MONTE-CARLO METHOD·S 

SRINIVASA BHAGA VAN 

iY 
~I 

INSTITUTE OF.-AGRICULTURAL RESEARCH STATISTICS 
(INDIAN COUNCIL OF AGRICULTURAL RESEARCH) 

NEW DELHI 

1974 



. 
Dni'!U!'I 0'1 AGUOUlJfUDJ, USIABCB Sti~IS!IOS 

cz.c.•-!•> 
I. .. HLII 12 

19?4 



.. 

., OZIOWLBDGBM BB1'6 

·~···~·······~················· 

·I have caat plea~ 1C upreaa1111 ..::1 4eep aenae 
~ 

~ ..... 
of srat1tu4e'to'Dr.a.x ... -d, 8tat1st1oleii;.c••Aaaoo1ate 

P.rofea&()•• I.A.R.s., Bew O.lb1 1 to:- b1e aupe~~ •n4 t1lUqae 
I 

su1clance1 lteeD interest and oonatan1r eAcoll1"8paea' 

'hrousbont the oourae of th1e 1n•est1sa•1oa aD4.preporat1oD 

ot t;he t:haa1_ •• 

proY14ins adequate :tao111t1ee and ea.aoURse~U~Gt for the 

piec• ot .reeurch won done la the thes18 •. 

I .. sr••'lY 1nd•bted to Sb.e.s~~tllai acd Bh.K.Ih•~ 

toj their help ln ec•lJ~ia or the data on eleotronlo 

eoaputes-. 

\ 

leatl7 bu• not the l&oat • I •uac tbaAk rq coll••·P•• 

s.s.saaeoh, v;~oupta and P.~~ro3oA :o~ the~ k1n4 

oo-opera.tloc 1n the•1• •r1 \ina. 

I am alao thaoktul to the ID41an Council of Asr1oul'­

urel Research to11 pro~ldllls tin.o.ncial asu1atanoe 111 tbe 

to~ ot • !ello.-hlP• 

' 
( 8RIBIVASA !BAOAVAll ) 



0 0. ~ B I., S 
••••••••••••••• 

DTSODUOTIOB 

IY OGfiPA..Nl: cilOI' OF ~6PLl M.&.-.,Jr all) 
B~~JSBIO• ISTiaA~OftS 

SODAlli A!ID DISOOSSION 

APPUDI% 

PAO.B 



J B I' B 0 'D 0 0' 1' :Z 0 II 
••••••••••••••••••••••••• 

Genera117 theo~:et1o1ana 4e4uoe conoluaiona trfa 

poatulat••• whereae esperi .. nta11ato 1nte~ condlua~ona 

,f~om ~be•~•tlona. Jor those •ho care ·eo bOAt •round 

and str,tob a point uperiaental •~theaat1oe ie •• old 
~"-

•• h1lla. Tbe old teataaent (1 llnga v11 a3·aa4 a 
c:lu1on1ol•s IV 2) .relera to an •a.rl7 uth~.Q44•1 

uperlJient oa tbe nuaerical valu• o~ Uhe oonatant • IA 

this oaae tbe apparetua 4ona1ated. ot liDs Sol~n•e teaple 

an4 the ex~~1aeotor obaerve4 1oa columna to be abou' 
. 

ebree t1zes 86 ar••t in c•~th •• br.adth. 

n1e• to think that he interred that ~;is ••• • uniYe~aal 
\ 

propert1 ot ci.rQulev objeetas b '* tb• tex• 4oea not aa;y ao. 

t'he p~fu1ent atud7, eoapri••• application .to sample eun.t7 . . 

techDiqu•• ct tt••t branch of exper1ment•l ·Mtb~t~os 

chich ita eocoemt~4 witsb o.xpo.rimenta on raodoa twabe~. 

ihi• t~pe ct exper1montation h4a'be~A known b.1 Monte-carlo 

methode. 

, 
poatulate a aodel an4 t.baa to oonat.ruct one or more •tnot-

ur•• w1 tl'llo the 'lnodel b;r aas1p1.aa apecit1o AUileZ'laal 

value• to the paraaetera. lb thia ~anner eo art1t1cal 

popGla.tloa .ia •n•.weted wh1ob bae the aJ.Yen t .. turea •• the • 
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. . 

' 
wb1ob in • .a7 a aemple trom the oaper populat1oo~~· 

' . 

auabe.l' ot repeated aaaple• ot d1.tterent oiaes are · aeleoted. 

IO.J' thla ,purpose eatiute. ot the population Bdll ana···­
••liancoe were coaputccS·. fte reault.t·ns trequenc7 

d1et~but1ona ot 41ttoDent ect1ma,o»• ot ~he pa~meteDa 
I 

baaed on ••J:71ns oe~aple s1aee are atu41oc! aloq trtt ll 

the ':u• ••luee ol tbo paruete.c-e. ~eae treqaeno)' 
' "i 

41aU1but1o.aa g1Ye indication o~ the coapa~:able e.tf1o1eQ.C.1ea 

ot 4lt1'ereent ttats111at1on procedures·. 

%D the present at~, toul:' populatlob c~p.f'1o1~ 

ot 200 u.n1te ~oh we.-e pueratM 111 such a a&nneX' tUtl 

~· euxtle~ variatt and etu47 variate tol)o•• bivariate 

aoraal dlet~1bnt1on, with pr.-eao1sned values of aeane 
\ 

aDd fltaNlard dev1atlODS Of th.• two v•riatee. fte 
- ~ 

generated poptflation hae sot 1:he oorielat1i1on oo-efflcieat• 

(!) be·tnen tbe euxilaJ:7 and stuey ve»1• ttus· nnatnc 

betwe.e.a 0.29 to 0.91. A.ctua1l;r the supe» bJ.Yariate 

population ••o selected. hac1 tbe value ot J' nnslq 

bet1reeo o.s to 0.9. !D o.ne of the popalat1oM 9 so• 

ot the atud7 ~•»1etes ••~ change4 ao •• to 1ntroduoe 

a e11gbt akewneaa and dep~ture t~• no~~1t7• •zoa 
••ch ot tbo tour popalet1oea or •1•• 200. aaap11QI unit• 

eaoh, 200 independent aartlples o! vamns ala•• J.W..Q£10C 
' 



ot each sample, tbe population totol woo oet1maC.o4 b7 

the tb%-ee prooocbu:-cs or ~at.f.l.aatl.oll Yi••• "''aataplo aeon, 

»&~to an4 res;eas1on• ueins tbe ~C$.Poad1~ ~alue ot 

the auzllor.F •~latee lo tb& cose ot ratio and ~6~eaaion 

osttdto.n~. 

In tho aqconco ot exact 1o~ou1ae of ~artancc and 

Qean equate e~roro ol ratio •~ resroosioa estimsto~e 

tbo preaent stu43' 1e aimed et eomptu11na .rol.ativ:e 

pe~to~ocee ot tbeee pzo4edu.roo ot oot1mauon 'Sitb 

•aeplo ~a througb oon~-co~lo aocbcde and f1n41QS 

out tbGir fcoqueno7 41etr1but1on to» ••~71na sample a1aea. 

'lhe: stu~ tcttu.·-ai•• auee••to th& validl ty ot compa .. 1s1cma 

~neen three eettaaton bead on appJ'OX1mate to.raul•• 

ot tho vartanoee ot R&t10 a.nd Merosa1oa eatiu tore d 

as st•fnl tn the sten<.tord boota. aooe ntud1ee aloo 

~nablo us to o~o as to how t~r tho c~proxtmato to~ulao 

ot varietceo of ~tio and resreealon eqt1catore eaablos 

'flo oo.mpute aocuntotlf tt..G cont1t1onoe intonala ot s1vea 

ccmtidonce c~tf'1o1o.ot. to addition to Cbio otudJt on 

11ke11bo0t.1 ot mttk1nB e ~l'OfiS deo1c1cn wt.cin coJ~paplog 

MUO vo.retus eaaple aloan ostluton based on e G1Dgl.e 

sample. 
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JIOlfTb-OAB.tO M.&'UOD A..ID R :e.V%1;;1 OJ LIT&B4fl1n& 
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method t!atea from 194M. 

isolated ano u.od&"Nlope<I tnstancea on· mucb earl.t.ot occad.on.a 

•• tar back aa tn tbe ,ocon4 bsU ot the 19th oentu1'7 when 
' ouaber ot people pe~tormed experiments lo which the7 t~r•• 

a needle 1~ • 'hapb4Uterd unner 011 a boal."d ::ulod •1th ~rellel 

ntra1{$ht l1noa ill crde.r: to inter the 'Value of 1\ , by 

obsewina the nu•bor ot 1nt.j.r $Ot1oae ben.en t?le a•edle 

end th• line•• Intact one would be lnt•~ated to tnow ae 

to •bat 1e llonte-carlo metb.o4. 'lbtt ••tbo4 ce7 bn•tly be 

4o•oR1be~ eo aevic• of ~tud71nc en art1~1cal atochaatio 

eodel of a p~aioal or aath•aat1oa1 p~c•••• Tbe orisinal 

Von-aeultlsnn concept or Monte-carlo mtthod a~oma to bave 

b.,en that h'.ote-carlo epeett1ca1lt d~nated· the u.ao ot 
• 

reDdo• e&aplins procedure• tor tr~•t1DI detecain1st1o 

aathemetical probleae. 
' 

Recent~. tbere ha~• be•n • nuabo~ of applications oE 

these aethoda tor r~lvias coaplioatea partial d1ttereat1al 

e4uat1ona and these aetho4s w~icb ut111oe var1Que probability 

technique• and aaap11n! p~oedures have found tbei~ 
I 

applloatioa ln various tlelda. fheoe •ethode neve been 

latel,- applie4 1n the theol")' ol eeonometr1oa. wb.er• 1t baa 

been poea1b1e to coapare· dittorent mothous ot oat~t1ng 

the r•r•utera ot • sS.ven eeonot~lo Mdel, tJpecU1o4 by • 



_,_ 
sot of structural equations. Tho eorlloot use ot aonto• 

CG.£"10 methods 1.a solving etatlefllcal pzolllomo woa J,JOrhope 

made b; dstudent" •bo 1nte~red tho poaa1ble shape ot the 
) 

ts:equo~c7 dS,atMbutlone of ''' ata-lnUc ~1b%' to its 

mothomoticol dor~vo1t1oa. student drew a largo number ot 

aomplos trot~ e noraol f'Opulation and woJ:~ko\1 ou1J the 

dlstr1butlen of tbo ratio· ot tbe mean to its etao40~ 

deviation by p1otflf..ll3. t~ ll'Oqueao7 d1et»1but1ou of'flbis 

ratio. 3 .B.tr.ao.o 111.16 Boe£:).e (1961) carried oafJ .uocto-os.rlo 

stu41oe tor 1nvestlent1c.s tho amoU oomplo ott1oioD.C1oe --ot·di~tcrent ratio estimatoRS o~ tbe population rnt1o, 1/.l 

aaoumlQS linea• regrooaloo ot Y on X and no~l d1otr1but~on 

of 4ov1ot1cuw. Rocon'l3' Rao and 897leoa (1969t70) bovo 
• 

-- comporo4 (tf..rto.s:reat unequal ~ba~lllfit.ee eemp11ntS oot1mato~a 

-~ot1o.eould be shown to reauco to midauno ~e• Sen 
. ";),.,'-. 

ochome(1952) ot ¥ar.y1na ~~bab111t1es oeloctlon. · 

l!onte-ca:rlo stua!~G 1o ~P .. lo t'lunor moQOdo'loQ bJ' 
' 

Baba.,a.o(l9?2) to~ c0lllp8i111S eamplo mean, nt1o and .reareoaion 

eatim8tor,.as perllapo tl.rot ot 1 to Jd.nd. Be eenemted teo 

hypothetical populationu each of alze aoo unJ.tta sat1e.f)'tna 

the ·model 

!1 • />Xi + 0 1 

whes-o v ( e1 I ~ ) • fx1'A 1 A ~ l , + >O 

GJ1C1 1 • 1,2,3•••• ••D · 
correopondias to d1flerect valuoo ot "Ad va~ins ·botwooc 

l.SO to 4.00, tho resultant population aoo~a to tollov 
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beta ~1atr1but1on• ID tbls •'~ 1t waa 4eaouua•ed 

th•t ratlo has an ~~· over Mpeu1on eet1a,o.r. Bow•••r• 
~ 

·a ... 11 draw back 1n thla stud' 1e tsbat •he ooapa.rle1ou 

.,... baaed on on1.115 IQplaa •hlcb la .rath'f:J' ...... ll to~t 

theee 'JP•• of atnd1• 

J.B.K.Reo (1969) sttl41e4 the beha'Wiour .ot nrlou 

tn-• ot z-atlo estiaatol.'a UpctJ:1oall7• Be .used anes-al 

•••• of 11v• data which J:'ep.resont a Y14e 'far1oQ ot 

popul•t.to.u of va.cyins •1••• ranglnc fro• 7 to 270 wut•, 
tu·co-et1'1o1eo.t: ot ••rtat.loA ot tbe euxilaq 1a.co1.,. 

ranzlnc. t~ 0.14 •o 1.19 aid· the ocnelat.lon oo-ett1o1en' 

betw .. .o the atu4y find tha auxJ.la.rJ' YU1ate .re.os.tns troa 

o.,3S to o.99,. Aooo.r:diq)J he bad d.rawA all the 8o
8 f 

"•a1b1e 8Up1•• oJ.' 1000 aaaplAa wblcma••r 1• -ller tztOa 

a Si••n aet ot data and coapa~ed a1aple ~at1o .. ,iaator 

1 •1tb nryi.q tnes(,etl in t.\\tllt)••> of ub1aao4 Datle 

eat1•to.ra and ooeput.-4 tb•1r aean· aqua.a:e eno.ra en4 blanc•• 

A.H.Manw.nl(19?') coapar~d tho Ya~iaaooe ot ratio and 

.l'esrea~on eett.maton t~ llont:e-ou1o •thod. He 

u•o4 ae•eza1 ••ta o( actual ~!el4 ~ate tekoa troa aaaple 

aune7a on truito aru! ve-tablos and 11Ye•stook• • au 'o 

deaonetl"s\e tho metb«l of co•l)Ar1as th• ott1c1en.o1ea of 

rat1o1 recnaeio.n Aft.4 ea~~ple ••an ea1J11aatora ·~ ab.O'tled 

that ooapalt'1e1o.o ol elt1o1endea ot .ratio and J.'8p-eaa1oo 

••t1aatora on 'h• bae1• of apppoxiaate to~ulae ot Yar1aoce 

1a lln'-7 to 1 .. 4 to wrons conoluaiou. 'fbeea eaper1cal 

stu41oa on actual d•t• 1ftd1cete that the statement 

•aatio 1a alway• 1nterto~ to ~•6roealoc o• at the ao•t 
' 

nhaa -.ha ••mL..nraaiaion as t.ha.J: of ~uioo" 11 not alway• 



\ 

tna. ; AlH th• •'•t•unt ic the etaftdal."Cl boolee to the 

e.rteet that th• tqduioa eattaatorn11~1•,-• tMl aon 
' ' 

ett1o1e.Q' lbaA auple·. •••n eet1aato~ wh•a .f;;:-o 1• QOt 

·a1wa7e •~•· It haa 4Uotanrete4 'bat Har••aioa 
I • 

eat1Mtol' ooul4 be v~ auoh interio.r to aa•ple MAA 

•••laator neatbou.cb the Yalu• ot .f ••• po•ltJ.ve •. 
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·~ -
l 

. , . 
In sample au:rre1•• the ooapaJ:1eloa of l'llfd.o ta64 

resreea1on aetbode o~ eotlaatioa w1~ aaaple aeac eattaatoi 
~, 

1• aezuirall7 ae4e b7 uauall'll • r•P'•••1oo 1104ol between 

'b• stud1' vaJ:~late (Y) aod tbe aux1l&.r7 vazo1&te .(X) epeo1t1e4 

b7 the equatlone. 

's. • rx • f3 ~ • •t 

B ( e1 I x1) • 01 I ( •t•.11 Xs_X~3•0t 1,1~ 

s (t2 I X ) .. o2 1 l l.l,J. 1,2,3 ••••••••• 

oc the bast• ot this moc:!el lt bas beea •ua••te4 that 

W'lloaa 0( -o nlio will elnye bel lAaa ··ettlo1cn' u 

ooapare<.t to rep-ealo.o. the two will be equallJ' eftloientl 

wbell D(•O• A1t compared to saap.le aftll, ratio ie aug~eete4 

'o be ceore etf1q1eot 1,••• J > t CJ! Oy 1 'fdlere f S.s th• 

co~elat1oD ooeft1o1en' between tho stn47 aoa tbe auxilaR,Y 
' . 

vaJ:'tatee and Ox end o1 are the cQ-eft1o1ent ct variation• 

1n tho auxtlary Y~i•'• an4 study variete reap•ot1v•l7• 

Alao resreeaton 1s aa14 to be a1wa1a more otf1c1entl tbaa 

... ple aean tot f > o. · 

Since the exact toraulae ot nrianoea ol bo.th- ratio 

and resrenJ.on ee\laato~• a.re cot ••83 to • wo.c.-kOut, tbe 

above cocolueloa. are baaed on approximate toraulae wbich 
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•z• oer~cl to the Si~t ordeR or approxiaatlon ot 118. 

Pel'bapa J.t: 1e a aaeua•d Chat Whee 'both the aux11al7Yad.afle . 
(X) ·~- the atu4;t va1:1a,te ('f) tollow D.OI'Ul dle,dbu.tion 

~ ' 
the coct~1butlona 'ot the toll'tn8 ot the o1"4eJ~ 11·11a2 aDd 

above to the •ar1eaoe • wou14 be. AealJ:a1ble !Dd the 
" ""... . . 

eonolas1on .regarding the J:elatlwe pertormanoe ot the tm.ne 

eatlaato~• •111 be va114.~ JO~ the p:eeeot atu¢1, toar 

pcpuletlona eaoh ot ols• 800 unite ha.,e been 4Mwn IJ:Om 

a btvagtete normal population. 

~(~)\P;: · ' t7<.o)- -1 2.) f(X-ft,)~ "2-f(. -x..-}h\(-ll-.M,~ -+f"J-fh ___ ,i11 
.27\G";cJ..,_J l-.f2. I l 2(t-i L\. 0"", 6\ ) r.'&.--) \. a-2..-)_jj 

- Oo <.. ~) y ~ ~ ••••••••••••• (l) 

~ SOo {(Xl.-t<?C)'J) ~?l cty:: .1. 
-(p -61> 

Itl otberwo.l'da, it ia aasumed that both 'I ami Y 

••~lebloa are Aoraaltr d1~tr1but•4 w1th oeac•• en4 
\ 

1!114 \'&J:ianoee • MaHci:!v.el;r and X eo4 1' are 11a.earlJ 

~•late4 with oo~~tloa co-ett1o1ent liYeo by f• ~he 

tour r1n1te populet1ooa seneratod tor the· purpo .. ot the 

preaeahtl: etud7 ere ctrawa t.roa the eupeJ:~-populattoo wi.th 

t.retu•ao7 41at:r.-1bot1on. p'fon b7 (1) b7 aealsnina arbitra1:7 

ftlues Of 50.0, 12.,, 200.0 6 100.0 tO),Ji t ~~ ~~· ~ napect1Ytl.71 

ac4 tour .aluea ot o.,,o.5.0.7 & 0.9 to f• The cho1oe 

to• these value• ot the paraaet•re ol the population waa 

u4e 1n euch a aanne» the t in each o~ th• tou popglauoa, 

seae.l'ated conespontlincJ to toU~: value a ot .I, tile colld1t1oa 

.;; > + 0x 1 ey • o.a, <• p:n-a••1sn•cl ••1••, : 
' 

1e eat1at1ed. Ullder the 'lboYe ooed1liOA, .vat:lo ea,111ator 

~· been atatod to be aore ettlclent 'han ... pl• mean eaetaator~ 
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lanthe actual samplo e~ey 4ata1 we rarely coae 

aoroe•·nesatlve value& ot stwi;r an4 aux11e17 var1atea. 

&once while d~aw1ag a ll~te population troa the eupe~ 
'l:..,.'-1. 

populatioA(l) t:h•· p.r:oara• to~ pne~:t~Uns the papulation• 
• 

v~lues wes e1tte111n such a faahlo.o tlluU•-tho .. probability 

ot sett1ns negative valuee 14 the sa.plo was lesa thao 

o.ol. As a matt&~ ot taot a total of 210 unite vaa .. leoted 

instead of 200. It ne found thatJ in none ot the 
1
tou 

~correspoAding to tcu.r> value• ot .f uhe nuber ol 
'l'\~ o.hv~ v~ to-.)t"Ye. -rAO"Ye ~ .l-~ \¥'. <n""W~--t.o.~. "'-e')e.., 
neptl't'o valuee were "plaoe4 b7 pon1t1Ye ou•• t~o• the 

additional 4raw1nss ot 10 unite. tbue each ot ~· loUR 

resultant population ccns1ate4 ot aoo valuea ell positive 
I 

for both % a Y va~tatee and thect valuea are given 1n 

the appendix. 

In ordtU" to otwSy tb• e.t.tect a~ al1sht <lopaJ:"ture f.roa 

nor.aal1t7 o~ tho coepar1o1oq ot vac1oua eatiaatora,.ln one 

ot the populat1qn (at al.so.a w10n~.o.S) tive valu•e were 

. arbltraril.J' chango4 the:r:"eby i.nt.roduotns a aoderate skewneaa 

in that population. Tbe means, stands~ deviations, 

co•ett1o1ent ~~ variationa, akGwneaa <f,•f3/~) 1 kurto•1• 
<+._• ;,~ •3) etc., t.rca each ot Che eenerntall porulatlOA 

are given 1o ••• table 2.1. 

Por a no~m~l c~rvo the otewnesn and kurtouia should 

bo eoro but 1n practical a1tuet1oD8 we ~re11 ooae aorosa 

' exaot values •hat we needed. In the three populations 
~-

the values ot 7'; & ~ ralltie botweeA 0.002' to 0.4203 alld 

o.oo" to o.<S6' ~eapec~ively. The valuon ot Oharl1er•a 
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moosure o• okewneas wb1ob 1a de.t1ne4 b7 

Where t(x ) ls the ·value ot ot;diaate at 
aoan or tBe normal frequency tunot1on(t) · 
t~llowed b~ tbe population llll.der cona1do.r­
at1on and fl(o) tho value ol the· ozod1n&te , 
at aea.c. ottbe ooR.mal diat~1but1on tunot1oa. 

have also been Biven 1n tho ~able 2.1. It can be aeon 

lhat 8k(ah) la •eq ama11 £or all tho sonorated population 

exeep' tor tbe populat1oG•It1 aussestins t'e~b7 that thoae 

aece.uated populetiooe are d1et.r1'bute.d noa:aal17• The 

values of kappa gJ.von io. the last column ot Table 2.1. 
J.-...t 

are ~ to be ae•r about ••ro except to~ populat1oc-II 
" 

whioh baa tapP& value alisb.fll:y h1ghe.r. Benoe •e ca.o 

cono.J.u<lo .that ~Aerated populatlou aio noa~ay no=al 

except slight skewneao in popolatlon-11. 

· We have thuo geile~tod toUlr PQ'PUletlone corzoeepon41na 
\ 

to fouD dltle.rent values ot f each b01ns d1at:r1bute«1 . 
' -norN117 except tor the popGlation•Il wlaa.ro1n we havo 

«Oti a mode~te ek~eso. The co~re~atloo co-~ttLc1ent(f) 1 

reareaaiol'l oo-ett1c1ent cp ), and other J.aportant pa.reae.Jtora 

at the above tour populat1o.os are slvea 1n Table a..a. 
Xfl will be seen ti'Oil the ftble a.a thOiti•t.b.e value ot 

0( in ropeaalon eQUation of l' on X ia nots 1101"0• Ronco 

the cond·1 tlon tor r.o t1o eatim::~ ~or to be equal17 ett1c1eat 

as res~esa1on is not set1at1ed. Acco.l'CU.aa~.fo.l' each of 

• 
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th tou population, 1Je ~at the .tollolrlna 1o ns•m to 
• 

(1) S1.ooe .f >+ .ez I 0y > 0, 

(11) 81ooe o< •0 to~ aone ol the .tov populations ret1o 

eatiaato~ ia expeote4 •c b' b~ae4 thouab the extent ot 

relet1•• b1aa la lltt•lT to ba auU, ae ill..i 1t will be 1••• 

ettloieou than r•sr•••Loa. 

Io the .tollowlaft chapters " will exam.la.e how tar tb• 

eteteaenta hol"ood b7 co1aru1na the •U1o1eA01ea <'6 

three eat1aato.ra 1)hroush ._.r1eal 1rsv•at1ptlona called 
f 

Jfoate-ce•lo ae-tbod, alnce the toi'C!.Uiae lo~ •owal Ya.rianeea 

ot· botb ratio a.wt ftcreaetoa eat.1uto~• •n .Do• •••tlable. 
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• 
I OBAP.fO- • Ill . , •............. 

COMPABISIOH 0'1 IW4PLii dAB AND RA!!IO ESt'.hill'fORS 
•••••••••••••••••••••••••••••••••••••••••••••••• 

' ..... ,... . 

the blaa 1n ratio eati.-to~s aaa to see how tar the 

crlte.rion ..P > f Gx /Oy b.elpa JJl ~udsina tho n1ot1ve 

' 

, etrto1eao1ee ot the two ee,iaatore. p ID addition to thlat 

etudy on likelihood of' makine • wrona doo1e1on when 

compar1aa ratio vorsue saaple aean estimator• bened on a 

einsle .,..ple. 

'!he relative poJ:>toaanoe of tbe "'1o "Ve.raua auple 

•!•n eatlaato~ hao been evalaated on the basia ot 

approxtaate tozmula ot va~1anoe, 
• 

V(f8) • V(f) • 2_COV(i,t) + a2v(f) ••••••••••(,.1) 

whioh le corMot to 'be f1~:.•' orde.r ot app.l'O:a.imation 1.D 

1/D aaswaina tha1J 1;ho ootr1but1on ol the te.ru of o:dor 

1/A2 and abo,• ls nesUaJ.ble. ' 

In tho abson" ot the aeot torau.la ot vu1anoe ot 

ratio estimatoR, the exact •a~iance hae b .. n es,imated troa 

200 Mpeeted a~UDplea ot t.U.tteren.t s1aea •' randO. out ot 

the tota11t7 ot 8011 Mmples 111 the entire aemple. 

Por th1B p1l#S)008t .trola the popul&t1ona Wh1Cb bi&Ve bee.D 

cecerated. 1n chapte~ll eat1ef71Ag the reQuired aaouaptloa 

ot bivariate nonual <tietr1'btltloA w1tb ~e-eatd.gned values 

ot ..P .ranaina· betwee.n o., flo 0.9, 200 .repeated sample• ot 



••r.rlns a1••• raaatns lroa 10 to JO •~ ••l•ote4. ~he 

oo~espondlns'Z•••luea haYe been oonsldeved ~· aux11ar,r 
. ~-~ 

Y&rlates f6r the oae ol ratio eattma•i~· ·the aelaotlon 

of the e&mpl• at each dnwlns 1• made J.odependent o~ llle 
. ""'";"... . . ~ 

P-"*Ylou• dn.w1qa. laoh of thene 200 8Qlplea p.r:ov1da 

ea,lmate or the population aeaa also varleoco ot the 

c•tl .. te •• per tho &pproztaate to~l• (,.1) could be 
I 

eat1mated. 

Let 71, 7a• ••••• 74 be the W'llt• aoleo~od ·lA a 

sample ot alae n and a1, •a• ••••• •a be the oo~oapoodlnl 

aux11ar,r Yariatea. 

l'At ,n be fJhe auple aean of the 7'• 
f. 

i 0 be the aaaple ... n o~ the xi' • 
(1•1121 •••• n) 

'• bo tbe population. ,_an ot tbe l's'• 
JW be tbe population •••n ot the Jt'• 

(1•l,a, •••• 1f+ 
I 

.. 
then the sample mean provl4ea unbiaeed estieate of the 

population aeac with the var1fll10e of·tbe eettaate &J.••n b7 

1'(i' ) .. l::a s! 
••• I.A 6 

2 
_when 8i 1e the poptalatioft .aean eqnare ot ~·• 

aDd tho eet1ate ot tho variance le s1 "'en b7 

' 

• • • ~ • (3. ~) 

•here •: 1e 'h• ... ple-aeao BQU~ of 7'• 
lldlao blre . 



.. 
elao th• r~lo eati•t• ot ! 1 1• a1von b7 

~ 

'''•> • 1:a ( ~ • ._a&xa- 2Ba8u > 
• • •• 

where sy2 , e,.2 8ft the populat:ion ae•o eprea or , 
Y· •114 Z l'eopectt•eb' an4 9u 111 the1.1' ••an produoO 

'!he ••'taate ot Y<fa) t.a a1.-ea by 
# 

s !•A ~ n a 2'1'\. a · .,_ ~ -.(..,.) • L 7t • ..., ]: Zt -211l~ Z17i •• (3.3) 
a.a(a.-1) ~=-~ ·=-1 ,:>., 

As deoo~lbed ln the bes1nn1ns ot th1a obapter. the 

fosula (?J.l) of YaJ:lance of 7a 1a app»oxiut•, cor"o' 

to ~· tl.t'at order ot 1/~ the 4•r1'1'atioa of u-ue 

variance 1a ho••••r a dltfioult task. The estimate• o~ 

true Ya.r1anoea ot both tho est1u,ora could be worked 

out with tho ~1ll of atont~lo msthode, wh1oh u7 br1e.tl.7 
-

be descrlb•4 aa tollo ... 

~· the stvon populatlona• 200 repeate4 samples 

o~ •1zee. ••mna: between 10 to !SO aatapllrtG tmlta •re 

ael~ted ln 1n4•pen4oot seta cou1at1ns ot 50 ,...plea 

eacb. A:cool141nsl.7, we set 200 sample mean ancs .ratio 

•••laatee t~• the aboVe 200 aaaplea. Mean ot these 

••aple ftt1aatas prov14ee unb1aee4 ee,J.aat:e ot t~he 

population ••an-1~ the •stiaato~ la an unbiased one. 

«!he J&eaa aqu.aH betfteJl. th• auple ••t1aates st••• eati•t• 

ot ~~· var1enoe,ot lhe treqaeno7 41&t~1but1oA ot tho. 



.. 11>-

••tlaator(•eriacce of the eotlaetor). ln ceeo ~e 

eatlaetcr 1• b1ese4(1n case ot ratio) the mean of the 

200 ~01o'eut1aate Will ~V~~ e biaaed ent1m&te Witb 

oaf:1aate of th• seand aquare •I'JIOr pve:..1'q' . 

JISI(MSlla) • E'1/:f(!2>.) • .. , (llaa)2 ••••(3.4) 
~ ... · 

•b•n eat1Ute o~ the aquare ot b1aa oou1d be 
approXiaatell eubot1~~ted b~ Cia-!•)2 

fhe aet4odoloaY adoptoJ tor the oalcnlation ot the 

entt.ale• ot the exact varioncoa tor bQtb aaaple eean Gad 

ratio aDd t:be mean squa.ro error ot .l'Btio ea,lltator oan. be 

br1ot11}>o 4eaor1be4 ae tollowe. 

Let f 1,fat••••78 , ••• 7200 be tb• aean of 7'• to~ eaob -of tbe 200 oemplen, .. W1tb aoen BiYen by f aDd let 

~ ,i2 , •••• 1. , ••• 14200be the aean ot tho correapoo4J.tls 

••• for the 200 'nlu.••· 'f.hen the estimate ot the variu.oa 

tor sample aean ea\1mate ia 81Yea b7 

..-<7 ) • 11 ~ ·<'i,-1>2 
&•It .200..1 S=• 

the ratlo eet1aat•~ot 18 to» the· 200 sample• are glven b1 

aDd the utsiute or variance. and mean aquere e.rrora tor 

tho rotlo eo ttaate an s1 vea b7 
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USEC fa > • •<fa> • CS<'faJ,,a 
• 

5.2 §.tudz aL b&e& &A et&2 s•t&atar• 
-rhe, eetlmate o~ relativo b1ae 1n ~'Btl~ e·a~imator 

oou14 be Qiven by 

Rel(Blas)D • f!a • ~1 100 
'• 

··········<'·'> 

To gee· an ldea about~ the ~X1sentJ of b1aa, tho ralet1ve 

b1o~1A ratio estimate to» all the foUR populat1on~t~ 

vaq1as aaaple slaea have "on presente4 111 ftbl• 3.1. 

It la found that the biaoel ranges fro• o.ol to 1.2~. 

It 1a also touftd thnt the degree ot bian 4oc~eaoea w1th 

tbe lnereaa• 1o eam:ple alae. ID the ebaena ot foraula 

tor obtaining the eat~te ot blas better than t~ ono 

i1VeC abow., tho piotu~ presonte4 1n the tabl• Jel 1o 

autfi01en' to 1nd1cate that tho amount of b1as io ratio 

estimator 1a negligible. 
I 

!be true •ariance ot an eet!aato~·could be eat1m8t~d 

b1' oooont! .t:lOI'loAt ot the .frequency aiotwlblltion ot the 

eatiaator generated ~ the repeated aaople drawlns•• fable3.2 

s1vea eetlaatee of t~• var1aacea ol the two datimato~a 

baaed on eaaple o1aes ot 10,15,20,~ & '0 tor each ot th• 

tou.v populatlona. hom the table it 1.o oeen that th• 



If A B Z, B • 3.1 
··········--~···· 

R•la'l~• b1a• 1a .e~lo •••1aato~ to~ var71na 
, 1S&l11Pl• •1•• (tlcure• in poroentaa•> 

Population 

S&aple I II III rr 
a1a• · (0.29) (0.~) (0.65) (0.91) -

. 
10 l.C8 o.,.. 0.15 0.16 

J6 o.48 1.0? o.1o o.ce 
20 o.,o o.so o.,, 0.)2 

' 

25 o.,, 0.17 o.oa o.,, 
:50 0.5'1 o.ao 0.88 0.02 

(J1sur•• 1n·b~ctet are co~lat1oo co-ett1o1ent 
bttlweea atu4:f h.4 au1lary YH1atea) 
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~ABLD •3e8 •••••••••••••••••• . . 
Va:-1af1Cea of tho somplo-ceao ~aa4 .l'Stio oet1nsaton 
and tba mean square e~~ ot ratio ootlcator $or 
vac31ns ~plo o1zen tor eacb ot the to~ populat1oa 

10 

1' 
ao 
25' 

30 

sample 
alae 

10 

15 
20 

8 

'0 

POPm.tlTIOD·• l 
< .1• o.agoa , + OJ!Oy • o.2B58) 

623.4510 9G1.6248 

456.19S2 66,.1817 

363.2361 511.254, 

258.881, )84.2!21 

202.5506 289.0541 

POPULATXOB - Il · 
( ~ • 0.4585 • + Og/Gy • 0.2,36) 

' 

1066.?980 732.976& 73,.4541 
728.71,.. 626.2741 631.0880 

5SO.E493 m.~ m.?,sa 
487.4051 326.?152 527.0221 

,14.8065 244.6249 246.3228 



JOPULATIOI • III 
< .f .o.E44o. t o.to., • 0.2719) 

eaaplo •<'···) •<fa> aSEG8> •1•• 
10 ?06.6?36 3?0.3523 '!/10.4396 

15 550.6492 184.8599 284.9030 

20 36'1eo&56 l84.SQ3a· 187.?820 

2' 309.9691 152.62'12 152.629~ 

30 2?6.,ff/'1 148.,302 1S1.694' 

POPtJXATlOB- n 
( jl • o. 9130, f OXIOy • 0.2697) 

Baraple 
•Cfa.a> •<i:a> •YCia> •1•• 

10 a.?.2107 2,J.8?00 233.97~ 

1' 51?.1954 14?.11?4 14?.1425 
• 

20 386.3'182 1"'·4563' 10J.8812 

~' 296.8095 82.?405 8~.1825 

' 30 265.0045 6?.0945 ~7.09!SS 

•' 



oimpl1r"meat.l e~Uaato.r baa ver1aooo frlh1ch 1e ooneiataotl.J' 

•fo~ al~~le slaoo, satak~lcoo ~ban that ot ratio l~· 
tbo COG& of tS~t population 'tor Wh1c~.f = o.agoa wbJ.ob 10 

eligh t~ pea tor than • Ox!Oy• 'l'b.ue eventhoU{Sb • tho 

o:r1tedon .I > t"JIOy holda good, wo oec ~hat rmt1o 1a 

1nte.1'10R uo sample aoan. 'Oe oleo oeo that tho aam:plo l!l04\tl 

estimator has varlacce which. ta oone1et;antl;y &reQte.r t.b.oo 

Chat; ol ratio for tb.~ &"etl81l)1ng thfte populet1oos wb.ioh 

haa sotf.:> o.4540. Henao wo can conclude 'bet the 0.1'1 tol."iOD 

I> i~/Oy tor .ra Cio to be eap~'u:ioJ:t ovor aamplo me&a .to not 

tu:ue tor the valuea ot' Jl neal" about tOX/Oy am1 aul&ll 

values or ./, The 41ftereaoe (/- +OxlOy) should be positive 

aDd aatllolontly la~ae to~ ratio to be superior to namplo 

mean. Wo also obae~e tb&t the vartanoo or tbo saople meon 

eot1matol." docreaaea with tbo 1norosso 1n D&mple nlzo 
' 
~ 

app1"0Sirl'sately lo proportion to <f • t ) , Bowever 1 tr 1o 
... 

not~coa tnat tbo deoreaoe 1o var1aaoe ot ratio w1th 1GQroooe 

:.to oowplo. Glzo 1a 1•cot~r than that fo~ the sam_pl" m()e~ 

ea b.t.ma tor. 

the relaC1vo oftlo1eooy of ratio os ooopared to ~pla 

mean eetlmato.r based on mean oquue o.rJ:"O.I'S oova been p.r-esontod 

1o Table '•'• It ia seen t~om the &boY~ table tba' ett1o1onc7 

ls lee~ than 11• tor the tirst populatto~nd coro than ~~ 
tor.!> o.agoa and there 1o a inoreaolns t~on4 u e.tfootJ •ith 

the 1ncreeo1ns valu.Ge o~ f. It 1e also aian1t1oant ~ note 
' 

thot ot.t1olo.ney does oob appreotabl3 show 1ncro&td . .ns trend 

Wlth lncrooae 1n the ~ple otae. P~om tho ~i~en S1V&n 1n 

{ 
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th~Table '•' we t1Dd tn.t 1o population wh1ch tollowe 

bl"tarlate 1101"1181 d~etrlbu,10I:lt the to11ow1na bolde cood • 
. 

(l) •hen value• ot .f' the co.rrel8t1on. co-etf1c1ont 

between the stu<J7 and tho auxilary va.rlafie Uee la .. ,'the-
' 

the sample aeao estlaator ta more etf1o1ent 

tha.n ratio. teas in et.ttoiency will be ot the or<le.J:> ot 

'~ 1r•eapect1ve ot the a&aple eiae. 

(11) In ,population, where tbe valueo ot .P lie a in 

the range o. :50< J >+<;;I~ 

tho ratio eot~to~ w!ll be supe~io~ to saaple 

aoan estimator, the geln in etf1o1enoy 1nc~o~e1ns •1tb 

the Yaluo of .1'. Tbc~ pln in ett1o1e.QC7 •111 be of tho 

order ot 70% toll ..Paround 0.50 and o.t tbe oRde.t.- ot 29016 OJ: 

even more when f.o.tl. 
••mple alee. 

'l'he eftlo1ency dona not "f/81.7 with 

( J.11) E'fon in ~.ile J),r4fs~nce ot sll&h t &Irene as 1n the 

population •II whore the value ot f 1a 0.4585 which 1a 

sr••t•r than tOx/Oy 

tbe ratio ealimato~ le superior over sample 

mesa estimator. 

Genore117, atat1et1oian bas only one OA.cplo available 

tor h1e ·stud7• fbo ea~l• •aluee ·~~ available botb tor 

auxllar,y and study oharactera. The problea faced b7 the 
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atac1st1o1an 1o to take decision about ~· right t7Pe ot --
the estlZ!ia tor lor bulldins up ec o.tt1_cieot eetiUta o.t 

the popula~ton mean. latural prac~1ce 1o to aasseat the 

tno ot es,1mot0¥' b7 1oold.na at the into.raat"len p~:ov1cled 

by the sample data. Por example wbon the sample caaa 
' A A. A ' .......... . 

Yalue of I > fOx/Of where 6z•8.r an the co-e.t.t1c1ent ol 

var1et1on tor Xac4 Y reapeottvol11 one m&7 reoomaeod ra'1o 

eattmatoJ:' 1c pJ"eteMnce to aample moan &stimator. !.rhls 

dec1s1o• about the choice ol en approp~1ato estimator on 

the basta of blaaJ17 pal.*ametore eot1mate4 from a pyen 

aamplo is llkel7 to so •.rona. It will be ot 1nlereatl to 

calculate the p~babil11sy•ho~:eatter to be lllc:ellhooel ot 

aach .rona ~ec1eion. the qhoice of tho estimator 1n.al1 

the ~OUJt populotiona W1C1tr StudJ't the .f1rat or<!er COntl1t100 

ot f > fexJCy to~: re t.lo to be eupa.J:~10R ea t.taator than 

sample· ~an 1a eat1at1ed. Howeve,., we havo alrefld7 seen 
' that lD the 11~et population wh•ref.o.,o, tbis cocditlon 

ie cot sttfticlont slue sample moaa ia coo.sietaatla (loll 

all sample at.•••) beOter ,than .rs11o eatJ.Mto». Bence oo 

ta~: •• the tlrat popUlation lo •••ai:tuat concerned, the 

ori ter1on • > + o.,;o7• •hette 11 1a tbo eample oor:r:-ela t ·bl, 

co-eft1o1ont betw•en x & 7 valuoe ocd o.fo,!reaapl~ ratio · 

o~ <Jxl0y1 1o not ct each help. Howeve.r tor. tbe o.tho~ 

throe populations Vllleref> iCx'Cr alco im.pliea that .ratio 

is ccn.a1etaot]3' bette» tbrla G&llple moan, wu woul-d oo,i.cato 
I 

_the p:oblb111t7 ot •~na doo1a1oa. One outimate ot tble 

probab111t~ 1e tho prope~t1onal auaber ot &aaplea 1n 
• 



fJ A B X. .8 • ,.4 ••••••••••••••••• 
la'taate4 paobabll1t1 ct wrong 4eoia1on ebout the 
aho!co bet•ea ratio e.n4 aaaple aeao on tile baela­
ol orl tenon • ~ +oa~c7 calcula tid .f~:C~D oot!motora 
to~ a aiasle eample ot var,y1na a1••• 

Ropalat1oa - II .. 1!1D..I)S.I&!U ............. ~ • II I 111• 

10 ~., 20 15 JO 

ll 0,!10 o.a05 o.1ao 0.160 0.15' 

IIU 

Ill 0.110 o.Q5o o.o,, 0.015 o.01o 

IV o.ooo o.ooo o.ooo o.ooo o.ooo 

" A JJ L B - l'• 5 ••••••••••••••••• 
j 

Bat1aated val••• of par•etere ot \he. •-anat1on p.&• ... b.f 

J'opulation 

Il 

lit 

• b 

0.4585 Oel024 Oal?S? 

o.E44o 3.9540 o.9919 

80.?2 

S?.oa 
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From the values atven in the ~able 3,4 it 1s set 

ol!31\1f1ce.nir to note thata io. the popula.tibn 1n tlhiOh • 
• aux1Jer,r oh~racter 1s highly oorrolatod ~it~ tho atw~J 

character and the frequency dlotrtbution o~ tho two 
·~, 

var1ateo 1a biva~icte normel, the choioe of. ostima~or 

based. on a eir.talo- aompl~ ot ewen a mo6eHte ... -e1Je ot 10 

Wlita will lead to almost surely correctl <lec1u1on. 

Howeve.l' to» tlle pcpulatioAB with values of J' betw.a.o. 

0.5 to 0.9, the likelihood of wrong deoiaioA w111 be ot 

.tho order o.ol to 0.21 4epeft4J.ns upon the sample el.se 

ent! tho m.agnJ.tu.doe of eo.r:o~~latioa co-ett1o1ent. G\lpta(19~) 

established the .rol&tlonabip between the l1kel1hooa or 
wrotltl dcois1o.n an4 84aP11ns traction. The two funo.l.one 

susgestGd by him were, 

p • ···bt ••••••• (1) 

p • at•b ••••••• (11) to:r: a,b > 0 

~he funotions (1) ana (11) were t1ttet1 to values 

in Table '•4 tor ~ populatitons ll 6 lti,' wheN .f valu.ea 

ere o.4S85 und 0.6440 ~spcct1ve17. It waa observed that 

fo~ tuoe,1on(i) tho value Of a3, tbo multiple 00~~1Bt1on 
~o-etf1c1ent to~ th$ above eaid populatlone waa ve~y bisb 

v1a., o.s1 and o.a?. For tsbe otber tunct1oa (11) .bowovor 

tho value of u2 •os obao.rve4 to bo 0.64 ace! 0.73. aa:noe 

we ca.a oonoludc that the tit d~eo.ribod by the t1.rot J.'uncts.on 

·1e better than the ao-coDd :Uct.t.o.t:a. !'bo aaco wan oleo 



\ 

toucd to be t~• ia the case of pepulatl•aa d••oribe4 

b.1 Gupta wbiob tollo••d Jete type tr.equaae7 cu~. 

~he 1•••• aquar. 'eet1.atoa ot the eon•\!?'• a 6 b 

of the function P•ae-bl •~ pr•••ated· in table '·'• 

/ . 

• 
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' 

In the prev1oua Chapter• we han C9apa.rac.\ ObO samqle 

auc an4 retrlo eet1•nton. Sere we conaidot.' th• 
~ .. · 

ooapa.s:tatoo ot sacple eea11 and nsre•sioa estimtlfJore. 

Ae 11'1 the previous caee, here alao the co~ftlaCJ.on 

co-etttolent (I) playa •n iapxo.ean' role. ~~am etan~ 

tone, we loarn that .resres•1oa J.a aupoJ:ior to sample 
I I 

aean 1t .f 7 o. \1e •111 •aam1ne th1e ste,ement to~ tho 

populat1one described in ohepte~ II •bleb aatiety tho .. 
requl.red aasuapt~oc of bivariate normal 41at.rlbut1on an4 

we-repnora,ed eo •• to have Pr.J1ns 'taluea of f ana1na 

troa o., to 0.9. Iatac' all tho tou. generated populations 

baa cot poe1t1~o correlation. Aa bato.ro he~ •lao we are 

interested in tho b1•• to .regHeo1on oatlmatora, coapar1a1on 

~~ sample aean and res-eaa1on eattaatoze 

~be relative pe~fQDmanoo ot ~e ro~•s1on eGtimator 

1e .aau•ll.r evaluated on the baa1a ol approa.lmato lomula• 

ot varl•tlCe. 

v(t) • <ljl>e1
2<1-f2) ••••••••••••• (4.1) 

Tbia tor1111la 1e oorHot to the lint order ot 

app.roxtaatton 1ft ~ aaaumlJ)tJ that' the ooct~1butJ1oa of tthe 

to•m• ot o~r 12 end above 1s utg11&1ble. folr' the 
A 

I 

coa))Ui.atioa ealle, tr011 the populations whiob bavo boen 

.e;enenttod ln chet>ter II aatisfyiDS the .a:equi.re4 aeawept1Qn 

ot bivariate aormal d1sCDibution w1tb p~so1sne4 values 

ot J' ranctns between o., to 0.9, 20Q_ repeDtfd. saJDploa ot 
' 



va1:7latr aiaee l!'llnaina t.roa 10 to 30 a;e selected. f.rhe 

~reapoa4lb8 Z.-valuu n&ve bo•n considered as the 

Auzi·l•~ varlatee tor the uso ot ~aalon eattaate. 

'!he ae~ot1~n oi tho aamplo a_t eaCh ~1q 1a made 

1a4epondenu ot the pJ:eY1oua <lru•1na•• &lob of t.b.ose 
'· 

200 ... plea provide eetimate ot ,he-PopUlation aeac1 

varlenee ot tbe eatlaate an4 othe%' 1apaoa'taat paHae,en. 

te' 71t~a•••••7abe the ua1ta aelotod ia u sample ot 

alee n and a1,-a•••••a be tbe corra8POQ41ng aoxll~ ver1atea~ 

Let i 11 be th• eaaple moac ol the J' 1 • • 

i 0 be tbe eaaple mean ot ·~· a1 •• 

(l•lo2••••••a> 
! 1 ~ th• populacton aean o.t the r1 •s 

JB be the popula t1o.G mean ot tho ~ • e 

(l•l,a, ••••• B) 

tl:Wl tJhtt nan•aioa entlmate or the popula,1on meao. la 

'"· • fo. • b(~tl) 
'Y\ -ehe~e S& b • E,~!~·7,><•,·•s> 

i: <•1·¥.>2 ,:.. 

where ey8 la the populAtion aoan square or Y 

ana- eatia*te or the varunoe la p~era b7 



-.sa-
the aetho4o10CY ado~~ top the calculation o~ 

the eatJ.aate ot the exac• ••n•no• and iU'le •an aqua.re 

euo.r ot the Np-eaa1on eatltllltor o•~-~ bl'1etl7 be 

4eac.r1b•4 aa follows. . 

Let f1,fa•··~f ••••• i 200 be •~ m~an-ol 7'• tor 
eaob ot the 200 llhple• .wi tl1 aean s1Yen b7 I and let 

11•la••••ie•• .1200 bo tho aeu of the eo~reapoD41D.I a•a · 

tor th• 200 aa-.pl•l• 

I 

4.1 Lltdz at J!&•t .Ia IUDIIUI IP51UIO£• 

the est1aato ot ~•l•tlve b1ae 1n .. sre .. ioA eatlaator 

oou14 be slYen b7 . 
tf -! I 

Del<Bl••>N1 • .a•, I 1oo •••••••••• (4.3) 
If 

flo pt .. •n 14M ebout the extent oZ b1ae, the roloti-.e 

b1aa lo reg»eae1oa eatlsate t~ ell the fou~ popnlat1ooa 

tor Y8li71DC Hmple siliea ate p.Natmte4 in 'l'a'ble 4.1. ItJ 

is .toond that tho biaaea N-Apa t:roa Oe'Ol to 1~~ 

\ 
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It la, •1• toun4 that the. deere• o~ lJ1•• dec.t-eae.e 111. 'C,h 

tbe 1ac• .. •• ln aampl~ at••• ID the abaence of to~ula 

-tor obh.1D1DI the eetlaate ot blaa, btttte.&" tbao tho one 
' 
st.•en above, the p1otun preaeD.te4 1D '~table 4.1 la . ~~ 

autf1o1ent to 1n41oate that lh• extetlfr of .bl•• 1o ..recreaalon 

The true YBl'ienoe or en eatiaa t~.v could be aat1Jiate4 

b7 the aeaond eomen" of tho tnquenoy d1a,r1 but10A o~ the 

eattaato~ senereted b7 tbe repeated .ample dr8W1nsa. 

table 4.2 •1ve ••ut.atea of ~· •~lane•• of the two 

eeotaatora baaed on ~&mple alae• of 10115,20125 • '0 unl'• 
to. each ot 'b• tour populetioaa. ~· the table 4.2 

lt le Men 'that in tshe case ot tb.e tli's' populatloa with 

f •0.29 the' .. .,1• aH.O eatd.11atu baa var1•noe 1thloh 1s 

cona1atant1J 1••• than (toR all sample s1aes) tbat o~ 

res~ am lea eattuto11. £Hnthough 0 < I< 0. 30 •• aee t~t 

Hlt' .. •lon 1a~ s.nte»lo~ to aaaple aean. •• also aeo tha' 

the sample aean eattaa•o~ baa Ya~enoe wb1ob la oon•1•• 

ten,ly srea•er than ta•~ of resreasloA lor tho reca1a1as 

tb.ne populatlcno with the o~letlo.D oo-ett1o1cui' 

peeter thaD o.•54o. Bene• we can conclude thot the 

orl terion J > 0 tor npteaton to be auporlo~ ovo.r aemple 

aeao eett.ator 1a no~ al••7• t~ue, bu' the .... will 71e14 

.r~ttul naulta lt f 1• eult1o1eotl7 la.rp. 

•• alao observe the' tbe ••rlance o.r the oaeple 

aoen eat1ator 4ec;reosea •1th 'he 1ncn••• in euple siJSe 

appro.xiaettli 1:n proportion t~ <i • t ), howw~r it la 

oot1ce4 'bat the dec~aae in Yart•nc• ot r•sreaaioa w1tb 



T A B t. B • ._,1 
••••••••••••••••• 

Relative b1ae 1a resreaslon oatlaato~ for 
Y~1ns eaaple alae ( Pluares ln parcenteae) 

10 

15 
20 

as 
'0 

l 
(0.19) 

1.07 

0.29 

o,H 
o.o1 
o.tsa 

POPVLA'!IB 
II II% 

(0.46) (0.6') -

0.61 1."15 0.31 

1.36 o.•9 0.19 

o.19 1.49 0.5' 
o.,, o.41 0.)2 

0.4, o.et 0.01 



tABLE- ... a 
••••••••••••• 

variance• ot the samp1• meaa end .-creaa1oo>~atimato~• 
end aean aqua~e •~r ot resre•alon eotimatof·tor 
va¢ns eemple elaee fo~ eacb ot the fOUl' population 

""' 
POJIULA'tiOB • % 

( .P•0.29CB, fOziCy • 0.2858) 
y 

Saaple •<ia.a> v<f..,.) ... i..,.a> else 

I 
'10 62, .... ,10 I 942·'"' 94?.8261 

15 456.1952 615.991, 
I 

616.,979 

20 36,.2361 ·~·6483 436.9476 

25 258.8815 521.0'14? 521.0?5, 

30 202.5506 24?.3546 249.1286 
' 

Gatl.'lple ,,,.,.~) 9('"•' MSE(i.Hfl) •••• 
10 10E6.7980 74S.l6?1' 146.7582 

15 ?28.?134- 624.6047 6,2.3431 

ao ,,0.6492 42,.9109 424.0590 

2' 42!/.4051 358.a.18 ,59.33«11 

'0 ,1 •• 8~ 244.5142 245.2166 

OoAtinue4 ••• 
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'*ble 4.2 coatlau~d •• 

POPOLAf.ttlOS •ltl 
c .P.o.M.to, +ez1or-o.269?) 

8Ulple 
a1•• •<f ... > y(fna> 

10 106.t>?H 42?.85lta 

1!i 550.0844 ,,,_.usa 
20 36?.05J6 189.9Ea2 

25 3~.9691 156.1796 

30 2'/6.,rt1'1 144.5559 

.KJl'utft!OB • IV 
( jJ •0.91,0,, i<l.tl0,.0·269?) 

10 M?.210? 152,6546 

15 517.1~ ea._,,,o ·-
20 386.,181 54.1942 

2' 296.808, 44.8021. 

30 265.00..5 3a·~'' 

:;..,, 

'* ~ .. • 

' { 

IIGI(fHI) 

440.4602 
l 

,,..12~ 

199.108!l 

157 .. 4801 

14'/.8054 

153.0322 

U.f\.824-

,,.,56? 
45.2361 

32.e-J? 



J • 



lnoreaso 1o sample aise is aucb faster tb•n thut to» the 

eample meaA ••t1•ato~. 

The Nlat1-.e eft1c1eno" of regreas1on •• coapared 

to ..aple •••n eot1aator base4 on oean aqua~ trror have 

beea pr.•ent•d 1ft ttabl• 4•'• Zt 1a seen troa the abo" 

table that .eftio1eA07 ot~•s~eaa1on entiaato~ 1a lea• 

than 3216 ita the popule t1oD .. l • •o~ tme n~1n1ns three 

populat1oa• where1nf,..0.451' ott1o1eco7 ot r•snaa1oo 

estlutor la greater tban lOOJ. ftere 1a an tncr••ina 

trend 1n etteet •1th the ittct-eas:ins values ot .f • lt: 1• 

alao e1sn1t1cent to note that ert1o1eno~ doea DGt 

appr•o1ably ~· tnoreas1n1 treAd w1tb lc the eaaple alae. 

Thio ~owa that lite ret1ot the ellio1enoy ot ~•sreaeioA 
I 

eattaator ••~au• aaapl• •oan ••ttaator doea PDt ¢epec4 

.oa aa:aple •1••• 

1'&-cua the tigu:ree s1v•n in Table ••-'• "• !11\d that 1.o. 

porulatlon wbtcb tollows b1var1a~e no~l d1atr1but1oAthe 

1'o110W1n@ holt1s cood. 

(!) wbw value& ot .f• tbe oorr:elatioo co-ott1c1ont 

between the etud.y and the aua1le'7 ves:iate Ueo ln the 

ranae o. 30 > !> 0 

- the eaaple aeao eot1mutor io ~o~o etf1c1ent than 

ro3reaa1o~ Lea• 1n ettioicnoy be1na ot the o~er ot 

2Q to 35" 

(11) ~ In po~latloo, •he~ the value ot f 11es 1n 

the ~•nso o.,o < f>o 
• the resreaeioc •stiaator w1ll be superior to 



.. ''-
•uple aean eet1aator, the s•ia 1a et.f1ol•no7 will be 

e~ the CNU 701lo~ .I aroud q.5o a::acl ~&t •b• oMe~: 
o.t 'IOJYI, or ... n aaon trhea ..P•0.91. 

(111) .I'M~ lc f&he pr•••ao• ot ellpt alcnaea• Ia 

th• populatlon•XI where the value of ./la o • .ft.'" wM.eh 

la rn•tu thaa ••"• 

•the resn•lion eet1Mto1.' t* euperioJ:O owel.' 
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mean with nt1o •n4 eample eeaa w1tb .nareado.D estiaa1J~re. 

In this ohapte.v we vroaltl like eo oOIIl)a.tte ••'lo w1th regreea1om 

eat.laatON. NOll tbie pu.rpoee tbe aean aquaft enora 

alMac!Y obtalfte4 *" deeorlb.S ln table ,.1. ~be 

.eethodolo€13' adoptett ln cosput1as the 'V&r~ea baa alned7 

beea 41aou81a4 1n tbe p~loua twp obapte~•· We have 
• 

elnllcS7 seoo. that the b1aaee 1n both ratslo antl »41a.peaa1on 

eatlmatore ·~ nealislble. Jroa the fable 5.1. •• ••• 

that ~~salon ls uupo~lo~ than zstlo to~ the t1rs' 

population ~o~ all ~ aaaplo •l••s except tor sample 

abe 10. Intact •• have alread7 seen that w.ben!1a round 

about o.' both tho aot.boda are 1.oetf1c1etit and rearese1o.o 

haa got an edge over ~:atto fa» A>lO. i'o~> the popul.ntsiona 

II 6 %II whel:'tt the valuea otf an 0.4585 and o.E44o 
Napact!veJ:r, we observe thnt .t:atlo le oon.aietantl)" superior 

ove~ regres•1on for all 'he aam,la aieea exoep' foR the 

eaaple s1&e ,o. Jrc.t the Iouth populo lion whiob. bad 

.P .o.CJ130 re&%1Qaa1on· seeme to be M&h17 supcu:1o~ o"'er r:a Cio. 

Be110e •• oaa conolude tb.atr to11 smaller valr.&es of .I. 

<•• small as o.,, although bo'b tho motboda are 1nettio1en,, 

.x:ep-e8s1on is bet;te.r than NfJio. FoR 1' .rana1ll6 troa 0.3 to 

0.7 ratio aena to be aom.ewhet bette~ than resreae1o.D to• 

amaller aamplo eiaes ena aa the value of .I approaches 1 

resreso1on comea out to be boa' aethod ot eattmat1oA• 



T A I f, 11. • Jel •••••••••••••••••• 

u .. c· square e.rrora ot the ratio and regnael~,p 
••t1aa tors to~: varyS.q aaople •1••• tor eaob · · · 

of thtl .tou population 

POPULATIOB • % 
( f•0.2908, ?<JxiOr • 0.2858) 

S..ple IIDC78> IIQ(7 .l'·~) •1•• 
10 9"6.9590 , .. 94?.8261 

15 E66.2288 616.39?9 

20 512.4~3 ·"·94?6 
2J 384.1146 321.075, 

'0 290.5687 249.1286 

'POWLA'riQJ • Il 

( f.Oe4585• f-Ox/Oy-0.2536) 
• e • ::a••'"ttiiff'!!e u·rlititr' .. ~ · ts'· it•• n•r .., ~ t •• •• ILiliiilllk • 

Baaple 
eiae 

10 

15 
20 

25 
JO 

?33.4541 

631.0880 

m.1:5sa 
!52'7.0221 

246.3228 

'14?.7582 

&3a • .'431 

424.0590 

,,.,,07 
245.2166 

c:.m14l. 



POPOLAfiOlt .. Ill 
<I .o.M4o, ·+~lct-o.a719 

10 370.4~ 440.4602 

15 284.9020 ,,..1201t 
ao 18?.7820 199.106, 

25 152·629' 151.4801 

~ 151.694, 14?.8054 

PORl7LA1.t'IO!f • lY 

v •0.9130, *"x'"t-0·2697) 

saaple else IIBB(f.) 
\ 

IIBE(J reg) 

10 a''·9732 1,3.0322 

1' 14?.142, . 88.4824 

20 10,.8812 55.356? 

25 8,.182' 45.2361 

' 30 6'/.0958 3.2.84,? 
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••·oba•_.• tb4t the ••rt••••• ot ~tb the aelbode 

4eoraa.Ma 111 tb tbo 111U'•••• 1a .aaple e1aa. llonYa~r, 

lbe 4.~ ••• 1o .ar1aao• or ~·areaaioo •itbulaor•••• 1D 

aaaple •1•• ia ~R~Ob taatar tlhell t.taa tJ f~ tlle n tio 
~~·~ 

It ia •eon f»oa the t8bl• 5.2 that ett1cieno1ea 

aJ:e t2ua' abGv• 100» la tbe c••• ot the .t~r•' popnla,1oa 

except ~011 the ... ple a1,. ot 10 UDJ.ta oat or .200. ::tD 

popula,lou ll aDd %%:1 11heJ:e ,!1. J valu.ea an o.•5fJJ aDd 

o.M4o ~·apeot1••l7• tbe .-tio oatwtoJP ••• to be 

110:n ett1c1•n• th4D np-eaeioc eal.tutiGZ' except to~ 

S'a~17 lUBe aa.mpl• a1ae ol .50 Wllta eut o1 aoo. ID 
I 

populat1on•IY •• ••• thaC ••cr•••1oA tatiaator la 

•ape;lo~ than ratio ••t1a$to~. ~· aatn 1n elllcienc7 

ia ot the order 50 to 100'. A• 1c tbe PHYioua oaae 

•f£1o1e4CY doea not ahowa any soR' ot trend w1•b the 

aa•ple aiae. 

( 
r 
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Ol1 ES'fllfATIOH ~, 
••••••••••••• 

In tb1s ohGpter 1110 ere maJ.ol;v J.ntle.l'eated in atullJ'ins 

Cho froquon«r distrtbU•ton ot the oattmateo ot the 

population mean obtaiood by the tbreo methode ot eet1ma,1on 

v1z •. , sample mean. ratio an4 .rosreao1on. Stu<11es have 

aleo been utte to esandno bow tez: th.;t app.w..oximafle tonule 

of varlcnoe of ratio nod ..resraaalon esticotoe are aocurate 

tor oo~put1ng oontid~~ce ln,orval ot a atven niee. In 

a.dd1t1on to th1e·oflu41oo have also beon tln4e 'o compare 

the ab~vo said three taetbodo ot oet.iaat1on oa tho bos1a 

ot extent ot ooncG~tr&tion of tbe eot1oate a£Cuna tho 

populo~ton moac. 

~or thta purpoao f~m lho populations desorlbod ln 

chapter • lit 200 .1n4opotldont ~Elm!')les WOJ:'O <lt'QWll tor 

varyics eo~plo G1zoa 10,1~,ao,a5 & ~ units. ~om ~e 

abOve aoo sampleea, eetimoteo of t:ho population me.an, and 

the four momeota ~ore compute4 tor the sake or atuan.~ 
the trequ0noy 41a,ribut1oA of tbooe estimates 1n ~elatlon 

w1tb ~ba true value. The senaroted populatlono as alron41 

mentioned tollow spp.ros1mate]3 ao.t'mal d1 Sfil:"1but1.on. 

Bonoo wo upect tho osti:nnteo obtained f.toc tile 290' ao.mples 

ohoultt aloo behave lll:)p.ro:aimo.toly co.rm&l diut£'1butlon. 

~to boh0v1our can bo ~ell otudted b1 tho meo~ ot 
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ttutoala and Charlie» meaau_.... of abneaa aad thee• 8ft . 
- B1.,en b7 

Knrtoai• <i> ·• }.a • J 

Clbarlt•• aeatnJ.n ' ~ IJ. a 
ot ateneee <1{•) •t t •: J 

.., .. 

•her. 1\• p.! / r-l f'• ftt/ ~ 
Jt•~• P, • J1i are t;he central moaenta of the <111ler8llt 

eatlaatee ebou' ~elr reepeot1•e mean •aluae. 

7or a no~l dlntr1but1oo the abovo mentioned two 

measures should be aen. In addition to the above two 

meaeuna the Pearaon Kappa (k~ shoult1 alao be •••• 

the exp.reeslon. tor tbo tc,1e ;1veo by 

'fbeoe eeaeuree have beeA computed to• each, of tbe 

fRequeno7 d1et~1but1on UD4erl71DS throe pROoedu~es of 

eetimat1on to~ var71Da sample s!aea takeft troe each ot 

the toUJr populat1one aMe.r etudy. fto t1guroo ue 
glvan in Table 6.1. 

In proc1S1c.tal s1tu4l151ona wo cannot. obtain euct 

••lu•a eblOb •• require. J-rora the 'l!ablo 6.1 1' 1a aeon 

'hst tho 1F&~tle of tbree :neaau.zea are aroUAd ••.&'0• Bonce 

•• oa11 .. 7 ... Chat the eetiaoteo obtained follow approxtutel; 

aorm.l 41e,~1bu,lo~. 
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6.2 a examl11! hr fr ... ~ !~"'!151l rmr- .II! ' 
l;(rii:~J :0u~'m!iYUfltl9j J!S 
l~_en am . 

!he e81t1mete of the 'fa:rlancu enables the stat1et1o1an . -to oompu'e cont14enoe 1c.teRval of tb-. population 

parameter (mean o:t- total)'. fte ooat14ecoe 1Atonal 
' ~, 

to11 the populattiOD. mean et 'Oa (!8) to:~' giveft aiu 

sa7 o( 1o .,. 

f £ tD•lt~ (e.4) •••••••••••••• i6el) 

where t 4 • 19 01./2 is the t-value toft (n-1) df a' o< th 

level aD4 s.4 1s the staodard dov1at1on ot the mean. 

1\Y tbo oonf1cienoe 1nte.I"Vol ot s1ee 0<., wet QQA thots 

the COlllJ:nJ.ted 1ntexovnl will cover tbe Wlknovrn populat.io.D. 

_mean ! 11 with probab111t7 (l•o<) whe" (l•o<) 1a uown as 

the oocttctence co-ett1o1ent. xn·otb&.l'tfo.rdo, 1t 1mpl1ee 
" thot, in case we selot 100 repeot;od sample• o£ a pven 

aiae, aDd in jach case c~pute contidtnoe 1atorv~l ot . ,, 
·' eiao ··· p<._ aa ttvon by (6.1), then out of 100 samples ODl7 

I 

100 .tn.tervale will not oove.r the population eeoc wblJ., 

the rest lOO(l•D<) will contain the populetlon mean. 

that 1e to S87 1~ we use oxoot to=al.s tor tbe s.d we can 

expect the probab111" that tbe computed 1nterva~ will . 
cover t~e population mean to be (l•O<J• 

%A the abse~ce ot exact. to~a ol s.d in tho caao 

of .r&t1o sn4 ~sreeo1on eat1mato£'s ee &loo both 71 and 

f not tollpwins exaotly AO.Pl&l17 distributed 1t 1e 
AS . 

quite l~k~l7 tbot the p~obob111~ that the comPQtod 

interval •lll oonta1D tba population mean may deviate 

t~om (1-o<). 
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rcu.t thla p'd.l'pcu!le f'rom th• aoo sample mean, ra'tlo 

and ~grees1on estimates, confidence 1nte~als of two 

dl.lferent sises are oomputse4 for all the 200 e8t1mat••• 
~~ 

'the a1aes ~ & ~ of th~ oonl1dence intenala are so 

ohooseb that 'n-l,~/2 • 'a.-l,~/a tak&e.,.:~ed 
valaee 1 & a nepeotlve~• for.tthe sa.te a1mplio1t7• 

~able &.a sivee the percentage probabilities tbat 

~he computed interval ooetain~ the populeC1o~ mean. Itf 

will bo aeca tro• the table that tha contidecoe interval• 

baaed OD ratio estimators b7 using appro2inate tormula 

or its standard devtntlon •~e 'quite eatiatactor,r. ~· 
\ 

probab111t7 of the oontidence lntaL~al ot glyen eiae 

'increases w1th tbe value of f • Thus loz: all aaa.pl• sieea 

tor the value ot f•0•29 the pl'Obab111 t7 is less than 'the 

confidence oo-ett1o1en,. While to» 1•0.91 the realised 
' 

p~obab111 t1ee contlistantl7(for all sacsplo size a) hisber 
I 

t~n the co-etf1o1ont of the ooQt~deace 1ntorval. Itt la 

the aame with the cose ot r~eaalon e•tlmator. aleo. 

e.a ooagarta1Jt1 between aaple ~. »eblo and refrress1on 
• gt g!a 2- •i6Jap IIo\1· sa JAjfOiiats 2! o!linl _ [ , 

.poncentrat1on 2~ !tf~ t@)imnt}' ~£0Up.d !!!.! 29R~lat~~n eramete1"e 

lhlle oospe~1ng the thRee eot1matora via., sample aean 

rat1o and regRession on the •asia ot var1anco cr1ter1oa 

(u eetimsted rr011 large DWDbe.r ~ repeahd saaplo•) lt 

was a .. n tbat sa~ple mean w&o superior than e1the~ ratio 

.or r•sreee1on method ot estimation for the populations 

whore J ia ot orcle.v o. J or leas. Ratio EUJt1m3tea b.ae 

got an cdgo oYer res~e8a1on oatlmetors wb•n f rongea trta 

o., to 0.9. Bowevel." ,for tho population where f is ot ~ 
orcieY . rJt Y'l'lOTe .Ye.\...renni~ ~ l.cru'\0\,i .Jo ~e. rfe.li"n.tl-o,l'l~. -~trt__A _.... ... )!tf"t .. t"tftf ,.. ..... f ·~ JJ,. ... ;,.':I ~ ...... .-..~ )t4S ....... -."" ..... '1""" .. 
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saporlo~ to both eamplo meaa an~ regroaalon. 

In ordo• to. judge the nln\S:vo ma»1to of thooe 

est1mctos, a d1tterent o~1tor1on, baeo4 on 'he e~ont 

of concentrot1on ot aotimnted Yalueo around tbe tume 
.., .. 

value of t~e population moan baa boen adopted. to· -

othuwordlt l1kellhoodo ot an eatiute l.Jrins within 

ditfernt »ansea ot concontrotion Gl-OUlld tbe population 

mean bave boon worked out to~ the t~oe eat1mato~a. tho 

dltterent ronseo ot conoontrat1on considered are ~ 2.5~. 

1. 5761 ancl t, lC»' s.round the poptllation mean. 

Accord1nsl3', the estimated values of population mean 

obtoinod on tlhe basis - ftf tb~ee eetiaaton, have tteen 

closa1fled into d1tterant Ranges ot ooncent~t1on around 

tbe population mean. 'fbe tiauree sivon 1n 'hblo 6.' 
gtvea the percentaso likelihood of an estimate l.J'ins w1 thin 

different raageo ot ooncentra~.t.on around the populot1on 

mean ~o4 to~ eamplo a1ees 101 20 on4 '0 units selected froa 

the sonernted populations. 

fo judge the Rolotive pe»lor.manoe of the ea~lmotora 

\'t.(l tbe basis ot this ground, tho tollowins,methodoloQ' 
·" 

is n4opte4. 

~ (a) It aa estimator prov1dee eetimato such that 
lltellhood ot tho eattmato tying ln d1tfazent 
ranses of concentration around the population 
psl'Jlmete.r(meaD) 1& ootlsiatant]¥ lorser tban 
the ono provided by another ostlmator, thon 
the to~mor oati~otor w111 bo regarded as 
superior to tho lstto~. 

(b) It en oct1mator provideo eotimote aucb that 
likelihood ot tho oetima to lylns 1n am8ller 

~anges of ~oncentrat1on around tho population 
perametor(moan), oay ~2.~, 1e larse~ thna . 



the oae p~ov1dt4 b7 t~ othe; est1aator, but toll 
~as-se.r s-aca••• ••7 ~. ~lOA' . 'he otbe.t' eatima tox­
baa a greater l1tellhoq4 ot 1~1na 1n these »ansee1 
then an est1mato» wbicb has sreateD valQea ot 
11kellhoo4 tor maalle• ransea, ls eaid to nave an 
edge over the other eut1•ator. 

OD the bae1e ot tbia, 1' can be aeen tor tbe 

popul.ation-1 ehore the f value lo o.agoa 'bet •••n tos: a -
eam;le eia• of 10 unit• , alaple =o•A 1a bett•» tbao 

~ 
both -"'•t1o antS ll'ecreeaton. Alao tor .ea•plEt s1ae 30 utiita 

11kelJ.bood or sample aean eotiaat• lyiag around the 
01
,. 

emalle~ rana•• ia still hisher ~owing once a~a1n that 

.ample mean 1a much supe~ior to both Nat1o ana reireaa1on 

eot1mator. However ~or the other population• wheze the 

J values 11•• between o .. , am o.9 1t can b• seen !roil. 

the ~eble 6.3 that ratio has sot an e~ge over ~earea~on 

ootlmoto~. Also duo to ext~a amount or oomputat1onal 

labour involved 1n rec~~ac1on estimator, ratio ~ be 

au;goated 1n pro!~rence to regreao1on eec1mato» where 

f lies between o.' •nd o.9. aao for the popultst1oo.e 

!70•9• re;reeuion eatimato» ia tound to be ooat eupor1o~ 

method ot estimation. 



SUMUAHt AN» DlBCUSZION 
•••••••••••••••••••••••• 

Genarall11 sample anrvoy stet1at1o1sn.1e tacod 

~th tbo p~obltm ea to how he should moke t~e blat uao 

o~ avatlablo lntoraation on soma auXllar~ variable which 

1a h1gbly oo~~elatod with the vartable unde~ stu47• 

1!he typos of populati~n wbiob wo come aoroas 14 eurvoys 

for eot:1mot1ng the p.t:a4uot1on or extont of cultivation 

ot a&ricultural aomcodltlee senorolly toilow s linear 

regression relationship on auxtlsr.Y ehtl.raator L Renee 

1n this thos1e tho population Wll£J neaumed to be oom1cg 

trom o bivariate norm:ll d1st:rlbu.t1on. Four populations 

wero generjl;~ted .tor to~ di!'fo:-ant voluea ot f ra Dailll; 

botwa~c o., and 0.9 tor give~meon and g1von standard 

deviat!ona. The %-observations were treatod oo auxilary 

vartaten and y•obaervot!one were t~~9ted os stuay variatof. 

The prosont study woo aimed at t1nd1na out tho 

au1toble method ot e.Jt1mat1oo when aux11ru:y var1atoa aro 

avotl~blo. The study woa oarr1e4 out through Monto-oor1o 

methode gh!oh envtua~e t~e atmoulacion ol popula~toae 

wll.ich baV,J' tho gi\ten pat torn ot' ~t1latioo ... h.lp tl~tDeen the 

study Gnd 3UX1lary V'\1-"ioteo tor • .:cr.io .t-oct-.onably tl.Xed 

valueo of l'l0%'81UetJel"Be ·From oach on tbo senercatJod populot1ot
1 • 

oons1ut1ns ot 200 un1ts, oorreapondin~ to the to~ 

vo~n~ valuoo ol !, 200 independent oemple (toar aeto 

of 50 oaoh) tor va~1ng oamplo oleoo wo~ eeleotod. Each 

ot these eaaploe providod ost11!latoo ot population total 

by usias throe ~1fforent ~ctbodo of oot1~Gt1on along with 

the oorreopondicg ostimatea ot the vu~1ancos. One eotlmute 
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ot the biea in the eatimnte ot tho population moon 

eatlmated tb.rough ratio ond resroes1oa mothode ot 

oot11:1aCioa !a prov1oo4 by tak!ns the d1ttoronee betwooo tbo 

a~orase value ot tho ootimotoo token ·ovor 2u0 samploo 

aa6 tho true va1ue of the populot~on meon. SicilarXY 

the mauo square et 200 snmploJ valuea or tho estimates 
I .._, . 

of.tbe populat1~6 ~ean p~ov1das ooti~ate ot tho true 

value ot the vartocoo of an oat1mato ot n 51ven pacaootor. 

The proaoot otud~ naa rov~oled tho tollofiins resulta. 

(I) So tar as the amount oS bias in eat1aat1ns the 

population coan through ~at1o ana resreasloo est1nato» 

la eoacerned1 th$ otudy hae revoalod that its value io 

appreoieb~ stiall being less than ~ ot tbe coan tor 

all tbo populnt1on. 

(11) Comparing the pertor.cancoa ot tho ratio and 

roareaa1on~athods ot ooti~at1~n with the aacplo moan 

tar est1~at1~ th13 population mean on tho bllo1a of mean 

squoro errors 1 t has been established that wlten f is of 

the order 0.3 o~ loss then aamplo moen ia profe~eblo ovor 

the rat1o and roareea1on method of eo~1mat1on a1noa \he 

true varlabee as ost1matad by tho moan oquarea betweon the 

..,stioates ot tbe population meon provided by 200 1ndepend• 

ent .samples • 1o cone1otantly om.allor in the oase o1' 

aomple mean tban in tht caoe ot o1ther ratio o~ rosroo~1on 

method ot eat1=ot1on. Vor the PQpalat1on • I' oven whon 

tho xa or1 torl.on j 7 iOxiOy hold sooa the study hao roveoled 

that sample mean 1s aupetior than M~ .ra t.l.o b .1'06roa.a10A 

m~thod of eat1mot1on 



- 60-

(111) Comparing ratio and ros~easion mothod o£ 

Gatlmatloo_ 1t 1e toun4 tba~ the re~~eeion 1s ouperior 

than ratio eethod ot ea~taat1on when J te ot the orde~ 

o.-<) or more • For the intermediate veluoa ol f .rant~1na 

trozn 0.3 to 0.9 ratlo estimator haa uot an e4s~ oY.~r the 

re~ea~1on estimator tor such populations oo diacueoed 

in tbis thesis. the second population which is nUgb.tlJ' 

skewed haa not violated the expected results. 

(1v) Study on l1k8l1hood ot m&ld.n(f s wrons deo1sJ.on 

when compar1s1on of ratio vereua sample mean estimator 

is base~ on a single sample hos reveolod that tor the 

aeocn4 an4 th1r4 populations tbo ~robab111ty of oomaittios 

a wr:onll dioielon (p) ond the uam~ling traot1·on (f) 1a 

best rolated b~ the exponential tanctioa ot the torm 

P••••bt tor a,b>O• The value of tt2 , the ault1ple 

cor~elation oo-ettioient varied between o.81 and o.s7. 

' d1atr1but1ons lollowed by eat1matea of the =ean Obtained 

by the three methode of eatiaation. It baa been toun4 

tbat the eati=ates eo obtained followa approxlcatoly 

no~al d1stt1but1on although thore waa a el1!h~ ekewnese 
' 

1n tho socond population thio hae not violated the 

bab&v1ouz ot tho eat1aatea tollowinJ a noraol d1otr1but1oo. 

(vi) In studying the bohaviour ot the apnroximate 

torauloe uoins the oonfidonce 1ntocvolo 1 t !a obaorved 

that thane motbode will undoreetimate tho probability to 

a very little extent in the abao~ce of Gxaoc tormulae. 

TMe clearly sbowa tllat the e.Jtimat• ot tho true variance 

a.ro mo.ro o.r lear'i accurate. 
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('V11) l'o aamtne turthe:r: the ccm.par1o1on ot the 

above said three methode of ostJnation • deeper study 

was ll&de on tbe baeie ot the extent ot concentration 

of 1ndiv1dua1 sample aean• ~atlo •nd rear•saioA -eati~~tea 

p~ovtded b7 200 samples around the po~ulatlon aean. Oc 

the basis ot this atudy it nae been established that with 

aeall sample a1zea. the use of reg~caeion autimate~ 1e 

warranted only. ~~ the cor~elation between the study and 

au.xilnq eharacto"' (f) 1s esot1tned tlo bo ot tbe order 

o·t o.t and above. The uae -or ratio est1Jtste 1a we.rmaoted 

to~ f 1n between 0.3 and 0.9. ~rbepa tor large sample 

&ices o~ '0 un1ta and abo•• th• uue ot re~sas1oc 

est1moto~ a1~t be war~nted eveo in oao• f 1"lightly 

lesa than 0.9 • The uae ·ot sa•Jl• cean aat1aato~ 1a 

warranted wb~n 1 is ot ord&» .o., o~ l•ue. 



"" APPBBDII 
••••••••••••••• 

m. POWLAi'IOll .. l pow.-II PORN.•tll JtOPN.•IV ~ 
ao. z "f X y X X r I t 

1. 36·93 106.12 50.91 184.J2 49.99 i3?.36 S6.2J 2?8.,1'\·· 
a. 40.05 202.?~ 49.40 1?9. ' ' 49.0' 2a6e5'1 ?0.94 ,84.22 

'· 3?.88 13.30 52.43 aoa.ao 49.46 1?0.1' 51.12 168.2, 
4. 7'7·99 2?4.20 56.92 105.47 46.00. 4? .9~ .52.28 65.18 

'· 21.61 168.90 58.91 242. ,a 46.48 322.1? 48.97 20.3.66 
6. 73·'1'1 248.,. 43.33 100.4? 

''·'' 21!).90 
)0.44 16.86 

?. 39.2, 90.09 62.60 191.57 35.38 120.2?) ,,.6, 305.38 
a. 32.67 231.64 42.84 389.51 J?.69 165.,0 38.25 '18.31 
9. ,,.18 468.89 61.54 ,,,.2, 58.71 285.49 54.61 2.5?.?4 

10. 27.6, 81.66 55.(1:) 210.69 42.64 144.40 ?1.?3 413.,0 
u. 58.26 29,.51 68.21 2'11.61 5a.49 210.14 53.25 180.1? 
12. 24.85 eo • .a Jl.4a 310.61 68.54 252.41 66.03 34,.8, 
lJ. 54.04 175.!>9 50. 'a ' 65.13 so. 70 189.1? sa.'' 29?. 92 
14. 48.00 94.rn 4!'.?3 116.84 40.6, aa,.47 48.76 142.53 
lf. 46.16 168.62 5?.58 28?.57 49.36 290.14 ,a.a, 2?3.50 
16. 52.14 21a.4a 61.49 200.14 45.23 13?.74 56.04 296.2? 
17. 73.44 274.44 49.80 228.?5 56.41 39?.77 ?o.a' ~?.94 
18. 65.69 341.04 28.09 4.§? 4?.18 107.84 4?.?7 283.1' 
19.· ,,.20 196.66 53.38 149.93 52.4, 262.66 59.18 2.6?.45 

, 2o. '0.18 lS.~ 42.96 274.9'1 56.21 258.8' as.oa 96.98 
21. 70.10 J72.CI/ "'· 90 286.5? J9.5o a4&.95 56.18 273.24 
22. 32.4o 23a.M 64.?, ,.OS.a? 51.04 SOE.oa / 50,13 11+6.68 a,. 51.~ 322.19 11.81 405.21 '49.98 145.00 48.68 19,.48 
24. ~.41 61.40 ''·'7 198.10 45,44 6.3? ?1.96 J22.16 
25. 5?.62 !540.,1 48. ?9 246.49 5?.80 838.9? 66.29 ~.OQ 
26. 48.91 119.(54 ,1.22 134.48 4,.14 152.44 32.6, 92.39 
2?. '54·79 119.,0 63.64 ,32.!la 63.U -'?8._98 38.93 104.% 
28. ~.,. a?1.21 66.1, 15?.34 ?2.76 286.52 41.61 158.12 

I 29. 41.88 284.99 6?.03 344.96 61.27 220.?3 ''·05 17?.58 
30. 54e93 274.87 37.57 10.85 34.58 ?1.21 38.1, 101. 0"1 
31. 61.84 295. ao 4?.86 156.39 5.4.6, 221.35 6?.54 308.05 
32. 4?.1? ,1.21 45.54 189.86 49.22 242.9' 44.?4 119.a' . 

''· 65.62 aoa.l6 32.21 Q37.0'1 6?.88 27419 ,0.62 55.93 
34. S9t76 195.52 39.29 230•29 5?.16 369.16 45.81 169.18 
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''· 51.·20 252.~ 61.14 248.64 74.57 371.?8 42.3? 165.9' 
,6. 52.26 54.81 ;4.90 2~.57 40ef56 20.17 36.51 69.9, ,,. 57.16 201.82 65.54 166.16 ')7.22 235.14 J?.04 105.68 

::-...._...., ,8. 29.90. 68.29 39.16 1~9.64 42.42 165.04 42.12 198.02. 
,9. ,8.~ 1?,.58 44.37 12?.81 5a.aa 142.24 65.18 J09.12 
40. ?1.51 22,.1, 39.?8 116.69 32.89 194.03 60.86 285.9&""' 
41. 46.14 ~0.13 56.12 192.20 49.90 247.40. 50.99 1?8.5'1 
42. 49.88 257.,2 29.20 119.55 64.66 264.98 ,~.60 268.92 
43. 35.44 289.06 3?.,0 65.34 50.99 2;9.63 4).56 1s1.a,. 
44. 40.31 291.14 26._87 166.62 M.a, 331.9o 42.69 aao.01 4,. 64.4o 353.20 40.0? 95.95 48•16 258.99 48.54 163.22 
46. 69·27 558•54 65.35 ,19.'1? ,3.34 475.,1 59.,, 221.95 
47. 45.90 151.43 3?.50 149.80 ,1.49 309.?' s5.e asa.e' 
48. 36.,5 15.,3 ~.29 87.40 36.66 84.,, 44·9'1 20'1.21 
49. 76.06 4'19.'12· 4o.?7 282.11 62.39 189.40 44.?!' lB9.a~ ,o. 67.54 2'19.98 52.19 162.45 26.75 U1.52 25.47 39.67 
,1. 40•1' 233.22 24.00 1,1.39 ,,.1, 221.12 71.57 24?.!'2 
52. M.l' 26!5.5, 42.95 a~.?o 45.48 121.5' 2?.48 64.59 
53. 42.93 184.66 n.eo 316.40 52.?1 9?.9? 49.;7 149.95 
54. 4? •. , 109.86 46.10 172 • .57 28.88 106.21 24.82 50.24 

''· 3?.,a 126.64 40.?3 296.92' 37.4.5 190.55 49.37 16!).27 
56. 51.26 268.04 59.95 ~5?.56 40.93 190.24 29.?0 50.8' 
5?. 46.58 294.3' 48.60 245.6!J 52•49 195.01 60.54 ao,.?l 
58. ,1.12 166.14 2.2.96 ,,.ea 22.9, 6,.09 61.36 338.41 
59. ,a.sa 141.68 2?tll 85•02 60.35 84.?4 45.70 198. 34 
60. 46.25 312.9? 52t38 91.71 59.05 186.2, ~.,1 59.1' 
61. 4!>.81 291.98 63.2.5 294.2, ,,.e, aaa.sa 5?.30 246.1) 
csa. 58.3? 194.65 4a.ao 214.91 47.63 108.60 66.71 '~9.30 
63. 7?.5? ,,1.82 38.99 309.80 59.11 28,.05 ,l.U 22.52 
64. 54.47 11.42 ~.1? 4(1/.'37 50· 2' 148. 34 41.97 l?Se63 
65. 59.?9 1,9.71 6?.55 391.6' 54.00 143.86 70.41 .54,.40 
66. 54.62 184•42 57.~5 199.90 54.27 1?5.05 44.68 149.61 
fl?. 4,.81 .525.51 49.20 144.98 56.91 '19.01 5?·0' -'14.5? 
ea. 48~ 20 212. ' ' 66.?, 'lo.85 53.26 2?1t99 "'·64 201.26 
69. ,o.,a 16?•5' 50.51 1?5.10 4,.60 60.90 6,.a, .54l•92 
70. 42.64 24?.06 ?2.11 !J2,.90 60.44 328· 57 4,.48 109.32 
'11. 27.50 14~.61 57.50 152.19 52.69 246.56 47.49 168.85 
?2. 24.08 226.41 6lh28 209.~ ?5.57 2?&.69 4~.89 126.24 
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.='13., sa.,, 493.,a 46.04 2~.94 53.95 229e8Q !16.94 1,? .44 
'14. 26.91 1,7.51 57.41 ,03.44 '4,.0'1 7~~02 !54.ao ''·!56 
75tt ,3.62 'lS. '' 4!Jel0 1a.02 S4.J7 ~31 3'3.94 n1.1a 
76. ,1.'!1? 25!S.83 94.16 210.59 M.?o m.,., ''·" 11,.40 

"· 60.56 204.85 39.55 14S.18 25.49 115.70 61.84 548.2/it 
78. ,~.11 ,2,.78 43.82 199.~ 69.89 329e67 81.4' u.02 
?9. 50.12 222.68 3' ,86 lOS. 56 ;54.06 54.40 ~. 21r aso.o1 
eo. 44,41 203~47 29.63 4,.42 74.97 201.46 43.10 180.10 
81. ;o.15 238.68 44o7'1 72,62 ''·"2 18!.0'+ "''·'a 1''·'7 ea. ,,,18 230.52 ,,.47 207.68 39.75 201.54 38.ea 11,.06 a,. 69.48 214. ~a· 3?J.95. 102.ol. 44.6) 94.·s; ;1.47 197.39 
84. 52.92 92.02' 62. ?tl 326 •. ,1 . ?4.,.,... 460.24 3&.60 71.01 s, .. ~.78· 48.?4 57·11' 1~.01 55.01 23?.?? ss.n 186.94 
ae. 44.82· 274.22 28.41 9t01 42.41 1;6. 71 65.4' 214.84 
8?. ;a.aa 2Q4.a:J ,0.41 89.2' 75.4l 406.60 49.56 240.5? 
~. %.50 216.34 ,..,.04 23o.6,. €4.74' 305.40 \54.02 252.8' 
89. JO,ll 230.44' 48.98 84.54 46.11 203.84 40.6' 1%.~ 
90. 52.87 2'14·09· 55.70 189.56 50.93 2?1.19 69'.52 '''·aa 
91. 26t??· 20.13 50.'18 314.25 5,.98 256.17 54.61 245.68 

I 

92. 49.12 15,.?1 4l.B9 105,,9 68.94 196.95 44.59 180.?' 
93. !1o.oa 320.98 5J.66 245.?6 46.a? 226.14 39.80 134.87 
94. 4,,21 206.62 38.54 31,.2, ?4.01 445.90 ?1.60 582~7, 
95.54.60 291.80 4,. 30 185.4? 54.34 321.59 51.,9 197.78 
9E. S6.,7 l.e8.66 43.1~ U8.?2 45.94 26?.57 4a.?4 144.11 
9'1. ,g.as 353.6? .,., 97·17 40.41 14 '· 0' 44.9S 174.-,0 
98, 68.63 26-a.Ol 45.21 196.,7 49.94 164.?9 50.0? 244.,0 
99. 54.24. 239.60 59.?0 141.49 48.8, 239.88 5t>.a5 102.19 

100. ~.04 aao.oa ,,.1, 1,0.15 ''·'a a39.9a 40.3, 7?.48 
101. 39.56 362.6, 59.24 99.34 60.86 160.40 3S.aa 110,47 
102. S4.14 a,B.67 54.oa '1.29.42 12.6? 40.51 ,1.59 246.66 
105. 55.?1 "'·" 55.99 406.65 so. 31 224. ?3 3s.11 11,.,a 
104. 61.9,·31,.9, .,, .. a, 282.,a' ,8.?9 5a.11 43.87 .a,,.03 
105. 45.,0 2.28.89 55.61 ·169.81 5?.94 '415.42 8.?.'!11 41.36 
106. ,Q.3? 394·38 32.-22 83.22 59.36 1oo,ae 43.?2 75.?1 
107. 60.86 231.12 35.84 ~a1.aa *10.11 194.51 ,1.98 181.80 
100, 3() • .24 192.1' ?.ao 6?.66 eo.~ 24?.46 6?.29 312.28 
109. 64.09 18,.46 46 • .J9 182.-01 34.59 113.78 aa.~ 100.61 
110. 54.24 182.42 4Se90 25,.68 ,2. 35 1,8,60 57 .. 98 112.61 
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-
-'--l-1.1. !4.26 314.93 4?.90 228.24 5?.?8 19,.57 60.26 254.~1 

I 

112. ss.n' Jl6.!J7 ,,.91 7,.19 48.19 J.Se~aa 4o.B2 153.67 
113., 4?.82 60.08 59.91 ,?~62 57.lt6 18?;6, 60.71 2,1.13 
114. 49.10 262.25 44.,2 8.5,.1, 44.4, 804.62 5?.11 266.??·"-. 
ns •• ,.49 214.4? 54.ao 194,ol ,1.o~ 158·'' n.ol '78.96 
116. 50.06 232.64 35.49 a,a.32 49 • .29 1'0.48 52.?2 259.SJ· .... -
117. ,; .5o 27.90 49.17 ll2.!J4 4-l.OS 82.43 53.09 238.16 
118. 67•1' 224.G4 50.96 218.66 51.0? 16,.07 EOeiO 270.84 
119. 53.37 211.20 58.1. J44.22 49.58 1,9.90 4?.11 1,5.)9 
120. 7?.86 ,22.70 49.19 lM.,l 63.2? ~.46 ,0.,5 1,.46 
121 • .a.?? 1~19 53.84 ass.aa 4o.99 149.,9 ,l.e? 25?.a& 
w. 2,.?1 270e74 52.,, a,a,87 44.44 15?.02 aa.J.? 46?.2"/ la,. ''·2'1 205.58 28.69 1J5.62 ,9.99 174.6? 22.91 '·52 
124. 69.22 11,.3? ,a.72 l4.r07 48,-36 242.20 37.38 160.1' 
125. 4?.44 229.29 ~.14 ae.1s $9.eo !S31~9J ,..?2 169.64. 
126. 46.91 55.66 5S.83 220.5! 5?.98. 119.48 50.~ 196.18 
12?. 4l.EB 2.50,40 48.,a 3?2.18 ,34.81 48,54 4S.57 166.23 
128. 42.8, 84.58 44.00 108.88 52.3!J 128.14 70.54 379.41 
129. 66.69 22S.6?n 59el6 ,0?.41 64e5? 199.59 .52.91 90.40 
1Jo. 5?.?8 2?5.28 49.49 aao.as 44,,7 1os.ao 94.2o '14.58 
1,.. 44,66 217.91 S?.l8 329.58 62.65 233.?1 54.96 2?4,60 
132. JB,la aag.,, 5o.9o 2?6.,1 sa.se 154.65 es.1~ '~·'?· 

~-''· J?.5o 1,.,, 3C~34 'le.%. ~.1o ·186.48 s~.62 224.02 
134. 53.40 '16.61 ,9.78 369.~ ~~~67 129.79 57.94 97.48 
115. 56.86 2§2.?? )8.70 202.91 J9.80 201.46 40.,7 193.60 
1,6. 4J,86 146,S? ?l.ea 28,.88 58.86 99.a1 50.!)8 3ll.lS 
1'7• 59.97 2,7.51 3,.&a 157.61 4!}.64 2.54.1? 5a.21 .aa,.94 . . 
138. 79,ea a55.30 55.68 ,,6.?9 ''·91 aJ?.atS 58.22 aa,.esg· 
15 52.18 238.94 4?.24 215.?3 34.-:;a ,,,oa 24.58 5o.C6 
140. 61.~' 291.50 49.?1 24,.11 55.69 2?4.3~ ,.;? ~9?.58 
141, A.u 202.19 44.14 a?.a.as e,.os 260.59 e?.n m.5o 
142, .5a.2a 'e?.67 "·9' 2J9.sa 6S.l4 335.99 ,o.?' ae3. 99 
14J, 41.39 103.)1 J,., 181.?8 44. ?6 66.SE; 62.18 212·.82 
144. ,1.41 ~o.~ 26.08 1S1.4J 58.86 aoa.a; 30.29 16,,54 
145. 51.04 309.61 60.93 J96.28 92.?4 446.?7 56.74 267.45 
146 •. 4,.a, ''·24 44.58 211.1.6 18.44 4a.11 ,9.47 as3.ee. 
14?. 2,.,1 195.-?6 61.9? 178.9' 58.10 230.98 4?.9? 1?8.61 
'148. 48.62 220.70 67.6) 228.-. 48.87 224.14 .,.9, 1??.?8 
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111. ?B.?o 155.69 61.86 lso.?a 67.46 a,,.,, 49.,, 184.55 
150. 44.1? 109.26 39.5, 259.6' 54.26 95.33 4?. 24 209.82 
151. 62.68 205.?0 40.4' ??.78 46.?5 .237.66 6?.82 ,64.59 

~ 152. 68.24 230.18 61.30 26?.00 49.51 146.12 68.48 324.49 
1S3· 50.69 164.02 53.65 156.91 65.09 'oo.29 6;. .os '12.5' 
194. 63.97 166.71 5?.81 165.14 40.42 58.08 41.88 91.14 . 
15,. 58.CG 239.01 51.30 165.34 5,.08 ~5.62 5?.94 284.U 
156. 49.49 352.1a ;,.aa 1sa.gs 65.~ a,6.41. ,;.4, 21~~' 
15?. 44.86 106.05 48.45 244.82 54.40 236.60 4a.86 102.32 
15a. ,9.89 125.a9 47.16 162.07 so.19 117.39 60.99 359.58 
159. 39.42 84.60 62.14 230.99 40.88 154.0? 56.81 226.07 
160. 56.09 168.?6 68.?7 5,8.02 61.36 186.11 115.56 ~.31 

161. 38.99 249.66 29.69 29.?? 6,.44 .520.89 ?,.40 402.1? 
162. ?8.65 221.46 65.03 35,.65 61.00 246.78 5?.90 173.13 
16S. 53.73 121.?1 5?.55 434.00 44.64 263.45 42.73 102.26 
164. 4J.55 '1o.oa ,.,41 177.55 65.12 239.56 69.28 366.57 
165. 3?.51 !i45.-4o 50.73 62.55 40.55 72.86 59.?9 asa.71 
166. 41.28 280.03 57.5'1 128.81 49,54 206.2' 65.68 302.07 
167. 59.55 408.~ 44.26 6.9? 54.48 2,?.46 46.a, 22a.13 
168. 61.96 46.88 35.99 ?14.93 4?.65 24?.64 36.69 103.88 
169. ,?.24- 143'.20 58.86 175.18 J2.16 10?.38 51.5-' 194." 
110. 37a06 151.~ 41.38 86.3, 44al5 118e9' 58a68 2?8.33 
1?1. 61.25 264.59 6?.58 316.98 ~6.ao l4B.G? 55~26. 12a.go 
112 •. 52.96 21&.19 4,.n ,ca.~ 4o.gg 149.59 4B.lo 22?.36 
1,. sa.go 195.86 38.sg·a0?.6S ,,.go 93.12 s7.79 114.5o 
174. 43.47 266.13 33.11 319.?? 44.,~ 129.?a 59.46 ,o.22 
1?5. 52.?1 ?S.ao 3?.19 aa.91 se.23 aoo.94 4o.69 136.?9 
11a • .58.79 2a5.9, 38.9o 154.41 59.2J 4?3.2a 4l.ol 209.58 
111. 41.70 aea.99 5o.5a a~.,9 64.58 429.50 50.44 193,,1 
1'18. 45.64 ,,1.?4 69.02 -131.19 41.9? l43.or. 62.0A aaa.ag 
1?9. 58.87 271.?9 51.24 192.54 45.90 152.44 43.48 163.24 
1ao. 4t.as 1?3.58 53.?8 244.23 36.36 162.?o 52.83 a1o.63 
1e1. 6l.OQ. 1a3.3o 11.a1 168.1? 66.0? m.a, ~.eo 12?.16 
lBa. 39.60 22J.84 29·'-' 6.16 31.03 202.64 ,o.a' ?5.14 
18,. 49.11 324.10 6?.80 351.l6 45.95 11,.?? 53·9? 228.59 
le4. 46.98 191.40 4?.37 210.2? 43.2? 155.11 59.72 .561.26 
185. ''·~ 192.48 4o.,a ,,.ea 26.4? 142.a? 48.29 139.68 
186. ea.~ 245.21 ,o.36 201.as 52.3? aa9.92 54.42 1?8.64 



187. 59.10 165.8B 6a.al ''J·9' 41.25 251.09 ~.51 209.01 
' . \.. ,, .• ~ 2,5.10 f.O.('f1·· 196.09 sa. 59 13? .4o 188. 2?.30 1?3.?2 

I 189. 3e.ga 105.86 ,,,42 15?•28 4?.a6 126.33 ''·~ 22,.22 
190. 39.82 3~.98 65.03 132.78 46.48 186.54 5?.01 159.98 
191. 47.49 1?9.30 64;.9' 3(l;.E)9 54.9~ 11?.42 ;)9. ,, 148.69 
192. sa.~1 a13.oa 56.40' 181. M 4,.54 15?.71 64 • .,a 26?.,1 
193. 60.14 190.~ 74.0' 275.01 46.21 la?.55t 44.60 158.67 
J,94. 44.SS 80.69 4,. 0' 11'/.80 -'5.?0 22,.-a 30.13 53•41 
19,. 51.04 286.45 51 •. ?9 :509.51 61.91 i08.61. 48.88 249.?8 
196. ?8.09 193.94 ?a.a6 ,,,.aa 26.S'l 19,.21 ,2.17 28.76 
19?. EJ~..lo 144.73 

\ 

71.1)6 :59,.88 52.8& 168.01 43.56 250.?? 
1'98. ~.86 111.61 64.48 249.89. 6,.55 319.17 46.69 25'·'0 
19?· 56.42 202.39 46.56 156• 10 :54.61 Ule61 56.,, 182.90 
aoo. ao.OQ. ,~.sa 42.35 159.2' 44.90 119.,9 59.86 290 •. 49 
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