
ONrPllOCEDUB.ES OF ROTATION ~MP.t.JNG 

I. C. SETHI 

Dissertatim~: aubmi,ttec!l, tA !ulfi~nt .t th~ requirements fer· 
the awa:rci o! Dipl ... in Aaricultu,al and A.n.im&l 

Husbandry statistics of tha ID.stiiute ef 
Agricaltural Re11earch Statiatica 

( I.C.A.R. ) 

INSTITUTE Oi' AGRICULTURAL RESEARCH STATISTICS 
NEW DELHI 

1970 



I am highly grateful te Dr. D. Singh, Director, lustitut• Gt 

Agric:ultural Rtul~~l"~h St•~i~ti~•-• New Delhi, for hb valuable 

guid~Ace, cOA•ta•t eaeeurilgem~~t aAtl hm;n~nn:rhelp in the prepara.~ien 
... 

of t}J.is thes ~·. I 

of Statistics and D~. Q.~, Set~, presently on. ~:t !'AP assignment in 

Lebaoon, tor pravi&g adequate !acUities to carry out the work. 

My thanks ar~ also (lue Ut I.C. ~-a.. fe:r providing the financial 

assistance i.a the ferm. ttf a ft;llowship. 

~· 
( I.C. SETHl) 



£9 . .!'1_'[ E N_'t!_ 

CHAPI'ER PAGES 

1 INTRODUCTION 1 -4 

xr~ REVIEW OF LITERATURE 5-11 

UI TWO STAGE ROTATION Ia - Zl 
~ ....... ;).,. 

IV ObtE STAGE ROTATION WITH zz- 34 
PARTIAL 1\ETAIN~NT OF .PSU'S 

"' FROM ONE OCCASION TO ANOTHER 

v ONE STAGE ROTATION WITH A 35-47 
PART OF PSU'S RETAINED 
THROUGHOUT ALL·OCCASI ONS 

VJ. A COS"F FUNCTION FOR TWO 48- 55 
STAGE SAMPLING DESIGN 

vn ESTIMA110N OF VALUE OF 56,. 66 
NON -RESPONDING UNITS 

vm AN ILLUSTRA TlON 67- 97 

SUMMARY 98 

B.EFERENCES 



CHAPTER I 

INTRODUCTION 

There are maay studies, notably ilL &iJ2lieultural, secielogical 

a.D.d ecenom.ic rea.tu~n:h which are eoaee:rae4 with es~tms characteristics 

of a ,popWa_tion on 'repeated occasiOAs' in order to measure their~ends 

over time. For example, in p•ultry surveys, we may be inte:restecl not 

only in studying egg proauction ancl eatimatiOA of l>oultry birds but also we 

may Uke t• know proportion of fjums adopting n_ew feed practices and 

new poultry breeds develeped by varieus scientific organisaticms. Further 

we may a lao be interested in estlmati&g the trend of poultry farms via., 

whether they a~e switching .ewer to recent poultry breeds and feed practices 

or tby are adopting same set of old breeds and feed practices. 

In this type ef S\U"veye ~e have to study populatJens (finite er 

infWte ) Gn more than one occasion ~·e for a set ef correlated characters. 

II the survey ia ftepedy plaiUled ancl sampling dCilie in' a suitable way, to 

exploit for estimaticm purposes the iaherent cerrelation between dlffere.a.t 

characters on di!fereni oeca•lel~, we may lea e'en the cost, tim~, and 

labour ·to a considerable extem. 

1.' Further in this type of surveys the experimenter ... interested in 

' ( 

estimating the pepula.ticn characters , estimating the change in values of 

population characters a.nd estimating the average value of the population 

characters oa.all occasions over a given period of time •. Uacler these 

circumstances 'expelrime.nter has ao other alternative except sampling 

over success~ve .occasions. Once the decisien to study the population over 

success~ve ocaa:e~~~ iiJ macle, several alternatives in designing the 

sampling plan would arise, viz., 
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(i) Cheedng a aew sample oa each occa siu. 

(U) retaining the .'fame sample en ail oceasions, a.ud 

(iii), replacing a part of the sampl~ ~ each ~c:asioa. 

'l'he Jrelative a~vantagee of the various types of selectiih procedure• 

will obrieasly depend c:m the extent ef variabllity among the Wlita and t~e 

varla'bUity ef changes in these wdta •• well as en the relative importance 

of the popW.atieo meaA and the change a ~ these means. Ill laJ"Ie scale! 

surveys , we a:te compelled. te use multistaae sa.mpliJ::lg designs. The 

re&IJOIUI fe:r use of multistage sampliag designs are well-knowp. In the 

pre1ent ~veatlgatlon. we will cOA8icleJ' o~y tw& stage sampling deslg118. 

The l'esQlta clel'ived can be extoncled to any ntunbeJ' of etaae•. In a two 

stage design the vaziCDWI alte:raativea fer drawl.og sample al'e of the followiag 

fa) Retairdng all the primary stage samplb.lg u.n1U ( pa'J1S ) frem occ:aeia 
te occasion but. selecting ~ach time a fzesh sample of second stage 
uaits ( ssu'a ) f:rem the ae}eeted psu'.s • 

(b} Retaining a fraction/~ ef .the pau's along with the aau'a iJ1 thoee pau's 
from occasien te occasion and selecting a fraction ol.'c( of pau's 
afresh such that p + q = 1. 

{c) Retaining all the psu'• fl."OJn the pl'ecedblg ecc:a•U»n but keepinJ wy 
a fraction 'l',of·the ssu's and selecting afresh a fractien' .~ e! ssu's 
in ea(:h psu'a sw:h that w + s = 1. 

(d) Retaining a fraction., 'p' of the pau's and from each such p&\ll"etain 
ouly a frattien 'r~ ~f the ssu's a.td selecting afresh a fractien 's"Gf the 
sau's 1.uch that p + q = 1, r # s ::: 1 • 

(e) Cheesi.n; a new sample at eac:h occasien 

(.f) .RetainiB1 same sample from occasion te occasion 

The cheiee of adopting a~y ene .of the abeve procedure• is limited 

partially by the available reseurc;es ( fUD.da etc.) and panially by the l"e-
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M quiremeDts el experiment. Suppose one is fre~ to alter or retain the 

cempesitie~ of the sample and the tota,l sample size .is same on all 

~ccasiona t tbaa ac~ording t,o Cec.hran (1,63) if one
1
intends to ma~ae 

the Jreciden, the statements to be made about the J:eplacem.ent.._P.olicy are: 

(1) Fer estbhating the average over all eccaslms, i$ is best to draw 
a aew sample. on each occaa.icm. 

(II) For estimatiAg c:h.ange, it is:: beat to .l'etam the same sample throughout 
all eccaaiona, aad 

{Ul) For ct~rrent estimates equal preelal~ i.e ebtalned by keeping the 
aarnple OJ' b"f c:hanalng i' on every eccasien. 

Replacement of a •t&-111: af thel aal'nple DD eaeh eccaaion may bs better than 

these altern.ti'.,es. 

Accor<ling to Yates (1'60) there are two points whleh must be berne 
. 

in mi.ud lA co.nneetion ~ith sampllag on aucceasiye occaajons. Firstly, 

:repeated tntl'Vey of the same units may be inexpedient since J"eautance 

to the pr4WisiQD. Gf the necessary iDfvm.atian may be engen4ered and 

\ 

seeondly repeated aUJtVey may resull in modifieatien of these uait• :relative 

to the' :rest of population. Further some units may tend to be less ce-

operative if they are visited consistently. These eJ'l'.Ors are· reduced il 

we rotate the sample. 

~otation of units hav:e got followinl a.ct:va.ntases ove:r aoA-rotatina 

samples : 

1. RGtaticm sp'l'eads the burden. of ••porting am.cmg mo:re respondents, 

z. Retation permits the wse ef data. fr(ttn past sam,plea t& improve 
ct1rreDt estimate. This ea.n be easUy done by means of the cemposite 
estimati• precedUl"es. -. ·· " 

3. Reta.ttoa may afford aa uabiaaed solution t4D the problem of large 
obsenations which ecctlJ' in the sample. 



The fbst:, adva~Uaae, that of spJ>,eadlng the burden of reporting 
' -

in a sample survey ameng more :tespf,ndeats, may be very important 

from the staJsdpoint pl mai.utaining the .-ate ~~response. In multistage 

surveys l"o:tad.en maybe of following fotmsa 

(a> Rotation. of· sample over all stages, 

(f') Rotatioll of aample over some o£ the stages includiq last stage, 

(y) ' Rotation of sample ovel' last stage only. 

Sblce respon~e depends only QJ:'4 ultin'ulte units which come .into 

pict\ll"e only at last stage, as a result ot whic~retatian at last stage is 

essential. .All alt,eJ"native fo:rms discQMsed above will result in solving 

our problems. Obviously out of these forms we will p-releJ" case (y), since 

lt invctlv~ less compllcaticms which reswt. when we rotate the sample. 
' 

Hence taking these points ·into consideration; he:rEf is a.a. attempt . 
to estimate a set ,.,f characte:u WJing t•o stage sampling design Javolving 

.. ~ " . . 

1:0~ticm on ene or l?ot4 stages. F~er optimum sample size .(o:r a given 

cost Junction h e.lse worked out. A.n attempt ia also ma4e·to estimate value 

of non-respmiding wrlts using knowledge of previous occasiona. 



CHAPTER U 

REVIEW OF .LITERATURE 

It was Jesson ( 19i,Z) who first studied the theory of sampling 

on succeadve Gccasies with partial replacement of units on'' each 

occasion. His study was limited to only two occasions. He obtained _ 

twe independent: estimates el the mean em the secQnd occasion, one. .. _being 

the sample mean baaed oa new units only and the other a regressio.u 

est:~te based on the units common to both oc:casiOAa. These ~eatimat:es 

were weighted with inverse of their variances to get an estimate of the 

Qrl\. 

mean on the second occasion with milllmum variance. In addition over all ,... 

sample mean was also obtaiJled on the first: oc4:asion. 

Yates (1,49) gave a simplified method for estimating the values of 

the me~n on successive occasions by treating each occasion separately. 

He consi4ered two cases • (i) when the sample on the second occasion 

was a subsarnple f>f the o:rlginal sample &Ad (U) when the sample retained 

was supplemented with a fresh sample on the second occ.asio.a.. Yates 

extended Jessen's results for the study of one ehal"acter on tw6' occasions 

to h occasiona under restrictive co.nditiGAS of a constant sample size 

a.nd a fixed replacemen• f:ractlon at each occasion;, He assumect the vari-

abUity on different occasio.ns and the c:orrelatton •p'l between conaecQtive 

occasions a.a. constant. Asso.tning further, the cort-elatie.n. between l th 

and J th occaeiqn to be p Jf. .. JI , he obtal.aed the relatiGh, 

(2..1) 

whe~e 
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Y ;: precise estimate obtained for h th occasion, utilising all information 
- h upto and ir;Lcluc1ing the h th occasion. 

-Yh-l;:: similar estimate for the previoUs 1. e. (h-1) th occasion. 

Y'h = mean of units conun9n to h th and(h-l)t11_ ·occasion. 

-Y' --= .mean of ~~ts caplmon to (h .. l) th and its p~e;vlous occasion. 
h-1 

yi•h = mean of units taken afresh in,h th occasion 

¢h depends on c:~zorelation (p) , the .bacUon r~~la~ed 'q' on. each occasion 
.. ..; r ~· 

and the number of occasions 'h • • As 'h' puci'ea s es ¢h rapidly tends ·to 

a limitf.Dg value whieh depends on 'p' and 'q' • He abo es~bliahed the 

recUJ"rence :relationship bet~eelS 9Jh and cph-l as 

• • • • (Z. Z) 

where p + q = 1. 

Patte:raOA•s (1950) approach to the pJ'oblOPl of sampling was different. 

He obtained the estimate as a linear function of a set of variates and 

~ 

develope~ set of conditions for his estimate to be mo~t efficient. Using 

these' conoitions he obtained an efficient .estimate of the population mean 
\ 

on the h th occasion which is the same as (2.1) wol'ked out by Yates. The 

recurrence relationship betweea <1h and <Ph·l a a obtained by him was 

1 .. rJ ;:: 
h 2 z 

l - ( q -p) p -p p ( 1 - c;sh-1 ) 
• . • (Z. 3) 

which 'Was the same as that estabUshe4 by Yates (vide Z. 2.}. Patterson 

further put the reclU'rence J>elationship in another form. as 

•.• (z. 4) 

whare G aad ~ a:re the roots o1 the quadratic equation obtained by putting 

91h = <Jh-1 = (/ • He proved tbat with increaablg h, 1-<Ph tends aume'l'ically 



t• the ama.Ueat ~.-. ef the qua4bati.c 

P9 p?.. + ¢ ( 1 - p1 ) -q(l-pz) = o anti thus ebtainetl the limitinc 

value •f 9 as 

2. ~ 2 - 2. -.. U-p > + ( 1-p > L 1-p (l-4pq )_/ 
¢= .... {z.s) 

where p + q c 1. 

Patterson also ga.ve an efficient estimate of the differenc.e 

between the mean on th P, th occasion a.nc:l that on the (h-1) th occasion. 

The ease where the sample size varies from occasien was alee considered 

by him. 

Tikkiwal (1953) studied the problem following a more general 

appreach. He censidered the correlations between units clrawn on 

successive occaslons to vary assuming that correlations follow a product 
j-1 

model. According to him Ptj :: ll Pt, , t+l where 1 ~ i ~ j ~ h, 
t=l ~41 

and pij is the correJ.tion between the same" un_its on 1 th and j th occasion. 

When correlations between consecutive eccasions were assumed to be 

equal on all occasiens, he proved that with limiting ¢, the replacement 

f•aetion to be effected on different ocaasione tends to half bom above. 

Eckler (1955) developed a methed of rotation sampling to ebtain 

a minimum va.riance est~te of the population value ( mean and tetal) 

by suitably constl'ucting a linear function of sampling values at different 

times. 

Hansen, M. H. and others ( 1955) developed another rotation plan 

~nd estbnate making use of, what is referred as a composite estimate. 
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' Their estimate for each item was a com.posite estimate or weighted 

&\ .. erage of rotated units and retained units.. Further they used ratio 

estimate considering previous occasions as ancillary variates.. The.ir 

results were not confined to uni-stage sampling only, but they considered 

two stage sampling design ala o. 

Kathuria(l959) Studied the problem of successive sampling for 

two stage sampling design. Further he estimated optimum sample size 

for a given cost function. 

Woodruff (1963} developed two pl'oeedures to inerease the reliability 

of estimates from rotating sample. One was the composite estimation 

procedure which in effect weights res ultsJ from past and present :rotating 
. 

panels to produce an efficient estimate for the curent period. The other 

procedUJ'e was the large observation procedur~ in which unusually large 

observations from two or more panels are enuznerated cureently with 

reduced weights • The latter procedure is particularly effective in 

reducing occasion to occasion change. 

FellgiU963) developed the estimate for sampling over successive 

occasions with varying probabilities without replacement. He developed 

these estimates for rotating as well as non-rotating sampling designs. 

Rao, l"nd Graham (1964) developed a general rotation pattern 

for estimatio~ of current level and change in level between consecutive 

occasions. For estimation purpose they used a composite estimate of 

the form 

' x' =Q ( x•_1 + x 1 .. x- l )+Xl•Cl).i' 
0 o,- .. '0 0 

•.•• (Z. 6) 
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wh.el'e Q 1a a cene~nt weight factor with Q..6. Q ~ 1, i'
0 

ia the 

eetlmator baaed on lbo e.nU~e eample fc the curent occa•htn, o: 
- I 

i 1 1a, the- estimator fe:.r the eurreat occ:aden but based an the,.aample . - ...... '. . 

aesment < ecmpnon , to. beth occaaie 0 and -1 ( previeua occasion}, 

x..1, 11 is the estl.mateJr lo~ pzreviows occas~Cla, -1, but based on the sample 

segm.ell.t conunoa ttt the occ:aslea. E> and •1, i• •l te,the eempcslte eatlmater 

fel' thea p:revloua oceasion -1. Their compeaite estimater of the change, 

X • X lis 
0 -

d' .~~x• -x• 
G e ... 1 

.... (z. 7) 

which ca.o also be put as 

ci I 1C Q ( X 1 l • ; l ) t (l..Q){ ; .;.X !
1 

) 
0 0 ... - .. o 0 -

. . . (!. 8) 

Singh, D. (1968) studied the replacement pollcy for primary stage 

units from first oecasiOA to seeond occasion while the same second 
. \ 

stage units wore ebeerved far the selected Jrst stage units and he presented 
('. 

the optimum. design for two and three oceaeions. He funher observed 

that fer estimating the mean on third occasion it would be preferable 

to repeat the satne sample fraction !rem OAe eceastan to the next, while 

for estimating the mean over aU occaahms the sample iractie.o. l"epeated 

on tho aecend o~casibn should not be repeated on the third occasion but 

iA it1 p~ee a a u.b•l&mple of the sample selected on the second occadon 

a houlcl 'be retained. 

S~Jlgb, D. and Kathurla (1969) studied the problem of eucceseive 

sampling with partial replacement of Un.its in a multistage design. They 

obtalnecl estimates of the popu.latim mean ( 1) em the second occasion and 
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.. (H) ea the h th vccasian, under the ,fe].J.owi.n• tWo systems of rep~ cement: 

(a) partially replacing psu'• an.d keeping a au's fixed. 

(b) keept.J:lg psu 's fixed and pariiaUy replacip.i s.su•s . 

. IA generalising the :rea~a fer h occaslelUI, the pattern of. variablUty 

between pau'a and anl's was assume4 to be cGDBta.nt on all occaaiOAII. 

Abraham,!$ !,1 (1969) ma4e a study stmila.J' te that ~ade by 

Singh 1 D. and Kathuria (196') fer multbtage 4esign with a diUereat 

replacement plan. Thei:t replacement plan was : 

B.etain a fraction p of the ps u •s and from eaeh aoah ps u I' eta in 
OAly a fracUen r of the ssu'a and select a fractions oJ the ssu'a afresh 
whttre p+q = 1 •nd r +a = 1. 

Their estimate was limited to only two eccasifll:la. 

•r Singh, ~jShivta.r (19'70) also made a et\Miy similar to that ot' 

Singh, D. and Kathuria (1GJ69)'but ln generallsing the r••*• fOr h occaaiG.ns, 

the patterns. e£ variability between psu•s and ssu's was net assu:ftl.eci te be 

censtant over all occasions._ 

IQ the present investigaticm a..rul attempt has been made to obtaiu. 

m-inimum V&riance Une&:.. unbiaee4 ettimatea for & let tJf CCU'I'elated 

characte:ts for·(i) the population mean on the m()at recent Oc:catdon, (U) 

the change! l1l. the population m•an f:rem one oc:caaj.o.n to another, ancl (W) 

an overall e•timate of the population mean over all 4'ccaai<ma. The 

aampllDg deelgn cOnsidereci iii a t.-o stage sampling design. 

Two c:aects of rotatiGn were consid'e:red, namely 
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1. Rotatloa iaa \Mlth at&ae• , 

l. ltetatieo -- aec'~cl st.ge anly .. 

t,J.the¥ in eaie z.. twe tfiflerent' repl&~ement .polict•• ... were 

fl'em occasiea te .~caaien, whol'tt P. + q :: 1•· 

(b) Keeping a part 'P (lftho·pau•s same throqabout aU etca_Jl-ene .bWI select

iaa eDttr•iy clif.feronf,-n, q of psq's frem one oecaslaix to a.D.&e~ 

occaden. 
., ,. 

The .l'etatien pattern co.Us'idend i• ge.u:ral r•U• pattel"n. 
~ ·-· 

FuriheJ' qptimum sample al~e fo.l' a given·eest fUilCtlOills alae 

werked eut. Aa attempt baa alae been made te estimate the v•lue of non-

' 
retpeAdin& w:dt uain1 luUndedgo of prevteu. oc,cadG)Da J 

\ 



CHAPTER UI 

SAMPLING PLAN l:- TWO STAGE ROTATION 
• 

In the present chapter an attem}llt is ma4e te exteu. Rae an• 

Graham's general r.tatien pattern te multistage tesign, namely, twe 

atage sampling ~esign wtth retati4m en b.th stages. 

1. The Rotatien Pattern:· Assume that the actual units in the pepulatien 

remain uneba.nged in time, and Nand n the num.ber ef psu's in pepulation 

and in the sample respec1irely ( which are the same fer all occasions). 

Let us (fer simplidty ) asaume that in each psu we have L ssu•s and 

1 ssu•s are selected en all occasiens. Ala•, let N and n be multiples 

ef n 2 ( nz':'l 1) a.nd I.. and 1 be multiples of 12 ( lz? l). Where n
2 

and 

12 are units t• be related en fi'rst and sec•nd stage respectively. Then 

the retati•n pattern is as follews. 

A.} greup ef nz psu•s stays in the sample fer r
1 

eccasiens 

(n == n2r 1) leaves the sample for~ eccaslcms and so en. Further in a 

retained psu a group of 12 ssu•s stays fer r 2 eccasiens ( 1 = 1
2

r 2 , r2~ r 1
}, 

leaves the sample fer mz occasions add se on. It a psu returns te the 

sample after having drepped eut ( k·l) previous times from the sample, 

we say the pau is in the k th cycle. We only censider the case m1~ r
1 

here ; mce the ease~ <:::: r
1 

is more complicated, further the case m 1<::: rl_ 

is net usable in large scale surveys due ta limited resourcea. The maxlrnum 

value ef m 1 is r 1( N/n ·1) and, if m
1 

is less than the maximqm value, it 

amounts t• cwering only a fractien, viz., n2m
1 
+~ fd the N ps units in 

the l'otating design. The same thing holds for secend stage Unite within 

a ps unit. 



.. 
Ill~tratiea:_ --_Lot N z 5, n ::t r 1 • Z, m

1
::r3, L =5, 1 a r.z = Z, m 2=3, 

al.s • a 2 •lz al, then first of •11 in eaeh ps u we will a raange a au. wt~h the 

help ef randem number table ·a.ad relebel them as 1, Z, 3,4, 5, etc. (this 

ia cctrary t• Ra.• and Graham '• pattern since it ensures rand•misa.tic 

wlldch was not Ctlflsidered by them), same thing is repeated fer ether 

•• units within e.ther psu's. Th~n we relebel peu•e in the same fashion. 

Then the samplf) .. n ea~h occaaiGJlis as aiven in fia. 3.1.1 • 

.Frem ,. Fta. l. 1.1, we fiD.c:l that after an mterval of N L occa aieu same 

units wW be repeated. 

-M -.M z. The Cempedte Estimators xh and· dh. : - l..et Xa, tj denote 

the vector of .r u cha~>actera uader study fer the j th ss unit In~ th 

pa unit' ca. th eccaden ( Cll. ·= l,Z, ••• ,h ~ j = l,Z,· ••• ,L, t = l,Z,.,. ,N) 

where h denetes the laat oeca•ten at which 1ampling has take!\ place. 

= 

x •• ltj 

xa,Ztj . 
• 
x .. , utj 

Here s
6

, itj denetes the value o1 i th character fer j th es unit in t th 

pe unit. Then the unbiased compeaite estimater ef the pep~ti• mean 

.... (3. Z.l) 

where 

t'!J. .e, 91, i!.l 
ih h·l =~l ~1~ t:/nll , .ih·l h ·~ ~1 xh-1 t·~ / nll_ 

I f~t J::f I 'J 1 I t-:.1 J:/ I 'J -~ 

.•. 



The•• Xh,b .... l and i'b-l,h are mean vecte:rs at h th and h·l th eccaaion, 

reepectively, fo-, unite cer:nmen te h th and h-1 th occa•ion • ...... 
n 1 

au ~ • E E '1t, . tj/ Jll, 
t =11=1 

Further 'X~ t. the eempeaite estlmato-, f- h-:>1· th"oeeaslon, alse 
~ h~ . ; 

'Q is a con•tant weightage facte.- matrix, whese elements lie between 

zere and eq. He:re, 11n1= ( r 1-1)( :rz•i) nZlz ia the number of m.atehed 

wrlts between i th ancl (i+l)th ecca lion, ( 1~1, •.. ,1\-f·). The cempcaslte 

eetimator ef the p•puJaticm ehange, from· (11-1) th oceadon. te h th 

M _M 
:::: xh • X.. .n. -1 

(3.2..ZJ 

The compealte estim.ater (3. 2..1) is actuaily ef the form 

-M 
qZl ..• •. qui - +- -xhl qu xhl xh.h•l t~·l;hl 

-M qu qlZ ..... quZ x +~ -x X 
hl h2. ,h-1 2. h-l,hZ 

-. . . . . . . .... • .. • • + •• . .. 
. . . . . .... • • . . . . . .. 

-M 
xhu +ih,h~iu·~-l,hti X hu qlu qzu ••• lo lo,qUll 

1-qll -<I ••••••• 
Zl: -qal Xiu lo• 

l-qzz · · • • · · --qlZ xu 

-qZ3 • • ..... . . 

., 

+ . . . . . . . . . .. . ~ . (3.Z.la) 

..qlu -<lz.u. •.•..... 1-ql.lll -xhu 
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New (3.2..1) can a"islJ be written as 

•.. (3.Z.3) 

..... 

where ViT ::a Q ( x .~.. -
1 

x
4 1 4

) .f (l•Q) i" a o,.- • , a •.. (3.2..4) 

for & = 1, •.. ,(h·l) ' wh. = x.h an~ thew a.• ,tk al'e fWJ.Ctions Gf Q, '"l'rz,.nz 

and 12. Frtnn {3. Z. ~}and (3. Z. 4) it ma_y be verified that the weights 

w a., tk a :re as follows : 

For the current ec..caaion, a == h 

(a) wh,tk • (l·Q)/n1 ~u Dz 1 ~~, ( fi:rat vldt o£ a cyd~ of psu•s ) 

(b) ~h,tks( l-0)1~ + Q/n(-1 for n1t1 -~t•. ( seceo.d te (r2 •1) th visit of 

~au's withln sec~ t~ (r1-l)th visit of ps~'• ) 

(c) wh,tk :a Q.~""Q)/nl ~·r nala units ( fil'st visit of a ••u within. psq'• ef 

secam.d to (•1·1) th visit ) 

(4) wh,tk =0 fer NL .. n1 tmi~a (bet in the ••mple) 

Fer oceaalcma • • 1, •••• ,"(h•l) 

(•) wCL,_tk = ct'(l-Q)/nl - Qf&ja11 foZ" n21 wdts t lust vlait Of a pu) 

(b)wo.,tk =0'-(l·Q)/nl +O."+l/n1~- · Qa./ n111 for (~·Bz) (~-lz.) units 

( soc:cd t• (l' 2. ·1) th vlslt Qf as~ within a ecoDd to (:r1•1) tP 

.,bit e! ps u) 

(c) wa,tk z a'(l•Q)/n~ + o.'+1/rt.f fcu nal wlita ( r 2 th visit •f esu'a 

wtthlh peu's ol r
1 

th vbit ) 

(d) w., ,tk • 0"(1·0)/nl - ft&/n11_ .f• (u.i-az.) 1~ unita ( firat visit of a 

ss u within aec•ncl co ( .-1 .. 1) th visit of a pau) 
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.. 
(•) we.,tk •·Q•(t .. Q)/ nl • a'+l;a111 

fer (n1-nl) la un.iia ( last visit ef a.uy 

sau within se~end t• (r
1
-1) th. visit. af a psu) 

....... ~. 

(f) "a, tk = 0 ·.t~r ·(N L-nl) units ( net in the sample ) 

"·- f-M. Var-ee • x . 
""11.-

M · - ).,{ M' - -
v~ ) • ~: { xh "ih ) ... xh x«h 

h N L 
::: l! 1.: :E lC (we. tk) •t x tk "~ct,ttc E(w•a.,tk)') 

•=1 t:rl k•l ' a.. 

h h N 
+ 2: E E Cl,. '=1 t=l 

h N N L 

L. 
E E(w ) x x 1 E(wM.' ) 
k=l e.,tk a,tk e',tk 0.• ak 

+ lJ :S .E .~ E ( w J "• tk x•. t 'k lC. ( w• t 'k)t· 
a=l t¥t'=l k=l a,t.. ' a., a, ,. 

- M - M 
... ~ "h• 

N L N- L 
Now sinee 1: 1: w-h tk •1 and E E w , = 0 •> 0, o.=l .•.• (h-1} 

tal k=l ' t•l k=I a tk 

Therofere, we ha.vo 
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L 
E 1: ( "'a,tk ) V ( S •k) & ( w• tk ) 

"" 1 ••• a, ._,c ...... ..,.. ... 

L 
:.l E(wo. ,tk) C$'1 ( 8a,tk ; 8a..t'k).E(w'a,t•k) 

L i E(wa,tk) cew<sa,tk, s.•.ta•> 

E<·~•.tk' ) 
·v(s ) fell aay t 2 l ~·4 k • J 1e 

a,tk 

rx: -; )(i: .;; ·)'( (i' .:;_ 1) a,ljl e., •• 1 c,f.Jl a, ••. 1 a,ljl --.. •. • 

- ' ( . . ) 
1 /m u 1•i ) (X..,. 4<1ZiJ. £ ... •:·.~) 1(~..,_;c:•J·-'=-~;t"/•·"2) 

V(a ·) ( 1 1 ) Tfll..t.., & 1 • •• 1 -1 •J • ""J .... 

Qa,ij • ---- .aun NW 
•• 
• • 

(.X. lf_1 -i 2) •••••••••••• 
·~ ····"' 

(xa,ija~ ••• z)' .••..•. , ..•• 

. . . . . .. . . 
... • • • • • • tf' ••••••••• 

whel'tt' fft C:DY f s ..... , S . ) we will nplac:e • by e. • Ia eae ef the ,.... .•,.a 
I 

• • 
. .. 

pal't ef elemaau at ma&l"lce• V( sd,lj) aatl te• dla1eul elemeata , we 

wUlhave 



,, 
(x tjl -li' 1~ {~ "~jl .. X'•' 1) •• cr.... • .,~o_ •• 

cem.mon units , viz., between u th a..n.d (e.+l) th eecasien the cemmGD 

wnta ar•l)1, ~n· between Cf. ~hand (a.+s) tll,Gec&sia th~ ~fmlDl()Jl Wlita 

wUl be (n••na)( 1-slz) etc. 

In case ef say V(S~~<,\-) we have the waal Sa Q Elivi .. G1lnte tw• parts 

vis .• first nz. 1 units aacl rest. 

A Simplifie4 A.f:tr,O&c:h ~ ,. Siace we have, 

sethat we haV'e 

+ (I .. Q) V( ~~ (I-Q)' + ZQCcw ( ; ~---l f' X Xh,h·l~ Q' 

+ ZQ Cov ( i Mh·l; ~-l.h.) Q' + 2.0 C:ev. ( ;•){h·l; ~ ) (I-Q)• 
. ' 

+ZQ Cov ,( xh,h-l; ~) (I .. Q)' +ZQ Cw { Xb .. J ~) (l•Q)' •.. (3. Z. 5) 
. . . 

Now , before h th occ:asiCi>n we ..S: U be abeacly having V .("'iM h-l) and we can 

' 
very easily find "~JniAg variance,.. covariances. matrices. 

Nae:- Fe say h th eecaaien we waat te fW •riaace, cevariallee m.&tl'ix 

··- 2. 2. 
efeattmate ef xh. W• will pllt it •• e.-npNetl of twoS •s, ene ·s 1 will be 

. z 
for deviatien eflirst nz.l unit. lr-om a&m.e eyeraU mean , second S 2. will be 

awn et squares flf 4eviatlGB for remaining ~1 aaits lrem same everall mean. 



-ao .. 

. 
nzl 

sa a ( j_ - _L ) f .!:Q.. ) :E :& ( xb • tkt_ -~ •• l}("h. tk~ -Xb. .. , z r· 
lh,nz nl JI(L nl t=lk=l : . 

• 

. . 
.ll~ 1 
I::& (x.. ... ;: )(x -'X' )' 
t=l k•l n, tkf n •. 1 h, tku .h •• u 

nz 1- _ . _ 

~ :& { x. k - x ) ( ~ k - x. ~)' •.••••.• 
t=l kal .n,t ~ h, • .1 ,t 1 n, .. co 

az 1 
;E :%: ( X • Xh z) ( Xh tk.Z • X ., )l • • • • • • • 
tlld k;rl h. t:k:L • • • • h ••• Tot 

. . . ,'. . . . .. . .. 
. . . . . . 

but • • i 

x ( 1-Q)'/o 
1 

. .... l3.z.6) 

- M ( -M - - ·). ( ) -
":h · = Q, x h-1 + ~.h-1 .. ~-l,h + l·Q xh 

-M 
pwtiag·whieh: we have dh as 

-.. M ... .... ....- ..... M 
8h = Q ( xh.h-1 .. ~-l.h) + ( l-Q) ( xh .. xll-1 ) ... (.l. 3.1) 

-M 
variance e£ Gth eaa be pat very easily in. ferm.« type (l •. Z. S) 
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eccaai"Wl, ~fAa mewledae ~ (h+1) th kcaatoa; In thia caao we c:aa 

.. • (3. 4.1) 

Tbie can be Yel"y •••Uy 1et fsoem -.uatten-4 

'd(V{ t. W)) 

dQ = 0 

6. Uaharjate Study: 

•• ~·· •hift eur read• of aJJove multivariate study t• mU• 

vart.ate caee, i1t whick aU vectes and matrices. wiU aldft t• a scalar. 



CHAPTER IV 

SAMPLING PLAN II 

One .Stase 1\otatien )Vith ~:rtia' 1\~~ent of. psq's From One O.s~asioa. to 
A.nothel' 

Usually when we &l'e having· a multistage samplin.g clesigA,I'Otatian 

on all stages will :result in ctQ:Jaberaome eetil::na.tes. Further, it will 

re•ult in ~reased cost ft~r btentificatio.n of units and may involve more 

ceat for drawing a sample. As discussed in Chaptel' I, we de not want 

ultimate stage units t• appear indefinitely. awe • if we centtAue t• visit 

same unit , it tends to be leas cooperative after two or three visits. As 

a result of thisJnen~respense increases. So to compromise beth, we 

draW' a sample with ut\J&l suecesahre sampling procedure on p:recedhl.g 

,stages but by general retaticm pattern at tho last stage. Thb will held for 

all occasiOns. 

In this chapter we will consider a sampling plan fol' two stage 

sampling design involving rotation on second stage but invelvlng pal'tial 

reta~ent of ps units. 

1. The Sampling Plan: ..... For slmpllcity, let WJ ccmsider a p.opulatl&n 
and 

.conatatlng Q1 N pa~'s/in each p.tu we have same n~e:r L of ssu's. 

Suppe•e on .first occasion npsu•s are selected by simple raa4om sampling 

witheut replacement and .. : in e•ch psu 1 seq's &l'e drawn by general 

retation pattern. On sec~ oecasion, let u retabl np of these nps wsit• 

( where 0 < p < 1 ) but fol' rej;aiAed psuta we retain l1 sau'• and :r.-tate 

lz asu'a by new seu's using geaeral rotatio.rt. pattern such that 1/lz .11; r. 

This precedue e£ selecting samples c:aa be modified fl'em one eccad• to 

the uxt. This will be alea.r frem following illustration. 



' Illustration 

-z.J .• 

Fer example, l$t a c-..iiel' a populatiM with Nz!, and L:6. """· 

Let ws draw a sample ef siae nl whe:re·n = 4 and 1 :: 3. For thla ca•• 

we assume p = 0. 5, ti~z. and lz~~:l, setb.at lt+la=l=J. For sample ever 

sece.nd ec:easion,we retain ap psu•s ( at random) from a pau.•a of pl'eced-
., 

lag ec:caslCDD ancJ select 11 GJ psu•s at raAdem frem remabling (N •n) pau.•s. 

SSU's in :retab.ed pau's a.l'e retated by general rotation pattern. The 

Fi&Ul"fJ 4. Vl. 

bt De,::aslea &4 Oecas ien IDrfl Occaa ioa 

·~ smL ~ ssu ~ SM[. 

1 J.a3 1 Z34 l Z34 
z Ul 3 !34 .. za4 
3 1Z3 5 1Z3 " 5 Z34 
4 U3 ' 1Z3 6 Z34 

Tile retaiae4 psu•s ean be but illustrated by F~~e 4.1. Z 

PSU -
1 
z 
3 
4 
5 
6 
7 
8 

X 

X 

• 
X 

X 

X 

X 

DI Occasien 

X 

X 

X 

X 

.... 

IVth Occa•!• 
...... # 

~ ~ 

z 345 
4 345 

'7 345 
a 345 

IV Oeca.siea 

X 

X 

X 

X 



~ -
.....___ ' 

l.. SamJ!!lil'lg ever a o~c-.eas fel' u characters 

An 6blas..i eettmate .t the pepulatiGIL m.eaa 'Ncter ter the k th 

occaden , iAcluciblg tU.t en the h th occad• can be' written as 

h ' ) 
- - 0) - (i) - (1 -

+ E /.. Di a, , + B1 x. • ( D .a+ E1) x11 • ./ 
1 =1 ... • '· • 4. ••• 

..• (~. J. I) 

where 

,--(h) (-(h) - (ll) 
lll · • X X • . . ·1 •. .1 

-(h) ) ' 
• • • • , • X • • Ji 1 

• modified mean vecte:r 

on h th ~caaion uamaiDf4tl'matic apto ' and blcluding h th occasion. 

heJ'e .j"'(h~ .J =modified meaa pel' ••u fer J th c:~ra.cter using tnf•:r:ma.tten 

u.pte. anc! mcludiJlg h th ec:cas'ton. 

- (l) 

" 1• •• 
(i) ::(i) -(l) • = ( ii• .. 1 x;l ~) ••••.• x..., ) =mean vecter per sau 

'..... l .... 

on l th eccaaliNller the pal units which are having pau•a 
commen te f;tl) th oecatlon \ut are diflere.nt themselves 
( i • 1, •..• ~h) 

_-(1) 
here.-x1,. ,j • mean per a au. on 1 th. oc:ca•ton lor j th character ba•ed en 

pnl~ w:dts which are h&ving same psu'a ca. (i+l) th occ!a.sion 
but ar• dJ.ffeJie~themselvea ( i ;:i 1, .•.• h. j = 1, •.. ,.-,) 

{l) 

~1 •• 
- (i) - (i) - (i) t 

::: ( x. 1 x... .. •• • • • • x.. ) :::moan vectu fer ssu en. 1 th. 
'· • '· • • l ••• u.. 

occasion for the pnJ,_ unite which are common to (l+l) th 
occasion ( l • 1, , ..• , h). 

here x (i) =mean per eau on i th occasien_lor the pal units which are 
, l •. j common to {i+l)thoccasien{i •1, ...• ~, j •l ••... ,u). 

- (l) - (1) - (1) -(1) f 

xz.. • ( xa .. 1 Xz. •• z. •..••• xl .•. "' ) • mean vect9r per sau on I th 

occasion for the qnl unita which are not at all common 
te the (l+l)th occasion ( 1 • 1 •• : •• h) 



-(i) 
X ;a 

A •• J 

Di = 

mean per sau ea 1 th aec:asion for j th cbaia~ter fer the fi.nl 
units wbieh are actt at all c:emme.n to (1+1) th ~caaictn ( i=l, ••. h, 
j a 1 •...• u) 

dlll. dlZi ..... 4
lui 

•an •z~t ..... 4zm 
, .. . . . ....... . . la a u x u censtant . . . . .......... . . 

<lull d 
u.%1 

.... " d 
u~ 

we1ghtage mat7ix such that·O s okti~l ( k = 1, •••• u, t • 1, .•. , u , 

l = 1"" .. t h) 

elli ·1~1 ...... •tw. 

Ei 
•zu •zzt ·· · · · · · •aw. 

iaauxu. = . . . ...... . . . . . . . . . . 
ouli •.at ••••••• uui 

c:estant weightaae matrix a uch that o ~ ek~ ~_1_ ( k = 1, ••• , u, t = 1; .-:-:~: u, 

t = 1,· •.•. ,h ). 

These o
1 
'a and E1 '• are ·~ ehesen that V ( x (~). )• is miDimis•d· 

We c:an put ( 4. J.l) ia aaetheJ"" fcm as 

.... (h) h-l - -(i) ~1) - (1) (h) 
x = I: L D x + E1 x '· .. ( .n

1 
+ E

1
,) x1, _j +D x 

• • i=l i z. . ~. . . ' h z .. 

• • . . (4. a.a) 

where lis u xu identity .mauis, the v&J'i&Aee. ef (4.2.. Z.) can be put a a 

' ,, \ . 

._ .. 
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s Z(h) 

""t _ _r:_) s..Z(h) + (....L _ _!_) _!_ Jn•h 
f{JIIl N -1 1 L nq 

s l(h) 

+-m L-< _L ___ t > 8 l(h) + < -Jr _ _L) _!__J•• 
... h np N 1 1f ·x., np h 

'I 

_!_ ) s !(i) + ( _L - -l ) 
N 1 1 L 

, sa!l) -
2. _j D' 

S l(i) aq i 

..L) _L_ _j E' +(D +.E) 
L ap · 1 1 i 

•••• (Z 4. Z. 3) 

-~·· 



----- -1.7-,--__ 
", - -- (t) - (t) -- (t) - (t) )' 

S Z(t) • ~ ' t ( xij • xt,. >. ( xij .. xi. 

z i =1 j =1 N ( L-1) 
= ~ru meAD oum of 

•41uarea and means sum ef proclw::ta matl'ix between ssu meaa vec:tuo on 

t th ecc:asion ( t • 1, .••• ,b.) 

<:- <t> - <t> x- <t'> - (t'>)v 
(t, t•) (t) (t') N zi. - x.. xi. - x •. 

p S S = 1:: =true covariance 
1 l 1 i::::l N -1 

matrix between ps u moan vectors pn t th and t 'th ec:cas ion ( t 'I t • ::;~ 1, ... h ) 

N L ( - (t) -- (t)) ~(t'l - (t'))' 
(t) (t ') Xu x1• ,x:! x 1• 

{t., t·•) s s • 1: ::E ~ •.a ::a true 
Pz. Z Z i=l pl N ( L·l) 
ceva~ nee matrix between sa u mean vectors en t th and t • th occasien 

( t 1 t •• 1, .... , h) 

lll mut ef the cases encountered in practice·~ , populatiana a.-e 

sufficiently larse, in case popula.tio.n is sufficiently large tho te.rms of 

o:rder 1/N and 1/L caa be ignerecl and vari~ace .of eatlmate-x(h) i.e. (4. z. 3) .. 
can be put in the fo:rm 

- s l'(h) 
V( X (h) ) .. L- 1 + 

• . np 

S l'(h) - B l'(h~ S l'(h) 
1. - !:::. 1 z -

np 1 z 
_/-Z(Dh'+Eh)L --+ _j 

np np 1
1 

8 (h)s (h-1) 
1 1 

S Z.(i) S Z(i) 
h- - 1 + Z JD' 

+ ::E L Di .L nf.J aql i np 

s l(i) 
1 
np 

1(1) 1=1 s l'~i) l'(i) 
8z 1 

5z -+ J E'+( D + E )L- --- + J 
np ~ i i i ap np ~ 

s (1) s (i+!) s (i) s (1+1) 
(D +:S )' + ZE L- (l,itl) t 1 + P (1,1+1) a z Jr.• 

i i i Pl np Z np ~ ~+1) 

s (i ') s (i+l) 
(1', 1+1) 1 z 

-".?lDi +Jt.i) a. .. ....::=------- t ../ ~ · 1 np E {i +1) . • • · · (4. 2.. 4) 



Now, if fer aimpllcity we put 

aZ(t) = S Z(t) + 8 Z(t)·/ 1 
1 1 

.. l(t) a sll(t) + Szl(t) I ~ 

.,.l'(t) = s l'(t) + s l'(t} I 1 
1 z z 

~b.· h-1 
ap 

J ·-
E(i+l) .f ... (4.1. 5) 

We can P"* (4. Z. 5) as 

v(x (h) ) • . . 

where 

t1 l{h) l';~b.) ' 1 a G "! z ( :Db + sh } a + z E h-1 ~'h, h·l' 

and 

+; LEi .,_1(1) Z\ + ( Di t Ei) •1'(1) ( Dl + l&i )' 
i=l 

..... 



er (4. Z. 6) can be pl¢ as 

v(x \h) ) -= .... (4. z. 6a) . . 

New w• haft te utl that val• .r p fo• which V( x (h) ) is 
•• 

mhdmt;Un. smee vrx .. <~b a. ux uva:rtance. covariance mat:rtxwe 

cann'* fhuJ optim~. P.frem. ·~uatiens 'dvrx (h) ) I d p --o. 

eith•r m.J.nimis·e gene:raUsed variance or ·~of variances in mat:rix 

V(x (i) ) i.e. ts-ace V( x (h) ). Since gene:r~llsed variance needs ' . . . . 
. evaluation Qf dete:J"mlnent of matrix V ( x (tl) ') ,. hence fer tdJl'lplicity 

we will minimise trace V { ;: (h) ) , W'!'. have .. 

. .• (4.a.v) 

· slace q = 1-p, hence wo put q • 1-p and equate dtr V (x (h' )I d p • 0, 

( - (h)> I . •Cl'¥'-tiug ()A V x. 'J p • 0 we have 
•• 

p = / t.r · / b* 1 I ( / t:r .D.* 1 + fi d i ) 
' 

Pattin& this value of p•.a.p 1a (4. 3. !5), we have, • 
l(h) l'(h) 

• & 
V:(x (h) ) = .. -~--])• 

ACio f 



.•••.. (4. ~. 5a) 

where Cl •1 • p 
0 • 

Valua.e ef cGI.Il,atant welahtage factol' rnatl'icea D
1 

and Ei ( . i = l •..• ,h) 

fflr which V (; •. (h)) b mmimum ean. bo ob~ined from a set of linear 

equatt._ given by 

'dv(x (h)) 1 d o = o 1 = 1, ••••• h 
• • 1 

& .v <x (h) > /o E • o 1 = 1 •••••• h 
. . 1 

we have this set of &•I' eqll&tions as, 

( P /q. o.!(i) + .,1'(1) ) o• + 0 1'(1) E' .. ~ , x:• • b 
o 0 i i . t'/•iH i+l ·,· 

t • 1, 4 • ••• h-1 

1'(1) D- t t ( 1(1) t l'(i) ·A ) •t A -. no t A. 'C"I .... 0 
Cl i 4 .a · • rt•.ltl .., i .. ,...i',l+l' ...,1<.."' ,...i,i+l~~~.~ i+l-

iatl ..... h-1 

..,l'(h) D'b + ( ._l(h) + 4 1'fh)) E'h • 6 11(h) 

Thla set of linear equatiena can be p.Ql in the form· 

TM •Z ••. (4.2.8) 

·Hel'e T ia 2h x Zh matrix~ .M aad Z an 2h x b·m.atrkes • whe1-e 1 
I 

' 1 •(h) 1 '(h'l M •. ( D1 D z ••••.•• Dh El .Ez ••.•• Eb )J Z =(Q Ot ••• • .• , () 2.a. 0 0 •. G -(tl 

I 



.... '• I 

-3'1.-

. P/•e a 2(1) + cal'(l) 0 0 . ' ...... 0 .. 1*(1) •#St•z 0 . . ' .. 0 

0 

• • 

0 •••••• 

., /• •• z(a)...,_l•(z) 

• • • • . . . 
• • 

i •••••••• 0 0 al'(Z) ""'z•3 
' ........ ,. . • • • •• 

. . ' ••• 

0 

• . , " ....• .,.;.._.a(hh ~1$) 0 • • 

0 .•••• 0 

. . . .. / .. 
/1 . 
I l'(Ja) .. " ••• .,_l I • 

T• 1 ._1'(1) 
• • • • • .. ' ..... . Q.l(l)t. ..,1•(1) .. ~J ,

1 ·Pu 0 / ·I 0 . . ' 
... tsl'Z 

0 

•1'(Z) Q •• 
••••••••• 0 

0 .l(z)+al'(z).raz·~~Z3 • • o 
j 

Q 

:o 

0 I 
? 

-i'z•3 

0 

0 

•• •• • ••• 6 . . . . . 

•• • a • • . • • •l'(a) 0 ' ';' .. 

Frem (4. Z.l) we can get unique aelutiea ef Mas 14 • T'"'1 Z lf if is aa-a,..gular. 
~" 

U matrix Tis puitive defb:dt~;'-e caa find ita iaverse by the fellinring methcht. 

• •• . . 
·' . 
. .. Cll(h)+al'(h 
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X..t T = K ( I - T* ) 

where K is seme custant , such that any element o! T* liea between 

zero and ene. Hence tr~nafetrm matrix T into a ma'*rix &1 form 

-1 - ..... -1 
K( l • ·T*) whe~e T* •I- T/K. New T = L K(l·T*)_/ a 

1 ,.. ~ -- L I+ r• +.Tl!l '+ ..••.... -' 80 that we have approximate value o1 k . 

T •1 as. 

T -l :z ( ~ + T~) I K .•.• (4.2.9) 

Putting this value at T•l ill (4. Z. 8) matrix J4 can be easily evaluated. 

If T is not pesitlve definite but ls non.•singular then also 

matru T ef any orur c:aa be easily inverte4 011 any digital alec:t~oalc 

computer and m~um weight&ge factoJ' matrices c:a.n. be easily 
f 

evaluated . Using these Jninimum: weighta.~e fac::te• mat:rlcea we taft 

' - (h) 
get minimu.rn linear unbiased ••timate •f X • . . 
3 • ~atimate of' Change : - We can estimate change in population· 

from (h-1) th oecaaicm to h th ecc:aatou ae 

-d{h) where 

v ( d (h)) = 

- (h) - (h) - (h~l) 
d :Iii X • X .... (4.3.1) 

• estimate ot change. and V 

( - (h) ) ( - (h-1) ) ( - (h)" - (h-1) ) v X.. + v x.. .. a Cov x. . ' X , 

••.•.. (4.3.2) 

Heace we can estimate chaage !rem (b-1) th Cl.ecasion to h th ~casicm. 

f:rom (4. 3.1) a.o.d variaace:, ~ovariance mairloc tf this chang• can be 

ftN.lld by u•ing expzoeadoa (~. 3. Z). In ge.neral we can ?ut utlmate e1 

cha.nge in population fro.rn j th to i th occasion ( l > j ) as 
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(j.) - - .. ~ <•· 3. 3) 

' 4. Ovel'all estimate of mean vectOJ": . Ia seme ca'8ea we· &7e ref{ubecl to 

find over all estimate eveJ' a given bitervali. •· aay eveza:il es'tim~te ef 

fe:r k ecc:aaion. Then this ovel'all estimate can be put a.a 

-- (h) 
X 

h 
= E w,. ;;(t) , t = j. (j+l~ •.•..• O+k-1) ' h 

t=) ,. 

who~e wJ t "'J+r •.••.• wj+k-l + wh = 1 

a,~ •. wt 'a ( .t • j •. ;. •h ) are s«Jme suitable weig~g~ matrix depending 

upon the re~tiy:~ impertance of the (itecalllione ar they may be eo chosen 

that va l'lance 111 minln'lis ed • 

S. V Modified Estimate ef preyieus eec;,asi41a 
I .I ; ,. ,. ' ·, 

Previous occas ian estbna.tf , can be nl:oclf:iieGI on lell.wj.Qg 

occ:asl• , by uaing the Jmowledl• of followirlg ecc:asiQA , b say h th 

= A* :X {b.) .•. d ( I .. A*) i (~ +l) ... •... (4. 5.1) . 
Whel'e A* is a constant weighia~e factor mat:rt., x ~~h) u modi£ied 

mean vector fDf h th eccasion estimate utilising the information ef (h+l) th 

occasion also. 

-; (h) and x (h+l) are same as for estimate 4. a.t-. 

6.. Particular cases -=;;.;::;...;;;;:,;.;..;;....;;;-.,;.,;;;.,;.._ 

(i) '!'we occasiens ( h • Z). Estimate and variance:- can be vel'y e&etiy 
. 

ebtaiae4 frem {4. Z.l) and (4. a. 3) by puttlna h • z. 



X 
'- (1) + • dx 1) 

• D xz .. 1 .. . 1 1 .. 
- (~) . . 

...... {4.6.1) 

Same way vari&nce, c::cwarlaace matrix can alao be put. ld,a.tl'ix T 

will be 4u x 4 u :matrix ol the fem of matrbc for h occ:asiGJU • 

(ii) Un~va,;iate case 

I ' ~ . 

.JJi' ~ 

(a) .. ~ .Qeca.s)•i:ts!£ ht.'thia c;ase all : vecter• and matrices will rtduce 

ta ac:alar qaanti:U.ea and estimate (4. Z.l) etc. can bca simplified • 

Stm.pllficatlen 1• fjuite eas~ • hence neecl net be put in thesis. 

( b'} Two eceaslOlif ( a • ~J : la this case alao all vec:ter• ucl m.aN'icee 

will re4W:'e to scalars aad we ea.D. pat 'h =t Z.' u4 get ea~unate ,.,.. it• 

ya:l'ianc:e cn&rianc'e matrix 1h a aunilar m&JUl.er. .... ~" a.Uo mJnim\se 

T:z 
.1•(1) 0 

l'(Z) 
41., 0 

- f}l'Z 

' a.l'(J) 

0 

l(Z) + l'(Z) 
• . G 



CHAPTER V 

SAMPLING PLAN .Ul 

One Stase Retatien with a part ef PSU's Retalnell threugheut all eccaaiana 

In thie chapter we wUl consider a sampling plan similar te that 
.Hz.L 

censldered in Chapter IV but with/cli!ference in retainment of psu's. Ia 

this sampling plan a part AP ef peu's is kept same. from occasion to ocea.dGD. 

but • ,· _n a f:raction nq of psu's is selected afresh at each occasion f:rem 

remaining N -np psu's. lB retaine4)1 psu's, ssu.•s are centinuou.sly rotated 

by general retatien pattel'n. This will be clear from the feUowtna illustr• 

atioa: 

lllustratien: Let wa assume tbra.t we have a. pepulati-. with N=8 ae paa's 

ancl fer simplicity we assume that each psu centai.u ••me nt.anfber of ssu' s 

sa~ L • 6 anal we want te select a sample of size a a 4 ancll = 3 whereia 

we have p = 1/Z sa that np = Z alsel = ~ ancll a 1 •• that 1 +1 = 3. Then 
1 a 1 z. 

in this case the eam:p1e en aU ~eaeieaa may be ef ferm shawa ia !ig. 5.1. 

FigUl"e 5.1 

Iat Occaden nne~ Occasion lllr4 Occasien Iy_th ~caeiQQ -

PSU ssu PSU ssu PSU ssu PSU ssu 

2. 12.3 z. Zl4 ~ 345 z 456 
6 12.3 6 2.34 6 345 6 456 
5 143 8 1Z4 3 2.35 8 345 
7 145 1 135 5 346 7 456 

In thi5B ease we have ~,6 as eemm.en psu's • L .Pasttie.n. fer seu1s in 

retainetl psu's will be mere clear trom figure 5. 2. 
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Occaaiaa:~ 1 

ssu 

1 
.a 

"' • 5 
6 

ma h th eccaal-. CAUl. b• WJ:~e.ll as 

z-(h) • A i (h) . . a .. 

X 

X 

X 

+ (1-A) x- <r> a •• 

X 

X lJ 

X X X 

X X 

X 

.... (5.1 .. 1) 

Here A is a u .x: u ceaatant weightage factor matrix such that 0 ~ aij-:::;. 1 

( i 1 ) -(h) J. -(h) - (h) , .. = , ..• , u , j = 1, .•• , 11 and x., , m \ x,. • 1 . . • . • . x.,, = 
1::. • • .. • • ~ ...... Q 

medllie4 mean vector at h th occasion for u charactera unc:ler study fer 

retained psu'•. 

where x1~!.1 a moclilied mean at a th occaaiea fer 1 th c::hal"&~tel" 

slwlly fer reta.taetl paa'• ( t = 1, ••• ,tl) fv.ther 

-}:! .. = Q (-x(h-1) + - (h .h-1). -s(h..y}r.lij) + ( l•Q )~ (Jl) 
a • ~ . XI. • 1. . 1 .. 

where -x (h) ia eaUmate aimilaJ' t• t~t in C.hapte• lV. 
1 •• 

0 i• a c•atant weightage factor matr!.* such that 0 ~ qij ~ 1 
- (h~) 

•.. (5.1. 2.) 

( i * 1, • • • •, U, j c 1, • .·., U ) &A.G XZ'. • is J;neclifie• Jne&A vector at 

(h•l)th eccasic. 



-37- ---'71..- ·1) - (- (h,h-1) alae x ,~,n· = s. 
(h,h-1) 

~l •. A 
(b,h-1) - )' 

1. . ' ,. •. 1 • t • • X.. = Xll..MB. 
1 ... t1 

~ 

Ytd&S' per ••u. on b th eecaaiealor n• J,_ units whlc!l are ~(Unm.C)n te lD. th 

eecasion au 0 h-1) ih eccaslen. Here 

(h,h-1) . 
-"l •• j :z mean p$1' 81!$U. Gil a th occ:aei~n for j th cha.J."'-~\4U' ffiq Jlpll 

unit• whick are cemmon te h th a.rd (h·l) th occa.sta. 

- (h-l.h) (h-1,11) (h·l,b,} - (h ... l,b) • 
xl = \x1 1 x1 ., ••••.•• x ) = mean 

. . • . . . • 1 •. u 

vectol' per IU u en (h·l) th occasion lo'J' np ·11 units which are common to 

(a-1) th ancl h th occasion. 

Hl're ·x- (h-1. h) = mean pe:r ssu on ( h-1) th occasion for j th character 1 .. j 

f•r np ~ wdta which are cemm8D. to h th J and (h·l) th occasion. 

Puttin1 (5.1.-Z) ln successicm 1n (5.1.1) we will have unbiased linear estimate 

of u characters at h th occasion as 

- (h) - (h) h-l 1 - - (h-i) (h-i,h-1-1) 
x.. a A xa.. + (l·A) i~o- Q L (1-Q) ~.. + Q ( 'ilo. 

dh-i-1, h ... i) ) .1- .... Q h-1- (1) . (5 1 3) 
•,X_:• T ]( ••••• •• 

1. • 1 .. ~. 

The variance of this • fer lar,se P8I;>ulati&n at both stages (1. e. ignorlns 

fpc at b~h stages ) will be of the form, 

V ( x (h.) ) • A V(i (h) ) A' + (l-A) L_*"!!" ~-~ 4l,(l.,.Q) V (x
1
• _(h•i))(I...Q~)1 

.,., 

.. z... . - 1=1 . ' 

L- _ (h-i ,;1:~-i ~~) _ .... - 1 
+ Q V ( x1.. ) + v ( x (h-1-l,h·i), J Q' J Q'~(l-A~} 

l.. h-1 . 
+ (I·A) oh·l v c -;/t

1
1> } Q,h-l < I-A)' + zcx-A)_ L- :z; o ~ Llx-o) 
• · , t=e 

CoY ( x (~·i) •- (1} ) + Q ( Coy: (- (h-i), h·i-1) x (1) ) 
1. ~ "1. . ~- .. 1 .• 

-Cov ( x
1 

~h-i-1);: h'~i)" ·~~
1 

x. (i) ) J Q' h .J (I-A/)1 - Z (1-A) 
h 1 . • J. ... 

L- '1:.- Qi+l Cov ( x (h-~,h·i-1)' x (h-1-l,h-i)) Q'(i+l) _j 
i::o - h-1

1
·• h-1 1.:.... . 

(1-A) • + z(I-A) L 1: E o1 c 1--4) L co,. e-x (h-l), - (h·J ,h-J-1\ 
1 j 

1. • -"1 •• 
=o :::;. o 

i,tj 
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icl. •(h·J-l,h-j} • J Q '(j+l) J {i·A)f -1{l·A~ 

0 1+1 cev < :x
1 
.. (h·i,h-1-t), ~~- ~lt·J.;;l).h·J)) ah+V.](l·A)' 

- h-l h-1 
+ Z(l-A) L E E 

izo j =o 

i . -..;. '(h-1) - (h·j) l - .,. 
Q (l..Q) Cw t~•l.. , xt.. ) ( x ... Q)' Q' _/ (1-A)' 

i ;'j .•.• (5.1.4) 

. .In funher ~·••• ajso we; will •••ume pepulatt• U. tM Jars• ea both etas••· 
I - (i) _(i, ,'f4) ' 
:tu:e x1•. . • x

1
;. ar_, baWl& same set ef pn ~ tm:lts cemm.ea., heaee 

we ~a ~lwaya u.ae the appreximattea , 

I i 

_: (h-i~ - (h·l.~-i-1) ' - (h•i, h-1·1) 
CGPt ( "1.. I .ll't... ' ) :a y ( ~- • ) 

. - (h-i-1) - (a~t-1),(h·l) __ (h-t-l,h-1 ) 
-<;ov ( ~... ·; JrL ~ ) = V ( ~-. ) aad 

. (- (li·i) _(h·i·l,h·U ) ( _ {h·i-1) _ (h·l) ) 
Cev x1. , x 1 _ = Cev .x

1 
, z. 

• • • • l- .. • • '· • 

C {- (h-i•l} - (h•i, h•i-1) ) C " 1- (h•iiih~t .. l) - (h•i•l,h•l) ) 
• ev xl· ' x.. ·= ev '- "1 .xl . . l.' . . . . 

I 

Puttina these in (5~ 1. 4) we haw 

V (x (h) ) =A. V (.i' , '(ll) ) .(\-!+(lt.)\) Qh·l V (:X (I) ) Q,h·l (I-A)' 
l • l. . )i -1 . ' 1. • . 

+ (l·A) L- ~ ,01 (1-Q) v ( ii. (h•l) ( 1-Q)' Q,l J (I-A •) 
l=o ·• 

+( 1·A) L- :-~1 C ( tu-o) v ,- (h-t).~-t-1) ) o• J- Q'i J- (1-A') 
i.:m ' '--~~ •. 

h-G- {h 'i 1 Jl'~l) 
-<1-.A.) L- E gi+l v r £· \. - - .• ,· . ) Q•(i+t) J-' (1-A)' 

1 =o 1. • 

h-a h-·~ · ( t) < . .t h ) 
+1(1-.A.) L E i: L91 (1-Q) /..- Cev '"1 h· , ;: h•J• ·j·

1 
) 

1 =o j =o • • 1. · ' 

.. CoY (X (h-\f~ X (~·J -l.h-~) ) J Q'(j+l) J (I-A}' + Z(l-A) 
h-2 l.. 1· . 

L- E Q ~- ( I-Q) Cev (. x- {h·i), - (1) j - Q CoY ('i (h·t.-l),- (l)) J 
i=o 1.. ~.. 1.. "1 .. 

· h-2 h-Z ( ) (h ) 
Q'h J (1-A)' + Z{l•A) L- E E cl (I-Q) Ctv ( ~ h-i , X -j )(l-Q)'Q,i J 

· iae ;=o ·.. 1. · 
'~j (l·A)' . . . . (5 .1. 5)-; 



These eeva:riances ( iB 5.1. 5) will be zere U 1-i-J l ~roa*•r thaa :rt• 

Since (r+l) th eccasien and first occasion a :re not having any cemm.-. 

uait, further cevarianc.e bltween (r+m+l) ·th <k:casiea aJUI first occaai9n 

ia aaeumecl te be zero due t• c-..1der'&ble t~ lAs bltwee.n these 

ecca.siens o As in Chaptel' lV ,. here also we can put 
{h) st1(li) s l(h) J 

V ( x~ } = - + ~l ancl·•••• 
•· o • Af.l D.CJ 

.further we ,;an fp~ 

.. Z(h) = s/'(h) + s~ ~(h) I 1 ~s in Chapter IV t 

Putting these ln (5 ol. '5) we .have 

V ( x (h) ) ;;:t"A 6 Z(h) A' t (I .. A) Qh·l 4 l(l} Q' l/~:{J( I-A)' 
•·• nq ap ~ J 

+(I-A) ~-1cl (1-Q) al(h-l) (1-Q) ' Q,i ( l·A)• 
1=e ap 

- (I-A) ~a Qi+l &1(h.ot-l,h·i) (lt(i+l) (.'!·A)' 
i=e DIJ 

ll·Z h·Z ~ · 
t !(l·A) L- E E o.l (1-Q) ~..- (b-i,h·j,h-J-1) 

, i=o jao , 
i~j 

.. 
llp 

fl(h·i,(h·J·h·J.·l~) . J Q• (j+l) ) ( I-AY- (I·A) 

' 
* • - Q _"t_h-_l-_1._1_)- J .. , 

Q
l ~(h•l.h•j) 

( l·Q) 
- np 

.•.•.•• (5.1. 6) 

We c:an. put (Solo6) as 
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) z A 6 3 A I + {I-A) Ll4 ( 1 - A ) ' 
nq np 

• • • • (5 .1. 7) 

where 
A Z (h) 
L.l3 = • 

and .D. = a um ef terms with 11 ap a • coffictents in ( S .1. o) 

Minimum valae ef matrix 0 can be get fre.m 

an.d 
b.* 4 =(I-A) t14 ( 1-A)'/a we caa put (5.1. 7) as 

- (h) 
V ( X ) z /1* /f! + 6$ A jp • . 3 "'I 

•.•• (S.l. 7a) 

for eptimuxn n.lue of p we minimiee trace of variance and cova ria nee 

matrix ( t>;J41 + LJ~ / p ) so we wUl get eptimwn p .frem equation 

d tr- ( D."' 3 /q + ~4 /p) / 'd p = 0 

" \ r 
The value will be' llo = rtr 6* 4 I ( I t:r~*, +,GA4 ) 

Hence_ we ~an pt.lt p = p
0 

in (5.1. 7) then we wil.J.-h.aie 

(
- (h) v X )•A 

whare qe • (1\rp 
0 

) 

i13 
nqo 

we can .find optilnum weiglttag• .facte;r matrix A from equation 

'd V ( x (h) ) > dA = 0 • . . 
-1 

From above equatienwe_U.veA' ={ Pjtl
0
A 3 + ~ 4 ) L). 4 ••• (S.l.ft) 

Hence we have 

V ( x •.• (h) ) =A
0 

£). 3 A'
0 

I .o.qo + ( I-A0 ) P,4 I np_9{I-A
0

)' 

., ..• (5.1. fJ) 



-. 
Parttc~lar !f•••~ 

z.. Sam!lias. ..,.r twe tteca•i••.f'!_l' \1 ehara.cte!•( h ! a ) 

Puttlag; h :: Z ia (5.1. 3} ·estimate ef p•pulatiu m&al\ v•ctu •£ 11 

- (1) 'A - (2.) 
X ;t · X 

' • 2 .• 

• ••••. (5. l.l} 

P\lttln.g h. • 2. in (5 .1. 6} we get 

V (
- (2.) 2.(1) 1(1) .l(z) 

A 0 A 1 + (I ... A)Q !-- Q' (l·A)'+(l·A)(I· .T.Q) -r-X ): •• ~ ~ ~ 

Cll{l) 
(1-Q)'(I ... A)' +(I-A) Q (1-Q) -;p (I-Q)'Q'(I•A)' 

al(Z ,1) al(l; 3) 
+ (I-A)(U·Q) ---- Q' (l-A)1 

.. (l•A) Q_ ------ Q'(l•A)' 
Ap 

+ &(l·A)(I:Q) L-,(a ~(lf) Y•P • ~(1, (~)}/ap Ja• (I-A)• 

- ~'<a•ll -(1-A)Q I' ( (ZJ). {1, !)) /ap Q' ( 1-A)' + 1(1-A) L (1-Q) ' 

_ • a ~~L Jo• (I-A)'+ Z(I-A)(I-Q) l'(l,!l (I-Q)'(I:)' 

' 

Ia th6 aame way (5.1. 9) willrecluee t• 

v( i .. <z) ) • A•~ 3 1 aq•) A'• + (I·A.) :: (l·A.>' 

• 
where 1::. • o.Z(Z) 

3 

auA4 = sum et terms with 1/np as eeeffielu.t in (5. a. :a). 

H•r• P• -~ ~4 I (jt; ~ +/tr ~. ) , 

•• '· •• (5 .. a. z) 

..... (5.Z.4) 

•••••• (s. a. s ) 
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--
3. Sa:!!?:plia(. e'Ve~ h eec~•i••.! feJ: a siasle charac:te.r 

The esttm.te can be me4lfie• f.rem (5.1. 3) censlierillg all 

Putting u. = 1 the estimate el pepulatien mean at h th ecc:aeien bee~•, 

- (h) (h) h-l i - - (h-1} - (h ... l,h-1-1) ) 
.x: .: a ·i' · + (1-a) ,I; q L ( l,.q) x: +· q ( x. • . z . . 1 :::0 1. . . 1 •• 

- (h ... i-l,h.-i)_ ,(b-1)- ~1) 
- X. _/ + tJ X • • • • • (5, 3.1) 

1. • 1. ' 

•n• nraJice ef tbb estimate ia 

- (h) z 
V( X ) = .. 

Z(h) 
a. lfl) h·l . 

+ ( l-a)a ql(h-1) fL- + ( 1,..,a l: ,~ ( l-t)z 
•• 

l{h i) h-l 
! . .. - + ( 1-a )z, ~ 

np ... 
1\P i=-

l{h.-i,h .. i-1) 
q!t+l ( .. q) ..... .__' --

np 

2. h-2. !i+l l(h·i-l,h·l) h-Z. b.·Z 
-·-~~-....:..-- +·!(1-a)a z E ,<i+J+l} -(1-a) E q 

•=- ap i=e j.;:e 

1;/j 

fS(h-l,(h-j-l},h-j)) -------_/ 
np 

. ..... - ·-~ ~(h-i,(h-J,a-J-1)) 
(1-q)L . 

ap 

~(h-i-1,1) -------J Ap 

A.p 
. • • • . • • (5. 3. 2.) 

In the eame way (5.1. 9) will reduce te 

V( ;" (h) ) = a2. 43 + ( l·•e)z /\_I ap ... 
•. o nq ~ -

• .. 
w he1'e .6 3 = ·· .l a. ~(b) 

. •• (5.3.3)" 



asa.d '\ a, elam ef tenu wltk J/ap aa ceefflcieat la (5. 3. a) 

Here p • /~ I <M t A ) • • • 

allUil q •1 • p 

• • 

(5. 3.4) 

&llcl . a 8 • .CV ( P/1• 6 1 + ~ ) ••• {5. 3. 5 ) 

occ:••len bee .nee, 

~ (~) * a iJ~~) + ( 1-a) q{ ~~l! + "1. ~Z.l) • ~. • (lZ) ). + (l...aJ.(l·•~L {•Z., 

•.. (5.1.1) 

:Putting h a a in (5. 3. a) we have 
I 

z ~ 
.. (1-•) 1{~ fl (C~l)f· (lJ) )/ap 

• 2 1 
, .. q - ) ~ 1(1-a) (1-q) ~12/n• ap - .,.. 

1D the same •Y (5. 3. 3) wUl retlq,ce tG 

Here r. 
.) 

... {5.4.4) 
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..... (5. ··' 5) 

Nete: .. Estimate for ehange and eve~all e·stimate are obvious and 
can be easily m~lfied from. aheve estim.ates. Hence they are 
net put h\ the thesis. 

Furthe,r Ccs idera~w 

6 J. Ch:Lnge ~ aamP,l• ·~•.. :- JA. 110~ ea..aea we may be #'equ1re4 te 

tnc:rease or decrease sample sizes , due to high var).a.u~e or aue to lnvelv-

meAt of mer~ ceat in survey than men.e.y sanctioned. lD. such a situation 

estmatietll preceiures will become quite cwnber•came ior aamplf.na ')la.n I 

ad sampling pla.a II, bUt fer sampliqs plan liZ we e&A make ••Y change 

pJ'ec'iat-. er ucreaae cut ( aa may be !ric Umalld ef situati-. Wl~er 

cmsideratien}. Frem this we can very well c:-.clu4e that aampUng plaa Ill 
• 

ia mwe flaxiblo than sampling planl aatl 11. 

6. Estimate .r V&J'iaace : IIi the abeve cliacWI&ed. estima~•• l. •· t.n 

Chapter m, IV .... V estimate et V&l'iance &an ~-easily ebtainetl by puttfAg 

Say ffi»r exampt. f we had 

. (h) l(h) l(h) 
v~.. . ) :r: \ 1 ,.-, + sl I ap Jt . 

: ' l(h) ( l(h) 
New we knew that §l = e1

1 h)· - •a /11 

( lgnering fpc). PuttiQ.g these in (5.6.l).we bave 

V ( i (h) ) • a l(h) / rip 
1.- ~ 1 

If we cons ide• a finite peputl•, than we have 

• •• (5.6.1) 

••• (5.6. !) 
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~---
'<hr -L_ 1 ) sll(h) + ( _L ~. ·-\7 )_s/(a) v ( ~ .. - .) = ( .- lL np N 

In this caee we willlvtve 
. . ,. . (5.6. 3) 

l(h) = 8 l{h) aad 
1(h) l(h) ... ( 1 __L) a l(h) 

sa sl -z "'1 1 L Z 

He-.ce we have l(h) 
(h) 1 _J_ ) .ll(h) 1 1 •z 

v rxz .. ) = ( + (-- x;.J.if --- '1-lf.P N . 
•.. (5.6.4) 

~ varla.ace of estimates C:9Jl81der\ld,a.ud can; .,.ry uatly w•!te eetimate 

ef V&J;iance. 
'' 

1. UneCJ...ual•.~e•!S atas• ... ita: In previous eases dealt with , we have 

ceu~.e,~cl equal sec81Ul stage .Ute in a giYen pl'imary staae tmits. 

Usually tid; ia net the ease with pep.al,&tl$1\a eac._el'etl f.a practice. 

dfffere~~w.• wlll draw a sample with general rotatieA pattera ea auccesa

. tve eec:&atea.a with llp peu'a retained as4 say in 1 th pau we eaumerate 
1 • 

11 ~tte el which 111 wail &J'e kept same as ia pl'etri.eus ~cadon but lzi 

umta are n.tate4 in su.ch a ...,.y that J.tft31 = r tw i •1, •.•. ,N. la this 

case all ~em.pene•• ef variatt-. c·ct.a.tdlnatiag to, tlle total val't.a~"' ~ill be 

med,1fi~4. The mettificaUea.caa be ll~.u¢rated by taldng 011e ef the 

' - (h) 
c•m:p<m.enta ef v&l'ianc:e, by aay V(x1•• ). 

New we hacl ia (6.6. J) ., V( XJ •• (h)) = ( :P 1 -N 
l(h) 1 1 )s +(-- -) 

1 1 L 
1 

s l(h) 
I 

ap 

---... . 

..,. 

1 



' In this ease l#e will~ &4 ve 

) 
s l(h) 

%1 
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nttmbla,- •£ lulu1s in 1 th pn1. 

1 ;(_!_ __ 1_) 

1=1 11 Ll 

s l(h) 
21 •. .... (5. ?.1) 

'l;'he; esthwtte ,el''V$.j1aAte J:a. this c&tte~· caa iL.l•• be get tn the 

m.a-...~ d,i.aewased iA 6. 

a~. Ttl!!• ·•ase Sam.ptini. 

'Opt ..... we !law ~·ut.eteJ'e4 o.aly ..... eta\ •• sampling eleaisn 

bat U we are ha'rin~&_. aay, three stage sampJJ..a.s 4eaip. the!t abeve scheme 

caa be a~~ uefl -~~~ slight m.tUic:att,n. ·~this caa• we shall keep 

er Rplac:o aa~ first anti eeeea,4 8~1• uo.its but at tliiJ'GI, atase we ~U 
-

ae.lett' 'Wlita by aeunlJ:•ti- -,-~~lnl.-, The esttma.te will mo4:t.tt a.e 

fellow•-

there a" M aau•a aa4 ia each ••'- •• have l. third stage mdta. Let u 

assume that we have uawa a sample cenaiat.ing ef A pau•a aatl ill each 
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-same a$tiea a a ·ill prevteu eases we c:aa m..tify all <:em~ate 
"' 

- (h) 
el ya'fiaac;•. Ja eaae el ftzil&.a.ee fJf x1• • .mfldiffcati• will be 

v ( ~ jh) ) 
2.. ' • 

1 ~ 1 ) ~ Z(h) + ( _!_ •( ,q- ---;- ~1 m 
...L) 
M 

and 

S Z(h) 
S1l(h) l _1' ) 3 

nq + ( ~ - L -llDlfl-- ...... (s. s.t) 

s 2.(h) = 
1 

I 
N 

S Z(li.) :: 
3 

1' . :. ( X ·~) • X (h) )2. 
N ... 1 l=l i.. . .... 

( ~ (h) - (h) } 2 
N W . xtj ~ x1 •• 
::& E~ . .M-1 
i~ j;J. 

(h) '(h) ) z 
{ xijk - xij •• 

1 
NM 

1 

( 

8 
Z(h). z ___.. + 

Nq 

'I 

L-1 

.L_ ) 
M 

l 8 Z(h) 
- J' _3._ _ 
L NMlJ. 

• ! t • (5. 8. 3) 

ln the same way oth~Sr·c:etnpenenta of va~iance eeuld be mo(Jfied ~ Ttps 

ceulcl be ve~easily generalisetl t• t stage sampling design. 



CHAPTER Vl 

--A,COST F~CTION FOR TWO STAGE SAMPLING DESIGN 

"' -Ce~a.D.d ..theJ' :reseu.rc:e.a avail. able for c:ellection of <Jata -in the 

I 

sample sUl"vey, largely influenc:e the sampling desig~. and determination 

d. sample size andits distribution. 

In large scale surveys, we ean.not fiud oxact value for different 

c:eefficienta of c:est fun,ction, but we· can give some e•ttm.ates fer costs •, 

which wUl be e.a.cOUDtereci fer different operations. These estimates may 

net be satisfactory at mlcro•level, but they should be useful at macro• 

level.- The sampler shoulcl either find accUl"ate ma<!ro-level estimat_es of 

different coefficients or he should use some approximate value fo:r different 

coefficients to aveid c:Gnfusion during the survey. This wUl be very clear 

from following consideration. 

. ' 
For .example, ·we take the case of traveUing cost in a s\$1-"Vey. 

conducted by scune organisation. Now, in this case enumerators may use 

different means te tr~vel upte the experimental units and back, as a 

result ef this , the costs eACpunte:red will be different from enumerator to 

-
enumerato:r. But this type of difference can be .manipulated by king some 

upper limit. for travelling a given distance. 

These clays, use of electronic cemputer for analys%9 of large 

scale s u:rvey data has bee~ very cemmon. Every estimation procedure 

takes different amount of time for programming and calculations. based on 

type and aumber of calculations to be- performed on eGJmputer •. Say fo., 

example. we take the case of calculations to be done in simple random 

sampling , ratio es·timate and pps sampling. We can veery easily say that,. 

simple random. sampling will take least time fo'f p.rog~amming and for 
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data analy~8..__an computer, ratio estimate will be mdJ'e time c:Ona,uming 

f1¥!.n simple rad-dom.sampling and pps will be ~oat'time'consulning·than 

the ether estimates dtscwue.d. 
' 

Further, 41uring a suvey, we may he even find some change in 

' ' 
travelling cest or iD. any ether cost, Which vie might not' have censii'e:ted 

" 
during planning. Thesa are some very cllfficult p:l'4blems , whie-h arfi 

not usually taken into account Jlue to practical dUficulties 4 

In the present tnvestigatien, we·wUl study aspe~t of ttlltiimisillg 

variance fel' & given cest ( i.e. func.f sanctioned ) , based On S'Ome appro• 

prlate cost _function.. There is one serious draw .back m allY co'et 'st\Uly 

I ' 

related to 11 sucossive sampling", i.e. time t~~d interval is very large, 
., 

due to which, 'C"Oefficients fCJr diffel'ent operattoaa involved in the' s,uovey 

' tend to change , as a result of thia, we may be ewn ccb:D.plelled to change 
' 

values of different coeffic;ients from one' occasion to another. Practically 

it is very 4tfficult te make a cost" atwiy.tatdng these ~g~ into cenaider

ation , -though attempts could be maclo. 

,In the present tn.vestigaticm, a cost study ill • 'successive sampling • 
~ 

using two stage sampling design,- for the "three sampllng plana ciJcussed tn 

Chapter W, IV and V has been mad~. The ceefficlellts f•r dit!esaent costs 

involved in the survey have been assumed to satisfy foUO'wirig a as uniptlons. 

1. Travelling cost ts proportional to .c!latance travelle'd by enun:t~Dratol', 
.an¢. it is s;lme. (f!Jl" al,l ~um.erator~ ·( even if at macro-ievel .. it' is 
proportional to distance trav.,fellef.l by eAumeraiors. thaD also our 
problem. is, ~et affecto4,,. a• total tra~elling .cos' will not be affected). 

2. C'mnpcitattena~ cost G! the &\U'vey comes under fixed cost, and has 
been assumed te be independent o1 estirnatton procedure .. 

3. Ia the time, during which the surveys~endu.cted , costa involved fer 
different operatiou.s of the suvey do not change. In addition , these 

... .. 
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o .a cosb-~em.ain ~a.me fr.:n on-e occasion to another. 

4; Costs involvetl fer 4iff,r,ent ~~a survey._ &l"e ln.<lependent 
of quality ot" work c:l~ by eJ1!.1In8rators. 

I 

'l'b.ese' ~O,Ur assi;unptlc)J¥1 come uader cmly'o.Jie assumption i.e. 

during. the survey { ~hether over OD:e or h ~cas tens) average c-ost ( or 

~~1 cost or cO'st at macro-level ) £or different eper atians·• do not change 

this ma.y not be a relUitic assum-pti~ in sU,ecessi~~ sampling 1 but we 
,, ' 

usually use ~t for ~ractical convedience. in~ two sta$e sam,lizlg design, 

-
we enceunter\'d followings costs: 

1. Total cost ancl fixed costa. 
a. Coats

1tbat vary in pZ'oportion to the nnmber of pr~l'Y units in the 
samp~e. 

3·. C os~s that vary J.n propertl~ to th., num.ber of llsting uhlta ln th4S 
sa~. -

Hence , taldna these things into e onside1'ation, an appJ'OpJ"ia.te 
~ \, 1 

cest function. .for .the three sampling des~gns diacuaeed ia Chapters m, 

IV a~d V fer the first ec:cas ien, can be put as 
I ' 

c(l) =- ·c• + c 
0 
...r;;:+ c;1n + CzJV'\f cz.rJi;. +-c3nl

1 
+ C 3nlz •. (6.1.1) 

where 
c(l) = Total ovel'head .s:ost of the a~ey (inclusive of fixed.. 

OveJMlead , , ,~nditdre a\.headq\larte~s ~ and on the 
maintenanc~ of c~mpQter, etc• '·) 

C' = Total fixed, overheaci and expend'ivure at headqua.J'tel's and 
as sueh is independent of' sample size and sampling design# 

c 
0 

= wW depend· on the distance tp be travelled between first 
stage units. If n fast stage units ar~ selected., total 
d:lstarpw:e to be tF.avelied in QJ1e r.o\md'wUl be appl'oximately 
equal to ( A n )lf Z, where A is the a J'ea t~ be cove :red J 1f 
thero ate a :rc;,unda theA 

C
0

n1fZ = R (At)l/~ 

Clia the average cost per fault included in the sample. and includes fhe 

"'" 

....-
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c~~ selection of first stage Ul\\1. locating it, listing etc. __ , ___ --
-

C.z wlll de~~ on the dlatan~e·to be travelled between aecend stage \Ulits 

within first stage units. J,f \_ sec•~ stage w:Uts are selected within .a 

fbst stage Ullits, tetal distance to be travelled ln one round will be 

- 1/!. -
r.J appro.x!mat~ly equ.al ton(~ 11) • where A is the averageal'ea 

t• be cevel"ed in one psu. If there are a ~then 

= R n {A 1 ) 1/Z 
1 

C 3 is the aver~ge cost per second stage unit included in ~ sample and 

inelq,dea tho ~ost of sele~tto.u of second stage unit, lOc:attng it, listlog 

From above cost functlan we find that on second and following 

oc:casions, we will not spent money on selection, identification. and 

' ...... 

""'-'' 

listing of l'etained psm1s, and retained ssu•s within. retained psu1s llS a result 

of this , cost fwu:tio~ an second oceasionwUl be as given below 

..... (6.1. Z) 

This is clue to the fact that aecel'din,g to 01U" sampling plans, we are 

selecting nq new psu's, lz new ssu's in .DP ret~in.ed psu's. It is obvious 

that In only new psu•s .new ssu's wUl be selected. 

He.nce, total cost of survey for first two occa a ions, is got by 

addj.ng (6.1.1) and (6 .• 1. Z) , so \LS ~ tesult of this, we hatee total cost 

involved ln t'he survey fos- fi~st two occaslbna as 

+ c 3 { n+nq) 11 + c 3 { n+nq} lz + c3npl2. 

!or sampling plan I p = nl / n, 

..... (6.1. 3) 
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also we had p + q •1·{ for all pians) -------,--
' ~ ~ 

~. ·• ~p l nq :::z n 

as a l"esult of thls, .we have (6 .1. l) as 

c•l+Z) .= ac• + zc
0
;;-+zc1.n.+ !Czn./T; -t: aozn..fi; + z~3 n11i 

+ zc;= ~lz - np(c1+c 3~1) • • • • • • (6.1. 4) 

In Ule same way, we wUl,haV. r-tatal cost lor h oecaaiona (by 

c<1!l+. • · • • • +h) = hC • + hC F+ hCtD- + hC2 n~ hC z nfl;: 

. 

+ hC3 n ~ + hC3 n 1
1 

.. ( h-1) np ( c1 + c3 18
) 

••.•• (6.1. 5) 

since C' is not depending em eampling deslgn, we can ta.!te it on left hand 

side, and will use followirlg cost iunctlo.u., 

C == h C
0 

In+ hC1n + hca·n I 11 + hCzn I 11 + hC
3
n1 

+ hC
3
n lz - (h-:i) np ( c

1 
+ c.;-

1
> •.. . • (6.1.6) 

whezoe C= c(l.fZ++. ·····+h) - hC 1 

we can put any val'iazlce, covad.anee mauix of x-··(h) (tor diflel'em .. 
sampling plans discussed ) as 
V ( x(h) ) = ~ + Ao~ + + 

np np.~ 
••• (6.1. 7) 

where ~., ~· ~· '1t•""1 aie aum fit variance, 'c:Ova'J'ianee matrices 

with coefiiclents 1/tJ.p. 1/npt1, 1/.npla• llnq, 1/nql :respuUvely. 
Q. 

Now, we an requi&-ed to find optimum vala;e only fol' lour sca~rs, r:, 

n,p.11,1z• which, we cannot find wiquely by using different equations of 

variance, covarilhce rnaboices. Hence we either~~ e trace of (6.1. 7) 
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ozo gQnerallsed variance of (6.1. 7) for a given. cost. ln. the p,tesem ease 

we -;tu'coiaideJ' .rnirdmisati<m Of gene,.alised va.*'ia.nce only. ·the same 

wUl be applicable, ·when we use tnce instead of generalised ~zoiance. 

We h~nt" genezoaUsed vartan.ee ol (6 ... 1.7) as 

/A3( + 
np 

LA 6\ ~~7( 
+~+-

.nq ,nql . 

.... '" (6.1.7a) 

HeJ."e 1 -= 11 t 11 

Hence, we can put ~ as M ( 1 .. 
1z. ~ 1z1. _ 1z.a t •..•. ), 

. , nql nqll 11' 1
1
1 l;,l 

since in our rotatlo.a patter~& we havo lz/I,. as lees thanor e~u.a.l t9 one• 

hence we can approxlma.to /A, J /a.ql by the expression 

l41J Jt:?ha /ft[1az E tgno•ing 1~/ ~13 ~d highet-
a.q\ nq~ nq113 

tezoms ). 

+ l A~. -f [A6) -t ~~~ 
npla .nq nqt,_ 

)brl ;~z 
....... (6.1.-?b) 

i1= 
In funheJf &c:usaioa in t)lis chapter, we wUl not put U brac:~et but.6Viii be 

·' . 
unde:rstood that bJ."acket \ \is there, and also lt will be unclezatt)cuJ:th.at we 

.. !..-

as-e dealing wtth genera.U.S.ed va~iancfl ( utUe.sa t)tlk.enri se stated}-1 

li"Y6m (6. );. 7) and (6.1.6) we filla that we h41.ve to m.iJllmttB~ 

the J:unctlon, ( fo:r h th oc<;• sion) 
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~6 
+- + 

nq 

hCi ~ + hC3 n11 + hC 3 alz .. (h-1) np 

(C1 +c3 t1) (6.1.8) 

In multistage sampling des~gn. using trtial and error methods, we usually 

get lall'ly broad op#mum samp].eJ stze, at different stages , Though it 

serves ou purpose but for aecurate work we should fiad Optimum sa.mple 

lA practice even in second ease, optimum sample sizes, at 

different stages is in fractions. as a result of this, we h.ave to app:roxi-

mate num~r of sampling units to be enumera.tecl at each stage. This 

redq.cea its utility to JSearly of same order, as that of trial and error 

methed, but opttmum sample size at different stages, ts less br~~ 

Dtffere.ntiating F pa rtta lly with respect to n and putting 

aF/dn = 0 we get. 

A-/ np +A4/np; + ~s/nPlz. + .66 I nql(- .671a / nqt/• + ~71.;1.. /nq11
3 

:: ). ( 

... : .. (6.1. 9) 

Ptt.tting (c.l. 9) in (6.1.8) and than dlffe.rentlating (6.1.8) partially 

with respect ~o p, ll'l.a ( after putting q = 1-p) and sol:vf.ng these "'u~ 

equations (!or a given value of b, only) we get ~ptimum values of \•lz,p,n as 
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(o) --= z a 
11 • L A 4 I A., t .. .65 - ~ ) + 0( 4 ~ 4 - ~ I 6-.z - 10 b5 ) 

+, az ( ~. 1 ~1. t· 6 A
5 

.. 10 ..64 ) + o3 '6 ~4 + 6 A 3 .. 9~) 

. (e) . (o) 
Ia a G \ 

/j7 

..... (6. a. o) ---· 

- 1 ) ..• (6. 3.1) 

• , • (6.Z.2.) 

~ ,(e) =As • ~ (e)3 I ( As ~ (e)3 + LJ t Uz(o)3 -~ (e}lz (o)Z ) 
l 

........ (6.a.3) 

. . . . . 
where 

A ::; hC1 + hCz I 1
1
(o) + hOz. I l:z. (o) + hC3 11

(e) + ,J\c;3la ~o) 

-(h·l)p(e) (C
1

+c
3

.1
1
(•)) ..•. (6.Z.S) 

Using estimated value of \~', \~\· N• \A~ ~A7 we ean 

find optimum sample atzc. 

Net~: • When we are uaJng trace V (:X (h) ) /v (';'(h) ) / wW be . . . . 
replaced by V ~race V ( ; .• (h) ) L- ainf;e trace and detfr ~i».ant al'e 

having eame a4ditim P1"0peny J 



CHAPTER VU 

--Jq;fiMATIO~ OF VAL!!E OF 1'f...ON-Rr!SPO~DINO UNITS 

Sampling and nm•sampli.o.g errors are respo.o.sible for lessening 

the JtliabUity of results derived fJ'<om any sample. survey. In sampling 

ove~r successive oeca.aicms. we encounter ncm•response (a. pa.rt of the " .. 

non-sampling errors ) more often than what we ene0.unte:r , when a sm-vey 

is conducted on.ly once. The reasons for this &l'e well known.. In ease of 

surveys involving multi-c;haractel" estimation in successive samplfng, 

non-response by respondent"" are of following fol'm.S: 

1.
1 

Non response by resp~over all o,ccaslons for aU characters: 

Z. Non l'espDJUJe by respondents over all occasions for some of the 
charactel's • 

3. Non reeponse by respondents after k th occasion ( say) for all 
Chal'acters, 

4. Non-response by respondents a:ftel' k th occasion( say) for some of 
the characters. 

Out of the these lour cases, we ean very well infer that for 

case lit is very diflic:wt to estimate or say anything about BOn•l'esponding 

units, except in very l'estrietive models as developed in Bayesian's 

decision theory. In other eases, here is an attempt to give an estimate 

of non-responding unit!il· This type of estimation will hold true only 

\l!!der the following assumptions: 

(1) Chal."acters wide~ study are hlgll~orrelated with each other, 

(ii) Listing units under investigation continue to possess at least same 
set of characters from occasion to occasion. 

(iii) Advancement of technology etc. has got macro-level effect over the 
.non-.responding units. By this we mean that, if on an average ( say, 
for example) consumption of chemical ferlilizers has gone up then 
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cG.~UJumption of fer1i).ize:rs for no.n-responding units wUl also increase. 
Tbia type of assum:pt'b:ms m~ not appeal when. glaJl.cing the non-

-- responding units at micro-level but at macro-level this type of assum.p
..... .-tJQns-ma'1 be_quite satidacto~y due to a.ggregati.on of erxo»s of opposite 

sign....., 

' I 

Method of Estimation .. . - Let there be· a set of highly' correlated .. 
charactel's .x ,x , .•• ,x; under stuCty·for·whJ:ch eStimate at k·th · 

' 1 2 ·u 

occasion' ( utilising the information upto and ih.ducU.ng k th Occ:aeton)·be· .. 

xl(k). "z(k), ...• ,xu(k). Let these estimates be baaed on·q sample of 

size n. Let fol" (k+l) th occasion the corresponding estimates ( utilising 

the Information upto and including (k+l) th occasion ) be '1. (k+l), 

(k+l) . {k+l) . i . .Xz , •••• ,xu ~d the estimates dt corl"esponding change ( fr9m 

k th to (k+l) th occasion ) be d1(~+l), ••.• , d (k+l). Let these esti.mates 
' u 

..... _ 

Qf (k+l) th ~casio~ be based on a sample of size ~ for characters with 

partial ~respd.nse and for other characters sample size is n ( foJ' simplicity). 

Here ~ is less than n. As a res u1t Of this we are required to estimate 

the value of n-n
1 

Wlits for which ther~ is non .. response (for .some or all 

c)¥u-acters). 

1. Model {a) : Let the v~cior at the k th occasion ( for characters under 

-study ) be x;(k) and vector at (ktl) th occasion be y(k+l) ( for characters to 

be estimated. and C'Btimate of difference vector at (k+l) th occasion be 

d(k+l), ~hen 

y(k+l) 

( 
(k+l} ) 

where E •· 

••.• (7.1.1) 

This model cannot 'be utilised for estimation of value of non-

responding units belonging to category Z since in this actaal value df 

character a~ 'the k th occasion should be k.uOVtn. 
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-· -.....-- --
~+lf =" x(k) -+ d{k+l) i = 1, z •••• ,n-~ •. ~7-1. 3) 

n+1 (111+1 t 
1 

Hel'e ~ (k} Ia tl:\tt actual value :Of vectOl' at k th Qc:caaiGJl for Jl. +t th 
nl+i i 1 

~ ~d .4(k+l) ifi t~ "ctor of change; based .on·~ units, 1. e-. 

X (k) = ( X {lt) X (k) - (k) }' 
. ~ +i 1 (nl +i· ) , a (nl ti ) • . . . . . - \1(~ +l ) 

d(k+i)' = ( 4
1 
(k+lj , da fk+l), .•••• , c~,}k-A.) > , 

and J\(k+l) (k+l) (k+l) (k+l) )' 
y = ( "t(~+i) • xz ) , .•.. txu(nl+i) 
n~+t (n1+t) 

i = 1, n , ..... , n•l) 

y(k+l} ia Ule~c:t.o:r o1 estimate of "characterq for A.. +i th non-
n1+1 1 

rea pending 1iDlt. 

Now mean of these aon•: responding Wl~ts 

~k+l) = n;l .Y(k+l) 

t-1 J1t+1 
or 

.Y(k+l) 
.n-nl 

= ;E x(k) fn.-n,_ 
t.=l 

.. 

I A .. ~ 

+ 4(k+l) 

_L ) sZ(k) + V( d(k+l) ) 
N 

~ 
Sin~e.in all cases· we are deaUngjPopulations....,which are la:rge in ~iz.,, 

hone• 
. v ~. y(k+l) ) = _s_z(..._k)_ + V ... X (k+l) .. X(k) ) 

8 Z(ll) sZ'(k) 
=-- + + 
Jl•~ 

... .. 
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The only difference between s2(k) and Si(k) is that they refer to sum 

~~~~trices for unit with different means. As USU&l s2(k) etc. 

-are u x u-~ trices • 

Hence · , . 
SZ(k+l) (k+l) (k) ~ ....... Zps s ------+----

nt .... 
. . • (7 .1..4) 

Case 4: - In this case let us asswne ( for s~pllcity ) that first v 

chara~rs are recorded .but there is non-response for last u-v 

characters by n-~ respondents, then also we can estimate these u-v 

characters by the formula, 

where 

lC 
(k) = ( x{k) ).i t 

v+l '"1+1) 

= ( x(ktl} 

i = 1, a, ... ,n-~ 

(k) )' 
• • • • • • • • XU(~ +i ) 

(k+l) y{k+l) )' ' •.........• xu(ni +i 
(nl+i) v+l (n

1 
t1 ) ) 

and «(k+l) = ( d(k+l) ' ..... ' d(k+l) ) -·-
v+l u 

... (?.l.S) 

variance covariance matda:: of (7 .1. S) can be estimated by the method 

simUar to that discussed for case 3. lt will be- of form similar to 

that of (7.1.4) , with the only dilference that it will be u-v xu- v 

variance covariance m.atdx. 

(..... ~ 
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a. Model (b): - Let !<k.+l) be the mean yecto:r based on n1 units 

a* (k+l)·th occasion, then we have 

-----. -~- Mk+l) *(k+l) 
' Y' ...::: X 

'-'... 
( y~(k) x(k) ) + 1 ..... (7. 2.. 1) 

- ~ 

where p lim E (e-) '-y o 
Dl-:)aJ 

and E ( Ill c ') = dlag ' t cru IT zz, ... . IT ull ) 

Here 

Y*(.fl) = ( w I X.. *(k), w / x* (k) , ••..• , w o!x *(k) ) ,fJ 
11 ~ 2. u'u 

x*(k+l) = ( x* 1 (k+l) • xf(k+l), •. • . ' x* u (k+ 1) ) , 

x(k) = ( xl (k) , Xz (k) • .•. : .. ·' ..xu (k) ) ' 

~here w 
1 

+ w 2. + •••••• +w u = 1 

Case a In this case also we assume that we have tQ find an. estimate 
> • - j 

fe7 last u-v characters for (n-n
1
) units, the.n we estimate them by the 

formula 

" ~, ... 

..... 

~k+l) 

(~ ii.) 
= x*(k+l) ( Y*(k) x(k) ) i =Ji.,,,., (n-'1) 

(ntf.) 
• • • (7. 2.. Z) 

whel'e 

~(k+l) = ( 4k+l) • ~k+l) •••..• 11 k+l ) 
(n,_ +l v+l (~ +i) v+Z(~ +i) u(~ +t) ) ' 

,;.(k+l) 

x(k} 

(~+1) 

andY* 

= ( x*(k+1) , x*(k+l) , ••••. ,x*(k+l) )' 
(v+l) v+2. u 
. (it) 

= ( "J.~lfl. ), xZ("}+i) '• • • • • • • t ~~+i ) )' 

(k). I (k) (k) = ( wtf x1• , w 2 x*z , ••.••• , w..,/~* ) where wl'w2 , •• ,wv 

are constant weightage factors add are so chosen that vadance is minimised, 

..\l 
further ,E w

1 
= 1 and 0 4(. w1 C.. 1, i· = 1, .•••• , v. 

v-,! ' 
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Now 
n-n1 I ~ -nl = :E x•(k+l) ( y*(k)( k) ) I n -~ 
i:l, 1 X (n,_ +i) 

••.• (7 •. Z. 3) 
' 

(k+l)l •(k) ., . 
.x* Xz. -+i • • • • • • • • • 

v+l 
. . . . . . . ... .......... 

• • . . • • . .. . . . . . ........ . 
(k)' *(lt+l)l * (k) (k) __ .(k+l)l (k) 

-~~ XU Xl + WzXz . x-U xf +. • • • • • • • • • • • 

. • • .• (7.2.4} 

~ow Wf' .ha~ 

V( w x* (k) x*(k+l) lx.*(k) t w...x'» (k) x*(k+l)lx., *(k)+. • •. • •••• ) 
1 1 v+l 1 --z;Q, v+Z ... 

, V Z - (k) (lt+l) (k) I ; (k) = :E w L Cov. ( x , x* ) + Cov. ( x , ' x* )· 
i=l i 1 vtt ·· i i ,. 

• Cov (xi (k.)' xt(k)' + V ( :~~:1) + V (x* 1 (k) ) + Y ( x;. (k) )J 
+ ~ ' . .J w

1 
wj f.- ~oy .. ( x (k), x* (k) ) + Cov( x* (k), x (k)) 

1=1, j=l i j i j 
lJ'j 

"' ZCov ( x* (k) , x*(k) 
1 v+j 

+ Z Cpv. ( ~~(k) ' x*(k+l) ) 
v+j 

) + ZCqv. ( lCJ (It)' x*(k+l) ) 
v+i 

·ZCov. (·x* (k), x*(k.+l) _/ 
J v+i 

• • • . (7. a. s) 

~t)l.e. s~e ~Y we c:an find oth~~ el~ments of variance, covarianc~ 
. 

~trix of V ( x~(k+l) ( Y*(k) ,.(~) )" ) and thus we wlll be able to find 

variance, covariance matrix for non-responded characters 'um er study. 



,. Caae:i: ..,--tzi thi!l case also we es*unate value of noa·r~sponding units as 

- :..(k+l) '( • .-(k) (k) ) ) (7 6) -X'"''· ,- X (~+l i =l,Z, ••• ,,D.•I\ . . ..z.. 

·(~ (k+l) • ~(k+l) ........ , x (k+l) )' 
-~(~+i} Z(n1ii} u (~+i) 

= ( * (k+l) 
X 1 , 

(k+l) (k+l) )' x*., • •. • • • • ,x* 
&.o • u 

· x(k) ( k ( \ (k) = ~( ) , .X k, . . . . ' ..•••.. '. xu(nl+i ) )' 
(nt+i) , nl+i Z(n1+i,.) 

and 

u 
also~ 

i=l 
w =1 

i 

· variance, covariance matrix ol vector x*(k+l) ( y*(k) x(k) ) can be 

found by proced~e ~imUa:r to ~hat usecl,for (7. Z. !4) 

.., .. 

q 
Case 4: ... Here also we wlll deal wiWsltuatlon sbnUal" to mode~ (a) case 4. 

WtJ estimate value of u-v character's fdt .Q.-n
1 

,;nits frQm formula 
-. 

) , 1 = 1, .•. ,n-~ .•. (7.Z. 7) 

where 
A(k+l) ( ~(k+l) A (J.t+l) 

J 
0 0 0 0 

I ~(k+l) y :: 'X H 
(nl +1) v+l(I\ +i) v+Z(~ +i) u(n

1 
+i) 

x*(k+l) =( x*(k+l} ,x*(k+l) , ••••• 'x*(k+l) ) ' 
v+l v..,.l u 

(k) ' ( (k) ' (k) )' alld ·(~+i) ,:: ~~(~+i) • .•... 'x u(nl +i) 
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also u 

-- ~ I: w = 1 .... -,=1 i 

~ 
.. vaJ:ia.nce c:o'Vartaru:~ matrix of vector x*(k+l) ( ycc(tt) x(k) ) can be 

f~d by the procedure si,rnJ.lar to that qs.,d for (7. 2. 4) 

Optimum Constant Welg~~ge factor!..i_ ~ They can be very easily esthrutted 

from equations dV ( .x=oc(k+l) ( y*(k)x(k) ) ) / 'Q wi = 0, l = 1, ••• , u(:rv) 

and they'ca,n P!! substituted in vecto·r I' ·Y*(k) to get Cl11 estimate of value of 

non-respbnding units. 

3. M-odel C ~ With notations simllar to those for model b, we have 

model Cas 

.•.. (7.3.1) 

~ .-?> / 
where E <•t = 0 aad. E(•. ') = diag ( (J!ll,CT u· ., .... cr Uu ) 

He:re also W is a constant weighta$e factor ril.atl"ix. 

Case z: .. In *his case also we are dealing with situation similar to that 

for case 2 model(lj. Here we eatimat~ (n-n
1
) Units by the fol'm~a 

"(k+l) ("' ·~·1) (k) (k) y =x*"T +W''(x -'Y* ) 1 =l.z ••. ,(n-~) · .. (7.3 Z) 
(nl +i} (nl+i) 

whel'e 

(k+l) 
y 

(nl +1) 

(k+l) ''-41 \ llt+l) • = ( x .x~A.....,. , ..... ,r ( ) )4 
v+H~ +.i) wz(~ +l) · u ~ +i 

x*(k+l) = ( x*(k+l), x*(k+l) , •..•.• , x* (k+lj )' 
v+l v+3 u 

Y*{k) 
"t l 

{k) (1t) ~ . (k) ' = ( x* , x * , ....... ,x* ) 
1 . z v 
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(k) --- I (k) 
x (nl ti) = ( l)(Dt +i) 

(k) 
X 

Z(n1+i) 
(k) 

' .•....• x )' ' 
v(~'+i) 

i :: 1, .. ·'IL-v, j :: 1' .•.. 'v -
v '- -... ;...... 
~ wiJ = 1 ,-aad these constant weightage !ac'o" lie. betwe~n zel"o and one. 

j =l . 
n-n 

(k+l)' 1 Now y :: E 
t~l 

y(k+l) I {n ~n ) = x*(k+l) + W ( x(k).y*(k) ) 
(~ +i). 1 

.... (7. a. a) 

Cov. ( x(k), y& (k)' ) W' ... u.~ (7.a.4) 

.•.. (7.3.5) 

whel"e 

V( yo(k) ) =is v x v va.r~ce covadaDCe .ma-.J;"(,c • 
.SO...-..L !.s l~ ~ o~ ~~ i..1 e ~ W'r'f!alJ>.o Y'f..Y ~ ~ ~ 

Case 3: .. In this case alsG we es~iniate D~·t~spp.Q.ding w:dts by the 

f«'nnula 

"(k+l) (k+l) (k) ' (k) y :: .x* + w ( x - Y* ) 1 = 1, a, .... , n -~ 
(~+t) t'nl+i) , 

... (7. 3.6) 

~ 

whe:re 

y(k+l) (k+l) (k+l) 
= ( xl(n..+t ) ' xalnl+i) 

(~ +i) ' 1 

(k+l) 
, • • • • • 'X )' 

u(nl+i) 

:: (k) 
1 

X (k) ' • • • • • ~X (k) ) t "l<nt +i) Z(n1 +i) · u (n
1 
+i) 



Y*(k} :: ( 
(k) (k)· 

x* , x * , .... ,x* (k} )' and W=L-wlj_j ~ =1, ... ,u 
1 2 u -- j = 1 ••• .,u 

u 
where w's &l'e constant weightage factcn-s such that 'I: wij = l,(i = 1, .• , u} 

. j =1 
·{j = 1, ... , u) anct 0 < w ij <.. 1 and are so chosen that variance covariance , __ 

matrix ~comes mln1mup1-.-· 
''-.._ ,, 

Here also estimate of variance covafiance matrix is of the form shown 

in (7. 3. 5) but with the differente in orcler. The order of this variance 

covariance matdx being u x u. 

Case 4; In this case also non-respondents value can be estimated from 

~(k+l) 
(n1+1) 

where 

:: x*(k+l) + W( x(k) - Y*{k) ) i = 1, Z, • •• ,n- n
1 

••• {7. 3. 8) 
(nl+i) 

.rcc(k+l} 

X 
(k} 

= ( x(k+l) 
v+l{n1+i) 

x(k+l) , •••••• , x(k+l) 
v+Z(z; +i) u(~ +i) 

:: ( x*(k+:) , x*(k+l} , ••••• , x*(k+l} ) , 
v+ v+% u 

(k} (k) 
)' X :: ( x(k) 

• • • • • • 'X (I) +i} (nl+i) 1(~+1} Z (nltt) u 
' ' 

y*(k} = ( x* (k) 
1 

)' 

.. .. 

i = 1, •••• , u , j = 1, ••. u-v 

w~re wij 1s are ~o ~hosen that V ( y(k+l} ) J!J minimum and are such that 
u 
:E wij ::1, and 0 ~ w1j<::..I { i=l, ••• , p-v ) • 

J=1 

Here abo estimate of variance covariance matrix is of the form shown . 
in (7. 3.. 5) but with the dW'I'rence in ord~r. The order of this variance 

covariance matrix bei.Dg u x u. 
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Ont!!!!:w;n constant W!'ightage factors: - Opt~um values of wiJ 's 
I~ 

are obtaf.ned !rom a set olllnear equatiOJSs generated by' 

:a-v ( y(k+l)) I dW ::; 0 

N01'B:· ·(A.) Before putting this type· of estimates for:any non-respQP.t;len&rl• 

~~-we-"lthoul_d enquire from enumerator, the cause o! nonresponse ( or 

' ell)Jm.eJ'ators should· be 1nstru¢ted \V to write the.ea:use af no.n-l'espt>ASe 

in schedules ·pzoepared for recording data) and should also e:ttquire that 

non.•:responding units is stUl 'in our picture OJ' not. If the non-responding'•, 

unit is not in pictu:re we should not put s ueh an estimate. This can be .... 

tUu.at.rated with the help of !.()!lowing eQmple. 

Fo.rexample, consider a sqrvey involving .. use of dtilerent 

fdztUizeJ'S , atfferent te~ical machines and multi crop-~.utting experi-

menta in India. We shc;ndd' make it clear from investigatatis {or from 
' . . 

., 
s~h~d~' ) that the non-responding cultivator~ii$ cultivating, his land or 

not ( since cultivator will' use fertilizer etc. only when he is cultivating 

his land). 

(B) In same au rvey any one or all types of nQn•respop.!Sps can occur. 

In that case the value of non•resp(mding.units caA''be estimat~cl br ~:rouping 
them based 011 type of non-resporu,e they possess and then:estimating 

thtml ust.ng any one· or aU modele (,as the· situation may de~nd). 



CHAPTER Vlli 

AN ILLUSTRATION 

For Ulust:raUon, data of Intensive Agricultur~1 Dlatdct 
,. 

Progr~e for District Aligarh, collected from year 1,96Z-63 to 

1964-65 was v studied. 

The Intensi~ AgricaltUl"al District Programme popularly 

known as the • Package Programme n was developed on the "lO·P•int~ 

PUot Programme". It involves the selection of favourable areas with 

maximum irriga.tlon facilities and minimum of natural hazards , 

pr<Widing simultaneously all the e.sse.atial elements, such as full 
: 

supplies, cl'ed.it, etc. nee4e4 to increase agricultural procluctiqn. 

With this view'- state Governments selected the following districts 

for the implementation of the programme: 

1. Tballjavur (Mad7as) 
a., West Godavari ( ~h~a Pradesh) 
3. · Shahabad (Bihar) 
4. .Ratpur {~ Pradesh) 
5. Aligarh ( Utta~ Pradesh) 
6. Lud~na ( Punjab) 
7. Pali E Rajasthan) 

Of the c.Ustdcts selected by the first seven States for lmp]jmentation 

of the programme, fouz are predom.il1al1tly rice growing viz., TbaDjavUl" 

(Madras), West GOda\l'al't ( Andhra Pradesh), Shahabad {Bihar) and 

.R.aiplU (Madhya Pradesh), two wheat growing vb:., Ali$&1'h ( Uttar 

Pradesh) a.o.cl Lwlhiana (Punjab). and Ol\e district, namely, Pa.ll(Rajastha.n) 

has proponclerence of millets a11.d wheat. 

Between Aligarh aAd Ludbiilia <Ustricts which are predominately 

wheat growing areas, the forme~ bas a m.uch larger size llavtng 17 

~ks a.a.d a gross· cropPed aJ"ea of 5 .. 34 lakh heetar·es as compared to 
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Lu.dblana which had 9 blocks and a gr~ss ·cropped a:rea of 3. ~-'llakh 

hectares. Ludhiana, however, had a mu.ch higher proportion of aasUl'ed 

irrigation (58 per cent) than Aligarh where irrigated a:rea was only L 43 

--pel': cent~ _In AligaJ'h, wheat whlchis mostly irrigated yields an an average 
......... 

of 10 quintals pet- hectare and bajra, the most important kharlt cr<Op 

yields less than haU of this quantity. In Ludbiana also yield est wheat·wa.s 

more or less the same as in Aligarh. The large variety of' crops grbwn. 
"' 

in these ~wo districts make .fa:rtn plalll11ng :rather diffleult;} To ~void this 

difficulty, only area udder wheat, togethel' with , rate of sowllig, green 

manure, fa..rm yard manure and other organic manure was studied. All 

these five characters have been conside.red as p:iam characters udder 

study. No study of use of chemical fertilizer could be made since very 

Uttle chemical fertilizer was in use at the time of tntreductlen of this 

programme. The, ciata collected for Be».ch ma:rk surveys under the I. A. D.P. 1 

for wheat only, f~rom year 196Z..63 to 1965-66 was studied. The sampling 

design ot the sunoy iS as follows: 

Sampling Plan: • The sampling plan waff suggested by I.A • .a.·s. and was 

based on. stratified mUltistage random sampling technique. :A. zone 

consisting of Z to 4 blocks c-onstitutes a stratUm. A village and a culti-

vatoJ's holding in the village were fbst and second stage units respectively. 

From the whole population about 100 villages were selected and trom 

each selected vlllage ei,ght cu1UvatQ.l's 1 holding!!' were co.nvassed every 

year. Sampled cultivators in a total number of 1.4 villages seleeted on 

fbst occasion were kept fixed' for canvassing from yea:l" tc:» yea>y. In 

addition, a fresh sample of about 76 vUlages was selected each yea:r 

from thosevUlages which were not selected on. previous occasion and from 



' eaeli s_!!~eted village eight cultivators we:re cenvassed in order to 

keep sample Size ·aame on all occasions. 

Before the start ol Intensive Agricultural District Programme, 

---'411gal',h w~s campris'ed df 6 talultas and l,
1

746 village~ co~ering a geo-
-.... 

graphical a:a:ea 'ol2b out 5 t~ousa.D.d sq. kms. and was delb~.it~d· into 17 
r 

ctSmmwitty·dev'elO!Jment blocks. The population in 1961 was of the order 

of 17.65 lakhs ~b.ich.lndicates a denaity of about 351 persons pe:r sq •. b!i·. 

About 84 pel" cent af the population was. classified as rural. The dist-.:J.ct 

was se"ed by 648 tans. of main roads aad 550 km.s. of arte~rial roads . 

About 47 per eent of the roads wel'e kutcha and Z88 kms. of arterial 

roads were suitable only fol' fi~-lr weathlr transpon. Two J>aUway lines -

one b.l'oad and otbel" meter gauge ol about 64 lana. - intersect the eli strict. 

1. Tables 8.1.1 to 8.1.4 contain estimates of mean vector !or years 

196'Z-63, 1~6·3 ... 64, 1964-65, 1965-66 J:"espeetively, along with their 

variance, covariance mablx without using the knowledge ol any other 

yeaso. The sampling plan used was Two-stage :rotatto.n pattern, after 

caasi<lering the 44 retained villages along with retalaed cultivatol"s 

as pgpulatio.o. to be studied. The sample selected was of 10 vUlages 

with four cultivators selected in each vl~e...age by general sootatian pattern. 

Since the sample size ( aas far as Aligarh 1s concerned) becomes ve"ly 

small aad it can nOt be a valld estimate for Aligal'h. From the&e tables 

we lind that area at.fder wheat iacreased from yeal' to yea.-, which means ' 

that cultivators were interested 1ii increasing t4eb wheat yield and for 

that reason, they might have started gli'OWing wheat in mo:re area. Rate 

of sowing inc:reaaed from year 196.Z-63 to 1963-64 considerably but after .. 
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wardS 1ncrease· in ra·t~ of sowing was not much though a:rea under 

· wheat increased considerably. This may be due to the fact that 

I:rrigation and knowledg~ of techniques of scientific cultivation became 
.... 

mOI"e p.opulaz ,. which mi~t have :resulted in :reducio.g vauge id~as in 

the minds of farmers, that u. they sow mo..-e, they wtp get more yield. 

The. use of gree.n m.a.nu:re· i,nc:reased considerably from. year 1962-63 t~er. 

1963-64 due to the tact that 196a· ... 63 was· the star"ting yeal' of 0packag~ ..,. 

programme"· and as a result of which cultivators m 1963-64 might have 

t:ried to use knowledge given to them in 1962.'-6J. The use of g"J"een manure 

reduc~d a little bit in 1964-65 and thep. it trs.creased a little bit 1n 1965 ...66. 

The average consumptiOA of faaoni yard manure remained very low through .. 

' -out all years but aV'erag~ consumption of other organic manures incrtlased 

considerably from 1962·63 to 1961-64 due tO the tact that fa:rm.ers carried 

out instructiQns given to them in 1962.-63 in aext yeaS' t.e. 1963 ... 64,. The 

average usee· of other organic manure pel' eult1vat01' decreased eonsidel."ably 

in year 1964-65 and lu:rthel' reduced in year 1965-66 as faJ'mers were 

ge#ing m·ol'e e.nc OW78gom.ent and- Uxe:eiWives io11 usmg chemical fertilizel's • 

. :z. Tables. S.l.lta 8.Z.4'cantainthe eatirnft.tes fOJt yeal'al96Z-63, 

1963..64, 1964 ... 65 :·, 1965-66 respe.:tlll.ely. •(witho~t using the knowledge ol 

of any othe~ year) along.__ with their·vaYiance,and covar lance matrlx, 

efficiency matrix as well as e.f.ficienc:y of generaUsed variance with J'espect 

ta c:orrespont\ing estimates of sam.pling plan. I. From this also trend of 

different com.ponents of mean: vector was fotin4 to be of the form discussed 

in 1, but for gene:ralised variance and effide.ncy matrix ( in most of the 

cases) it was foWJ.d that samplb:lg plan n ts m01re efficient than sampling plan I. 
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3. Tables 8.·1.1 to 8. 3. 4 contain the e.stirnates :of mean vector· from year 

-t19~ t_~ 1965-66) respectiveiy ( witho'\St .usJ.b.g 'the l.Ulo.wledge of: any 
,.., 

other ~~)·_. along with theQ> vid.ance cc:>varlanc.e "matrix, efficleacy 

.matrix and e:t'ficf.ency Of geneJ"a~d variance With~l'eS'})flct·to cm-zespond~ 

ing es~j,mates of sampling plan I. Fr6tn these·tables also,. we find t:rend 

ol different compilnents ·oJ' Jnt,an vector· to be Of the f~Jim sim:ila r to that 

in case 1. But foJ" genera.Used variance and efficiency 'xnatrb '( in most 

of the ca~es ) sampling plan lli is mOJ"e Cfficient/than sampling plan 1. 

Co:mpal'ing the respective dlfiaency matdces of different ·years of Tables 

8~\Z.l to 8. Z~ 4 to those in Tables ·s. 3;1 to 8:3 .. 4 .We fiild that samplhg plan 

m is more efficient than sampllng·plan n even. YZ.Oni this we COnclude 

that for the' independent estimates o! mean· vecto• &riry yeazo, sampl.ing 

plan Iii is most efficient among the pla.ns dlscussed fo~ the. data used. 

........ 

4. Tables 8. 4.1 and 8. 4. a contain estbnales of mean. vectqr fQr year 1964-65 

using the· knwwledge ol previt)Wi year 1963-64 and previC>Wi two years 

196Z-63 and 196J-64zespe&:tively, us!bg samplln!ifp1an I toto·d.rawing sample. 

l.ooldng on their efiiciency matrices (with re,apeet to independent estimates 

of~variance, covarl.anee matrix given in table'e 8.1. 3) and efficiency of 

genetaUsed varian.ce in sampling design!, we find that they a:.re. coi1Siderably 

less effici6t than the independent estimate for year 1964-65 using sampling 

plan 1. Furthezo estima.teu:f using kmlttWleclge ol previous two occasions was 

less e.f(udent than the esthna.te ln which onlt ·On.e pre.vlou.s occasions 

information was utilis~d. Ta9le 8. 4. 3 c011tains modified estimate .fo-z year 

1964-65' ~Uising the knowledge ·of iGllowing yea.-, 1965-66,. This estimate 

' 

was also(_ in most ol the ease; less &lficidnt than estimate dealt with. in 
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~~-8 .1. 3, but this estimate was found to be mo.re. eifi4tent than thoae 

estimates ( simuar to these in 8. 4 •. l.and 8.4.2.-'but under ·sampling p~n I~) 
.......... , 

in tables ·a. 4. 4 and 8. 4.. 5. The estimates dealt 1n table 8. 4. 4. ·ancl 8. 4. 5 

. ~ 

were more efficient than the .estimates m~ble 8. 4.1 anc:l 8. 4. ~·respectively" •. 

Moclified esthnate utilising Warmation. oi the fcllowing occasion is given 

in table 8. 4. 6. lt was found to be more etlicie.nt than estimates given~ 

8. 4~ 1 to 8. 4. 5 b~ this was ala o less 'efficient than the estimate dealt in 

table 8.l. s-. Tables 8. 4. 7 ·a.nd 8. 4. 8 dealt with estimates similal' to those 

in table $. 4.1 ,and 8. -4.2 respectively bat £o:r sampling plan. III. These 

·were .found t& be sUghtly mOl'e efficient·than. f!Stim.ates dealt in table 8. 4. 4 

and 8. 4. 5 but they were also less efficient than estimate dealt 1n table 

8.1.3 . Modified ,estimate ( under sampling plan DI) uillisillg illforz.na,tion 

of fo&wing Qc:casiOn. was fotlnd to be. slightly mOl-e .efficient than estlm&te 

dealt in table 8. 4. 6 but this was also less e.fficient than the estimate dealt 

in table 8.1. 3. This happened due te the .fcu::titbat c:hal"acte:rs und&l" study 

had low corr"tatitn among thetnselves and £.rem QUe year to aaother. The 

estimate Of COJ:"relatiM matrix f(ur yeas- 1964.65 was Of the order. 

1.000 
o.1sa 
0.351 
o.ooa 

- 0.162 

0.152 
1.000 
o. 398 
O.E>06 
0.031 

0.351 
0.398 
1.000 
0.016 
0.041 

I 0.002 
0.006 
0.016 
1.000 
0.461 

..().16Z 
0.031 
0.041 
0.461 
1.000 

5. Tables 8. 5.1, 8. 5. Z, 8. 5. 3 contain the estimates of change in mean 

vectors frOin 1963·64 to 1964·65 together with thei.Ja vaS'iance and co ... 

vasoiance matl'ices using sampling plan I,U,lll respectively. Tables 8. 5. Z 

and 8. 5. 3 f\Jl"ther contained the efficiency matrix and efficiency of generalised 
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wriance wit~ fespeet te> estimate of table 8. 5.1. In. general , len 

c~nge, sa.~pll.ag plan I wa~ .(oQ,dd to be more effb:ient for the data used. 

6. 'l'he study· of· cost a~d non-l"eQponse coultl not b~· made on the data 

used foz Ulustratio.f:l, slru:e it was 'not satiafyil.lg assumptions underlying 

t~ type f'l ~tao 'to which re~ults of chapter· Vl aad VU could be implelJlented. 

NOTE: - Mean vector contain the following characters in the o:vder, given 

below ( in all tables) , Area under wheat ( cents }. Rate of sowing 

(kg/acre), Green manure (kg/acre), Farm YaJ"d ma.ollJ'e ( qaintals) and 

other organic manUl'es ( 10 kg/ae:re ). 
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ESTIMATE OF MEAN VECTOR FOR YEAR 1962-63 
==== = = === = = = === == ;:~==== == =·= = === = = =::::; ==·= =:.== == 

86.92 
35.98 
62.76 

.21 
5.14 

VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YEAR 1962-63 

----------------------~-~~~------------------~------------------~----· 
1364.78 88..,4t -8.48 -·3 .. 61 -4'5.,.81 

R8,41 62 • 7'~ 1'~"1. 27 1.21 19.36 
-8.48 141. (,>7 6941.43 38.40, 1?1.41 
-3.61 1.21 3.84 1.01 ?.36 

-45'181 19,36 1 ii. 41 2.36 49.07 

---------------------------------------------------------------------· ... 

•' 

Gamera.liaed Varianc'e = 30907Z. 611 



-7~-

'-... 

~-

TARLE 8. 1.1 

ESTIMATE OF MEAN VECTOR FOR YEAR 1963-64 
========================================= 

148.04 
378.49 

5880.41 
.74 

169.02 
VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YfAR 1963-64 

1441.76 451.61 -3602.71 -5.98 51.45 
451.61 7142.41 112'3. 48 5.7f. lOf-..7'3 

-3602.71 1123.48 21417.63 3?.26 5.61 
·-5. 98 5.76 35.:?.6 3.21 7.78 
51.45 106.73 5.61 7.7R 21.41 

----------------------------------------------------------------------

Generalised Variance = 169854· '81 
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TARLE 8 .1. 3 

I 

ESTIMATE nF MEAN VECTOR FnR YEAR 1964-65 
----------------------------------------------------------------------------------

134171.45 
641.71 

-23121.12 
.24 

-131.41 

2169.58 
571.78 

4557.86 
.37 
.66 

641.71 -23 121. 1? 
98.72 5012.?4 

5012.34 8 () 191 .·7 6 
.51 2.21 

-10.41 ?.?3 

· Generd.lised Variance = 2143211.6 32 

.?4 
.51 

2.?.1 
?.23 
2.16 

-131.41 
-10.41 

2. 2.3 
?.16 
2.3R 
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TABLE 8 .1 .. 4 

ESTIMATE OF MEAN VECTOR FOR Y~AR 1965-66 
========================================= 

2326.76 
511.71 

4641.21 
e18 I 

.16 
VARIANCE COVARIANCE MATRIX F-OR MEAN VECTOR OF YFAR 1965-66 

312112.31 -22£~81.61 642121.12 • 71 .82 
-22481.61 6741.71 -4282.71 1. 43 .71 
642121.12 -4282.71 55412.41 1.61 1.72 

.71 1.43 1.61 2.31 ~.~8 

.82 • 71 1.72 3.?8 5.67 

Generalised Va.ria.nc~ = 25 71426.,82 7 



TARLE 8. 2.1 

ESTIMATE OF MEAN VECTQR FOR YEAR 1962-61 
========================================= 

88.94 
32.51 
60.79 

2.18 
7.16 

VARIANCF COVARIANCE MATRIX FOR MEAN VECTOR OF YEAR 1962-63 

1272.55 87 .87 -6.46 -2.29 -43.7 8 
87.87 58.37 132.16 .03 17.26 
-6.46 132.16 6752.35 2.93 1lfl.48 
-2.29 .03 2.96 .04 1.05 

-43.78 17.26 118.48 1.05 46.08 
EFFECINCEY MATRIX WITH RESPECT TO 

VARIANCE COVARIANCE MATRIX OF TARL F 8.1.1 

·---------------------------------------------------------------------' 
1.07 1.00 1.31 1.57 1.04 
1.00 1. 07 1.06 40.33 1.12 
1.31 1.06 1.0? 13.10 1.02 
1.57 40.33 1.29 2 5. 2,5 2.24 
1.04 1.12 1.02 2.24 1.06 

Efficiel'.IC y .oL.generalised variance :::: 1. 08 

·- ~- ' -
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TABLE R.2.2. 

ESTIMATE OF MEAN VECTOR FOR YEAR 196~-64 

========================================= 
150.28 
411.51 

5718.43 
2.38 

174.04 
VARIANCE COVARIANCE MATRIX FOR MEAN VfCTOR OF YEAR 1963-64 

----------------------------------------------------------------------
1322.55 335.51 -3?.01.58 -4.91 51.25 

335.51 7044.73 1088.56 4. 7 2 106.49 
-3201.58 1088.56 19597.?,5 ~0.20 4.36 

-4.91 4.72 30.20 .53 ?.36 
51.25 106.49 4.36 2.36 16.n3 

EFFECINCEY MATRIX WITH RESPECT TO 
VARIANCE COVARIANCE j~.IATRIX nF TABL f 8.1.?. 

1.09 1.34 1.12 1.21 1.oo 
1".34 1 "0 1 1.03 1.22 1.00 
1.12 1.03 1.09 1.16 1.28 
1.21 1.22 1.16 6.05 '1.29 
1.00 1.00 1. 28 3.?9 1.28 

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

Efficielt'ey of gene1:alised varianse :: 1. 12 
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TARLE 8.2.3 

' -.--

ESTIMATE OF MEAN VECTOR FOR YEAR 1964-65 
========================================= 

2178.46 
568.36 

4615.42 
.21 

2.66 
VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YFAR 1964-65 

129764.39 495.37 -22~37 .11 .?1 -121.'31 
495.37 91.71 1216.8?. .41 8.84 

-22337.11 1216.82 61832.78 .61 .78 
.21 .41 .61 .38 .38 

-121.31 8.84 .78 • 38 R.2R 
------------------------------------------~---------------------------

EFFECINCEY MATRIX WITH RESPECT TO 
VARIANCE COVARIANCE MATRIX nF TARLE 8.1.3 

1.03 1.29 1 '.031 1.14 1.08 
1.29 1. ()7 4.11 1.?4 -1.17 
1.03 4.11 1.29 3.62 ?-.85 
1.14 1.24 3.62 5.86 5.68 
1. 0-8 -1.17 2.85 1:).68 .28 

-------------------------------~--------------------------------------

Efficiency of g~neralised v~rianee :::1.06 
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TABLE 8. z.A 

ESTIMATE OF MEAN VECTOR~ FOR· YEAR 1965-66 
====~==================================== 

2437.78 
52 8.6 2 

4661.71 
.14 

1.66 
VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR nF YEAR 1965-66 

296797.73 -21497.55 632439.16 .41 .48 
-21497.55 5846".69 -4171.66 .43 .58 
632439.16 -4171.66 ?.8~-=35.fn .71 .76 

.41 .43 • 71 1.46 1.47 
.48 .58 .76 1. 47 3.56 

----------------------------------------------------------------------
EFFECINCEY MATRIX WITH RESPfCT Tn 

VARIANCE COVARIANCE MATRIX OF TABLF 8.1.4 

1.05 1.04 1.01 1.73 1.70 
1.04 1.15 1.02 1.32 1.22 
1.01 1.02 1·.95 2.?6 2.26 
1.73 3. 32 2.?6 1.58 2.21 
1.70 1.22 2.26 2.23 1.59 

Efficte.:.1cy 9f genera.lis~d varia.nee = 1. 21 



TARLE 8. 3.1 

ESTIMATE OF MEAN VECTOR FOR YEAR 1962-6~ 

===========~============================= 

91.56. 
36.42 
63. 71. 

.51 
5.71 

VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YfAR 1962-63 

1164.41 89.96 -9.43 -4.62 -45.87 
89.96 68.77 151. 43 2.31 2.12 
-9.43 151.43 66?1.66 3.92 1~1.45 

-4.62 2.31 3.92 4.71 2.68 
-45.87 2.12 131.45 2.68 3.79 

EFFECINCEY MAT,RIX WITH RESPECT TO 
VARIANCE COVARIANCE MATRIX OF TABLE 8.1.1 

1.17 .98 .89 • 7 8 .99 
.98 .91 .93 • 52 9.1~ 

.89 .93 1.04 9. 79 .92 
• 78 • 52 • 97 .?1 .88 
.99 9.13 .9? .88 12.94 

Effideney of gene;-J.lisea variance = 1. 02 



ESTIMATE OF MEAN VECTOR FOR YEAR 196~-64 

========================================= 
153.43 
42 1.44 

6101.48 
.67 

171.39• 
VARIANCE COVARIANCE MAT~IX FOR MEAN VECTOR OF YFAR 1963-64 

--------------------------------------if--------------------------------
1231.41 346.48 -341?.41 -7.46 1:)6.24 

346.48 7048.78 10q1.76 4.q2 111.71 
-341?.41 1091.76 18741.46 ~4.-2A 4.'5~ 

-7.46 4.92 ~4 •. 26 6.17 R.42 
56.24 111.71 4.'5~ 8.42 207.56 

EFFECINCEY MATRIX WITH RESPFCT TO 
VARIANCE COVARIANCE MATRIX OF TABL F 8.1.2 

----------------------------------------------------------------------
1.17 1.30 1.05 .8() .91 
1.30 1.01 1 .02, 1.17 .95 
1.05 1·. 02 1.14 1.02 1.23 

.8 0 1.17 1.02 .52 .92 

.91 .95 1.23 .9? .10 
----------------------------------------------------------------------

Efficien4::y of generalised yarianee = 1.15 
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TABLE 8.3.3 

ESTIMATE OF MEAN VECTOR FOR YEAR 1964-65 
====~==========~==================~====~= 

2214.73 
584.61 

4667.87 
• 21 
.36 

VARIANCE COVARIANCE MATRIX FOR M~AN VECTOR OF YFAR l964-n5 

117123.41 483.46 -21341.1"'· • '31 -1~1.41 

483.46 87.46 1217.?1 .49 o.16 
-21341.13 1217.31 51421.70 1. 3~ <.76 

.31 .49 1.'38 '3.16 2.28 
-131.41 9.16 2.76 2.28 5.46 

EFFECINCEY MATRIX WITH RESPECT TO 
VARIANCE COVARIANCE MATRIX OF TARLF 8.1.3 

----------------------------------------------------------------------
1.14 1.32 1.08 .77 1.00 
1.32 1. 12 4·. 11 1.04 -1.13 
1.08 4.11 1.55 1.60 .BO 

.77 1.04 1.60 .70 .94 
1.00 -1.13 .so .94 • 43 

Efficiency of generalised variance = 1.16 
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TABLE 8. 3.4 .............. ~ 

ESTIMATE OF MEAN VECTOR ~OR YEAR 1965-66 
========================================= 

2437.76 
535.48 

4741.31 
.19 
.26 

VARIANCE CnVARIANC:E MATRIX FOR MEAN. VECTOR OF YEAR 1965-66 

----------------------------------------------------------------------
2R7426.64 -22461.61 61613.26 .48 1.21 
-22461.61 5846.71 -1?71.71 .45 1.61 
61213.~6 -1271.71 27371.67 1.42 ?...76 

.48 .45 1. 42 1.8) 1.7? 
1.21 1.61 2.76 1.72 1. 40 

EFFECINCEY MATRIX WITH RESPECT TO 
VARIANCE COVARIANCE MATRIX OF TARL~ 8.1.4 

----------------~----------------------------------------------------· 
1.08 1.00 10.48 t 

1. 47 .67 
1.00 1.15 3.36 3.17 .44 

10.48 3.36 2.02 1.13 • 6? 
1.47 3.17 1.13 1.27 1.90 

,67 .44 .6? 1.90 l...05 

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

Efficiency of general.j.sed varian~e = 1. 23 
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TABLE 8. 4.1 

ESTIMATE OF MFAN VECTOR FOR YEAR l964-n5 
========================================= 

?273.42 
641.31 

4712.43 
1.41 
2.58 

VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YFAR 1964-65 

185213.42 943.79 -1671?..18 1.5? -RR.41 
943.79 1211.41 1iR1.49 2.46 -li.?R 

-16713.18 1381.49 ?4 '173 .61 "3.1? 5.96 
1.5? 2.46 3.12 4.16 6.29 

-88.41 -13.28 5.96 6.29 R.49 

------------~---------------------------------------------------------
EFFECINCEY MATRIX WITH RESPFCT TO 

VARIANCE COVARIANCE MATRIX OF TABLF R.1.i 

------------------------------------------:---------------------------
.72 .67 1. "38 .15 1.4R 
.67 .oa 3.62 .20 • 78 

1.38 3. 62 3.29 • 70 ."37 
.15 .20 • 70 .53 • 34 

1.48 .ys • "37 .34 .?8 
_____ j _______________________________________________________________ _ 

Effieie.::1.cy of generalise6 variance = o. 83 
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TARLE 8.4.2 

ESTIMATE OF MEAN VECTOR FOR YEAR 1964-65 
==========================~~============= 

2581.76 
72 1.46 

4269.47 
2.32 
1.4R 

VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YFAR 1964-65 

194212.5R 1031.76 -12712.'36 2.21 -96.42 
1031.76 1312.47 1471.64 4.?..7 -21.19 

-12712.36 1471.64 ?7495.64 4.76 5.1?.. 
2.?.1 4.27 4.76 3.?1 ?.71 

-CJ6.42 -21.19 5.1? 2.73 -:~.. 79 

EFFECINCEY ~ATRIX WITH RESPECT TO 
VARIANCE COVARIANCE MATRIX OF TARLE R.1.3 

.69 .62 1.81 .10 1.-:1.6 

.62 • 07 '3.40 .11 .49 
1.81 3.40 2.91 .46 • 43 

.10 • 11 • 46 • 69 • 79 
1.36 .49 .43 • 79 .62 

-----------------------------------------------~---------------------

Efficiency .of generalised '\I'Q.rianc:-3 == o. 79 
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TARLE 8. 4. 3 ____ .;,... __ _ 

ESTIMATE OF MEAN VECTOR FO"R YEAR 1964-65 
========================================= 

2584.76 
702.46 

492 6.48 
.39 

6.84 
VARIANCE COVARIAN(E MATRIX FOR MEAN VECTOR OF YEAR 1964-65 

174216.61 1132.78 -11619.41 3.46 -78.~2 
113?.78 1421.79 1"321.?3 5.26 -10.19 

-ll619.lJ-1 132 1.? 3 ?5412.71 4.8 l 4.7?, 
3'.46 5.26 4.81 5.98 3.?.1 

-7R.~2 -10.19 4.73 "3.?1 A.76 

EFFECINCEY MATRIX WITH RESPECT 10 
VARIAI\ICE COVARIANCE r~ATRIX OF J:ABLF R.l.3 

---------------------------------------------------~------------------'* .77 .56 1.9R .oA 1.67 
.56 .06 ~.79 .09 1.02 

1.9R 3.79 "3.15 .4'> .47 
.06 .09 .45 .?,7 .67 

1.67 1.02 • 47 • 67 .35 
---------------------------------------------r------------------------

Effieiency of generalised varianee == o. 86 
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TARLE 8. 4.5 

ESTIMATE .. ~:-:~:~VECTOR FOR LEAR 1964-65 
' . . 

===========~===F==========~=~=~========== 
2238.46 
541.94 

4568.92 
4.36 
4.83 • 

------------------------------------------------------------------- --------------------------------------------------
VARIANCE COVARIANCE MATRIX FnR MEAN VECt·· OR OF YEAR 1964-65 

191628.43 947.78 -11681.4 4.71 -98.76 
I 947.78 1428.73 ll62.43 4.9?. -11.79 
-11681.42 1162.43 ?4916.73 5.43 6.71 

4.71 4.92 5.43 8.4?. 7.68 
-98.76 -11.79 6.7~ 7.68 10.41 

--------------------------------------------------------------------t--------------------------------------------------
EFFECINCEY MATRIX WITH RESPECT TO 

VARIANCE COVARIANCE MATRIX OF TARLF 8.1.3 
---------------------------------------------------------------------------------------------------~-------------------

.70 .67 1.9t .05 1.33 

.67 .06 4.31 .10 .88 
1.97 4.31 3.21 .40 .33 

.05 .10 .40 .26 .28 
1.33 .88 .3~ .?8 .22 

' --------------------.----------------------~----------------------r-----------------------------------------------------

I 

\ 

Efficic\mcy of generalised variance = 0. 85 

'\, 
' . 
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TARLE 8.4 .. 6 

ESTIMATE OF MEAN VECTOR FOR Y~AR 1Q64-6S 
=============~========================~== 

2007.86 
601.34 

4223.69 
4.68 
5.69 

VARIANCE COVARIANCE MATRIX FOR MEAN VECTOR OF YFAR 1964-65 
·-------------------------------------------------------------------------

171032.16 1431.76 -12621.47 5.68 -70.32 
1431.76 1164.47 1231.49 10.11 -21.4~ 

-12621.47 1231.49 26718.71 6.41 s.q2 
5.68 10.11 6.41 I0.1Q 1?.78 

-70.32 -21.43 5.92 12.78 19.76 
·-------------------------------------------------------------------------

EFFECINCEY MATRIX WITH RE~PECT Tn 
VARIANCE COVARIANCE MATRIX OF TABLF R.l.3 

·-------------------------------------------------------------------------
• 78 .44 1.R3 .n4 1.86 
.44 .08 4.07 .ns .4~ 

1.83 4.07 3.00 .34 .37 
.04 .05 .34 .21 .16 

1.86 .48 .37 .16 .12 

Effi~L~ncy of generalised v:-ariance = O. 89 
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I 

TARLE 8. 4. 7 

I 
t. l 

\ 

I 
t 

ESTIMATE 0F MEAN VECTOR FOR YEAf 19A4-65 
====================~===========r======== 

2342.79 E 

541.76 
4946.79 

6.41 
1.43 

i 

.... 

VARIANCE COVARIANCE MATRIX FOR MEAN VECTO.\OF YFAR 1964-65 
-------------------------------------------------------------------- --------------------------------------------

164127.63 831.28 -12631.49 :il 5.73 -?4.76 
831.28 1271.63 131?.67 ~ 4.71 -12.69 

-12631.49 1312.67 25412.76 ~ 5.43 4.98 
5.73 4.71 5.4~ 6.11 5.92 

-24.76 -12.69 4.9R J 5.92 10.11 
-------------------------------------------------------------------A 

EFFECINCEY t-"ATRIX WITH RESPECT :T 
VARIANCF rnVARIANCE M4TRIX oF:TABLF 8.1.~ 

-------------------------------------------------------------------~ 
.81 .77 1.R3 :~ .04 5.30 _, 

.77 .07 ~ • R l .~ .1 0 .82 
1.83 3.R1 ~. 15 l .40 .44 

.04 .10 .40 k • ~6 .3A .,,, 

5.30 • R2 • 44' .~6 .2~ 

-------------------------------------------------------------------+-·*t' 

Efficiencv o£ generalised variance = 0. 
• J ~ 

I• 
~;~ 

'>J 
~: 
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TABLE 8 .4. 8 

, \ 
.I . 

~ 

\ 

ESTIMATE OF MEAN VE~TOR FOR YeiR 1964-65 
============================== ====;===== 

2104.12 
52 1. 53 

4876.31 
9.42 
2.56 

VARIANCE COVARIANCE MATRIX FOR MEAN OF YFAR 1964-65 

192173.41 11 27. 68 -13 421 • 7 61 
1127.6R 1368.47 1211.7g 

-13421.76 1211.79 26738.9L , 
6.41 2.91 6.42: . 

-100.12 -2.46 5.38'; 

EFFECINCEY MATRIX WITH RESPEC 
VARIANCE COVARIANCE MATRIX 

----~-------------------------------------------------------------
.69 
.56 

1.72 
.03 

1.31 

~ ' I 
:~ 

.56 1.711 • 07 4.13 
4.13 2.9. 

• 17 • 3 ..• 
4~23 .4. 

Effui~cy of gener'alis~d var 

6. 41 -100.12 
2.91 -?.46 
6.42 5.38 

11.21 4.76 
4.76 8.47 

ARLE R.l.3 
--------------------------------------------

.03 1.'31 
• 17 4.23 
• "::14 .41 
.19 .45 
.45 .28 

,> 
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\ 
I 

T A R L E 8 • 4. 9. 

EST I MATE OF MEAN VECTOR FnR YEAR 19 64-65 
================~===============~======== 

2543.68 
596.80 

4919.78 
8.93 
2.43 

VARIANCE COVARIANCE MAT~IX FOR MEAN VECTI~ nF YfAR 1964-65 

-------------------------------------------,---------------------------
169437.70 1011.').8 -11711.42,·~ 7.A9 -R4.43 

1 0 1 1 • 9 B 1 4 2 9 • 7 6 1 3? 9 • 7 6.;t l 9 • 4 2 -41 • 7 1 
-11731.'~2 1329.76 29761.06;;' 7.32 6.78 

. ' 7.69 9.42 7.12 .:, 14.39 4.71 
. - R 4 • 4 3 -4 1 • 7 1 6 • 7 B I 4 • 7 1 ? • 9 2 

------------------------------------------~---------------------------
EFFECINCEY MATRIX WITH RESPECT~ln 
·VARIANCE COVARIANCE MATRIX otr TARLE 8.1.1 

I ,_, 
-----------------------------------------~---------------------------

.79 .63 1.971:1 .03 1.55 

.63 .o6 ~.76~1 .ns .24 

------------------~i~~------:~~~------:~~~-----~~! _______ ~!~---------
Efficieacy of geaerap.sed va.rianc~~ O. 93 . . I 
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TABLE 8. 5.1 

ESTIMATE OF CHANGE IN MEAN VECTOR FRO~ 1963-1964 TO 1964-6~ 

=========================================================== 
167 2 .4.1 

192.76 
-1441.92 

-.76 
-4.29 

VARIANCE COVARIANCE MATRIX FOR VECTOR OF ESTIMATE OF ABOVE CHANGE 

102162.79 479.81 -11897.43 .42 -7 .R2 
479.81 1246.31 2218.71 4.37 -3.81 

-11897.43 2218.71 21786.73 1.96 4.-72 
.42 4.37 1.96 2.19 3.82 

-7 .A? -3.81 4.72 3.82 11.71 
' ------------------------------------------------------------------~----

Generalised variance 
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= 2 761H21. 73 
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TABLE 8.5.2 

1 
ESTIMATE OF CHANGE IN MEAN VECT9~ FROM 1963-1964 TO 1964-65 

====================~====================================== 

.1543.75 ll 
201.81 

-1251.68 
-1. 28 ; ~~ 
-4.31 

VARIANCE COVARI~NCE MATRIX FnR VECTOR OF ES~IMATE Of ABOVE CHANGE 
-~--------------------------------~-----------------------------------------------------------------------

123147.81 546.87 -13296.48 
546.87 1471.28 1104.76 

-13296.48 1104.76 228~7.68 

2.16 3.28 2.27 
-8.46 -2.12 4.91 

EFFECINCEY MATRIX WITH RESPECT TO 

2.16 
3.28 
2. 27 
3.16 
5.12 

VARIAN~E COVARIANCE MATRIX OF TARLE 8.5.1 

-8.46 
-2.12 
4.91 
5.12 
6.91 

\ 

--~------------------------------------~--------------------------4~-------------------~------------------
------------~-------------------~---------------------------------~--------------------------------------· 

.82 .87 .8.9 .19 .92 

.87 .84 2.c1o 1. 33 1. 79 
.89 2.00 .95 .86 .96 
.19 1.33 .86 .69 .74 
.92 I. 79 .Q6 • 74 1.69 

----------------~-------------------------------------------------L--------------------------------------· 

Efficiency of generalis ed variance :::; 0. 93 
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TABLE 8.5.3 

~i·~ 

II 
I 
I 

I 

f 

I . 

IJ \ 
..... 

ESTIMATE OF CHANGE IN MEAN VECTOR FROM 1963-1964 TO 1964-65 
==== = ===========~================'-::!.= =========== =====::::::::::::?::: ==:;r 

1743.35 
185.61 

-1532.19 
-.92 

-5 .9·6 
VARIANCE COVARIANCE MATRIX FnR VECTOR OF ESTIMATF OF ABOVE CHANGF 

--------~-------------------------------------------------------------------------------------------------
. 114312.73 425.76 -11286.71 ~ ~.27 -9.78 

425.76 1298.78 2473.26 1.26 -4.39 
~ -11286.71 2473.26 22037.67 2.77 3.68 c 

3.27 1.26 2.77 ·3.09 4.26 
-9.78 -4.39 3.68 4.26 5.61 

-------------------------------------------------------------------------------------------------~--------
EFFECINCEY MATRIX WITH RESPECT TO 

VARIANCE COVARIANCE MATRIX OF· fABLE 8.5.1 

.89 1.12 ~ 1.06 .12 .79 
1.12 .95 • B,q 3.46 .86 
1.05 .89 .98 • 70 1.28 
.12 3.46 .70 .70 .89 
.79 .86 1.28 .89 '2 .08 

.,....,. ________________ .._ ______________ ____......._ ------......--.- -----------............. ---............. -----'~-------------------------

Efficiency of generalised variance = 0. 89 
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• 
SUMMARY 

The reliabUlty of any repeated occasion su:rvey is :reduced d~ 
.. 
to marked increaae ~n non-response ' which occurs due to increased 

........ 

burden on some of the respondents. To reduce this defect, in the 

' ...... 
present investigatien a rotation scheme bas been developed to select 

sample on successive occasions in multi-stage sampling designs-.. F_o_r 

this three different type of sampling plans have been developed to estimate 

one or more characters at the same time •. Using these sampling designs 

an attempt has been made to obtain the minimum variance linear ,unbiased 

esttmates of: 

1. the population mean vecto:r of characters at the mast recent occasion, 

Z. the c!ul*7.8.n population mean vector of characters from .one occaiSlon 
to another, 

3. an overall estimate of the population mean vector of characters ove.-all 
·' Oc:eas tons for a dynamic population, and 

4. the modified population mean vector of characters of past occasions 
using knowledge of estimate of population mean vectoJ' ot characters 
fo:r following occasions, in a two stage sampling design. . 

Optbnum sample size ln diffel'ent sampling plans for a ~lven cost 

( aJter developling the appropriate_cost functio.n ) has also been worked out. 

Furthe:r an attempt h.as also been made to esthna.te the missing value ol the 

characters of non~respondlng units , using tbe lnto~Pmation on previous 

occasions and recent occasions, under some restl'ictio.o.s-

For Ulustration a study of I. A. D.P. data , collected f. or 

Bench mark surveys in Allga:rh disttict .from 196Z·-63 to 1965-66 baa been 
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