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Usually t.he results ot a ssnple survey ~a useful for 

the occasion when 'the su~yey is oonduc'ted. A populat.lon which 

does not change with time p:zaesents no serious piobltmt• But 

tor a dyn.ada population, that is, t.he one, which is sub~ect. 

to change from time t.o time, such as the extent of' area Under 

impro~ed seeds, the extent of fertiliser use, or the number 

of unemployed persons in a country, any such su:-vay !s ot 

-ll.mi ted use unless 1 t has bean repeated frequently at regu:l~ 

1nt.arvals of time. The duration of such a survey if it is 

undertaken, and the interval to "be 't.eken between two cmquiries 

in such a survey will., 0.~ course, depend upon the type of the 

st~rveyed material, t.be in!orma.Uon that is to be collect-ed from 

1 t~. and t.he expend! ture that bas been sanctioned 1n eondueting 

such a survey• this last aspect is a reatr~at.3-ve one as such 

the already dwindling ref!ources of a count;ry may not. warrant. a 

costlier survey to be undertaken. The 1mport~ce ot JJepeated 
":"~ 

surveYEk> or tile. same popculat.1on maY be ~ph.as1 zed on other 

considerations also. S1nee dynamic changes are being brought. 

about. 1n the economy of our ·country, 1t would be !nstruat.ive 

to take st.ock of the changes brought. aout. at. the end o.f eaab 

plan period, be~ore we step !nto the next one. 

'l'hua tor a dy.na:nia population, a sampler may be asked 

to present sta:t.ist.ical estimates fo~ the changes t.aldng p1a.oe 

1n it. from Ume to time• 1n respect ot 1 t.s varioua ~harac~s. 

He may be aJJked to give estimates for the average value of a 

character for the pal'tieulal" periai under- cons~derat..ion. Ift 
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to1: instance, t.ll9 po~ulat1on -1s subject to mont.hly var1at.1on7 

he ma:y be reqUired to g1 ve est.imates fo:r: the population 

ehara.at.er for the current. month-. and to compare 1 t w.1 th the 
~ .... 

corresponding value in the preeeeding month. Simllarly if the 

papulation 1a subject to seasonal vanatJ.ons·~est1mates maY be 

required of the changes brought about. by the seasonal effeot.s. 

Having made sure the objective of a survey the sampler 

would embark upon to adopt a sui table frame or design for the 

survey~- Naturally his cho1ca would be one among the "Vtl1'1ous 

designs available. After the first round of enquiry is over, 

he may not like t.o choose the same sampling units for the second 

round as well., unlesa the units are extremel7 variable with time. 

If the sampling un1 ts are not so variable, 4 resnrver of the 

same un1 ts may fail t.o g1"1e any additional intormat.!on ot 
. 

part.1 cular 1nte1:est., rather much of Ume and resources may be 

lost -in an endeaVCUJ' to have suoh a f$.Urvey. Mo:reovel:' as 

_...,Yates (1949) put.s it a repeated resurvey of the same units may 
-~- . 
result~m~f1eat1on of these units relative to the rest of 

< --

the population. He asserts t.he point. by giving an example that 

in, a survey of agricultural practicat visits to farms may result. 

in the fa.rmex-s concerned, 1mprov1Ag their pra.c!J.ce through the 

advice t.rom the. investigat.ora.J an adVice whioh when asked for 

can scarcely be refused. 

To select. a. fresh sample independently on each oacas1cn, 

one will be confronted 'Wi~ a number of d1ff1cult.1es related 1.o 

field operation. One 1s that if the enumerator is new to the 

pl.a.ee of enquiry, he .will not get full eo-operation of 'the l.ocal. 
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population in executing his wozk ?lff1c1ently and secondly the 

whole procedure ot preparing t.he ba.sio frame, tabulating and 

listing of sampling l1n1 ts shall have· to be repe~~ _again 

whi cb will mean consumption of more time and more travel to 

be undertaken end hence more cost per un1 t, inal.uded in the . 

sample. 

Ret..~n1ng some of the units fxaom the previous enquiry 

and supplementing them w1 th a sa:nple selected a. trash from the 

population at each time seems to be en effect.1ve policy to be 

adopted for the field operation~ The~e ~e some administrative 

advantages also in intt-oducing the new un1 t.s occasionally 1n 

f'ra.ot1ons. Thus, for instance, in a survey involving tehs11.a 

anCl villages within t.ehs11s as our sampling units., if we want. 

to take a. fresh Salllple of t.ehsils in tho second enquiry. it. aay 

take at least a day more for avery new tahsil included in tbe 

sampl.e, fol' ... pr~ the basic frame for selection of the sample 

trom it and about three or four days more for enumerating the 

hou.sehol<la_..wi W.n each selected village from t.bis new tebs1L 

Therefore, 1 t "is desirable t.o have only soma ot the new un1 ta 

come into t.he sample at. any time sa as to spread t.be over-work 

over a number of enqui'riea. 

In a suzvey involving a single stage random samp1e design 

partial replaaement. of aaxnpllng un1 ts presents no serious prob1em. 

But for a mult.1-st.age sampling design "the things ·,are not. so 

simple. Thus-fol' a t.wo-stRge design, what. traoUon of primary 

sampling un1 ts should be selected abash and what. fraction to 

be J'eteined on the second occasion, and it we have dee1ded to 
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retain all the psu•s.whether all the second stage units within 

them should be replaced or they should be part1 elly replaced 

and partially retained - t.hese are t.he various problems with 

whicll a sampler is confronted. 

While a good amount of work involving ~~~gle-stage 

sampling design has been done by a number of workers~ sueh as 

by Jessen, ·'Iates, Patterson and T1kkiwal, praet.!call.y no study 

has been made of the problem requil"ing more complex designs 

and to correlate t.he results vi tb some actual .SUJ;'VSY• Seeondl.y 

they have left ott a more important. aspect v1 z. the cost 

involved in a survey. Only Jessen's investigations are compl.ete 

in t.his respect ... 

It would be opportune to outline some of the fields 

where the study made in the tollowing pages can have a possible 

alJpli cation. Schemes have been eon®oted by 'the Indian Coune!l 

of Agricultural Research t.o assess and pat forth reliable 

eat1ma.tes for the milk-J'ield of cows and buffaloes, the1r 

breedwise distribution~ feeding and other management pra.et:f:ces 

in the Punjab, U.-P.., Bombay aJld Mdh:ra Pradesh State&. The 

survey condUotea 1-n ·P-unJab has been dealt. w1 th in greater 

det.a.il later ons the object here is- to st.udy in what. fol:m oan 

tho device of' partial repl.acemen1. of units be applle4 to the 

subsequent survey:s. Since the snecesa1ve SalnPling units are 

t.ehs1ls and villages, 1t may be possible to ret.ain onl.y some 

of tehsils for the seeond l!Ound of enquiry and complete the 

sample by taking some of the 'tehs1ls afresh. In that WaY a 
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larger number of tehs11s can be _!ncluded 1n the survey. Since 

in ~he Punjab sarvey all the tehsila have been reta1ned end 

villages within eat.th telisil taken afresh on eaah season it 

-would be wrth'ttlh11e 't.o a1-udY llhe"t.her we can re~~ a sui 'table 

traction of' teha1ls and ttetain only some of the villages within 
I " .. ~'\\-~ . 

ea.cll. tehsil that has been :retained and select. soma ot them 

a.f'resh so that. the objecUve ean be 'best achieved td-t.hout any 

undue increase in the cos~. If such a scheme is feasible, t.he 

ob3cative is to find t.he nu:.aber or t.ehsils and the nW!1ber of 

villages w1 tllin each tehsil that. should be included in the 
II 

sample on each occasion so that the estimate for the cllara.ot.er 

under study can be built up with a precision that the given 

resources would permit. 

A similar sampling plan may be adopted for_ the sttrVSJ'S 

which are repeated annually for estimating the yield of agr1-

eu~taral el'Ops in the country. Uent.ion m.a,y be'- made ot a pilot 

sample $\lr'VSY f'or est1~a.t1ng the pJ,!OduoU:on and ~a. under the 

cultivation of coconut and areosnut. erops !n AsssJn1 lladrM.­

l!ysore1 Andhra Pradesh, Bombay and Ke"J~ala St.a'tes. Another 

scheme t.o assess the prQduo~on of orange is be1n.g condUcted 

in the Bombay State.. The point. o.t J.l\terest in the Coconut. and 

Araoanut crop surveys !s that for tJle seeQnd year of en.Qlli.r7 

only a fraction of 20 to 25 percent. of the villages sampled in 

the first. ye~·is W· be l'Gtained ~s being supplemented by a 

fresh sample ot viDages. Thns as large as 75 to 80 percent. 

repl.acement. baa baen envisaged for the second and subsequent. 

years of enqu1ry. As for t.he villages which have been :ret.ained 
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it has been de<d dad that \be same set of palma shOUld "be taken 

for harvesting -which were taken in the previous enquiry. The 

fresb sample of villages 1.11 to be taken from ~ ~Ure popula­

tion of villages including those also wM ch have been retainedJ 
I 

and 1f any of these retained villages happenS "'to ·be $e1ect.ed 

again, 1 t 1 s not 1.o b<3 rejected but. a douhle samp1e or gardens 

or trees is to be d.ra\Jn from 1 t.. for collecting information. 

Sioila.l" salDpllng pl.an for the second year has peen adopted for 

the survey of .... oranges also• By adopting the scheme as g1 ven 

above, for the second year, improved est.imates of prodUction 

for these crops can be obtained. 

To exterid t~ t1 eld further mention may be made ot the 

survey conducted in l953 by the National. Sample SUr~~Y to assess 

the emplQyment and unemploymentr s1tua.t.1on 1n the conn1.1-y. The 

bost vay to make a study of 't.he improvements twooght. about. 'by 

the introduction ot five-year· plans 1s to have an appraisal ot 

the *loyment situation in the c()lllltry at the end of each pl.a:n­

per1od. Any design Bdopted for aueh a. survey would essentially 

consist. of towns ~d villages etc. to be taken as the sampling 

un1 ts.. K sutt.able fraction ot these may be replaced for 

subsequent surveys.· 

Perha,ps the, most, realistic appllaatJ.on of the replacement 

policy to a su.rvey bas been 1llust..ratad by Jessen 1n his 

"Statistical InvesUgations of a Sample Survey tor Obtaining 

Farm Facts" in the Iowa St.at.e, U.S. +A. In this study he shows 

that. •matched• samples ware 35 t.o over 20 times as efficient • 

a.a independent. samples on each of the two occasions depending 
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upon the t.ype of the item for whiob information was :required. 

ffis investigations also included a cost tanction appropriate 

tor 'Ule survey and he has obtained optimum si.~e ot the sampling 

un1 ts for the g1 ven cost s1 tuat1ona. 

, 
In passing mention may also be made ot a sample survey 

being conducted in the u.s.A tor the last ten years 'to estimate 

the annual dollar volume of sales of retail sto~es in that 

country. Es~m~~s are also given for the pereent.age ohange 

in the volume ot sales from month t.o month in the same yea:r 

-as also tor the aal7le lllOnth a year lat.er. Beplacement. policy 

may etfect1 vely be adopted in such a survey. 



REVIEW OF LITERATURE 

Sampling on successive occasions with partial replace­

ment ot un1 ts was first. studied by Jessen (1942) for un1stage 

units only. Jessen's work was confined to t'Us o.cca.s1ons only 

wherein the information obtained from the first occasion was 
I 

"~· ........ -
utilised to build a:n estimate for t.he average on the second 

occasion. He considered two independent estimates for the 

current occasion; one sample consisted of units which were 

common to both the occasions, the information collected from 

these units on the preceeding occasion served as supplementary 

information for the estimate on the current occasion. Another 

estimate was the sample mean based on the units soleated afresh 

on the current occasion. Both served as independent estimates 

ot the population mean on the current occasion. The two were 

combined together with weights which minimised the variance ot 

this new estimate and these weights were proportional to the 

re~iprocals of their variances. An optimum value tor t.be 

proportion of uni t.s which were common t.o the t.wo occasions was 

also determined. -
. 

Yates (1949), however., has taken a liberal v1ew of the 

situation. He aontehls that for estimating the value of t.he 

population meen on two successive occasions, 1t. is more suitable 

to t.reat each oecas1on separately, following wbat.evel" me'thod 

of estimation is appropriate to the sample obtained on that 

occasion, regardless of 't.he values obtained on the other 

occasion. For two occasions, he has considered a subse.mple ot 

the original sample as also a. sample with soma of the units 

retained from tbe previous occasion end some taken afresn on 
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the second occas,.on. When a subsample of the or1&~al sample 

is taken, an estimate ot change will be obtained from units 

included in the subsaJnple onl:y. An estimate of the population 

mean on the second occasion ~ be .obtained e1 ther by adding 
~~ 

this estimated change to the overall estimate 011 'the first 

occasion,, or a regression estimate may be built. ... ~~ these 

units by using the sample values on the first occasion as 

supplement~y information. Yates has also ext.en4ed his results 

to h occasions ( h > a ) and bas built. an estimate tor t.he 

population mean on the bth oeea.s:lon by t-aking :tnto aaeount the 

results up't.o al'ld including the (h - l)th occasion. SUbject 

t.o certain 11m1tat1ons, the estimates Yb and Yh-l tor h and 

(h-1 )th occasions are related by 

i' ) } +cP ih" h-1 h 

where single dashes denote units common to occasions h and 

(h-1), the mean on the earlier·occasion is indicated by tbe 

squre brackets and double dashes un1 ts occur1ng on occasion --
h only. 

The l1m1 taUons that hh.ve been imposed are t.hat. a given 

fraction of un1 ts 1s repl.aeed on eaoh occasion; the variaMU t,y 
2 a •a 

on different occasions is constant i.e. Gh = fib-1 • b tor 

all hJ the eorrelat.ion f bet.ween the units en t.he successive 

occasions ts constant; and that correlation between tb.e un1t.s 
1-

0COaBiOns two apart. J:s f t.ha.t between the units occasions 
3 

three spal't.-is P etc. The value of 1>, varies t:rora ocaasJ.on 

to occasion and 1 t depends upon the values of f and the fract.ion 
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r replaced on each occasion. It. atrts as a weight. eomb1n1ng 

a. regression estimate and an another unbiased estimate. 

- -Expression has also been obtained .tor t.he change ~ .. 1J.r1 

bet-ween the est.1mat.es on t..he bt.b and (b.l)t.h Ofeasions. For 

different values of p and tor r = 1/2 and r = l/3 tables . ~"';· ..... 
have been prepared t~ the etf1 cieney of the esUmates of mean 

and change relat.i vo to the overall mean and t.he difference of 

t.he overall means for (a) 'two ·and (b) h occasions. Rel.a.tive 

efficiency ot a subsample has also been discussed. 

Patterson's (1950) approach t.o the p:roblem is sl1gh't.ly 

more general. He first builds an estimate a$ a suitable linear 

function of a set ot variates and then develops a se~ of 

oond1 t.1ons tor this estimate to be the most eff1c1ent.. He then 

makes usa of these conditions to get an efficient estimate of 

the mean on t.be hth oacas1on, whieh comes out. to be the same as 

g1 ven by Yates. W1 th th1 s set of cond1 tions be also establishes 

a recurrence relation- bet.veen t.he weights cph and 4'h-• aJld a 

l.1ndt.1ng valu.e to cph -::. cp when h is very large is givc;m by 

where ... --A -=t--r = 1 . 

When this limiting weight. is used there 1s a slight. 

1narea.s.,,_ 1n t.he va:r1ence of Yh. A solut.1on suggested by him 

is t.hat. th~ exact weights should be used for the first two 

oeca.s.ions and t.hereatt.er, t.he limiting weights may be used in 

place or cp; , cpl.t _ -- ------ etc. When the sample on the hth 
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or::oa.sion has been t.alten, the information provided by it may be 

utilised to improve the es.Umat.e to-z t.he ( h • k)tb occasion 

for k / 1. If h!b-l be this l'tltined estimate tor the· 

(h-l)th ooaasion then its eXP.~ession 1s given by 
·""-~ 

f 4h_1(Yb • ~) 
\ .. ~-: .. ~~ . .... 

Patterson shows that the change Yb - h~l itt more eft1o:1ent 

than the ona given by Yates. However., for h = a 'this nev 

estim.aw ot change has been considered by Yates also, 

T1lddwal' s (1958) wrk follows the same llnes, as set 

by Yates and Patterson; only difference 1s that t.he pat.tern of 

correlation set. by b1m is sl1ghtJ.y more general than. the one 

followed by his predecessors. While the correlation between 

units taken on di fterent. occasions has been allowe4 to vary4J 

that. bo.t.wen units two or more than two oooasions apa:rt. has 

been taken to be equal: to the proauc:-t of correla:t.1ons between 

un1 ts on all pairs of conseout1 va occasions formed by 'these. 

In cas$ tba. .s.eJPPle s1 ze a.n4 t.be oorl"elpi.ions are const.ant. on 

all the oeaas1ons, be shows t.hat wit.h the 11m1t.1ng <P ;> t.h& 

~~ement to be btfeated on different. occasions !s 50 percent. 
~~ ... -"!""'" ..... 

This Um1t.1.ng value 1s at.tained from above, meaning thereby t.hat. 

under t.be eonc11t!ons imposed the replacement traction ls alwal's 

?/ 1/2 • ?Jl !' 1 

When the co..rr9la:Uon and regression eoeftio!ents are 

not known in advance but are est.itnated from the sampl.e valnes 

the weights 4'-h wll1 again be changed and the va.r1abt11 t.y .of 

the correlation and regression e~tf1c1ents as computed from 



I• 

the salllples -shall have to be taken 1nt.o account.. This is 

parti eula.rly 1mport.ant when the number o t un1 t.s common to the 

both occasions is very smell and the correlation eoeff1o1en-t. 

1s calculated from these un1 ts. · The case h~. been discussed 

for two occasions by Jessen and for h oeca.s:lons by Narain (1953). 

In another paper (1956) T1kk1wal has shown that when 

t.he correl.ation and regression coetf1a1ent.s are est.ima.ted from 

the eommon units between t.wo eonseeuUve oecaa1ona, '!b is still 

a eona1 stent. estimator of the population mean (f_j on t.he hth 

occasion and it.s bias t.ends to zero with increasing sample sizes . 
on h occasions. Its variance wUl 1n general be greater than 

tha variance of t.ha estimator where the correl.ations are known 

in advance and t.he weights ( <f\-, ) themsel vea become functions 

of parameters to be estimated from the aaxnple~ 

A study of partial replacement. wit.h multistage units 

has been made by D. Singh (l959).6nly two st.aga units on tw 

occasions have baen taken. A fraction of psu' s has been taken 

to be common on both the occasions. Expression has been 

obtained for the est.ima.te of the mean and 1~ variance. When 

a su~y has been r~peated on difteron~ intervals of tfme over 

a given period, an est.im.ate has been obtained fo:r the m&an for 

the entire per~ol! or ~or any paJ>ticular interval. It has been 

observed that. tor a survey repeated at. t.hree eqUal 1nt.erval.s 

over a g1 ven period, the procedure w1 't.h independent sat!Plea a.t 

each interval will be ~a Et1'£1c1ent than the one when smneof 

the un1 ts sampled on the first. Interval are repeated again on 

the subsequent. 1nterval.s.. Part.1 al replacement. of un1 ts can only 
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be effecrt.ive it the correlation coetr1a1ents be~ween the 

values of un1 ts on the different. occasions is negative. 



SCHBMB FOR THE SfUDY OF mLK YIELDS, 

BBE"m5 AND FEEDING M, l!ANAQEMENT PRACTICES 

OF CATTLE A.?JO BUFFALOFS IN PUNJAB (1956-5?) ......... 
A pilot scheme to obtain reliable estimates of the 

. ...... . . 
milk yield and collect information on feeds and other manaie-

ment practices of cattle and buffaloes was conducted in t.he 

Punjab State in 1956-57. The entire area excluding some 

hilly tracts was brought under t.he survey. The fial.d ~rk of 

the survey was spread over all the three seasons of the year, 

llarch to· June~ July t.o September and October to February 

const1 tuting the summer, rainy and winter seasons respectively. 

The sampling plan adopted for the survey was one of 

stratified multistage random sampling. The entire area was 

divided into three compos! te geographical zones, t.he Rort.hernt 

Central and the Southern end these eonst1 tuted the three 

strata.. Tehsils and villages w1 thin t.ehs1l.s constituted the 

psu' s and ssu' a .respeeti vely. The sample consisted of 15 

tehsils, 5 from eaab stratum. In the summer season a random 

sample of 4 villages was selected from each of t.ha first. t.wo 

se1ected teha1Is "i-ll a zone. From each of the rema1n1ng three 

tehsils, a sample of 'two rillages aPd one t.own with two wards 

from eo.ch town were selected, the quantum of work in a WBJ!d 

being equal to that '1n a village. M enumerator lltaB appointed 

tor eaoh tahsil who nade one complete round of" all the selected 

villages and towns in a. month• spending about a week 1n each 

village or town. Sinco t.he summer season consists of four 

months., the f'ield work. eons1sted ot 4 rounds of each select.ed 
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village or ward. Tho pl.an ot wrk adopted 1n the rainy and 

wint.er seasom was sl1gb.t.ly differen'\ from that. adopted in t.he 

SWIUller s.eason. Two random clust.ara of three village$ eaah 01' 
·~~ 

one cluster and two tows w1 t.h ono ward from each tom, was 

the plan adopted tor these t.wo seasons corre~ to 4 

villages oi- 2 villages and one town with t.wo wards trom i't • 

as in the summer season. The time to be spent in villages 1n 

each cluster or 1n the town was determined beforehand. 

The salient. featuJ~es of tJ11s survey were the colleot.1on 

of detailed data on milk yield and different feeds gi"(ten to the 

an1mals9 their breed-vise d1st.rlbut1on, age, sex and order 

end st.age of lactation of animals in milk. Inform~tion was 

also collected on the veterinary tao1lit1es available in the 

towns and vUlages to set them on proper footing~ 

The staff' f'or the field work consisted of, besides the 

f1f1,een enumerators, three aupervisory.cnm.-relleving enumerators, 

t.hree inspectors and one. field officer. The statistical statt 

eons1sted or one Asais.t~t Stat..1sti c!.an~ one S'taat.ist.ical Asst.t., 

apd four senior computers, -- """' - --:-- .... -~ ... 

The total eo st. o't the scheme vas ot ·the order of 11. )..03 

lakhs, of which the expenditure estimated on the t1e1d st.a.ff 

was ts. 63.ooo; .. and that on the statistical staff was na.40,000/-. 

Estimates tor the components or variance for the various 

stages of sampling units have been obtained and these are used 

in the present 1nveat1gation. The ob3eat1ve is to determine 

the various COl:lpOllent.s of cost involved 1n the tteld work or 
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the su~vey ana to bUild a suitable cost function tor the scheme. 

Only two stages of units viz~ t.he tehsUs and villages within 

tehs1ls have been taken sXld therefore f.he cost tunat.ton involves 

components ot cost. tor these two stsaes only, Although 1n 

the actual survey same t.ehsUa have been taken !A. a:p. t.he 

three seasons and only the villages within each tehsil. ere 

taken e!resh in each season, the object. of the · .p;esen~ 1nves.t.1'"" 

gat.ion 1s to obtain til$ optimum number of psu's and ~·s 

w1th1n each psu which should constitute the sample tor a given 

cost tunot1on. Thus assuming t.ha't a fixed proport.ton ot 

tehsil.s is replaced in each season, optimum values fOJ: the 

number of" tahsil a and villages td tbin each tahsil have been 

obtained which would best estimate t.he aV'erage m.tlk yield of 

animals in the second season ot enquiey subject. to the cost. 

tunot1on built up tor t.he survey. Any change 1n the values of 

the components ot cost which are 1nvol.ved in the cost funat:lon 

or any change in the estimates for the var1anoe components 

(whiCh will necessari1y bet different to~ different snrve~s) 

woulQ alter the optimum value for the size of the sam;pl.e. Tables 

hav~ thus been prepared for obt.clining the optimum values for 

the number ot psu• s ana the sau' s to be t.akan 1n t.he saJilP].e tor 

d1 f"feren..\ y~ues ot t.he variance component.s and under different. 

cost patt~s. 



gpi~s pe1ng retained~~ Let us first consider the case when 

sampling 1 s done on 'two occasions only wi t.h a t't'IO•stage sampling 

design. For simplicity we shall assume s~l!1ng with replace-
... •, . 

ment both for the psu • s and ssu • s. Let N and U be the numbelf 

o·f psu 1 s and ssu 1 s in the population and suppose ·t.hat. a simple 

random sample of n psu*s 1s drawn for the first occasion and 

th~t out of the 1th pau selected, we sele~t ~ ssu•s, so that 

tho sample on the first oaoa.sion consists ot ~ lnf = mo 
sampling units. SUppose fu~ther that we retain a simple random 

sample of np psu•s for the sample on the second occasion, 

~nd supplement it by qn independently selected psu's, ~ere 

p + q = l, so that ~ II1t = lilol. uni ta are collli!lOn to the 'two 
"Y\.'V 

occasions and i ~ = mo2 units are selected atresh on 

the second occasion, the total sample s1 ze for the second 

occasion oeing m.aintr:dned the same as that for the fi:rst 

o~casion. Pract1 cal considera.tions in an act-aal. field survey 

necessitate the size of the saJnpling units to be th~ same on 

all onco.s1ons.. For, any ch:mga in t.ha sample size on a aubse. 

quent oceasion may require a change in tho field staft also, 

and the field wo~~ may also be disturbed. 

NO'wT let# nt> 
x). = mean on the first occasion; baeed on the ~nit 

units which are a3~o co~n to tho second occasion. 

y~ =mean on the 4econd occasion associated with such 

units. 

i1~ = mean on the first oec~on based on 

units vth1 eh ~e not COJllttlOn td th the second occasion._ 

and 'Y:g'* = mean on t.he second occasion ba.sod on 

un1 ts wh1 ah are selected atreslt. 



The above estimates are defined as 

-np 'WI..: 

Y'2 = l/rno1 ~ 4= Y13 "-::.1 ?::.1 

h)> 

<. = llmoJ. ~ Illf Yt(~) 
l'l, .,.., .. 

i2 = l/moa £;= ~. :v1"S 
Ji• 

SimilArly tor the estimates 

occasion also. 

-, % , 
l. 

on the first. 

y~ , 'Ya" pro"Vide unbiased est.imat.es for the mean I2 on the 

sPcond occasion and so also ij_ , 'Xi far tha popul.at1on mean 

-I1 on the first occnsion. 

-Estimate of mean:- We wish to estima'te Y2 by a linear 

function or the form 

12 = a xi + b x; +ey~ + a 7 2 • 
Obviously it is given by 

y2 = a ( "i£ -~i ! + CYa + (1-o) y~ • • •• (1) 

where a and a are obtsined by m1niD1sing V CY2> with respect 

to these qu~t1t1es. 

Not-J V(ig) :: a2 ( VCXi> + V Ci)."J ) + o2 V(ig) +(l,.o)2 V\ya) 

+2 ae Covcy~ , xi ) 

the remaining product terms. do not come into picture under the 

type of replacement adopted. 

Following SUkhatme (1953) we write 

h}:> 2. 

v u:i. ) = J/mo l . ~ + _r:.. .... a ...... -·"'rn-4._ s~ 
mol 
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. ... . • • (2) 

v <Xi>= 

- B (say) •••••••• ('3) 

Assumptions made tor this are that the varfab1llt.y 

within each psu is constant whether on th6~~1rat or the second 

oecn.sion. 

1 s 2 ; s2 and s2 ~ sw2 ro~ 'rill 1 and tor all x 
• 8 • ix w 1y 

~d y and 

~X: 

Similarly we shall have 

-· -·) Cov C x1 , Ya = 
2 

Sp • C(say). (4) 

where again tt. is assumed that 

f1xy = f~! fa 

AND p bxy ~ f 1 

f1 and lg are defined as 
N - - -~ <Yi.- 'I )_ ( xi. • X ) 

( = fbxlt ~= '\-:ol I L 

/.N - 2 N a 
'f.·Gir~>. E.~ X) 

•••••• (5} 

and f'2 = f wxy = 
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Again it. 1 s a.asum.e.d t.ha:t ss:ap11ng is done 1.d tb repl.aoemen t, 

both among psu's and ssu•s. _we wish to choose t.he values fo~: a 

and c which minimise V <Ya>• 
This gives 

{ V(i~) +V~) 1 v <72'> 
Q ::t 

~ 

l V\yg) +V(ya) J( V<il.) _. V<Xi ) ) 
...... _ -.. - - a 

• (covtY2, ii J 
and 

a• 
vG; > eov <Ys , xi > 

(v<Y~> +V<YS>) ( v<ii> +V<Xi >] - [ aov<YS .x;. ) J a 

Subst.i tuting the values of tha variances in terms of A-, B and 

C wa hnve 
(A+ lJ) :a 

a= 
( (A. +B >a ... c a J 

BC 

....... (7) 

end a= 

((A + B) 
2 

• c 
2 1 

....... (8) 

This, therefor~, give~ t.he required es;ttmate as 

{ 
c - _, l 

(A+-B) B -• + (Xl. • %1 ) J 
Ya ,. 2 2 J Ya q <A+ B) 

f (A+B) • C ( A (A + B) .,. 0 .g] 
+ - ((A + B)§ • C 2 ) 

-~ 

Ya -,, •• (9} 

~which may be seen tc be··the weigh't.e~ average ot the t-wo 

estimates 

l ~ + c ~ .. ~ ) }- end ~--
q (A.+ B) 

the wo!ghts being given by 
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and (say) •••• (10) 

Variance of t.he esUma:t.e is given by 

B (A (A + B) ·• C 
2

} 

(cA. + a> 
2 

.. a 
2 J 

Since a, B and C are functions of m,. • s, 1 t would ·be of tnterest 

to find the size of eaab psu, for which V (f2 ) wUl be m1n1.mnm. 

But it. will not. give any idea about. the optim.um. num~ of 

psu' s whieh should be replaced on the second occasion- For 

this, we shall assume that. m1 =- m to:r: all. 1. This then gives 

l 2 g2 r:X.. 
A = ( ~ + -, ) ~ (say) 

np m np 

Similarly B = 

and 2 
c = l (f.~ + 

np 
Therefore 

p 
Yg=---­

(lJ.. yz.tf2) 
..tZ-'t. 

and 

v cY3 > = 
n f c~'"~ Y2.1rt] 

( o{':_ it J 

y 
>--..fik"!!:p~- (saY) 

-y; •• (11) 

......... (12) 

It is now possible to gat the optimum value ot the r:epl.a.eement. 



fraction q, for which Vcy2 ) 1·s mJninwm. This is given by 

= 0 

Therefore yz. 

and V opt <Y2) = ;; . ( ol... + -.J oL :_ yz. ) 
I 

.... ~· .......... (1.5) 

(12) shows that fol' q = 0 and tor q :a 1 i.e. tor no replace.. 

mcnt or for complete replacement. ot the units, tJte variance ot 

the estimate has the same value of.. 
n 

Further, since Y~o< , it :f'ollovs from (14) that the replace. 

ment. fraction q should at least be as large as l/2, 1.e. not.. 

oore than 50~ of the units should he retained from the first 

occasion to the second and their percentage decreases steadily 

as "( increases. 

We assume that P, and Pz.. ~ botb pos1 t1 ve, for, it e. 

steady improvement is taking place 1n the chal'a.cter under 

cons1deration1 this will be reflected by the poai t.1ve correl.a­

Uons between t.he psu 1 s taken on the two oeerudons as weU as 

b&tween -the-ssu 1 s within ~ a 
'-............ sw 

I Yle write 'P = a 
~ (16) 

Therefore 

Yoc = r. -r P:.. cf/rn. J· 
I+ 1' /-m. I 

Table 1. gives fol:" a. sarles ot values of P~ , Pk , cp ~d m, the 

optimum percentage of J)SU • s whi cb should be replaned and the 

ralative gain 1n prooision as compe.J'ed to complete replace-r 

ment. Values ot P, have been taken fl:om .. so to 1.0. For 
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r' < • 50 tho gains a:re very modest. ~ ·varies bam •. 10 to 

-90 •. cp ranges from .lO to 1.0.0 a.a different surveys may yiel.d 

different valUes f'or- this rat.io; m bas been ~en: three -values 

a, 5 end 7 in order to see how far an increase in the size of 
• '"'Y'·- ... Ji' 

the subsarople brings about- a change- 1n the repl.a.cement of the 

psu 1 s. Upper values 1n each bracket in t.he table denot.e thQ 

percent raplncement of psu 1s between t~ occasions• ~le the 

lower v~ues denote the pareent gain in ~recision aa compared 

to oocpleta replacement. 

From the table 1 t con be sean thatl-

:1) as the eorrelaUona ~ and f2. between the psu.t s and 

the ssu•s inoroa1e, the replacement percentage also increases; 

1.o. a l.~ger proportion of new units should be added to the 

sample on the second occasion. Consequently th.e gain in 

precision ot the estimate on the second occasion also increases. 

Of eourse 1 t maY be p:rohib1 t1ve !rom cost oons1derat1ons to add 

1 '\rger nuober of new units to the Sa!llPlee. 

11) the rep1acement percentage and the gain in precision 

of the estimate, increase mor(i rapidly when ~ increases than 

when Pt. increases. This maens that the. correlation between the 

psu 1 s 1 s more importaJlt in bringing about a larger gain tn 

pree1s1on than that between the corresponding seeond stage 

units within them. This is evident.. otheMse also • when Ute 

psu•s 1n tho sample tend to be alike in respect of any p.a.rt1enlar 

chara.oter under consideration, only a few ot them need be 

retnined for t.he subsequent occasion and more of new psu 1 s 

should be brought into the sample. 

111) for a fixed ~- so long a.s ~ is less than ~ 



Pc 

.so 

Table l Vel.ues for tbe Optimum replacement percentage end the percentage ot gain 1.n procisS,on of tho 
estimate relative to complete replacClllSnt tor a series o£ values Of r. J Pz. ¢ and m, Opt.q and 
Opt. v&a) being given by (14} and. (15). J -

& --? .10 .40 .so .6o .eo .oo .10 .40 .so .6o .so .90 .10 .40 .so .so .ao .90 

-1~ Ji1 • 3 5 7 

.tio (SS) (55) (SS) (53) (54.) (54) (SS) (53) (5S)(S3) (54) (54) 
1 7 ' '1 ., ~ '1 7 '1 '1 "1 7 

(53) (58)(53) (55) (54) 
'1 '7 '? '1 7 

(54) 
'1 

.so {55) (63) (51) (54) (54) (SI) (55) (53) (55)(63) (54) (54) 
v v 7 1 a 9 e v 1 v a 8 

(53) (S3)(6S) (53) (54) a 7 ~ 1 a 
(54) 

8 

" 
1.0 tS:> <S:> <

6;> <~> <~> C~l <S:> <0:> C~H,> <S:> c:> <s:> (~)(s;) <~> <S:> '<:'> 
4.0 51 53 5Z 55 57 l59 5l 55 55 64. 57 58 

( a> < s> ( .,> C s> <1s> (11> ( a> <a ) ( v>< g) <~t,> <1s> 52 6S f: 54 56 < 4) ( a> .,> ( e> <12> 
5'1 (14) 

fl~ i~ rf> (~) (s;) c:> c~:) (:) (~0) cS:> cs;)(~) (~) {:) <~> c5:>cs;> cS:> <~> (:) 

I 
.10 sa sa sa sa sa ss sa sa 58 sa sa sa (16) <16> <1e> <11> <11> <1v> <1a> <16> <1.,><17) <1.,> <1v> sa sa sa sa <sa <a> <1,H1v> < 11> 1v> 58 <1,> 

.so <:> <~~> t:• <i:> c~> c:> c:> <~> <:>ci:> <~> <i:> 61 sa sa sa (sa 59 
<ls> (16)(17) cl,, 17) ( 18) 

·7o 1.0 (54 )(56} (57) csa> (so) cso> (sa) cs6> <s'><ss> csg> (59} (~) <i:><i:> (~) <i:> (59) 
e12 14 l6 ao 21 n 121416 a 18 19 

4.o en> <ss> csa> cS?> <61> cu> est> ,55> csa>cm> ceo> cse> 
4101815 II. 2S ~ 10 Ul.S 20 23 f~> <:)(:} f-3~) )ro> (61) 

22 

10
•
0 c~> c~> c:> <~> c:> c:> <~> cs;> <~><~> c:i> c:l cO:> <~><~> · c:~ · <:i> (:) 

Contd.-.. ••• on nez.t page ••••• ~ 



~ fl e1.. .J.o .4.0 .so .60 .eo .90 .10 .40 .so .60 .eo .tO .10 • .f.O .so .60 .80 .90 

.10 sa 68 68 68 6~ 69 <as> <s.,> <a,> <a.,> <a > <s9> 68 68 68 68 69 69 
<as> <a,> C37> <s,> <sg> Csg> 

68 68 <s1> <s,> c:>- c::> c::> c:;> 

.9o .so c:> c:> c:> c:!> c:;, <::> c:> <:f> c:> c:> c:;, c:;> (~) <:!> c=:> < ;:, < :: > c :: > 
~0 ~ Q ~ ~ 68 ~ \ <~,> <es> (24) <21> Cas> (sg) c:i> c:> c:> c:i> c:> c::> 6S 65 6S 

Cas> <ao> < a1> (:) 
68 69 

Cs.,> ( 59) 

,.o .<S:> c:> <~> <!:> <;> (:~> S& 58 69 61 81 69 <•> (~) <~> <u> (~) (~) 
SA. S 

<u> c~:> (~) c:> c:> c::> 
1o.o <~> <S:> c~> <~> c~> c::> 62 55 56 58 6& 69 ( ,> <1o> (lJS) <1'1> Cas> <zss> <S:> c:> <~!> sa as <1, > <zso> c::> 

•10 <:t) c;> c;:> c~> <:> c:> as (ss 81 sa 91 (94) <6,> n> c.,,> <vs> <aa> 88 81 81 c.,,> <74> c;:> caa ss 
'16 > <se> c:> 

.J$0( 67) (11) (vs) <'') (81) (8'7) ( 72) <''> c'e> (78) (as) (88) 
M 42 4S 48 61 '14 44 48 62 56 67 75 <''> c's> ( eo) 48 56 59 

(81) 
61 <:> (91) 

sa 
1.0 

1
•
0 c: > c:> c::> c:~> c:> <:i> 65· 69 71 72 81 ~ <21> <sg> <42> C45> (61) s7> c:> <!:> c :> c :g> es 

<-sv> 
t11 (.,,> 

4.o <.a;> <~> c:> c~> c:> <~g> 56 59 62 64 71 '18 61 ~·t: c: ) C.:> c:> <u> C1e> <2a> <2v> C42> -<se> (18) ~~) \ 28) 
' ' 

10
•
0 co;> <~> <~> c:.;> c:> c:> <S:> <~> <~> c:> <:> <::> < S: > <:> . <:> (~) 68 <as> <!~ ) 

-~-
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the rep'lacament percentage, and the gain 1n prao1s!on de<tttea.s& \ 

as 1 increases artd they starl. inoreas1ng as soon as P:l- a.asmaes \ 

value greater than that or P. • Th1s means t.ha't.. when the 

correlation between the ssu t s ts smaller .than that. be'tween 
";), .... 

the cor-responding. pau's 1n the sample, then 1t ·1s ·OnlY when 

tha var1a:U.on between the ssu 1 s is sm.allSlf -.f.h.r.m t.bat between 

the psu•s, shall we expect the precision ot the est1ma.t.e t.o 

I 

I 

inareasa rolative to complete replacement.; and :.tt 1be carre- 1 

laUon bat.waen t.h.e ssu • a 1s larger than t.hat between t.he psa' a 

then wa should expect t.he variat.1on between the psu's to be 

larger than that. between the corresponding ssu* s w1 thin tbam .. 

1 v) when f,_ 1 s large as compared to f, the gain 1n 

precision is more when m. = 3 than when ra = 5 .or ?. Thus fOlf 

larger correlation between the san's in the sample, only a 

few of them need be taken in the sampl.e on the subsequent. 

o casion.. 

Thus when t.he psu t a in a s:aropl.e tend t.o be alike each 

other with respect to the eharaot.ar under s'Lndy,only a few of 

them should be retained on the second occasion and a la.rge.P 

subsamplo may be t.aken from each selected P'W• Simll.arl.y- when 

the S&"U 
1 s w1 t.b1n each J)SU are a.like eaeh other, then a. SQaller 

subsample trcnn ee.c:h psu shoul.d be taken and a l.a.rger number ot 

psu's mea be 1ncl.uded 1n t.he sampl.e.. The optimum size ot t.he 

sem.ple has been deal-t wi t.h later on when the c.cst. of t.he su:rvey 

1s also taken into con.slde:oa.Uon. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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;Estimate of changfta. The ost.imate of change maY be of 

particular interest. in order to apprise onesel.f' of the eftecUve­

ness of any development scheme._ 

A simple estimate of cha.nge is 

D = Ya .. 'il = p ~ - xr ) + q CiS • Xi ) ~ .... (17) 

and bD 2 = 2 (ot. • Y P ) 
n 

A second estimate of change may be obtained by utilising the 

informaUo;J. provided by the un1 ta selected on both occasions. ·· 

This new esti.ma.to would be aimUaJ" to (1.7) but; wit.h different. 

weights. 

This moy easily be obtainea as 

D :s w 
p ,J__ q_c o( - r l 

· ~- G~ - x;_ > + <Y2 - ii > • •• • C19) 
(oe- rq) (o< -rq.> 

nnd its vnriance is given by 

2 a c:< <.x- r > 
iii', • n ( ol.. - Y q) 

•••• (20) 

Therefore 

pq) 
..... (21) 

2 
Th1 s 1nd1 cates that GO may be made considerably am all a.a 

w 
2 

conpared to 6i) depending upon the v~ue which the quantJ:\y 

takes, and this quantity will. be 1arge when 
(1-'IJ'oe) 

f, and f1 ax-e l.al'ge~ in wh1 ch case the seeond estJ.mate 
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mat be made more eff1Qient. than the previous one. 

Table 2. gives for a. series of values of P. , /.
1 

<f t m 
I ) 

and q, the percentage eff:f.cienc:y of the estimate 'Dv a.s compared 

to D. This effic1ency is glven by the q_uant!ty 
'1:ll....._, 

2 

{ .· r;;,a • 1 ~ x ~ -~ ........... -CBl.t) 

60.. 
A similar set of' deductions can be made trom. this table also 

as were drawn from the previous one. For p.art.1 aular values ot 

~ , P'L and cp whi-ch a survey would yield, a larger auhsaznple 

is required to estima:te the change when. f, > P,. than wheJl ~ <. ~ 

whatever· the proporUon of repl.acement we migb.t have decided 

to have.. Secondly, t.he ett1o1ency ot the weighted estimateD, 

of change ~&la~ve to the estimate 1) 1noresses mora rapidly. 

whon f. increases t.han wh13!1 f1 1n~eeses1 so that a. higher value 

of correJ.at!on between the psu•a than that. bet.wen the corres­

ponding ssu•s within them !s needed tor the etf1o1ency of the 

estimate Ow. o.t change. S!mllarly when f, / ~ the e~tft c!ency of 

the estimate wollld'~ be l.al"ge for smaller val:ue of s . as comparee! 
2 w 

to·~ and when f, < p2. a larger value of s: !s neeaed e.s 
2 

compare{! to Sb• 

It· wuld be !nterest.1ng to compare the figures obt.a.1ned 

in tab1es l and a. At q t:t l/2 for any values of ~ , P-a. and <:j> , 

the change 1s bette~ estimated tbsn the mean on the seaond 

occasion. This reveals two t.hinJISf firstly the opt.tm.um value 

of q to estimate the change between t-wo occasions is different. 

from. the opt1mnm q to estimate the mean on tho second occasion, 

and secondly the optimum value of q to est!ma.te the ohange 
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would ba smaller t.b.,an t.he correspond!~ value to est.imat.e t.he 
-- 2 

meat\& As a mutter of fact. GO., at.~ains i.t.s m1n1mum valne 

~'7-
vhen q = 0 whence its value ls then equal to r..~ l f-·Y/od • 

\ .. ~ .. · 
It would be soen trom (20) that for any positive ·vai.ue of y , 

2 00 decreases as Y increases and also Q docreases. 
w 
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Values tor tbe percent ett1e1ene.:r or the estimate .D... of change relative 
to the estimate ~ given by (21')• 

• -i I m :z "7 • i I 11 = s _., <. ~) 

P1 _ .10 ~•o _,.5Q .~o .eo _.go .to .4o .5o .Go .eo .~ol.1o .~ .so !so •. ~q .gol.lo.4Q.§q, .; 

.10 12 13 .13 13. 14 18 la 13 1S lS . .lS 1S 10· ll. 11 11. 12 12· 10 11 11 U U 1B 

.so .s? .a 12 13 u te 1? 10 ;ta 1;5 1,3 14 15. " 10. u 12 14 lfl. 9 10 n 1.2 lS u 
1. 90 ' U 13 15 20 $3 9 12 U 1S 16 1'1 G 9 U 14 1 'I 20 *I 10 11 lB 14 U . 
10.60 1 8 1! 20 49 86 2 9 13 18 36 6S 1 ' U 1 '1 44 '15 2 8 ll 16 31 46 --.. -.................. -.......... ---... --. --... -....... ---.... -.... --- ... - ...... ""' -........ --.. ..: .to ss sa 40 41 42 43 39 40 40 -11 41 41 sa M 34 so 36 38 3& 86- S6 se 36 ~ : 

.,
0 

.oo 24 u 15~t $J a · 49 8ll M s., 39 u 43 so sa 31 l!3 ~ 44 a• n all u sa as I . . ' 
1.0 1'1 at aa M 49 ae P1l 32 35 38 43 46 ta 24· 29 ~ 44 so 24 29 s1 ss sa u 
to, s 10 1a 21 &9 tao s 1.4 21 28 eo 93 e a ts 21 st no ' u 1s 25 54 sa .. -.... -.. -..... -""" -.. -... -......... --·- .... --... ---..... -- --·- ...... --- -...... --. 
• to 69 ?4 '5 *Ia ao sa '' va '' '9 so eo. eo es aa f?'1 11 '11. 66 69 69 'tO ?1 '71 

8 
.so 41 ss aa G4 so sa se M ~ .,~ so S4 3& 4'. 84 st fl. " ao as Ga 66 '~ ve 

• 0 t.o av 41 48 aG so tot 4s ;e es 68 eo so M so 44 so '1!, M .sa ao 54 aa n so 
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Mod1!1cation. wnen there &f:!1megplb p£!u's O£ ssu 1 s • . 
A situation ia very likely to arise when the Salnple 

size on the second occasion. 1s different from that. adopted on 
~, 

the p.receeding one,. 'fh!a may aris~ due to ·a number of causes 

es,foJ instance, t.he enquiry conducted on t.be .. t~~at occa.s1on 

may suggest a better eat1mate tor the second occasion 1f a 

larger s8lllple be taken on t.hat occasion or extremely unusal 

weather conditions maY necess1t.at.e some of the al'eas to be 

excluded trom the second round ot ettqu1l'J'1 such a change in ll 

the number of samplin~ units may bring about some disturbance 

in the scheme of the starvey. tt. ma:1, t.herefore, be of interest.t. 

study the changes brought about by any such change. 

SUppose that ant. ot the ~ psu' a selected on t.he first. 

occasion, n]. of them are also retained tor the seeond occasion~ 

while the remaining nJ. c n1 '!'ni un1 ts are not. COllll!lOll w1 tll the 

un1 ts on t.he second oocas1on., SUppose th.a't. we selee't abeah 

na psu t 8 Cn2 = lla • na •ns :;. 111 ) on the second occasion. 

=n' 
It the salllple estimates on the t.wo occasions be denoted 'by 

ii ,~ and~ ,ya , keeping under view the units on Which 

these estinates are based, then 

v<%1') = v(i!) ~ J. 
o n" 

vei"> = ot.. 1 
l n" 

1 
v<Yg ) = 

I 
I •.•. (22) 

I 
The estimate of the popnla.t!on mean on Ute second oceasion 1s 

then given by 
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and n" (1- i·?.n"l /~) 
v <Ea> = n: (:~., y• nt a; ) 

of.2 ~ n2 

fz. nn /n1 ) 
~z. 1 

v~ > ••••• (SQ) 

••••••• (24') 

) 
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~aepl1ns on h oeoafJ,.on~ ... ;- The resul ta. developed in the 

preee.ding pages may be exf.teli.cie4 to allY numbel' of occasions. 

Some assumptions are, however, necessary whicb we shall 

mention first. The conel.at.1ona ~ bef.wee~ psu1 s and Pz. 

between the ssu' s within ea.ah psu are assumed t.o be ccnatant.JS 

for the units on FJTJY two eonsecut.ive oceasi'Ons.- The var:lance 

components between psu •a and those bet:ween ssu 1 s :w1 thin each 

psu are assumed to be the same from one occasion to the other. 

The sampling un1 ts Ql'e assumed to be drawn w1 th replacement 

on ea.cb occasion. A fixed proporUon of' un1 ts. is replaced 

on each consecutive occasion so that. the size of the siluple 

reoains unal tared on each occasion. 

Let Yb, tYh" be the estimates per ssu, for the ht.h 
-t occasion based on npm and ~ units respectively) and Xb-1' 

ib-
1 

being those for t.he (h-l.)th occasion based on the same 

number of units, the npm units are common to both h and (h-l)th 

occasions. An efficient estimate for the population mean on 

tho ht.h occasion is g1 ven. by -. _.. 
\ = stt ill<r1 + bb ~1 + ~ 1'b + ~ ih 

vha:re ~' bJl, ch and db are subject. to certain rast.1'1ot.1ona -to be dat.ermined and J'b.1 provides an efficient. estimate 

for the mean on tho (h-f.1)t.~ oc~on. 

The condition of unb1asedness gives 

Therefore 

En = ~ <ih·l • 'ih-1 > + <1 .. ~> Y:~ +dh 'ih • • ... <2s> 
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The rest.rlct1ons imposed on Sb, and dh are siP:dlar t.o 

those imposed by Patterson 0,950) for single st.age UD1ts. These 

may be wrl. t ten as -eov ~1, 1'\ ) =- ·cov (Yl11-l'~,l •••• (26) 

eov <ib ,~ ) = eov ( "it 1 En > ...... (27) 
,. .......... _ .... 

conditions (26) and· (27) follow trom the eff1c1eney ~nd1t1ons 

est?.blish.ed by Patterson. Condtt.1ons (28) follows from the 

eorrela.t1on sys'tem. This holds tor single stage un1t.s. That. 

this holds for two. stage un1 ts al.se> may be veri t1eii by taking 

a case of two or three oqoasions. 

For h = 2 we have 

• - ~· _, -1f cov CY2 1Y1 ) = cov ,,.2 , p X]. +q x1 ) 

= ~ : = ~· Cov <Xi. ,i~ ) 
For h=3 

Cov 'Y3 'ia ) " eov I y; • B:a <Xi -'ii. )+og ;i (J..oaa> Y,; I 
q ( 1-

(1- l- 2) Y.. q nq 
r./.2-

q{ 

= -n-~ ......... - ( 1 - o2 ) 

This proves t.he relation in (28)., 



.... 35 ·- - I 
Also we know that VcYb-i = Cov ~1, ~i) 

-Q cov Ci.' , Y - ) 
h-1 h-l. 

1 ..... (29) 
I 

Therefore (26) gives 

Cov [ x;_l,~ (yb-l. .. x'h-1) + (1- ~ ) i~ +~ ih .. J 
•COv ( yh•l'a h (~1·'i~l) + (1- dh ) i~ +db f~ } 

•••••••••••• (30) 

Therefore (25) g~ves 

ih = <1-ab l ( 'Yh + : <ih-1 -'ih-1 l ] • db 'Yi: 

as the required estimate for tbe population mean on the hth 

ocaas1oJt. 

(27) gives on simplit1ca.t1on 

cf.... 
nq ••• (32) 

....... ,(33) 

•••••• (34) 

Therefore {32) gi v.es 

p 
•••••• (35) 

as t.he reqUired recurrence relationship between a11 and dJt.,.1, 

a relation s1milar to one ob1,aine4 by 'Patterson. -
The results obtained earlier for t.wo occasions can be obtained 

putting h = a and no~ing ~t. d = q. 
from this by 1 
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SUppose nov that. sampling and consequentJ.y replacement. .also, 

has been carried ov~r a suff1c1en\ nnmber ot oeeasions9 ~en 

writing db = db..>l. If d when h 1s ~tt1c1ent.l.y large, (35) 

may be wri t~en as 

a l. i'. l. a l. 
4 r p + 4 ( c). - T ) - q ( cJ. -- --r ) = o ••••. (361 

·1lo.,., 

SOlving th1 s ·tor d we ha.ve 
l ... = • (1.. 1oti'c ) +. j:-C-1---Yh-~., cJ.-~->-{_l ___ y-:~:-·;:.-(-~~~-,.._4pq ___ -~··l~}" 

Q •• (37) 
1. 

a P Yo(l!. 
as the pos~1 ble solution tor dtt 

In order tb obtain the optimum number of psu•s which should 

be replaced on each occasion we have. simply to solve the equation 

~ v<i >=o 
dq -:t1 

where· 4J1 = d !n Yh is given by (37) above. 

This gives us on s1mpl!f1oat.1on 

( l- 2q ) ( 2q 7~. (1- ~.) - 4 c! 

'Which gives q = J/2. This shows that after sampling has been 

oarr1ed over sufficiently large number of occasions, then on 

any oeeasion 50~ or t.he );SU • s ma,y be ret.a1ned from t.he preceeding 

occaaion ana 50' selectea afresh. .At. what stage of saJnP].1ng 

this r~placlwent·ie i.e ·be adopted~ depends Upo:.l practical 

conaidea.U.on. Possibly after 3 or 4 occasions, q-= l/2 may 

serve aa a good ~ppronma.t.ion to decide about the replacement 

pollcy. 

Dit'fe.rence of t.wo estimates•- The estimate ~ can usually 

be obtained . .at each stage and the estimate of change \Jet.ween 
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t.wo successive oooa.sions can be obtained by the difference 

- -Yb • '!h .. 1 • The ·var-iance of this_ 41fferenoe is, therefore, - -ot interest.. For t.his we need to get. Cov <lit , Yh-1 ) • 

Cov (Yh ,ih-1 ) := Cov ( Ih-l.' (l·dtl. ) { 1:~ · 
~ (ih-1-~l) } ····d~ ~ J 

= (1- dh) dh-l. Yjnq. 

Therefore V(Yb -~1 >= V(~ ) + vc'Yh-1)- a Cov ·(~ ~~1) 

at -nq 

- -Table 3. gives the efficiency of the estlmate Yh • Xb.l o~ 

change relative t.o t.he difference of the overall means on the 

t.wo occasions. This is given by the quantity 

2 
6D 

( •• - • ~ l. ) X 100 • 
V(Yb ·!~1) 

Only one value ot q = l/2 has been considered. The eff1cienoJ 

when q = l/3 will def1ni tely be less than When q .c l/2J t.bis 

di tferenoe increases as fr or P;:. 1nerease. This result. wh1 ch 

is evident from table 2 • is also true tor ~ble S. A 

comparison wtt.n values tn table B will show that the etf'1 e1enay - -of the estimate t:Jt change 1h .Yb-l !'ela.tive to the Clifference 
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of tJle o'\ferall means :1 s less t.han the corresponding value 

when only two oceas1ons are taken. This reduaUon may possibly 

be due to the use of Um1 t.in.g value of the weight. dh = d. 

It 1s needless to say that. if th1s eff'ioiency had been computed 

relative t.o d1 fterence of tho means, had independent samples 

been taken on t.lle h and (h-l)th oeaasions, t.hen 1t.s value 

would have been larger than the values obtained above. 

In obtaining the est1mate ot change and 1 ts Val"ianee 

we could,a.s wel11ha:ve utilised the information provided by the 

sample on the hth occasion and obtained a modified estimate of 

t.he mean on t.he (h-l)t.h occasion. Naturally the etfic!eney ot 

an estimate of change so obtained would be tncreased. The esse 

has already been dealt with for two oacas1otts only and 1 t can 

be extended to, h occasions also. We denot.e tb1s modified 

estimate for the mean on the (h-l)th ocoa.aion by blb.l • "' 

Following Patterson, an ef't1eient estimate for the mean on t.he 

(h-l}th occasion 1s given by 
.. "'t-'·',... 

- -~1 ;: yh-l - w yb + w iii 

w being the weight. t.o be determined. 

• ••• (39) 

Therefore - - -yh •bYh-]!= yh (1 + 
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- -::: Cov C Y11 , Yhr-1 ) 

Now 

---rl\aretor& 

,_ 

y 

nq 

V(~ ~~1) =db ~ +{ ~l ~we· 

....... (42) 

,..(43) 

a ~~ 
x~ ~1 (1-t\r· . 
ol nq 

~ ....~ ( ..., ) v.2. a o(. =ad~ 1 •(W) <:::L - ~z.d (l-4) nq ••• (44) 
nq - -Comparing (44) wi~h (38) , V(Yh .. Y!r'1 ) is g:reate2' than 

- ... 
V(Ya, """ b'ih.1 ) t.he dittel"ence in them being equal to 

Xd 2 (:t.dl .:;!;_ .- showing that. the estimate (ib • h'i~.-.1) 1s 
~~ nq ~ . ~ 

- -mora ett1c1ent "than (Yb • Y~ « 
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SEJ.?ling on ~ ()coagions w1 th replacement. @m2D@ fJSU~ g.. only. ·' 
$ ~· 

Sllll'POSG tha't ell the psu1 a 81'S ret.eined on the se«m.d 

occasion bnt in each psu only some of the second~tage units 

are reta1ned 1on the sed'ond oecasion \thile the ,rest. are taken 

afJPesh from ~a.eh selected psu. Let. p b& the proportion of 

~sttf s ret.a.in~d and q = ·1 ,.. p, the proportion rep:le.oed, a 

~to~ replacement. being ado}:)ted to~ each psu. Then denoUng 
I· 

the Salllple ~ans basad on nmp and ~Q un! t.s on the fil'st and 
~.'\ .. 

the second 0?"0as1ons by x' ' 'i" and i', i" ~eSpectivel.fi 
we shall have, following the assumpt.!ons mruia aaJ~lie~, · .... 

Sinee 

have 

s2 s2 . 
v(i';·) = b + w 

n nmp: 

= v G•l 

+ 
. n s2 
1 ri:.. W 

n nmp 

the same psu's are taken on bG'th the occasions, 

2 
P, Sb , ... . . 

\ 
Cov ( ~,Y' ) = 

D 

eov (i', i•) = 
n 

= Cov <Y•, y•) 
and cov < i"• i' > = P. sg 

n 

= Cov C ?, T> 

we shall 

Tho estimate of the population mean on the seeond occasion 

ls given by 
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Eg :.: a. (i• - i•) .... 0 i•+ ( 1 •. c ( ) ? 

whel"e a and o are obtained by m1n1m1s1ng' the variance of B2J -this gives us 

a.= 

s2 
b 
n 

p 
and c= 

l. 

o· - 1 q (l • Pz. q) 
'-e... <x -x"> • 

(l- p: q2) 
--y 

~?. q) s: 
~~qa) nmq 

q(l. .. 
+ t L AM 

(1-

The estimate end its vanance are thUs seen to be independent 

ot t.he correlation ft between the psu•s. 

Since the total number of un1 ts 1s the SaDle in t.bis. as well as 

the previous case, 1t is poss1bl.e t.o make a comparative study 

ot t-he t.w cases. Thus the esUma'te Bg will be more, or equal -or less eft1c1en~ thaP the estitna.te Y2 a.ccoraing as 

L 
5> 

(m+ I' > a_q ( P. m+ P~ J' )2 

(m+ iJ )2-.qg ( P, m+ fi.jS)2 

~l t • ( R m+ P"" - >a J ~ z. ·----- .. 
( m -t ~ )g 

Since t.he loft. hand side is al:waYs po$1t1ve, Ea will be lilOre 
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eft! cient than i 2 1t ~ ) P. 

A study- -of this case 1s ot particular interest when the costs 

iavolved in a survey are also taken into con~erationt and 

especially when a hea\fy work ia expected at. the psu levelJ 

say, the 1ntroduct.:1on of a. new tahsil in the 't3ample may raq1l1re 

at least a week tcr be spen~ in preparing the basie fl'ame.. In 

that. case by repeating t.he enquiry on the same aet of psu•s 

we salle a l.ot. 1n terms of money and time which would not. have 

been possible ha4 d1fferen't. psu"a been taken on each ocCSBion. 

~st.imate ot change.~:*' N1 estimate of change ma:g be seen to 

be the weighted est.1mat.e of the quantities (y'~ ~ ) and 

(? -i" ) , the weights being P ~ q (:1.-· fi ) 

! • e~ change :: p ----(1- ~q) 

( l- P:~. q ) (l._ li q ) 

(,,_ X*) • q(]... li ) 
(L-r ~ q) 

and 1 ts Vai-1 ano& is g1 ven by 

s2 + a (:t- ~ > s.2 
V(ehallge) ::: 2 (:L,. -~ ) ...,b___ ~ll 

n (1- r?.. q) n m 

Thus for this eat.imate of change to be efficient, f, shoUld be 

larger and q should be 'fiery small•. 

Similar results tor estimating the mean and the change 

between aflY t.wo occasions o8fl easily be obtained, when aJlY 

number of occasions ~ taken into ·cons1de.rat1o~-· 



A COST Ff.TNCTION FOR THE SCB:mm FOR THE STUDY 

OF THE !.!ILK YIELD OF BOVlNES IN THB PUNJ .AD 

STATE (1956-57) 

The f!.el.d work and t.he layout. of t.he scheme 

has been given earll~r. Although a threa.stag~l!lsm.pling pl.an 

was adopted for the scheme, w1 th tebails• v!J.lages and house-

holds within villages constituting the three-stages, however, 

to set. Up a cost function tor the sCheme, onJ.y two stages 

have been considered viz. t:he tehstls end the vUl.ages, Aotuall.y 

t.hSse de the t.wo ~ages involving bulk ot the expenditure. 

The <:Ost ftmct.ion for the summer season of the Sll'J!Vey 

may then be u1 tten as 

c• '=. o~ ni + •1. a +ea n ! + ~n m. ......... (45) 

O' = tot.al aost of the survey ~!h the pa.:rticul.ar season 

minus the overhead expenditure f.n t.ha'\ season on 

stationery, oont!ngencieo and ma!ntenance of 

st.a.t.t-st1 cal. st.aft not d1Met.ly related to the 

field work. 

n• • cost of traval.llng from one tehsil to the ot.her tor 0 . 

ermmeration or supervision purposes. 

o' =. cost of s~.y at. the tehsil f01' prepal'ing the basic 
l. 

frame for \he selection of the sampl.e et.c. 

c• = coat. of tra.velllng .from one viUage to the otb.e:r a 
v1 thin t.he SalllS tahsil. or from the t.G!;lsil to the 

seleoted village and back assuming \bat. the same 

amount of ua.velllng would be involved in t.ravell1ng 
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between t.vo villages vi 'thin the saJ!le tehs11 or 

from ~ehs11 to the selected village. 
?....~ 

a3 ;:cost ot prepa1"1ng -t.he U st of households and 

select.1ng a salllple thereof for eo11e<Jt1ng t.he 

~equ1s1te intoma.t1oa., 

As mentioned eal111tl.t let ns assume that only a fraction p of 

the t..ehS!Js selected in the summer season has been reta1ne4 for 

re-enumeration in the ralny season and a!ract1on q =~pot 

them bas been selected af'..resh in the rainy season. In ·that 

erase there ts no need to stq in tho tahsil wh!ch hall been 

retained, because t.ha frame and list. of villages has alreadJ" 

been prepared; on1y tbing is t.hat a i'lresh sample of villages 

or t.o'W.Qs shall. have to be dra.Wl'l• But. ~or the tehs!ls wtd. ch . 
have been seleot.ed atresh t.he same process of preparing the 

\ 

requ1s1 t.e fiame shall· have to be repeated and Ums 1n (4&) above 

ci n will be changed to ci n en ot.her components of cost will 

:remain unaltered. The cost. tunct.ion fo~ the ~ainy season would 

then be 

••• (46~ 

Where C"t c.• etc. may at may not be different from the 
n 

corresponding values in (45).~ 

Assllm1ng 'that. t.ot.aJ. cost. inQUrred <>n the survGy is equally 

spNad out. in the tJu:oee seasons.., we shell vite C = c • = C"1 

c0 = o~ = cg etc., and the eost function tor the t.wo seasons 

combined t.Oge't.b.e~ 1a given by 

* t c = eon + i (fl. (1+q) n + ttgn m + can m ~···· (46) 
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We shall now eompute the values for the eost eoefftcdents tor 

the parUeulsr scheme under study. For this lie must. take into 

eons1derat,;1on the travelling and the daily allowances,. which 

the fiel4 ~rl'ttn.'s ee entitled to ~aw when on {!bt.y_ wb!cb are 

needed: to compute the expend! tlll'e per tdle of travel. 01:' per 
~ ......... 

unit. or tme. 

'· The total expenditure on the scheme was about 11.1.03 

lalths1 out of whieb t.he overhead expenditure was about. ts.40000/-. 

Therefore tJle total expendit:tJ.re ~nus the overhead expenditure 

tor the entire scherAe comes 'to about b. 63,000/• or rougbly 

b. 21,000/• per season. To compute the other components of 

eost. we must ehalk out Jobs probable wu~ 1t.1ne:rary of the field 

personnel.. Travel from on;e tebail t.o ~ ls expeot.ed to 

t.slro about hal.f a dar and an equal t.ime will be taken ill going 

· from one village t.o another w1 thin tt$ same t.eh$11, fo; 1.b.Et 

reason tha\ while me~led roads are generally avail.able tor 

going from one tahsil to another, one can, at beat, get- a. horse 

or a bullock cart tor travel from one vill.age to ,another. A 

field otfieer h.aa to -go~ to all the salect.ad tehs1l.s• In the 

first. ro'Wld of the tehsila ho wll~ spend about a day in each 

t.ehstl to give instruations to tJ:le 3Unior' field st.a.ff and to 

1nspeot the frame for the deta.tl.ect field work 1n ea.eh tehsU.. 

He may also visit. at least a village in eaeh. tehs1l to see for 

h1msalt whother his 1nstrac\1ons are being fu.lly carried out. 

Tm.ls one day's stay in each se1eo-\ed tahsil and a day's sta7 ... 
in each village he chooses to v1s1~, 'Will t.aka b!m shout. 21; 

mont:tts. since bis month eons1at,s of about 20 days of' field \10ztk1 

and he has to travel fr~ t.ehs11 t.o \ehsil and from tahsil to 
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village and back. In a subsaquen't round he ean visit. a second 

vlllage in each t.ehs11 (withou't staYing 1n the '~'tahsil this t.ime) 

and staY in the village tor a. day or so;. the remaining lf months 
~ 

will· be taken in this process. 

There being three inspectors, an 1nspeotor .... ha.S. onl.y 

5 tehsils under his supervision. He is expected to tour mo.re 

extensively and vi s1 t each .seleat.ed v.:tllage in a t.ehs~l at. laatJt. 

twice in a season. In the first. round he w1ll also a~aY in 

each tehsil tor a daY to get instructions from the fiel.d ofti car. 

In the subsequent ronnd there is no need to stay there.. Thus 

he tnaY' travel eight. t.o ten times to eaeh t.ehsil to visit every 

seleeted villaee therein and at each visit to st.aY there for 

a day or so. 

A supervisor's job .fa t.o help and l'endar a.ss.tst.anc.e 

to the enwnerator in his work. Since he has to assist all the 

fivo enumerators in his field of enqn1.ry1 h& will spend about 

3lt weeks 1n each tahsil eithel' v1s1Ung all. the villages the.rein 

and spending n day or two in eacll vi~lege or v1s1 t only OOJne of 

the v:lllagos aJld spend a. longer time there. 

An enumerator has one tehsU assigned to him. for his 

v&rk. In each round consisting of a month he ldll v1s1 t all 

the four v1Uages spending about a wok t.hera. In each month 

or the season he will visit ea.eh village once. 

the contributions t.o c0 and c2 by each member ot the 

fiel.d staff would be obtained by calculating their respective 

l'ates ot expend! ture per mile of travel separately for travel 



between the tehs!ls alld for travel wt thin eaeh tehs!l. Sim!larly 

their eontri bu"tions to OJ. and c3 uould be ob"tained by keeping 

1n dew the hal.tago of each member ot the f1el.d staff' 1n a 

tehsU or fn a. village and the daily allowance to which he is 
~~ 

enUtled. In any aase whe-ther a field worker 1s travelling or 

\>JOrking 1n tho field he would be get.ting his usual PaY Q..:l 'When 

he is tr11velllng, he 1 s still serving to some and. COlabining 

their respaot.:f.ve contribUtions t.he values of c
0 

., c1 , eg and 

c3 \,~rk o1lt to be roughly as «a. 700, 35.25, 843.25 and 169.20 

:respectively. Cont.r1butiona t.o e1 wuld be small since the 

stay in eny t.ehail ~uld be of one da:y only in the first round, 

there being no staY 1n the subsequent rounds. 

Expression (46) may then be vtt.ten as 

~ i 
21,000 = 100 n + J/2 • 35.25 (l'tq)n + 243,.25 n m 

+ 1.69.20 n m 
t t 

or 595 ~ 20 n + ]/a (l+q) n -t 6.9 n m + 4tt8 n m ••• (47) 

Hencafopth we shall take (47) as tbe eost function to correspond 

to the general expression given by (46}, where nou cl. = l.. 
Tbia :ts roughly the cost funo-t.ion for- the survey., The actual 

field work might ba.ve been differen-t from the one de11nea.1.ed 

above but. still 1 t. will g1 va a. gooa approdmation to tbe aotual 

eos~ fnnet.1on" 

The vart:anee expression tor- the estimate on the second occasion 

1 S gl. Vel') b1 (12) vi~~ 
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[tm+J')2
• (f,m+~JJ l 9q) 

[(In+ /J)a _ (f. m +f~.,~{aqa) 
...... (48) 

The objee:t.tva is to t:f.nd the optimum values tor n, q· and m 

which., satisfying the eost tunotion (47) woullf· minimise the 

variance given by (48).-

Consider now a function F of the vari anee and the cost. tunctJ.on, 

given by 

- [ t t J F e V(;t
2

l - >. 0o n • J/a c1 (1..-q) n + Cf!l m + c
3 

n m .- c 

where now c, o0 , c1 1 ca and o3 are given by (47), o1 being 

equal to J.. 

Der1vat.1ves ot F w.r.t. n, m and q when equa.t.ed to 2aro give 

- .<m+ ~ > ~ Cm+ ll>a "':.' ~~r.ll>a qJ.s! "'.A( t Co ;t. I , 
m ng ( Cm+ IJ)a. ( ~ m+~ )2 q2) * J ~~· 

. . 
2 

t o-1 (l+q>+~a m +ea m l· 
1 

s! f { Clwt,fl)a .( ( mt ~~>a q J [ [(mt;gl> ·< r. • P,~)a q) c..~ ~ + - J 

L.~§ .... a.·t <m j 
n J Cmt-Jf) -. ( P. m+ Pz.IJ) ca2 J [ 

l 1 
J (l1-) X 2Urtt~) .. 2 ~ (f. m.+ ~~~) Q)} 

.. (l+f ) { <m+l'l a,.,, r. mt r. II> a q} l a<m+~>-a f. qa( F. m+ r..~>J ] 
' ·• ctA,n (t Cg Jn. + oa ) •••~• (50) 

aria-~l , ~ m+ ~JJ)a [ (IJ..gq) <m+IJ>a•< f. m+ ~IJ>a qa) 
~ . • Cfl •• (51.) 

[ a a a)a mn {nit-) •( f.~ ~/6,) q 

t * oG n +t ct
1 

(l+q) n + "a n m .,. o3 n m. = C • •• ~(52) 

To solve 'these equations tor the unknown quantities 1s n9t very 
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e.~ ~ob, the final ilqUation in m aft.er ellmina.Ung n and q 

becomes ot very high o~der. 

A possible solut.1on1 then is to fix tJle value ot q and solva 

equ~Uons (49), (50) ana (52) tor m and n that 1s to obtain 

the sample size for a fixed value ot i.he. replacement frtU\tien. 
?~ 

The ef'teo\ of repl.a.cement. on the salllPl.e .size to be t.ekon·1n the 

ra1n,o season maY be seen by taking a set. ot values to-, q. 

Th~ '41(~e !Ol' n wtll be obtained by sqlving (52) a.a a quadrat.1a 
I 

1n n~ 

Bquatl.ons (49) and (50) then give 
' 

< .t i >~{ a aa 1 t t "o n +t o (1+ql + om· +Om ~ f Cm+J6> .. ( r. m+ P,Jf) q f x 

l · · a a]J ~ · 
/<m+s6> ... q c t, litH,~> 1 <-. ;:- >] • a em.~) I <m+">- f. q < r. , .. P, .11~F 
sem.J!S> l (Jn+Ji!)a. ( f, m+ ~J!S> s q} { Cm+s6>- P, b r. mt- r,_Jl~~ + 

t m+l ( a a ·J[ 2 a aJ (tea .• •oa m) ( m ) ~) -< f, m+ fz_~) q· ~) - (f. mi-~J') q 

It we fix t.he value of q at tt then we shaU have on 

simpllfieatJ.on 

•. o ... (53) 

.(ico;! +•75 +eg mt+ea a) (J 1--l( ~- r""IJ )a} { t-t<~ m+~JJ )2~ 
l m+Jf m+J' f 

~- I .,1 -'-. < ~ m+ ~ .tJ )a ~ < r, m+ {/6 ' (.1. *~-"' .. \ m + If . -. ~ , • _ + •C:f4 . ~· 
·tll + IJ IQ +. 

( mt11 ,) ( W( ~ • ~ 11 
)a } [ Moti(· P, m+ rz_S' )~ J .o ••• <M> 

m m+JJ m+.~ 

Similarly fo:r q • f we shall have 
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r <ho ;.* •• s?S+<Ja m*+c:Jil) ][{ J..J f 

Wbil.e with the algeb~a1o method it. may be diff1cu1~ to get a 

solution 1n m for the above equations tor known values o~ ~ , 

f)- 1 ~ and cost aonst.ant.s. the method of t.r1 al and error shall 

nave to be resort-ed to. Thus onl.y an approximate value for m. 

ia possible wb1cb may satisfy the given equations. 

Similarly it is also pos~ible to find the optimum 

values tor m and n whiab would best. estimate the chP..nge in z.rdlk 

yield of animals from one season to the other, for the same 

replaaement f~actions viz, q =;., t and f and sat!aty!ng the above 

coat .fnuot.ion. Again the method ot trial and error 'Ghal1 be 

used to Sl'J'i ve at a soluU,etn.-

Tb.e eqUation to be solved to-, m after minimising (20) w.r.t. m 

and n 1s .gi van b7 

i r P, m+ ~I} J [ R m.+ (.fl ) <tea m + oa m) ~' ., • • .. ) ].. ( ;, ) q ' ~ 
m+~ m+ 

l -· • l~ fr mt>f~ ... teo n + .i (l+ql+ o2 m + c3 1t1 Jl.f,m(l.q,) +q mE m • /1 ) + 

( f,m.+~S:f ) ~ P. m+e.Jf ) P. m+P .. #l ] 
.f6(l._q, . . l ) lP ~ ) ~., ) =0 •• (66) 

( m+P ) m+P ) m+J' 
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\thel'e n 1s aga1Q obtain.ed by solving (47) e.s a. quadratic: 1ft n 

to:r: 41tte#el\t. values ot q. 

Thr'ee eque:\1ons wo'Old be obtained ~or q = i, t and f each of 

whi eb ts to be sol vea independently for •• 

For ~ scheme oondUc:ted 1n Punjab t.he analys~§. ~~-the ttata. 

col.1eoted on the m1lk )'1el4 of cows )'ield.s the following eattmates 

tor the pqpulat1on var1anaes and correlation coettieien'Lsl-. 

~st4m~~s. p~ true ~an-ana: .. Swnoer ~snz Wint-er 

Between Tehsils Es~~ 19.63 so.o6 ... sa 
Between villages 

E~jfs2 68.85 66.11 w1 thin Tehs.Us. 68.37 
w 

and correlation coett1c1ents bet.ween the three seasons ~~-

SUnner•ra:lnz 
• $ ••• 

o.607a 
:nnwr-pmm~~ 

-"0~ 

Conalder!ng t.he values tor the summer arid rainy seasons only 

we shall have t.he pooled mean sqUaN for t.he t.wo seasons as:&-' 

in the 11adanee formula si.noe in eaeh of t.he tllree seasons 

41f'fel'ent. Uillages have been taken to;t enumera.Uon pul'J)Ose 

fJ.'Om each t.ehsi~ Thus to estimate the milk yield of «>·wa· 1n 

the rainy season,.. we need to have tor different values of t.he 

replaaexnent fraction q, the folloving opt1tnum s1 zea tor m and 

n wh1 cb sbo\11.4 be t,akan f'o~ the sampl.e ... 



For q = 0 

For q • t 
- For q ~ t 
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m = ~5 
Ill = 1.6 

,tll = 1.7 

·-
n = 29,80 

n_ = 22.10 

n = 27.30 

For q = f m = 1~8 n ::: 27.20 

Sitdlarly for est.1ma.t.1ng t.he ebange in t.ba milk t,!eld of cows 

from one season to the oth.er,the corresponding values form 
~·· 

S~td n. are: .. 
For q = 0 m = 2.0 n = 24.80 

For q = t m = 2.2 n = 23.50 

For q = i' I& :;; 2.3 n = 23.30 

For q = t m = 2.4 n = 21.50 

Wblle the above are strictly the optimum values for ~ and n 

to» eat1maUng tbe mean and the ohattge for '\he milk yield of 
., 

cows alone, different. set.s or values tor rn· and n would be 

obtained for estimating the aVerage yield and the ehaJtge from 

one season to the othet> 1n case of buffaloes or tor estimating 

tbe values for somo other statistic to~ the same data., as tile 
1n 

srtqulr7 conducted 1n PunJ.e-b was broad in 1ts scope/as much as. 

be~~d.ea estimating th& milk yield or bovines9 1nfomat1on was - -· ._ -
also eolleeted on vadoils pl'a.ct1 ces relating to rearing etld 

feeding of animals~ The optimum value tor the ~le $i~e 1s 

therefore, likely t.o differ tor est1ma.t.1ng the values to» 

d1ff"e11ent characters. To deol.de what sample size shOuld be taken 

is really a quest.ion of ascertM.ning what the rel1ab111ty of 

different sample est.1mates will be and seeing in vhf.cb chara.crt.er 

ot the survay a loss ca11 be tolerated. 

Table No.4 gives t.he values for the sample si~ 1.o 



:fable 4~o V slues of opt. m and opt. n for q = t tor a. set. 
or values of f. ' p2. and fJ = svs~ 1 sat1sf71ng 
the cost. fUnct-ion given by eqUation \47) and t.he 
expression tor the va.rlance is given by equat.ion 

.50 

(48). ~···· 

a 1..4 so.oo 1.3 32.6 1.3 32.6 1.a ..... 34.4 

s 1.a 26.4 1.? m.a 1.1 ~.s 1..6 28.4 

4 a.~ aa.s e.t 24.0 2.1 24.o 1..9 as.6 
5 2.6 20.9 2.4 21.9 ~ 21.9 S.3 22.8 

10 4.0 ~a a.e 1s.6 ~ 1s.e s.7 16-s 

15 s.6 12.0 s.s 12.8 s.e lS.o s.o l3.o 

--------------·--------------

.70 

2 1.5 29.1 1..4 30.9 1.3 32.6 1.2 34.4 

3 1.9 25.6 MB 26.4 L.? ~.3 1.7 27.3 

4 2.3 22.8 2.2 23.3 2.1 24.0 2.0 24.1 

s 2.? 20.0 2.5 21.3 2.5 21.3 2.4 21.9 

10 4.2 14.7 4c0 16.3 3.,9 15.6 3.8 15.9 

1s s.e 11.1 a.s 12.1. s.a 12.a 5 •. 1 13,2 
---------------------------~-

2 1.6 28.4 1.5 29.? 1.4 30.9 1.3 32.6 

3 2.0 24.7 1.9 25.6 1.8 26.4 1.8 26.4 

4 a.s m.,a 2.4 21..9 2.3 22.s 2.1 24.0 

s 2.8 

10 4~4 14~5 4.~ 14.7 4.0 15.3 3.9 1$.6 

16 ~0 11.4 5c7 11.,8 5.4 12.3 5-.2 13.0 
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5 

10 

15 

ValJles ot Opt. m and Opt. n vh!ch would best 
esttmata the change from one occasion to the 
other subJect to the cos~ f'ttnet1on given by 

( 4'7) 1 ihe exprassion for the vartinee ot change 
betng g1 ven by (20l,. -
o.oo l o.so o.vo I 

1 
""''0.90 

m I n 
l 

Ill I n m I D -~ m_ --1 . -!l 
1.6 28.4 1.4 30.9 1.a 34.4 .9 38.5 

2.2 23.3 1.8 2().4 1.5 29.7 1.0 3'1.9 

2.'1 20.0 a.a 23.3 1.9 25.6 1.2 34.4 

3.0 r,.a 2.5 21.3 2.1 24.0 1.3 32.6 

s.o 13.0 4.0 15 .. 3 3.3 1'1.4 l.S 26.4 

'7.5 9.& a.o 11.4 4.5 14.2 2.3 23.3 

---------··-------·-------------
2 2.0 24.7 1.5 29.'7 1.3 32.6 1.1 36.2 

3 2.6 20.9 2.0 24.'1 1.8 26.4 1.5 29.'7 

4 s.3 17.4. 2.6 20.9 2.4 21.9 1.8 26.4 

.'10 5 3.9 15.6 3.1 17.0 a.s 19.2 2.0 24.'1 

10 a.o 11.4 5.0 13.0 4.3 14.6 s.o rr.a 
15 a.& a. a '1.0 10.6 6.3 11.0 4.1 15.1 -... ----- ... -- ... -... ------..... ------.. ·- ---

2 J~.4 21.9 2.4 21.9 2.2 23.3 1.2 54..4 
..--...__~ 

3 3 • ., 16.3 3+:6 16.'1 3.4 1'1.2 1.9 25.6 

4 4.8 13.4 4.6 13.9 4.2 14.'1 s.o 17.2 
.90 

5 5.3 12.8 5.1 1:5.2 4.9 13.4 s.a 15.9 

\0 8.2 9,.0 '·9 9.2 ?.4 9.'1 5.4 12.3 

15 11.0 '1.0 lO.G 7.3 10.0 '·' a.o 11.4 
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be taken on t.be second occasion for a set of values ot ~ , f2.. t 

and ~ which woul.d min1Jdse t.he variance of t.he estimate to~ 

tJie seeond oeoa.s!on, the cost. tunat.ion being given by (47). 

In a s1.rn11a:r wa;y a set of values for m and n ~~ ~btained 

tor d! fferent. values ot ~ , f:t. and ~ wh1 oh would best. eatimat.e 
,.. ""!."'" 

the change tr.om one occasion to another and satisfYing the 

given eost. function. Table No.5 g1ves some such values. 

A comparison of the figures 1n t,a.bles 4 and 5 would 

reveal that lesse:zo number of pau 's are needed to est:J.mat.e the 

ohange from one ocoa.s1on t.o the other '\han to est.1mate t.he mean 

on tJte second occasion, it P, >/ fz. and vice V'ersa it " < ('1. • 

Consequently the size of the subsample would be lal'ger, tor 

estblat1ng t.he Qhange, than tor e-st1mat.1ng the mean it P. )/ P:t. 

and smaller, if ~ C:. f,_ • This just1f1es the observation made 

e~l!er that. the optimum ,q to estimate the change is different. 

from the corresponding opt.tmum to est.imat.e the rneen. on the 

seaond occasion. Thus ~ and Pa. happen to pla:y a. more 

aign1f1cant. part. in determining the salJlple size :required to 

est.1ma:t.e the change. I't. may fUrt.her be obs~:rved that. q ., the 

replacement tl-a.Ct1on,is not so Important in ehang:tng the sample 

size; that 1s, 1f we increase the value of q,there is not. going 

t.o be any significant change in the values of n and m unless 

f. and P2 al'e suf'fictently large. This is ao becallse the 

coetf1cdent a1 = 1 of q 1s very small as compared t.o the 

coett1c1ents of other terms~ This may be seen from other 

aons1dera.t1ons also. Since the actual field work is done in 

the villages and t.he staY in the tehsils is of very short. 

duration, there is no-t g.o1ng to be any substantial redUction 



... 61 ,_ 

.tn the field work whether ~a sazne tehsil:s are taken on all 

occasions or some of them ~e replaced 1~ the second season. 

A reduct.1on in the field WQl"k can be expected only when some 

of the villages are also retained. 

~:\... 

Remark la The o2timum sample si~e bz upins.~ §lightll 
4 

~impler eost function than the on~·used.~e. 

We have seen that the efteet. of t.ravel between the 
. t 

ssu•a w1th1n psu•s is reflected premarily by the term e2 n m " 

SUppose now that. the field work 1 s so arranged 't.hat the travel. 

between the ssu•s ls redUced to a negligible quantity, so that. 

th1 s term is small 1n 1 ts effect and can be neglected. Then 

our cost fUnction becomes • 698 = 20 n + t (1 + q) n + 4~8 n m • ••• .._(S'/) 

The optimum values tor m end n for q = i- maY then be obtained 

which woUld best estimat-e the mean y1e1d of the eharacter on 

\he seeond occasion as elso tb& change from one occasion to 

the other.. Table No.6 gives t.he values tor m and n separately 

obtained tor estimating the mean and the change, for a set. ot 

values of R , P... and I' • 

It fli83' be seeA tlla.t omm1ss1on of the term cg Of cost, 

haa resulted in a. contd.dera.bl.e reduction of the size ot the 

subsample both tor est.tm.a.tJ.ng the mean on t.h.e second Ctecas.ton 

as also fQR eat.1ma.ting the change from first occasion t.o the 

second; consequently there has been an 1ncreaae in tJle num.be.r 

ot psu•s ta- be selected. 

, 



-· 5S ,_ 

OpUmum sample size when there 1 s Pl.! 
I 

!ncrea.se in the c;z, ,gomponent. ~f aoa~ •. 

It. is sometimes possible that. the preparaUon ot 

basic frame an.d listing and selection of ssu's from each 
~~.~ 

tehs!l may require a longer st.aY at the tehs11. SUch a 

possib111t.y may occur wben we bave embarked upon .$1 exploratory 

su~vey of a mat.er1al for wh1ob. no bas!c frame is availabl.Et. 

suppose that this component of oost takes five times the value 

al.ready tatten for 1tf¥: The coat function is then given by 

i i 
595 :s 20 n + 6/2 (l+ql n + 6. 9 n m + 4.8 n m •• (58) 

The values or optimum m and n for Ulis cost function are 

given in table No~ 1, 
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Z£1141 6! Val'Qes of Opt.m and Opt.n Wbioh would beet estimate (a) the mean on/ the seoon4 
occasion, md (b) the chtilllga in tbe yield ot the cbaraoter hom t1J,'st occasion 
to the second, subject to tbe cos' ttmct101'1 2o.ri'""+ -t(l*fl)D + 4.a f.UJl/ra 6959 q 
being equal to -6. _ ., • • •• ,. 

fit 

.so 

Mean 1 Cb -

tf o.oc 0,50 o.,o o.90 o.oo o.so o.,o o.tO 
m 11 ID ll m n m D m r.t tl D m ll m D 

S 1.0 S'r-.9 1.0 39.9 o.o 38•5 o.9 aa.S 1.2 34•4 1.0 .S.,,g ottO 5la6 o.s S8.5 

a t.a M.4 t.a M • .a 1-1 sa.s t.O s,.9 1.4 !G,t t.e 14.4 1..0 s7.9 .t sa.& 
4 t.B 29., t.4 ao.o 4$ u.& t.s sa.e 1..s sa., 1.4 so.o 1.1 3&.a t.o &CJ.o 
t 1 .. ., a"'.s t.e aa.4 4& so., t,& a91'' t.s 26.4 1.5 ao., 1.1 14.4 1.1 M.a 

10 a.s as.a 2.a as.,s a.1. a.t..o a,o 24•9 a.es eo.t a.1 24,o 1..a ua.4 1.6 as.o 
u s.1 11.6 a.t , s.~ a.a t9.a a., so.o 3•4 1'·' a.e 19.a s.4 21.9 a.t e4.o 

·~-~----·-··--···-···-··----·---·····---·---s 1.1 SG.a t.o s,,o •9 ss.s -.t sa.s 1.4 so.o t..a M.4 1.1 sa.a ·' sa.s 
s 1.s •·e t.a M.4 .1.1 se.s 1.0 2S?.t t.& aa • .a 1.4 so.9 1.s sa.e 1.0 s,.D 

.. { 4 1•6 28.4 1.1 29.V 1.4 30.9 44 30.9 laS 26.4 l.G 28•4 1.5 29•' l.S 32.& 
~ y ' .to 5 1.9 e6.4 1.t a,.s 1.6 28~4 1.6 aa.t 2.1 24.9 t.s 26.4 1.9 2'•~ 1.6 ag., 

10 a.s at.s a.s ea.a s.a aa.s 2.1 24.0 J.o t?.s a.' ao.o a.s st.s a,o 24.9 
u s.• 1"1.a s.a , 1. s s.o 1,.8 a.o 'ca-i! 4.0 u.s s.G 16,'7 s.a tv .. 4 a.a 1t.s 

-····--··----------~··-···-·------·--·--·---11 1.1 so.a 1.0 s'1.9 1.0 s,.o t.o sv.g 1.1 s9.'11.4 S0.9 t-B s~4 1,1. se.a 
a 1.• so.9 1.a 32.6 1.a 84.4 1.0 s,.g 1.s aa.4 t.& as.4 \•4 30.9 1.2 84,6 

•90 4 1.9 2?.s 1.6 aa.4 1.5 eg.v 1.4 so,9 2.1 at.o t.t as.G ~.a ~.4 1.a 29., 
a a.o 24.'1 1.e a.S.4 1.'7 a?.s t.e 28.4 a.4 21.0 a.t 24.0 ~.a e'·' 1.G 28.4 

10 s • ., so.o a.a at.s 2,4 at.f s.o as.s 3.4 l,.a s.,o l'l.a e., eo.o e.s at.s 
1.6 s.t 16.3 a.4 l.V-.2 s.a 17.s s.o 1'1.2 4.! 's. o 3.9 160 6 &.6 16.'1 s.s 1?.4 

------·-·----·----------------------·--·---

,,. :r~ 



Ze~J.e. !t Valll.c;ts ot Optlmwn m and n which would Jlest est1ma~e (a) the mean ~n the second 
occasion and (b) tbe change tn the rteld of the characte't from f'l.rst occasion 
to tbe seoo~d -subjeet to tbe cost tunct1on ao n + 5/8 (14q)n + 1$.9 n D1 + 4-B • 1':595, 
q being equal to .;. 

f1 
.......... <G .. o.oo 

a 1.8 BS.l 1.6 ,4.6 1.6 25•5 1.4 26.4 a.t 2t.-1 1.9 21,1 1.5 ss.s t.a 2a.e' 
$ 2.8 20.6 2.,9 24fl' 1.9 22.4 1.8 23.1 a. a ta.a .e.s oo.o 1.9 22.4 l-.5 ss. 

,so 4 a,., UJ.a 2+5 19.-l a,4 to.s a.3 2o.o .s,a 1&.4 2.9 1'1.4 a..s eo.o 1.8 as, 
5 s,.s 1&.4 a,o 1?.0 2.9 11'.4 a.e rr • ., 3,.8 1V~t6 3.,4 u • ., a,s 1"1,, e,1 21. 

10 4.'1 u.v '·& lS.l 4t4 13.1 4.e 13.,., .. , '•' 11., 4.9 12,.5 S.' 14.9 2.$ 10, 
- •11 ... a. a 1o.s 5.9 ltl•a a. a 11.0 5.5 U.4 .,.o 9.& 6.6 to.1 4_.8 12_.6 5.0 1,. 
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SUMU:ARY ------
Application of successive sampling with a two--stag~ 

sa1!lpl1ng detdgn t.o some of the problems where the survey 1a 

zwepea'ted at regular intervals has been indicated. Partial 

repl.aaement ()f units ia advantageous in field opera.tioa,. 

Est.ima:t.e of the population mean and its variance has been 
; ...... 

obtained (a.) for two oocastons and (b) for h oeca.sionst the 

sampling soheme being that a fixed proportion of the psu • s 

taken on the preeed1ng oeeas1on has been replaced on the 

current oeeas1on, the ssu's within each selected psu•s be1ng 

completely retained. Also an estimate tor the ehange between 

any two eonsecut1 ve occasions and 1 ts variance has been ob'tained 

under the same sampling scheme. Similar expressions for the 

est1mat.e and the change and their variances have been ob'ta.ined 

under a different salllpllng pattern, v1z. that. the same psuta 

are taken on both occasions, but a fraction p of t.he ssu t s w1 t.bin 

each selected psu 1s retained on the second occasion, and a 

tract.ion q selec~d ab'esh. A oomparat1 ve study of the 'two 

sampling patterns has also been made. Data collact.ed from the 

scheme eonduot.ed in Punjab (1956-57) to study the milk-~el.d of 

bovines there has been taken and a. cost. f'unoti o:n tor the scheme 

has been obtained. Optiltlllm size of the sample t.o be taken 1D 

the second sea:son to estimate the Jn1].k..y1eld of cows has been 

obtained. It has been observed tha.t. the size of the sample !s 

not. af{eoted if some tehs11s are replaced on the seeonct season. 

Opt1m.ttm values for n and m to bo taken on the second oeenston to 

estimate t.he mean and t.he change have been tabulated for a sat 
a s 

ot values of the correlations P, and fz. and J6 = Stir /Sp • 
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