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.

et T

r"w!'-' o
W
L]

-

“vaT

/«5, P @’255.—244,-« - - v ey ow ame

1‘ W 043 '3 % #7)

Mssestation gubmitted in fulfiloent of e

xequiroments for the swaxd of loms An
Agricultural Statietice o Tw Imxilan
ariculdural StatisticgBesvarch
Ingtitute (I,C, AR)

A \

$IDY AN AGRICULTURAL s;éxrxsucs HESEARCH INSTITUTE

W DELHL
39



Tig 4s to certify $hyt the vork incorporated
in Mip theais entitled oo fontribations o two.
slaga sarpling” by /mand “rekesh and sutmitted in
ruzﬂImmﬁi’@!;' the reguirenents for the auard of
Mploma in gricultural Stallsties of the Inden
sgricuiturgdl Ststistics Iegenrch Instl tute, was
done wmdef oy puldetice,

’?G‘—A-ﬂb-\..}r; .y DY

(Padan Pingh)
lientist S



I wiak %o egdwe wy desp sengs of gratitude
to Dr., Fedee Mrgh, ssienided, Indian sgricultural
gtall ctice Mesardd Inedltube (ICIR) Sy e valuglie
gultanos ot oonglait woeswiaguuend Seri g the
couirae of investigatisn sl waliflng thie thogis,

vy thanka are sley dus ¢ Te., Dadete Sagh,
"irector, Intien Agriclitursl Statisties “ssesveh
Institute (ICAR), Vew Nelll, for providing Casilities
for regsearch work,

I o2 alar geoteful to 2art ALK, Srivostave,
ientist, Indian igricuitural 3tatistics Rescurch
Ingtitute, Naw Delhl, for his valusdble saggesiiona,

Indign sgriouitursd { mand prakaosh)
scientist

Statistics Regsenrch \
Institute, Raw Dolhl



Panss




sHARIR X

JIRODUCIION

Yor agtne dml.mm% of wmy m@mfﬁm. the
_planners mmnmam backgreund of the seotur of
their intersst, This essentially implies the avallahility
of the data (stitistical inferzatien) atent the field of
Anterest. In dyneric yepulatlen, eutdated data majk net-
- pipy ,mmh/ rels s.p planning fer future develspment and mest
~ - . recent data may be needed fer the purpese, Oene devices
—-‘have bsen wxpleyed ts cellect the reguired infermatien,
of all, the ncthed that bas been videly used gnd feund
- methedical and practicabdls iz the cellisctisn of dota
threugh saaple survey, It,besideg, bolng capadle eof '
making the €ata avallgble in stsrter time as eampared t»
censug, result in mgt etansuy of efferts.

Threugh surveys, & fev iwn {unita) which may be
suppessd to be reprssentative af E&o entirity (pspulatien)
ara studied ond based en thelpy wilueg, inforence abeut the
poptilatien 4s /@m.

The predles of cheosing a fow units which ceuld
z:wmmt tha population 4is net quite simples The thesry
of prebability, erigidated in the sizteenth century, with

the study of the chance phonsnena previded a basis fe»
‘develspzent of o cnot'ed vhish ceuld ds adepted fer clesging

g few units ta represent the pepulatisn, The cenceyt of
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he mﬂamgzcimu who had developed the theory of probebility,
wotlld have naver Lnagined at tm;g \{na' shat could be its
£ppiseation’ andihov 1t would help the society, In fact, the
fioder thaoty of stabistics is nothing bub sppileation of
thd thoory of probabildty developed bty the than mathematictany
in the sixtomnth aué seventownth ceoturies, It had been
demonatrated that 1y the application of the theory of - -
probability ﬁjw bo poseible to mghe inferenc aboul a
mntaj@on tarough a propor sample, This approach led o

randon nushers ves offeyhood of the theosy of probabllity,

T -the pothod which is now ugually known as random eampling

“bephniqute o
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In ox¥ly part of this cantiyy, Fisher and Rarl rearson
gave o prastieal shaps as to how to infer adont the popule
am fion o gloen snzpuc his vary concept way ertended
in the twentlics of this century to sezple g finite populats.
fon with which we commpnly coma agross in real iifa,

with the introsootion of artificial randosisstion, whieh
foplied uge of devigés Atke randon. nuiber tables, the dsvelope
aend of motern ssupling techniques startsd with Nayman(193h)
ml introduced new criteria of tha optiaum use of rescureew
in sampling, including the concept of optimum gllosation
of sampling units to differont strata eudjeet to fixed totad
nusber of sempling units, %he rationgle provided by Meysan
tarough the epplication of prodatility sampling was 8o
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eonvineing that the wethod of amupling became widaly
nlaz‘ in g nuzber of cowntries for colleoting data
var&oun agpects of octononys A dlsunct adventage of
1 thomm of randes sampling ie its ams.w to previde
- amr eatizate of the qums error fron the sdwple Ltself,
4&1&3 bodoses the baglg § ﬁar judging mmmmﬂ@vor
the-sazyle valug (eaum:\tor)s The nethod, hovaver, neéded
. modtrication to £% into o aotusl uraatxm conditions,

-

Bafore discussing ﬁ:a mﬁiﬂmmns suggestes fron A
tine to tinme in rezpect of prodadility scheme, 1t would -
Ve vortiwiles for-slarity and conploteness to discuss-
certain prelistnaries of sanpling vifieh vidl be frequentis
used in this thosise ' |

the elements of a population ore thoge on wiioch
infermation 18 doughte The wit cay be taken as well. \
defined and identifiable elgicnt on vhich obaervations
conld be node, The aggregats of the units wmder study is
tarzed the population and 1% is sald to ba finite 1€ the
nuider of wnits Lt contalns s finttes

suppose g findts populatinnh consiets of 7 untta and let
the vslue of a charactarfstie for the L.th unit be 23,
any function of tue values of T3 . the wilts of the
population such as Y

Ta g Y1 , e population totel,
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the pmewg nx' salmma the cample is known s .
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. _ Por sepling pmma 58 18 essential to be sdle to

~1st gut all of the wils {u the population, Such a 2iat
is cilled the frgmg -«nd provides the tasis for the

ael.eetion el 1muﬂaaﬁan of units in the sespls,

X mh that has besn selested from u population
m:lm gws of ehanoe will Ye called rsndom o
pmmmw sasple, Ths values of the choraeter under
study for selected wmits are knmsﬂn a9 saxplé abgervalions.

\
The procetare of selecting the sasple uwnit ty uslp e -
"y kDown a8 saapling soRguG,

an pousidle sazples of & sumpling scheme gives rige o
the a;u,lph spatey and wld possible sarplay of the savple
spucs togetaer vith thel® probubllities of sedection iy
defined ns the sampling deaign.

1ot the sanple ohstrvationg are dahlsd W 74,2900 0)Pns
n bolng the nusber of units in tho sasple, Any function



wFo

pg;t;hése valucg L& ealled en ostim:tey, The wanpling design
.= together vith the astizator 1s terwed as the ssmpling
-1 strategye m"diﬂ.'emt n‘m;;lu cf n sumpling scheme =ay
| give Pies to diffcrent estizates: “with respective probedile
- - AtSGg. 168 the nrobnbmuy of &lﬂ‘klﬂmﬂ feth sawple
L= be Py (hﬁ.e;.“,a) end 1ot ¢ be the ﬂsM& based on
. thly eazples The estimatoy ¢ is sald to by an unblesed
ostizmator of the population paraseter o 1f 1ts wxposted
values L eqm % @ Zues ) «
m: % twh =6 , -

—_— --‘.._.

;| buint tafal nunbar of samples.

In gase B 8) &s\annaIbe » the sstinateor & 12
sald £ be e Yasrd estinstor of O and the bias s givan
by B{$)-»-2{t)sg ,

aimw e smpling schisg gives rise © d!.ﬂ'mt
umpm, ogtinatess will, in gensral, differ from emh
to sample, The difference betvagn the estimater snd the
poraneter cay be called mWOr, A Seasure of the dlvele
geance of the diffarant cstizatns: fros the trus vilus ie
ajivm by the éxpooted volup of the squared arTor and this |
Lb khown o8 wesn aguare srror (MSE) of e estivator
uhlc!? is given bty

HIE(8) = g(ﬁ -0 )g&

18 43 3 Reasure of MMfTormoe of the estimetre frou the
populotion psrangtar, If the &ifference ig token



o~

]

’}. - ﬁ

m: ite expoated valug, the msasure is called gampling
variencs snd is given by

S

2
- Vmc ﬁ‘t) = B [ te L) ;]{
™

— iﬁ can he'}acm that in cago of being en unbiased
7 asﬁmaw. m l@B and wampling varianco. gre same.

very atts-n; in large scale smﬁa surveys Lt ia
oxtramaly ALIfTiailt and costly 1f not tmpossible %o esledt
— amotfy the ultinately obsarvable wmits in the sampla.

—_— — —

T — guch sampling in  practics, S:sentislly requires a

- 186t identifying all the slemgnts of the population end
uoot frequently thin-idgt does not exist or ie too
erpensive to get, Rven if such a 1isd La asvailahls,
the enumgrfatioh cost may be excessive 4f the semple ig
too videgpread, Rurther, there are othaey ynatri_etima
ch the sample such g8 the enmmerators ssy be reguired €
vork wder the olose supervigton of a limited nusber of
supervisnrdy ond as ¢ consaqience the Tigld aperm
2ust be confirked to & Iimited nuzber of edminigtrotive
centieg, In order to meet with these reatrictiony and
€0 make most effective uss of avolledls resources, wvurious
sespliry toshniques have Been doveloped fron timse to tlmm,
straﬁiﬁcaﬁon of the wvulaﬁon was tho first teemiqusy
sasgeam shich mm in dividiog the population
bafors selcction of the am&g into a nuzber of sutaally
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gxelugive groups ocalled gtrnts, For efficient eatimation
of the parswatars of Aintevect, the care should be €aken
that thors i honogenéd ¢y vithin sach stratis, After
stratification, the question 189f allocstion of the
aeple oved the atrata, mwati&;ﬂr\of tho sauple 2ay be
done aithc® in proportion to ninbar of ueits 4n the
282210y or proportional to M8y vhers By indicater the
nusber of sespling Units 1u the leth stratis and & the
mean squere of o voluaw of the units In the leta
stratun, The latter moluod Imown ap optlizas gllpeation
L3 supsrin® T the other mothod of alloecnticy, The
asfficuity, hovever, in adopting optimm nmethod {s that
the inforzation on gy is not avalleble al-ays. Aftar
allocntion of units, the sawpling units are indepsndently
selecoted fron eath stratox and catimators are worked out,

I¢ 49 nod nevussary to make gn avtusl subadivision
of tha population befgrs selcction of the sazple.
AMtornatively, the umnits in the popalstico may be grouped
taking some noarby wnits mﬂ\a fow groups nsy be selooted
out of e prowpa thus fomed, The groups of units formed
are calied clustars and the progedure of smupling in which
the sempling Wity are clustsrs /l.a nown as cluster
sampling, the glusters ugy be of egusl of tneqlal sires.
Clugtey sempliog ordinavily results in greater vorisngs
then o sample of the seame nusbar of elesents selsptod
yandemly,
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In cluator sampling all the elemsnts of the sslecd.
ed clusters are snutisratad, Hovswor, from sany considers
abions 16 tiey 1ot be desirable to enunarate all the slcaents
of the clustars It im logical to sxpeet that for a given
nunbor of elexents, mrester prevision vill be attained
by dletribubing them ovor o Jorge nusberof clusters
thon by Soking a small nusher of clusters end senpling
a large nuzher of alements from oach of them, The
procedurs of £irat salecting ciustars and thed chooging o
spoglficd aundop of elements fron oach selected cluatey
is knovn as two atagea sevpling or subssempling, The
procodure has the afvontare of being flaxihle ss differend
acwpling procedures oan be eaployed at different stages
of sémm, if negossary, 4 great saving in eperational
coste; particularly if the survey covers a lorge arsa
ineiuding midet.developed pockedls can also de effacted by
adopling subagarplinge. In Inddan Agpicultupal Statistics
Reseorch Iftatituts, sfficlency of mibwsampling and clugter
sampliing havo been eoxtensivaly studicd, Tho theory of multie.
stage sapling and 1ts epplitcation wore developed by
Naneon and Hurwits (195%3,1949), Habalanobls (19%6,1952),
Sukhatse (1947,1950,9993), Sukhatme and Psnse (1954),
Suiistwo and Bavaln (1952)4 Yotea (1549), stogh (19%8),
purdin (1967) ato,

In tuo atnpe sompling design the prinery saopling
units {p«5,0°8) aro generclly of unagual siges, For the
chnics of aushar of seoondary saspling nits (9.s,.u's)
foom differant peasuls, the noot conzon metiod iz to toke.
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they either sgup) or in prepartion to thelr sizes,
‘gho first nsthod based oft equsl Bu DoF of s su's
fron euch Pty doos nottgke into sstonmd the sixe
and the vnriab&ﬂ{r of S,sufs in diffapent pag,uts
and thup resulty sn less efficlent estisaters,
Adtarnativaly, if s.sc2 are taken in propertlen

Lo the size, the nlitinate sgwple sizg deeomes o rendos
variable which i unfestreble froo seny ecnsiden.
ationg, -

In Chapter TI, the piublen of allocation -
0f 3.8.,0'% has beoen attemptsd ond a fow progedu
boen suggestod, The ralative efficiencicos of varicus
Breesdures hove hesn compared with the methods in uge,
A new sanpling stheme Tor tuo stags design slong with
sultable setizstors has Megn suggested in Chapter ITT,




mit&.ﬂafﬁfe/ sarpling design 1 vitely uged in most
of ths zufveys fYon mgny oonpléerationss In tvowstage
sanpling design, the populatioh under oqziaj.daramn eonglsts
of certain nunbcr of prioary sazpling nlts (p.s.d'3) sach
of vhich i1 turn comslsts of certain ausbar of slsments
caliod scenndary sanpling @nita (5.8,0%)e In genoral,fer
tho purpcge of estimation of thg tatel or measn of the
characterigtica under studyy o sanple of sultadble nwider
of pagsiite 1p goloeted in the Pirst instance and thareafter
from out of ¢ha gxs.U'a In onch of the selectad pes.uts,
a savple of desired numbor of 3.p.u'2 18 further salecksd,
The pusbor of g.s,u'8 to be scloocted from the selocted p.a.utls
are usually token as equal oF proportionsl to their sise.
The former method based on egual nu~hor of a.-,u's froo sach
pesaie doas fot take into accownt the possidle icrortance
of 8ize ond variability of diffarent n.s.uts resulfing in
less efficient ostimators, Alternatively, if nuxber of
Sef.u'a s token preporticnal ta size, the total sample
gizo (t%tal numdbor of g.aeta An tho sacple) beoeones a random
variable which is wdesirable fron aany conplderations. In
thig Chaptor some new nethods of alistation of the s.s.u's
over tho gelectod prisary smipling unmits have daen suggested,
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- ghe polative sfficiencies of the proposed mitods with
,, t&ambw squal nuader of s.s.u's fron eath
-+, salected Pessily have also beem lnvestigated.

m us cm,suw ‘ampnlaeﬂ.o:r gonslating of N p.a.u'a

-~

- vita xg 2.8,112 in tho Lt passhis (1= .2;....3). Further,

168 74 4 be e wvalue ef tho Jnlh sl OF the s.w
_* Paset in the population (33‘.3"“‘1@1:’ hi!ggyno-’m .
e have the mnm; notations -
1 % T _
Y e My oy T4 Mean o:fhm

£ » %“ﬁ,?h/é;’z s Uomn nprgla{sm

g -
Ky %E‘ ’ mm_nmofamutainfzo
population.

% i m\ 2
— - ¥ vardighee
" et m( ) o

batucan Dedlllts
' \

2 % & O -
8 *HT o "'13 « 5%y Vertwice betveen
i t!:a B42aut8 in the futh

! PeBalle

14t n bo the numdar of p.g.ufs to be drawn and n,
bo the tatal numdar of seduts S0 bs drawn frox the
selactad pes.uts, For this, ve esonsider the following
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’tampiin; schenty mlgm; emma matheds of allogation
ot‘ a,ua's k% %ba\iamed pu.ﬁ‘a;

The aej.pction,af/ the mﬁ mm pmdm I gonstists

*ormmm lm

j!._~ g6deot N pedcls'n from I peo, u's by sdaple random
swmpling without Feplacmient, '

2. Allogats the mlﬂ of %JQSW’S &i ﬁ“mt Tedouts

——— e

selected using el T

-

m -
B W g;i Ty y Ix¥42y9se0 .

- !

HmZ My, 13 tho total mu-ber of 3+8s0'¢ Of the
salogtad p-s,n's vhish i3 a random wariahble ap u depmﬁa
uponn the pes.ufsg soleoted, ~.

3¢ Bedeot my i.scu"a‘ fron Leth peasie by gimple randon
ssmpling without replogenents 1

The procedurs I will hereafter be known as proporticn.
ol allpgation procedurs o the nurbsr of s,s.u's drmn froa
tha seleetad pys,U's aré in proportich to thedr sises, Ry
this procedurs, the undlased etimatsr for population
total 1s glven Y
I |
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ganpling without repmw. .
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-5, Ry &

?% mag.

¢3) SMG my ham's froa %y 8.0.0% of the z..w
pmm by einple rabdom easplinge

Ms nmmmwxuwm;rmaaam ap optimum




1 xnmmmmw@m”mmmw

s estinate ti aormosed of G powponente; The Kirst ong

valds depundd pon the varienge belween ha p.s,.ufs vexuing
tnaffected by (o tidep of tie muler of elesspling Utts
vhile the MWWM&;%M the vmm

'bam el ¥ i Bain Tateli's Ot Bo Hinindged bty Qetory! ining

y fa Soking Loto oot Gie varladtlily of e geond m: and $u
41 the 3sletisd pemitey W@ hays mintnized e coofitlenal
vmmammw tho o slage swpling cstingte wia,
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Zeoe, the varisnce 82 tho estisats wder this
procedure 18 as tdery -

2 9 1 ' N 22
Vieil_) = M, ( e ii)'gb ¢ ;;;&iisi%;hﬂﬂ 25; LIy
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Wder thio method of allecation all ths e.seu's to be

solested from esull peleoted peasts are taken equal i.e, i

By = By/ne

The varisnss of the ssfimator under the yrosodurs IIX
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Qiscation procedire,

1t can be som easily that the unbinged warianse
agtimatar of the population botal unded aifferent alloe-
ation procedures with eorresponding valuss of a e
is given by B d,-:— -—-*_,-_L

2| 1 ¢ Lt} 1 2
it o [q.;,-,-z.%;, (Lot o

——

the merdt of sepling|prosedurs 19 Judged fron the
faoters such a8 ﬁapltgié. operstional convenlence and
efficiongy of the uﬁm&w e propossd procefurss sre
sizpls and convelilent to use in preatige, In thls sestion
we study the relative ¢fficiency of proportiaial silosation,
censtint allocation end pptinmua” * allocation procedures,



+ho dtﬂ' o how the saapling ~arianees of
cmstmh anm M.mr and the nropmxmal alloaction
pmedma m e s:od a8
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7 A% | p(men) B3y (1) g é 3=
reikog 22V~ vo obtatn ~
Bt H ,_,
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Prom the alove axpression, tho sufficlent condition for

propoerticuml alleention procedurd to be superiop to congtand
allogation procedurs is that ‘
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It is taterosting w smmwﬁm of thase two
procedurss. The differenca betwoan thelr savpling varisice
may be writtsn as -
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__ 7a tarn being positive shows that the opfizwm
‘allocatlch otasd which tokas eare of vardibility of the
gecondayy sampling unite i core efficlient than the
proportional allogotion pragedure in which the g.e.utz
are appertianad over tho ssloctad pes.ufs proportion.

\

Data on volume of tisber as obiatned strip.vige by
complete quuneration from tm blocks of the Blocks mmtam
Brperimantal Forest, givem as Aunexure %,2 Pages 131-132
in Hurthy (1967) has been tolten for illostration of
officiencles of the above alloeation. pirscddurest” The
varizfice ebtalned in ench of the allaention procedurss
digauased agbove for n = 9 and ‘ino = 0 together with the
poreendagae gain in sffictanay is as followss
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of e ahave poptintion iy GLfumrent sllsostion proteiures
togethor vith the paramitogo Sin 4n afficdeuy e b o 3 and B, « 10,

e Dove reqldty ougnent-that o optimen aliscantisn Wil
taken in® auosah 4n Alstritntion of geouls tho yarishlilty
o the fadits L0 the pdllaitad paaute Lo speior & toth



eonatant siloostion e propertional allatation «Hile the nuet
bast guong the tsthods of Xlotationy is the proportional wilonatiun,

It 48 Lopordant € cuwnt hove that Sov popiiliations £ &d
I1e o wabritutionol soonnd tems An e wmrlance K
eatiznats of the total widerr congtand allccation 4a of the
opdet 9% mnd 378 remponBively, 1% xﬁ@ sizo by neutioned
tho mugrested allodation pmbadures i
soind companmd 4n Gie yoimos wprecsion !
of within petally Varisicne Tt 43y ﬁam&m expating
that thepe W1l do relatively oors gadn An sffiglenay in
the gage of secoud population as comparad to flrad poplation

Bonoy 48 g0 b0 geem tigt the sugpestoed ‘
plegedures osn by gsed with atvantage vhen tho contridation
of paoud opspenind In the vaiawe apreision to the totad
Cvarimics Ly w0 vy @inlly A tengh {dea of the nagtilide of
B0 onpengts of varigite By s had frem Yo puad swreere,

&g ammp

In is chapler mxm eAlogation progedires
sawna o saupde of fixmd nmhar of Boffyita havo boen
iggestod, ‘he rélative cfficimgies of the sugzestod
progedurs vAlh the congtant sllagztton pmceduye have
besn exained, 2% Das besn obgerved that there !& won gl G
s aa.tn in using te mizgeled allocation presodund




In Chapler IT we Rod éiscugsad vorious provedorvas of
allpeation of the demired nnder of s.e.u'? ovel the selooted
Teslsutas Anong the suzgested protedures, the opii—um
allgeation prpredurs ie fommd ta be tzore effictent as
cotpared to the proporticnal ellgeation snd constant alloe-
atisn procedoress The epti-un sllocition rivcedurs, hovevcr,
poses certain difficultise auch as the kuguladge of the ,
variability for all the selectad pes.u's sto, for gliocation.
The difficulty comzon with all allocation procodurss is that -
nahy times gpetlally fow s2allor exuple sizes the alloe.
atlon L8 neyer eizctly achleved, |

In this chgpler, a new szmling echasme providing
congtant swrple sigs hay beon guggested, Three types of
ostlzatarst have nlso boen proposed for the new sarpling
gchema, Tho efficieney of thresmgtimztors in nev samplirg
schege as comparsd to allscaticd progsdures hag bewn
investigated expirically,

e Zhe ogpling gchems

The new sawpling scheme for sslection of #, s.s,ufs
cohsbsta of the folloving stapsy

Seis0t n pesgii's by slaple random ssapling without
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replacenant fron N pesgutfa of the population, Lot the
_Ba10oted peglti'a bo with 5oria) BUTdETE Ly S,ecnyine
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Step XX )
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- Ay

rood ma.tﬂﬂ’ﬂ of t!m %Aa\'ib\y"ﬁn the peseti's

fammaemxwawammmwm1oa, + oay #M1,

HeBatls whiore M 1 $s tie TIZDGP OF Resait's in the 14-th
godoctod p‘nﬂgnf - =

St 21X

-

. gelect B, 8,e,0's frou tho gopulation of Uy ¢ m, ouy Wy,
8.820%8 of step IY Yy sivple randpn pompling wzwoﬂt
raplasonent, —

congliar a w?ulaﬁ_ion of & peyants vith 2,08 and b

T Be8.1%8 raspuolively, In drowing 2 pem,uts uu\t of % at

Step I we have tho followving six comdifnations of two psusate
& ) ,

€152)y (43)y $150), (243)5 (2,00 amd (3,5)

Fov 6% S68peIX we pool tho sedyRig 0 200 pas.ute
selected st StopeY An the suple, Thus ve Rove
(CobB)y (20628}, (20100), (W6s10), (MeliaB), and (6eln10),
8,208 4n alove eix pousidle coaodinatliong of tvo De.s.8t's
cathy If b tnits are %o bs Aram at Step It froam the s2.8.4's
of the sxlscted p.a.uls we would hava a,,‘ ' Bq’. &Q’. .
10y, 8% ad 10q, possibtle sazples vespoetivaly correspond.
ing to the siz possibls conbinationg of p.a.ufgs Thus the

L
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" total nusbed of szaples vould he

Por this saapling scheme the following sstimators
sra congideresds o *

{a) uZorvitswThoxpeon estinater
(b Poateldentification estimator

Por using the Norvifs.Thompsen catinator, the
inalusion probablifties for individuel ap well as palre
wise ity are required, Nufore dimcussing the estination
pmecdme va nay 4discuss the nethad of calsulating
inciusion probabilitins for ingividtal and pairevige wnits
unde® the sugiested sampliing sohame,

Lad 77: bo the fnolupion prodabiliilien of Leth 2.m,0s
from the el peasds The ielusion probability ,,: te
ghven y

)
77, ® ProbabAlity of eslecting t-th puay% X Probability of
intlugion of Leth aufiels A0 tho sample of B, seg.’s

1
2 —

By
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whure g Sa (s oxple of B pes.ta  2nd We gumenaltion stonde
for w2 cosdination of 0 peoslits contalning Wio teth Tegalia

™o {nolusien prodebliity Of tvo KeNeu'y fYom teth
Dt 41 the cxnpde 13 oy WmAory
| Oy (tigm?)
L 5 658 = g

77

=

© Aleo, the 1n03GALON Probadility of $.0 sil.uts £Yon
- amma palatits &0 0 sxrple L as folloves

- tt!‘ Z tigfngw!)

- 82t

13 %a 2, n = Syt

Im order to Wdcretand tho calgudationg, 109 Us conaldery
tho exasmple In 3.2 —

o ol posatbileo coplen of 2 passtita oud of b pus,nls
are (142, (143) (1,4, (3,?, (240)y (3,0Mutth g ™
t2o probability of selseticn” Tor coloulntirg he inclusimn
probudiitty of indiviiwnl omd polteviss unlite fiom 298 Pesed
vo oongldey the exanpley {T,2)4(1,3) end (1,%) contajnl-g
tho Firet pesete Vit 6,8 wnd 6 g,9,utn for seleoting
L geneuits ab Step ITX. TOus o Ee%
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, Having known the valuas of tho wnits in the sazple
and thair inclusion probabilities, the Norvitz.Thompson

_ estinator for population total i3 given by

~

Y o @ in
B2 Imvy7,

the vartenes ¥; o 18 given by

2
wY) = g (7,7, e e _T1) (2.ta4)
This eéxpression of variznce in the notation of twde
stage easpling redues top
LI U 1 s 2. 2
77 .
%Z‘l AN ;ey%. R |
i 774%¢ .
g ‘ 2 A fe \\
31 ,:::::ﬁg. S s
/ Ty 774 e
3 & iB ¢ 77 8§ ) =
t- t
¢J1 . T ®
'77_5 nt
1 3

(e % 1.2)

t
WTJ: 1773 and ﬂut ﬂwwbmwmtm
1 agnad 3, wauezforﬂ,_ Mﬂttfcﬁ'ﬂu « AP guch the

second torm of (2.7,1+2) can be vritten as
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8 Buve seen fhat (ho HorvitzeThouipsan estimator
invelves Caloulntion of inclusion probabilition for individual
and palr.wige mits meking the coopitation logthy wherens
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e estimate of the variagnece is given by
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It iz difficult to give a genaral cowparlson of dlfferent
estinators congldered in thig chaptery However, in order o
compare the different prvcedures dlsqussed In thig chapter
and in Chapter 1, two nopulations hgve been conaldered Witeh
are béing presented in Toble 3.1a These populations zre
shel et the vardance within p.ssug's increages with the
nunber of z.a,u%s. Rather, the voriability in the values.
of the g,s.ufs for second population is more than that of
populatlon 1,



- 5 " o
~opulaticn : Uriks of the g.8.%'3 in exch of Tio p.B.0'S
- ! TR o3 oy -
¢
1 P 2l 394505 | BT 5,547s8 | 545,6,8,8,9510,92
[ ]
2 ' 9% [ 33550010 |3,593,9510,13 | 153,5,657,8410,16
. “-

o varianeas of tho satioator of population total
obtained far various ostinators ond nlso of different nothods
of gilnocstlon for n = 3 ang g, 230 are given in Table 3,2,

' Pemulation ,

~wtiratars 1 2
MorvitzeThorpeon etinators 342,16 437.6%
rosteidemtificotion Btinaipre 921,00 1122,68
natimatar basod on sample Desn 1106,08 1169,.78
Usual cstimator wmder optinum 8%,22 87450
ailocatinn

Ustupl estingtor wnder proporti-nel 903 .37 '908, 30
adlocation

Usual oatizgtor mder conetont 957 P 4099 ,40
nlloceation

It 15 cvidm® from tho above results st tho forvito.
Thonpeon cstinator 13 the best of all the gytinalors considerod
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for thcoe 0 populations and the gain in officiency

1o obatntial, e nezd best is e gaunl eatingtor pnder
optinum cllocatlon wrpeodure which taies into getound
tho vorfability within p.s,ufs in deciding ths nivbep of

- 2,8,4%3 to bo drown oo @A flerent p, 8.0

1t oy be nntirned thot the estimated bagsed on -ploum

allotntion acstres the Enowledgs of the variablility within
n, 8, Wicreas the uze of lorvits.Tiommaon estinntor
tnvolves tho gomputation of Iincigsion probabliiities for
indleidal o8 well a9 palnwuise wnits, Orerally, the imowledne
about the vrrighility is m&rg:___zzdﬁy availahle ond as such the
nethod of optimen ailocotion ¢amnot be applled nlvaye, I1If
the computational facdlitlics are avallagbley ths values of
inclusion probabilitics can bo ¢oleulatad «and in that cose
the Borvite. Tonpson cotitntar con bo used with erunsider:bis

advantage,

ALY Swiarg

In this chapler a new ammpling schene for two stage
sarpling has baan sugdested which providies slvays a sgnle
of fixed slze, Thres AAffermt types of catinators have
boon proposcd for the now saupling stheme, ™hae officiendes
of thoege esticators gnong themselves and gleo with e
dlineation procoduras of Mmmter T have bom investignted
for two g1l populations. Y€ hags bomm obsorved that the |
PorvitzeThompaon egtinator porformg the best of all tho
proccdures congiderad for tuo populationsy



In two.gtogo sospling design, the prinney ammpling
tmits aro gencially of wmetnl slze. Tor tho chpice of
nubor of S.g.u'a o be dram fron Alforemt pas.u’s
tha oot oommon nebod 49 o take Wen dthor oquel or in
pyoporiion to thar sizes, T2 drawbank in toRing c.p.u's
erupl in numder fron eath  L8.U0s 8 Hhat the elge ma the
verliohility of .5, uts in dfferont n.auto vhich pre
isportant for officliaent optinathen, ore ignored, e nothogd
of toking tho agwber of 9.5,u% proporticnato & the totad
numboer of 8,8,8% 10 tho p.o.t's 1o aleo not destrable
beeatse £¢ renders the Wltinalogompling sizo o raftdon variable
w:dch pogeg pertous probleng frox £1eld oparation poing
of vicwe

Iin thig dlgsartation, o prollen of liscction and
solection of a sanple of fixed gigs in Swo staga sEpiing hiag
bomn attopted,

In Ciepler 11, tw procodurss of alloeation of

2.2,0% % t2o selected p.g,0's havo been suggested, Tho
efﬁczzcit@‘ of thoge proccdnres ag conp red to eonastont alloo.
ation procedores Rovo been stu®ed thoretically ap well
es epirienlly, I¢ has bem oboorvod thot of these, ~piinw
aXlotation precadure 12 surerior to the other twoy followed
by proportional silocation rivcedure, Murther, tho gatn

in efficieney is also substnlal,
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In aptor TI1, o new saopling gcheus of seleolion
of a savple of frad nimbor of g, z.u%s hog Peen supfested.
Gn.or this saplirg scheame, thirse agtizators nanely
TorvlizeTotpson sutitator, Foast-ldentifiention
estin~ter ond mﬁmxjin? baged on gxrld 2ean gre congldel.
od,

The relative offlcioncics of thesa estin tors
together with the nsual estin-tors under diffsrent
allocation procedures hinve beon 1vestigaled emirically
on two sandl populations gnd 1t has been obgerved
that the performatics of the [ >rvli ti.Thotmesn esti .glor
i1g %o besad of all sstinates for these two
populationg,
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