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SUMMARY. In the cass whero the price colloction survey s Integrated with an existing nation-
wido multi-subject murvoy, it roquires exsmination s to how tho sampling proscdurea of (i) indepenilent
samples on each occasion and {ii) sampling on sucreasive occasions with partinl mplacement of units com.
paro with tho fixed sampling proeeduro for prico colletion. Tiis paper oxamincs this question after
taking into consiloration precision and cost involved.

1, InTRODUOTION

In price colloction survoys aimed at estimating prico differences tho practico
is to oolloct prico data from a fixed et of samplo points at constant intorvals of timo.
Tho reason for preferring a fixed samplo to an independont samplo is apy ly tho gain
in precizion that is obtained by taking a fixed samplo duo to existenco of positive
correlation between prices in tho samplo points over period of timo.  However, a fixed
samplo proceduto, if applicd over a long poriod of timo vitiates tho statistical infecence,
In countries having continuing nation-wide multi-subject surveys a substantial reduc-
tion in cost can ho obtained by integrating the prico collection survey with other
sucveys. ‘Two types of sampling procedures, viz., (1) independent samples or moving
samplee on each ion, and {ii) sampling on ivo ions with partial replaco-
mont of units are considered hero as possiblo alternatives to the fixed sampling proce-
dure for price collection.

pling 7 P
Section 3 fixed pling p duro ia pared with the p duro of sampling on
succesyivo occasions with partial replacemeont of units. Thronghout this paper, the
sampling adopted is supposed to bo simple random sampling without replacement.
Also the samplo sizo is sufficiently small compared to population sizo so that finite

population corrootion could bo omitted.

In Section 2 fixed and moving 1i 1 aro 1 whoreas in
e

2. FIXED AXD MOVING SAMPLING PROOEDURESY

Wo shall first procood to find tho relation between tho sizes of fixed and moving
samples that would enaure tho samo precision of estimates of prico chango. Though
it in usual that prico changos oro measured by menns of the ratio of prices at two dif-
foront poriods, for simplicity tho estimator of prico chango is lere choson ns the
difforencoe §n tho moan prices of two different poriods for studying the relation botweon
tho sizos of eamplos.
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1683, and S, nre the varinnces on tho two occasions, ny and nyare tho sample
sizes of tho moving samplo and fixed samplo respectively and p tho correlation cooffi-
cient between prices on tho samo two occasions, then tho ratio of varianco of the moving
sample (1) to the variance of fixed sample (V)) is

. Sy S
_'I- S_u)+ ‘S_Tﬂ
"’ ‘"I

= T('lll—_p)' if S7, = S, = 9 e (1)

giving the relation between equivalent samplo sizes to bo
= (l—pn,. e (2)

This functional rolationship enables us to determine the ratio of samplo sizes n, and
n, from tho value of p.

It is now proposed to compare the two types of samples, viz., fixed and moving,
by setting n,, and n, to satisfy (2). The valuo of p and conscquently the equivalent
sample sizo {n,,) for a fixcd n, differs from item to item. Sinco our intorest Is mainly
in tho general prico lovel wo may choose a uniquo samplo sizo for all itoms which ean
bo cither a maximum valuo of n, obtained over different items ot a samplo sizo such
that the variance of a given linear estimate of chango in tho prices of all items is the
samo for moving snmplo and fixed samplo. Wo chooso the latter for illustration.

Let d, bo tho estimated prico chango in the i-th item. Consider the weighted
.-

averago of these price changes ns 1‘".‘;—'1‘ whero 1r; i the per-capita expenditure on the
~%

item-group to which tho 5-th item belongs. Wo nssumo that d; and d, aro independent.
Tho expression for the ratio of variances V,, and ¥, for the above weighted averago is
given by
Ya_m ISt
V,  ny Xu1—p)}S)

whero 8% and p; aro tho variance and correlation coefliciont botweon prices on two oc-
casions of tho i-th itom (¥ =1,2,...,m). From (3) wo havo V, = ¥, if

Ta DS

n Zuf{l—p)SY

(3)

)

To estimata (4), tho population paramoters S3 and p; can bo replaced by their
samplo catimates 83 and r; rospoctively.

Since tho ratio nfn, also dopencls on units of prico quotatiun, in practico only
atandard units of quotation should bo nsed in (4).  In fact wo uso only standard units
in our oxamiplea givon at the ond.
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Anothor mothod of determining n,/n, would Lo to consider tho ratio,

whoro V,; and Vy aro the moving sample and fixed -umplo varinnces Tespeetivoly
of tho price differonco for the i-th item. Although theso = = do not change with the
units of price quotation, they may got unusunlly high \\hon any p; is cloxo to 1. To
reduce tho effect of such cases '7 can bo obtained by setting Vo= ¥, in

The second mothod elimi the effoct of ch
tion on the valuea of n,/n,.

in the units of prico quota-

Cost functions. In this section cost functions are developed for a fixed sample
of villages exclusively meant for prico collection and for a moving sample of villnges
where the price enquiry s integrated with other enquirics of a survey.

Consider now an investigator zono where all the socio-cconomic enquiries aro
to bo canvassed. Consider tho following two mothods of collecting monthly prices.
Tho firat method (A) consiste in earmarking a particular village (P) (different from the
m villages chosen in tho zone) for price enquiry. This requires the investigator to visit
tho prico village, (P), at a fixed time of every month. The sccond mothed (B} would
Lo to collect prices on a fixed day of every month from that uamplo ullngo (nmong tho

Iy

m villages) whero tho investigator would bo

Considering o total of 12 menthly price collections tho cost function for prico
collection under mothod (A) is expected to bo tho following.

Cp = (2, +,)12 e (5)
whilo under mothod (B), wo expect the following cost function

.=%+121; ]

whoro £, is timo required for journoy to tho price village from camp, #, is the avorago
timo required for travel from ono sample villago to anothor, &, and #; aro tho times ro-
quirod for price collootion. Evidontly #; = #. k is tho number of socio-economic en-
quirles including the prico enquiry. Sinco in mothod (B) only m journeys are roquired
(including tho journoy from headquarters to the first samplo villago) for all tho &
enquiries, tho Joutnoy time ibutablo to prico colloction is mey/k.
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Further, sinco tho total distanco travelled botween m random points in a given
area is approximately ay/m (Mahalanobis, 1940; and Jessen, 1942) wo oxpoct
V23

0=

T mmEl "

Similarly it can bo scen that for comparisons over intorvals of aix months

or one year the ratio b; will bo tho samo aa that given Ly (5) and (6).

It is scen that g“ gives tho ratio of costs under the two sampling procedures,

Therefore the relative cost (R) of these two sampling procedurea which ensuro the same
precizion for estimates under tho two methuds, is given by

( n,)( ) -

whero n, and n; aro go chosen 8a to make ¥, = V. Thus if C; is tho amount apent
under method (A), then for equal precision ono must spend an amount of RC, undor
methed (B).

In the y ding di: ion tho pari mado was botween tho coats
attributablo to prico collection under cach sampling scheme.  In certain cases where it
is sought to find tho additional cost incurred in including a prico collection survey with
on already existing multi-purposesurvey and whero ono has to chooso between the two
mothods of prico collection then comparisons will be moro meaningful if additional
costs of prico collection under the two schemces aro compared. In this caso additional
cost of 12 monthly prico collections under the fixed sampling schomo will bo same as
in (6). But tho additional cost of price collection under the moving sampling schome
whero tho prico enquiry is integrated with tho gencral survey will bo only the cost of
enquity viz, €, = 12/; for 12 menthly prico collections. Thon in this caso rolative
cost,

Re= () s )

3. COMPARISON DETWEEN FIXED SAMPLING PROOEDURE AND PROCEDURE
OF SAMPLING ON SUCOESSIVE OCOASIONS WITKX PARTIAL
REPLACEMENT OF UNITS

In this section wo consider the sccond alt tive viz., ling on ive

with partial repl t of units, horeinaftor ealled rop) t li
schomo. In a multi-subjoct survoy whenover the work-load in each samplo \Allngo
roquirea tho investigtor to stay in tho samplo villago for a perivd of about ono month

it is poesiblo to retain a certain proportion of tho villages selocted for prico colloction
222
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on any occasion for the next oocesion also by properly edjusting the programme for
so0io-sconomio enquiries in these samplo villages.
Consider & sample of size n, on the first ocoesion and of ny on the second
the units to the two i being nl.
Denote the sample values on the first ocossion by z's and those on the second

ocoasion by y's.
Let §y; be the estimate of the population mean of the i-th item on the second
btainod by the rogression method from the same units which are retained
and g, is the estimate of the population mean of the i-th item derived from the sample
units included on the second occasion only, thon
A (1 —pri)

Dot = 1_—”g39n+l(1_”g§)‘ i - (8}
where A and s donote the fraction of the sample units being retained and ropiaced
respectively whon a sample of the sanie size is taken on cach oceasion. 2, is the revised
estimate of the population mean of the i-th item on the first aceesion having known
the results on the second occasion.

An estimabe of the change betweon the population means on the two occasions
is dy = fwi—Z- The sampling variance of d; is given by Yates (1940) and Tikkiwal
(1951).

7y 1 _";7‘;_‘[ __ﬁl._z _"_2' 9’
Vid) = m(l P’e—n‘”’) (1 n]P,)"x”ﬁH‘(l n,p% )7‘:‘7'54 2”}’(0’.(0,:] . (9)
where nj = n,—', nz = ny—n'; p; is the coefficient of correlation between z’s and
y's of i-th item o, and ¢, the variances of the population for the i-th item on the two

00088ions,
n’' n; _ ng
Wh =n,=m,80d — =}, =+ =" = Adp =1
en = iy = n, and - = Me=
—upflok+o%)— 200 40,
vy = (—ppillostay O xi0y .o
@ D uo
Considering the weighted ago of the estimate of price change of all items

(the weights used being the same as in the preceding soction) and assuming d; and J,
to be independont we find that the variance of this weighted mean is given by

1 (= ppbod+ o) —2Ap0 0,
e 2 e - 00

As seen already in the oase of a fixed sampling procedure the variance of the
weighted average of the differences on the meen prices in the two ccoasions is given by

V,=

1 1
Vi=iguy T Wf;/ {ohtoy—200.10,4- - (12
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From (11) andl (12) we havo V, =V, if

_ i v wiontok—2p0.0,). ... (13)

N v e (mpeiedital) =200, 0,
n T [

Tho r.h.s. of (13} can be estimateld by replacing population paramoters o,

0%, pi by their cstimates o5, &} and ry vespectively,

Cost function, For comparison of cost attributablo to cither sampling schemo
Tet us consider tho gamo 1 of cost ng idorod in Svction 2, For tho fixed
sampling procedure the schemo of prico colloction and tho conscaquent cost funclion
adopted in the previous section aro adopted hero also.  But for the replacoment sampl-
ing proceduro tho schemo consists in considering n investigator zonca of m samplo
villages each whero all the socio-economic enquirics will be conducted. On any
spocified occasion ench of tho n investigators will conduct the prico cnquiry from ono
samplo villago in his zono thus making availablo fur prico collection n villages in all.
But which sample villago will bo covered for prico enquiry on a given occasion will bo
pro-determined 8o as to onsuro that a fraction A of tho sample villages covered on any
ocension bo retained fur tho noxt occasion.

Consider for examplo 10 investigator zones numbered 1, 2, ..., 10, so that there
will bo 10 villngos for prico collection on cach occasion. Lot tho m samplo villages in
each investigator zono o serially numbored 1,2,3, ..., m.  When A = § the following
programme of prico cotlection in the sample villages can bo fullowed. On the first
occasion tho prico collection will be done in the samplo village-1 in all tho investigator
zones.  On the sceond occasion in tho investigator zones with odd numbors tho sample
village-1 will bo repeated for prico colloction and in the even numbered zones price
collection will bo dono in samplo village-2.  On tho third occasion the samplo villago
will bo changed to ‘2" in odd numbered zones whereas in ovon numbered zones tho
samplo village-2 will bo Totained. Thus on cach oceasion only in half the zones the
samplo villago is changel ot retnined.  Tho samo proceduro continucs till all the samplo
villages aro covered. Under this programme by following a strict timo schedulo prices
can bo collocted at intorvals of ono month while attending to other socio-economic
surveya. It is, howover, nocessary that the total work-load in each village should
requiro the investigator to stay for not moro than ono month. When A = { similac
programme can he drawn but in that case tho poriod of stay of the investigator in
ceach samplo villago will not bo uniformly oqual to tho intorval of prico colloction.
If 0, £}, t; and k aro tho samo as in the provious section and if tho timo gap is ono
month, &inco fresh journoys to samplo villages on each oceasion are required in rospoct
of (L—2)n villages and sinco such journoy timo iy shared by all tho & socio-cconomic
onquirics tho cost attributablo to prico colloction on any occasion from the sccond
oceasion onwarda in n sample villages iy

¢ = (_1-—‘:\4":;_}_”[; . (14)
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In goneral G, can bo takon as tho cost of prico colloction at intorvals which aro
almost tho samo as tho duration of stay of tho investigator in a sample villago.

The oost nttributablo to prico collection in » samplo villages under tho fixed
sampling procoduro follows from (5) ns

Cp = (M+tn. e (18)

The abovo cost functions hold as long as the gap botweon the two occasions iy
one month only. If gapa as long as six months or ono )onr aro considored the typo of
integration of yrico cotloction with other soci quirics haa to Lo difforent
beeauso on the second oceasion, which in tho prosont caso comen aftor a lapso of aix
monthsfono year, tho investigator would have moved to a samplo village dilforent from
the villago survoyed on tho fist occasion. So in respoct of those sample villagos
ropeated for prico onquiry on the socond occasion frosh to and fro journeys to the vil-
Ingo from tho camp villago aro roquired. Tho rost of tho samplo villages which aro
(1—A)n in number to bo selocted nowly oan bo choson from among the villages boing
survoyod by tho investigators for socio-economio enquiries on tho second ocension.
Thus tho j ]ournoy time to thoso (1—2)n samplo villagoa can bo taken as shared by all
tho socl luding prico enquity, Now the cost attributable to
prico collection on any occuslon from the socond oceasion onwards i given by

= 2 S

C= {m+LL‘_A‘} e - (18)

Henco [ =+ G, whon tho intorval is ona month and { 2= G whon tho
=) (g w) \&

interval is six monthsfono yoar, givo tho rolative cost, R, of theso two sampting proce-
durcs which ensure tho samo procision of ostimates.

4. NUMERICAL EXAMPLE

In this seotion tho differont scl of prico colloction di L in tho carlier
soctions are compared ompirically, In tho first placo wo consider the fixed sampling
procedure and the moving sampling procoduro.

In tho tablo below the pooled ostimates of $¥s and the ostimates of tho cooffi-
cionts of lation (s} and r; respoctivoly) obsorved for the different timo intervals of
ono month, six months and ono yoar were obtained from tho village-wiso monthly
rotail prices colloctad by tho National Samplo Survoy.
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TABLE ). ESTIMATES OF COEFFICIENT OF CORRELATION () AND VARIANCE (1)

timo intorval
itom woight ono montht six montha? ono yeard
” ’ »” ’ a v
1. rico (coarso) 7.43 0.0081  0.07 0.0088  0.84 0.0088  0.64
2. arhardal 0.03 0.0003 0.3 0.0133  0.82 0.007¢ 0.82
3. polato 0.49 0.0241 0.87 0.0205 0.38 Q.0158 0.62
4. turmerio 0.41 0.0744 0.82 0.0263 0.08 0.0820 0.38
8. groundnut oil 0.48 0.0007 0.87 0.0352 0.73 0.0758 0.40
8. milk (buffulow) 0.95 0.0301 1.00 0.0216  0.78 0.0152 0.76
7. gur (canc) 0.52 0.0172  0.92 0.0108  0.63 Q.0188 0.39
8. moat (goat) 0.47 0.1714 0.94 0.1390  0.83 0.148 0.1
P tes 0.44 0.1507 0.82 0.1619  0.05 0.1023 0.83
10. tobacco {leal) 0.3 1.33719 0.00 1.1460 0.05 1.8331 0.86
1. firowood L 0.3758 0.97 0.5030 0.83 0.4074 0.7
12, dhoti (mill) 1.58 4.0282 0.0 3.0408 0.88 3.7228 0.78

Note: Tho unit of prico quotation ix seor { =0.933 kg.) for item nos. (1}~{8) and (10}; 1b. for item ne. (8);
maaund (=0.733 ewt) for item no. (11} and pair for item no. (12).

1 Dasod on the prices of Fobruary 1961 aad March 1061,
* Basod on tho pricos of September 1000 and March 1061
» Based on the prices of Scptombor 1960 and Soptomor 1001,

From (5) and (6) we have

Using the values of !} = 10.6 hours, f3 = 5.6 hours, m = 6 or 0 and ¥ = 10 obsorved
from recont National Sample Survey rounds, tho rolativo costs aro given bolow.

iz intorval "T'/" il n=0
_i.;_ R I3 _“("; R I3
1. onomonth 1688 0.7 2.0 2418 0.163 243 2138
2. six monthe .34 018 1307 1103 0.163 1106 1.0
3. ono your 438 0078 0778 0.708 0108 0711 0.623

3 Thoso vulues wero oblaine using formuls (4). Tho values oblainod from the socond method
wors 20.84, 0.11 and 284 rowpoctively,

Wo obwerve from tho abovo tablo that the ratio of samplo sizos as well as the
rolatlvo cust deereaso with increaso in tho gap botween the two occasions. It may bo
gonorully obscrved that for mensuring prico changes over gaps of ono month fixed
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sampling poreeduroe is preferable to moving sampling procedure if precision and cost
aro jointly considvred unless #/fy and & tako suflficiontly high values, Thia ia true
whothet R or R ia considered.  But as tho interval increascs the rolative cont docronses
becauso coefficients of correlation decrease,  Thua when the interval is six months
R & 1forall ; 3 313, & > 7 and m > 6 and when the interval is ono year R for
all ;3 2, k> 3 and m H 0.

Wo now consider the fixed li dure and the p Jure of i

on successive occasiona with partial replacement of units.

Taking tho samo values of &, fs, 1 and k na in the preceding iNlustration and
A = ¢ and } tho relative costs, R, aro givon bolow.

] meg med
ny
A=} Am3 A=} Aw Am} Amg
L G,iC; 0.178  0.186 0.157 0.16
2. CJc, 0.005 0,420 0.585 0378
3. R for intervals of
{#) ono month 2.08 3.2 0.367  0.59 0.3 0.523
(b) aix montha 1.00 2.1 102 1.163 0.0%9 Lox
(¢) one yrar 1.68 2.2 1.051 0.001 0.0 0.847

Nota - Tha valuca of 7, uned aro thoso given in Tablo 1, whil thowe of o2 and o2, scd aro the samo valuen
which havo been pooled to obtaia ¢1 in Tablo 1.

1t can bo scen that in general for intervals of one month the relative cost B 1

" . 1

for all k > 2 when f; = 23 or forall ff > fs when £ 3 5 and m > 6 provided A = 5
or % For intorvals of six months or one year tho relative cost, B  Lforall k 5 7

when £, = 3, m » 6 end A = -% and % In conclusion it can bo said that (1) for
measuring prico changea over intervals of ono month the proceduro of snmpling on
successive oceasions with partinl roplacoment of units is better than tho moving
sampling proceduro for all m » 2, k, & and 1 when X=-;— or%nnd better than tho fixed
sampling proceduro only under tho conditions stated abovo, (i) for mensuring prico
changes over intorvals of six montha or ono year nothing can bo said in general about

the relative merits of moving pling p and the 1 duro of ling on

successivo occasions. It doponds on the particular set of valuca of m, k, 1y, f; and X,

In practico p docroases very tapidly as lag increases and conscquently tho rola-
tive coat will d iderably. A ing that the correlution coeflicient for Ings
of one, two, threo years oto. docreases na p, pt, p* cte. (Patterson, 1050) it may bo said
that for longer Intorvala the relative cost of moving sampling proceduro to fixed eampl.
ing p dure and p luro of pling on ivo ions with partial roplacos
mont of units to fixed sampli duro would d idorably.
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I am thankful to Dr. Saibal Banctjoo for his useful suggeations.
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