SIZE OF UNITS IN A TWO-STAGE SAMPLING SCHEME FOR
THE ESTIMATION OF CROP ACREAGE

By J. M. BEN QUPTA
Iudian Siatistioal Inatitute

SUMMARY, This is un cipirical study on the relstive eficiencics of Lwo-stage sampling with
varying sizes of villago-clustern in the frst stago and varying sizos uf plot-clustors in the sccond, fur the
cowtimalion of porcentage area walvr cortain crops in Woet Bengal.

Variability ss & function of tho sizo of sampling units in both Lhy slagys has beon studied. It hae
beon found that varisbility botween plot-clusiers is @ juint functivn of its own sizo se well a4 tho simy
of the villago-olusters from which thoy are ecleolod,

A cost functions have beon 1 on tho baxis of the reeults chiained carlier by
Mululanobls in his oxperimontal surveys on Juta soreago during tho ycars 193740 and eortain basic aseump-
tions made from current oxperioncos.

Tt hias been found that the gain by increaring tho size of Bret stegs unita is not much, whils officiency
incroasce slightly by increasing the size of plot-clustors in cese of Juta and Aus bul tho other way for
Aman whon ficld cost alono is considorod. If the cost of statistical work s slso tuken into sccount, mmall
aizod plot clusiers soom to havo distinet sdvantagos.

I- IsTRODUOTION

Exicnsive and thorough investigations were carried out in undivided Bengal
carly in 1937 by Mahalanobis in his pi ing work on tho queation of sampling for Juto
acreage. Tho results wero issucd as a serics of departmental Reports by the Indian Central
Juto Committeo (ICJC) during 1938-41 and were later published as acientific papers in various
journals (1044, 1946a, 1046b),

Tho sampling design adopted in theso years was howerer a unistage ono, where
individual Police Stations of sizo 150-250 sq. miles were treated as ultimate strata or as tho
cleraent of a stratum, In theso investigations, a study of the reduction in variance of the
proportion of arca under jute crop between square.sbaped ‘grids’, with an increaso in its
size ranging from 1 acre (7 plots) to 36 acres (116 plots) was made. 'Theso grids encloso a
few plots wholly insido whils svmo of them were intercepted by the grid-sides, a portion
falling outsido tho squarc. Tho proportion of land under crop is then eyc-estimated for
all tho plots constituting tho grid. It was obscrved that duo to an incidenco of positive
epaco correlation between adjoining plots, fall in variability was much less than what could
bo normally expeoted if tho plots wore mutually independent in respect of Jute cultivation.
A least squaro it for tho varianco function as ¥ = a(z)%, whoro V is the variance and z
is the sizo of grid inacres, @ and g aro unknowns was tricd out and the coeflicicnt g was
found to rango between —0.40 to —0.70 j.0., less than unity,

Tho sizo of sampling unit was accordingly chosen so as to ensure a maximum of pre-
cision at & given cost.

In tho National Samplo Surveys ourrently being carried out under the technieal
guidance of the Indian Statistical Institute, plot-clusters instead of ‘grids’ scleeted equal
or unequal probubility are howover buing cmployed as tho ulti pling units. Tho
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adopted size of clusters with ten plots cach, broadly corrcsponds to tho standard grids of 2.25

acrew, employed by tho lustitute in ita later all-Bengal surveys. It may bo noted hero, that
in tho earlicr years, & very dletailed analysis of the relative eflicicucics of the grid-size, taking
Into accuunt the cost uf ficld wurk and statistical work involved in handling them, waa carried
out. Whilo the costs of statistical operations depencled on grid-wize and ite total number,
ficld cunt was & function of grid-size 8s well aa tho density with which they were spread over
the entire ares to bo coverwd.  The optimum choice fur the best combinations of grid-sizo
an:l its deusity per unit of geographical sres, to givo the highest precision at s given lovel
of cost, varied from siratum to stratum, which wero worked out accordingly. But the later
surveys exiending over the wholo of undivided Bengal were 1o cuvir jute, sutumn paddy
as also ulher important crops in a single survey during the entire season.  So the erop-specifio
wlutivng for size-density allotmenta to individual strata woukl no lunger apply, and as a

comprulniso a standard gritl of sizo 2.25 acrvs hiad cventually to bo adopted.

The Nativnal Sawple Surveys covering the wholo of Indis had necessarily to
&% by @ much broader chuice, the task of studying the erop pattern for thia immense region,
tho demands of a largu variety of crops and finally the multipurpose character of the survey
ticd up with many other sociv-cconomic enquirics hardly left any freedom what a single crop
and & winglo purpusy woukl have permitted.  With  relatively small staff in proportion to
the huge arca to be covered, s two-stag pling for the eatimation of crop. hnd )]
to be resorted to, individual villages serving as the Brat-stage units with plot-clusters seleeted
within them in the second stage. A study of tho erup-pecifio behaviour of varisbility in
different stagea of sampling, would nevertheless be of fnterest and may prove uscfut in other
circumstances.

In this paper an attempt has been mado to stuily the relative efficiencica with clusters
of varying vizvs in 8 twu-stage sampling on tho basis of data obtaincd through a special schieme
of survey in sutumn of 1061-62.  Although, data regarding ficld costs were not collected In
this scheme, approxinate cost functions Lhave also Leen wurked out partly on old findings,
and partly on empirical considerations.

2, TIUE BAMFLING KCHEME AND DATA DISIOMAL

A wpeclal schemo ueing village-clustera of varying size with clusters of 30 plots
uuhm them in tho second ulago was tried out during the autumn surveys in 1961.62, Tho
pling design was & | two-stage onc, whero 324 village-clusters were allocated
among lhn slirata in the proportion gv/pg, where ¢ was tho geogruphical area of the stratum,
p tho proportion of arca under autumn crops and ¢ = 1—p. Within cach stratum, the vil-
laga clusters wero sclected with probability proportionato to geogruphical arca from which
plut-clusters wero alsa aimilarly sclected. Tho survey was conducted in threo sub.rounds.
In addition to the principal crops Juto and Aus paddy cultivated in sutuma, data was alvo
collected in respect of tho Winter or ‘Aman’ paddy so far as it was sown at thoe timo of visit.
The third sub-round which was a fully represcntative sub-sanipic of the whole, was carricd
out in Scptember-October, by which time the eowing of Aman paddy was definitely compleled.
Apart from & number of casualtics, somo of the four-village clusters wero not surveyed in full,
leaving only 218 completo first-stago units for Juto and Aus paddy, and G5 Grst- utago
units for Awan, from which en Identical vwnber of sub-uuits for cach dilfercat sizo could
bo formed,
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In this acheme, clusters of four villages wero aclected in a monner such that
sub-clusters of 1, 2 and 4 villages could bo formed out of them in & nested formation, Tho
clusters of 30 plots were likewise capablo of being broken up into sub-clusters of 1, 2, 3, 5,
10, 15 and 30 plots in a neated pattern.  In both the stages, the entry unit, villago or plot
sclected at random, represented the nuclear unit about which tho preseribed elusters of varying
sizes were constituted.

For instanco, if the entry village is numbcered as 87 und an entry plot selected in tho
second stage is numbered as 47 the villago-clusters of sizes 1, 2 and 4 will be formed with
villages numbered 87, 87.88 and 85-88 with tho various plot-clusters constituted of plots
numbered 47, 47-48, 4648 cto.

Thuy, if the cluster with plots 31-60 in any of tho village-clusters was cnumerated,
data for plot-clusters of all the othor sizes would bo automatically furnished. ‘Threo clusters
of 30 plot cach, were selected with probability proportionate to geographical area separately
und independently within cach of the three village-clusters of one, two and four villages,
Thus, although tho Investigator on reaching a village-clustcr had to survey a total of 9
clusters apread over tho group of 4.villages, tho clusters of ono, two and four villeges had
cach its own quota of plot.clustens for purposes of estimation.

Tho nested sota of sub-clusters of plots in the second stago and of villages iu tho tinst
slage, thuy ituted, aro not lly independent and for this reason impose 8 good deul
of control for purposcs of tho comparison wo have in view.

Tshaquo's plot-wi plet jon of the whole of undivided Bengul
in 1946, again gives ua an oppur\.nmry for working out the population varisbilities for
village-cluster units of any desired size. The available reporta published by the Govern-
ment however give tho acreages under differont utilisation by Univn (15-20 villages) and
Dulico Station (10-12 Unions) breakdowns, But tho Instituto bad been sble to compile
tho village-wiso figures for Aman paddy in tho year 1950-61 from the detailed data sheets
which were prescrved in tho government records up to that time.

3. VARIANCE FUXCTION

Unistuge sampling with plot-clusters. 1t may be noted here that the variance functions
worked out on Jute in tho carlivr years in Bengal refer to ‘grids’, fe., equivalents of plot-
clustery welected unistago over tho stralum, whereas in the recent West Bengul surveys,
plot.clustors were solected in the sccond stago from villages in the first stage. An unistage
variability of the order of 95%, to 120% was obtained for Jute in 1840 it tho cight important
Jute districts of undivided Bengal with a grid-sizo varying between L-acro to Q-acres, 1t will
bo i iug to comparo theso covfficients with tho “total” varistion between plot-clusters
of different sizes obtainied from a two-stage sample. Covfficients of total variation have
accordingly been given in Tablo 1 for Jute, and also for Aus and Aman paddy, whero »,
and n, stand for tho number of first-and second.slago unita respeetively,

It will bo scen that the cocflicients of varintion for Juto in West Bengal are much
ligher than tho earlier results for undivided Bengal in 1840. Tho high intensity of Juto
cultivation in tho sclected oight distriots of undivided Bengat wonld explain tho diffierence.
For Ausand Awnn paddy howover, wo huve no muterial in hund for a comparison,
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TABLE 1. COEFFICIENT OF 'TOTAL’ VARIATION BETWEEN PLOT-CLUSTER
OF VARIOUS BIZES FOR THE PROPORTIUN OF LAND UNDER
DIFFERENT CROYS

total variability botween total veriability botwoen plot Lotal variedilily between plol
:;:: :’l'" cluslor in (wo-slago sam! clustor in two-slage Mpring clustor in two-slngo snmpling
in torms  l.village 2.village d-villoge lvillsge Z.village {.village  [-villags 2.villngs 4-village
uf plots  wnitin  unitin  unit in upitin  unitin  unit in unit in ugitin  unitin
Ist stago It slagu Jatetage It stage lalstago Istwtage 1ot stago Ist slage lat stogs
[0 {2) ) (4 {3) (8) (7 8 9 (10
(P = 0038 n, == 213 5, m 654) (P = 0735, n; = 218,13 m 854) | (j = 8500, nym 53, ny = 165)
juto sun aman
1 33 33 37 J05 307 {10 2 92 43
2 A3 303 v 28 286 N 1 LN ki
280 288 278 263 269 317 L4 L1 78
8 ¢4 2682 252 243 248 268 32 0w 1
v 227 232 220 222 2 237 % 0 nN
15 208 208 210 213 212 215 70 9 70
30 187 191 180 191 192 12 72 15 63

Two-slaye sumpling with village.clusicrs in the first sluge,

Variability {(irue) of villaye-clusiers as first sluge wnits. Table 2 below gives
the vhserved cocflicients of "truc’ variation between first-stage units in coly. (2), (4}, (6) and
(8). The cocliicients based on Ishaquo’s completo census of 1046 in col. (8) gives the
variability of the proportion of arca under winter paddy between individual villages which
wero obtained by a model sampling on the village-wise material. A samplo of villuges
was chosen with probability proportionate to geographical arca and with a stratification
and allocation of villages exactly parallel to the one employed in the autumn survey of
1961.62. The clusters of 2-villages, 4-villages, 8-villages, cte. were built up in a nested
formation with tho originally selected villago as eatry. This makes the two scta of results
veadily comparable. Except In casc of Ishaque’s where the villages wero completely
cnumerated, directly giving the ‘population’ cocfficienta of variation betwoen village units,
the ‘true’ coeflicients had to be cstimated in oll other cases by an analysis of the total
variance into their stago components, as ;

C) = variability between village-clusters as 100 J—-s-—y'/ mean

€, = variobility within village-clusters 100v/ 73] mean,
where ¥, and ¥y sre the observed variances in a twostago analysis, there being 3 plot-
clusters per village-cluster.  Tho largest, i.c., tho full wizo plot-clusters of 30 plots (in 1961-62)
hes been accepted giving tho best eatimates of varinnco between villuges, which of course
should Lo independent of the size of sccond-stage units.

1t will bo scen that the veriability between village-clusters falls genorslly with un
increass in ite sizo in all cases, Jute, Aus amd Amun paddy, The cocflivients given in Tables L
and 2 all refer to the poold meusure of variution within all the strata.

138



SIZE OF UNITS IN A TWO-STAGE SAMPLING 8CHEME

Graduation of the corficients of firs-stage variation. A least square fit in tho
form €, = A(v)"t was made on tho cocfficients of first-stage variation on the sizo offirat-stage
units in the proportion of arca under Jute, Aus and Aman paddy as observed in 1961.62
and under Aman paddy according to the lshaque's in 1046. The groduated vatues of
first-stage \nrubxh(y are gn'cn in culs. (3), (5), (7) and (9) of Table 2 below, The ratios of
the ts of d for by the fit to the residual ie., the deviation

P

TABLE 2. GRADUATED VALUES OF FIRST STAGE VARIABILITY (C,) OBTAINED

BY A LEAST 8QUARE FIT OX BIZE, ie, NUMBER OF VILLAGES »
CONSTITUTING THE FIRST STAGE UNIT IN THE FORM €, m A(n)h

»izo of jute, 1961-02 sus, 1961-02 aman, 1961-82  Ishaquo’s aman, 1940
village P, » = 0738 7 v 5590 7= 4762
cluater in my =218 "= 218 iy v 65 ny = 60
tho first
stage (v) observed oxpeoted obeorved oxpoctod observed expocted obeerved expocted
(8] (2) (3} 4) (8) {6 N (8) 9}
ono 134 138 m 1o a8 38 60 88
two 146 138 109 104 kL] a6 o0 83
four 128 132 ” 123 n 3 49 a
eight — 129 - 3 - a 48 9
nixtoon — 120 - 83 - 29 40 £
ennstanis A = ]37.80 A =103.80 A = 3838 A = 5832
o = —.0320 2 = —.0809 o= —.1028 9 = —.1408

therefrom, woro found to bo highly significant, indicating that the fita were good. The
cocflicienta g are found to bo negative in all cascs. The cocfficients of variation for Jute,
Aus and Aman could thua bo predicted even beyond the four.village size with some degree
of srsuranco, assuming that there is no abrupt break in the continuity of ita behaviour
pattern. For Aman in Tshaque's time we can safely predict for & size of 18-villages without
any such presumptions,

Tt will be seen vhat tho first-stago variability in 1948 {Ishague) is much higher than
that observed in 1961-62. This ia perhaps natural, considering that tho cultivation of Aman
has sinco then appreciably increased, most of the villagea being now under some degree of
cultivation.

Variability of plot clusters as second-slage units. Wo aro thus in a position to work
out the number of village-clusters of apecificd sizes to bo allotted to an individual stratum, in
order to attain any given level of p ion, for an unistag pling ascheme. In a two-stage
sampling, variability of plot-clusters of a given size within villago-clusters in the first-stage
is also involved.

Tablo 3 in ecols. (2), (4) and (8) below gives tho observed cocfficients of variation Cy
between plot-clusters of different sizes (in terms of tho number of plots p) within village-
clusters of varying sizes (in terms of the number of village v) for Juto, Aus and Aman in
1061-62. It will bo scon that tho sccond-stage variability decreases for Jute, but increascs
for Aus, na the sizo of villago-clusters increases from one to four, although their behaviour
is rather jrregular in the intermediate stage, ie., with two.villago clusters, For Aman,
it increases up to 2 village-cluster and then folls with a further inerease of tho sizo of the
first-stage unita.
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TABLE 3. GRADUATED VALUES OF SECOND-STAGE VARIADILITY (C;JOBTAINED
BY A LEAST SQUARE FIT ON THE SIZE OF FISRT-STAGE UNITS (v}

AND BECOND-STAGE UNITS () IN THE FORM € = afo) “(s)"

siza of 1.villago unit S.villago unit 4.village unit

olustors in lat stago in st stago in st stago

in terma

of plota obeoryed  exproted obsorved  oxpnoted obsorved  oxpocted

m ) ) ) (8) (] Wl
crop : jula

{p=.0038 n, = 2IR nywe 60l o= HLI0 g = =.0010 g = —.3330)

1 304 3l 204 a1 00 a4
2 276 71 265 200 207 249
3 220 237 237 227 = 21
5 224 200 210 19 193 133
10 168 138 173 152 139 10
15 145 138 i) 133 132 127
30 108 no 0 105 9 101
crop 1 aus paddy

(p = 0736 ny = 218 ny = 654; o == 200.45 g, = .1361 gy = —.2377)

1 284 208 282 328 401 as8
2 263 251 260 278 32 304
3 23t 228 233 251 309 278
L3 211 202 208 222 2408 244
10 178 m 183 188 208 201
13 182 160 1081 1m 180 188
30 137 132 136 us 181 100

erop + aman padily
{p = 6580 n, = 56, ny = 105; o = 82.02 g, = —.0078 g m —.0877)

1 82 82 14 82 80 81
2 7 ki 81 77 72 %
3 70 ™ 9 i n ™
3 () 7 73 n ] 70
10 61 61 [1] o7 (] L
13 07 65 1] 64 a1 &
30 & [} o5 [} 2] L4

For o given sizo of the fint-stago units, the sccond-stage variability however falls
sleadily with an increnso in the sizo of sccond.stags units, i.0., plot-clusters for all the threo
crops.  From fts behaviour as oxhibited above, it scema reasonablo to presume that the second
stage variability is 8 joint funotion of tho sizo of sampling-unit in both stages.
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Graduation of the corfficienta of d-slage variations. A multiple fit in the form

o
€, = a(v)"* . (p)", where C, is tho couflicicnt of variation between first-stago units of size v
villages, C, is the same for sccond.stage units of sizo p plots, within first-stago unit, has
therefore been tried out by the method of least nquares.

In Tablo 3, the cocflicienta a, g, and g, havo been given at the top of the table, the
graduated valucea of C, being shown for each size of stage unit in cols. (3), (5} and (7) along with
the corresponiing observed values, For testing the goodnesa of fit, analysia of the total
varianco C, into its two components, namely, that duo to the fit with ita 2 degreea of freedom
and the reet, has been dono and the results are shown in Tablo 4.

TABLE 4: ANALYBIS OF VARIANCE OF THE SECOND-STAGE VARIABILITY (Ca)
WITHIN FIRST-STAGE UNITS FOR TESTING THE GOODXNESS OF FIT

IX THE FORM Cy = a(o)’s.(p)%

jute sus aman
source
d.f, varianco F df. varianca P, d.f.  variance F
m (] 3) (O] {8) (6) (Y] ) (9 (10)

w

1. due to regression 271400 209.4 2 148300 130.3 2 .018029  37.1

2. dovistion 18 001290 18 001140 18 000302

3. total 20 20 20

4. CosT FUNOTION

As alrcady stated, data relating to the cost of field work or statistical work
had not been collected during this investigation, The parameters of field coxt worked out
by Mahalanobis in earlier years no longer hold good becauso of radically changed circum.
slances, partly due to changes in the performance rates but mainly due to the changed
pattern of movements in adopling a multistage sampling scheme.

An empirical structure of operational cosls. An approximato cost strucluro can
howaver bo built up on tho bnsis of our past experiences with certain ad Aoc assumptions.
Accordingly, the cnumeration costs per plot-cluster of different sizes wera worked out using
Mahalanobis’s i A ing that threo dard clusters of 10 plots cach epread
over a single villago can bo surveyed in ono working day (on a priori consideration), the
number that could bo surveyed in biggor clusters of 2 and 4 vitlages were caleulated on the
concept that the inter.cluster journcy y veried inversely with density, while enu-
meration cost depends on thoe size of plot-clusters alone. Tho cost of statistical operationa
havo howover been Lased on recont oxpericnces.

Field costs. Tablo 5 below gives an empirically built-up structuro of ficld cost
ocovering various sizo combinations of sampling units in the two stage. Against each
combination of the size of village-cluster in the first stago with sizo of plot-clustera within
them, tho oxy d number of plot-clusters that can bo survoyed por day of gross haltage,
have been given in cola (2)—(4). The procedure adopted for working out these performanco
rates havo been given in paras 1—3 of the Appendix.
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TABLE 8. NUMBER OF PLOT CLUSTERS OF p PLOTS PER VILLAGF.
CLUSTER OF RIZE v.VILLAGES {n, ) WHICIT CAN BE
COVERED PER QROSS DAY OF FIELDWORK.

numbor of plot clusters por clustor
of v viltagon in the firet stago

sizo of plot
cluster(p) one-village two.villago fone.village
clustor cluntor eluator
] (2) 3) )
1 8.88 5.10 .63
2 4.70 3.72 2.85
3 1,62 3.22 2.50
L] 3.32 2.80 2.22
10 3.00 2.88 2.0
15 2.72 2,38 1.85
30 2.28 1.82 1.60

Cost of statistical opfmlwm Total cost of statistical operation has been worked
out for each of the si bi corresponding to the ple-size that can be surveyed
at a given fiell cost and the samo expressed o8 indices to the samo for a standard sized cluater
of 10 plota in enc.village um(u, lmvc been given in Table 6 below. The detailed breakdowns
of the p of ions havo been given in para 4 of the Appeadix. It
will bo scen that for a given aizo of vullnge-cluswr the cost goea down aa the size of plot-cluster
falls, reaching 8 minimum for clusters of one plot, where the heaviest component of cost,
namely orea extraction and ealculation of proportions at tho cluster level ia entircly climi-
nated. For a given size of plot-cluster the averall statistical cost also gocs down somewhat
with an increaso in the size of village-clusters. Thia is due to a reduction in the number
of plot-clustera that can bo surveyed at a given total of Geld cost, journey time between plot-

clusters within larger village-clusters being greater there.

TABLE 6. COST OF STATISTICAL OPERATIONS FOR DIFFERENT S8IZE-COMBINATIONS
CORRESPONDING TO THE DATA COLLECTED AT A GIVEN TOTAL OF FIELD
COST EXPRESSED A8 INDICES TO THE SAME IN RESPECT OF TEN
PLOT-CLUSTERS IN ONE-.VILLAGE UNTTS IN THE FIRST STAGE

aizo of villago cluster

sizo of
plot.clusler
(plots) 1-villago 2-village 4-village

) (2) {3) )

1 15.3 13.1 11.6
2 30.7 32.0 27.0
3 45,8 8.6 .9
13 50.5 81.1 42,8
10 100.0 86.8 71.9
15 132.9 118.8 7.8
a0 218.2 184.0 184.7
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5. RELATIVE EFrIGIENCIER O¥ CLUSTERS OF VARYING BIZES IN THE
FINST AXD SECOND BTAGES

Pereentage error of the proportion of area under a crop, sampled in two stages can
bo caleulated from tho relation :

CHUNSCHN o ny o h=C W (1)
whilo total field cost T In gross days is obtained ay
NI+ =T e (2)

where,

€, and C, uro the cocflicients of truo variation in tho first and second stage, and € js
tho percentage error of the estimated mean,

N i3 the munber of first-stage units of o villages,

2p,y i8 the number of second-stage units of p plota per first-stage unit that can be
cnumeraled in ono day of gross haltage, as given in Table &,

h = gross days of haltago per first-stage unit
T = total ficld days spent and

J = gross days of journcy per finst-stage unit, which way be taken a8 1.5 irrespective
of their sizo.

The values of ¥ and 7' for 10-plot clusters in one-village units, has been computed
from (1) and (2) above, substituting 1y, , = 3.00 from Table 6, when C = 5%, and h = 4.

Onco we know tho valuo of total cost = T.daye, we can work out the value of N for
any other haltage b from cquation (2). Substituting np_,, based on Table 5, we can determine
the resultant percentages of error for any other size-combination p v for any given haltage
h, with the help of equation (1). It may bo noted here that with a given haltage per first
stago units, the number of d-stago unity per first-stage unit d as the sizo of unit
in either stage incrcases, Tho results as given in Table 7 scparately worked out for Jute,
Aus and Aman paddy, using haltages of 4 days and 8 days per first-stago unit.

It will bo scen that for Jute, 857 one-villago units with standard clusters of 10 plots
at o cost of 4714 ficld days are needed for precision of 5%. The samo for Aman works out to
Lo 74 onc-villago units at a ficld cost of 407 days only.

For tho State as a wholo which will be broken up into & number of stratu, the over-ull
sizc of tho samplo will remain moro or less of tho samo order.

Wo have hiere considered the relative merits of the different size.combinations against
the performances of standard clusters of 10 plols in one-villugo units at a given cost in respect
of field work alune, ignoring costs of statistical operations jnvolved in cach.

For both Jute and Aman paddy, thoro is only a slight gain by increasing the sizo
of first-stago units.  On the other hand, while Jute and Aus gain a little by inercasing the
8izo of plot.clusters, it is the other way for Aran, thoro being some gain by reducing tho size
of plot clusters.  For Aus paddy, with a haltago of 4 days, an increase in the sizo of tirst unit
results in a Joss, whilo thero is a slight gain when the haltage i3 invreased.  An inercase in tho
size of plot-clusters also tends to redneo the percentago ercor, The overall nierits of tho small-
sized plot-cluster can however bo judged when cost of statistical operations is ulso tuken inlo
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TABLLE 7. P.C. VARIABILITIES OF TIIE FROPORTION OF AREA UNDER JUTE, AUS AND
AMAN PADDY, ATTAINED BY TIIE VARIOUS S1ZE COMBINATIONS OF CLUSTERS
IN THE TWO STAGES- AT A QIVEN FIELD COST (THAT WOULD ENSURE
8%ERROR WITIL STANDARD 10 PLOT CLUSTERS FROM ONE-VILLAGE
UNITS AT 4 DAYS OF HALTAGE PER VILLAGE), SE'ARATELY FOR
HALTAGE OF 4 DAYS AND 8 DAYS PER VILLAGE CLUSTERS

R chodulod haltage of 4 schoduled haltago of 8
sizo ull' plut duya por village clustor of daya per villago clustor of
clustors
{in plots)  Lvillage 2-village 4-village Lvillago  2.villago  4-villago
(U] @) 3) {4) {5) () )
juto
(p = .0038)
1 5.3 5.3 3.3 6.5 8.4 6.4
2 5.2 5.2 8.2 6.4 8.4 6.3
3 8.2 5.1 5.1 6.4 6.3 8.3
5 5.1 5.0 5.0 64 6.3 8.2
0 5.0 4.0 4.0 6.3 8.2 8.1
15 8.0 4.0 1.8 8.3 6.2 8.0
0 4“0 4.8 4“7 8.2 6.1 8.0
us
{p = .0738)
1 5.1 8.2 5.8 6.4 6.4
2 8.1 5.2 5.5 6.4 6.4
3 5.1 5.2 6.4 6.4 8.3
5 5.1 5.1 5.3 6.4 .2
10 5.0 4.0 5.0 6.3 6.
15 5.0 4.0 4.0 6.3 6.0
30 4.0 4.8 4.8 8.3 5.9
(p = .6506)
1 4.8 4.7 4.8 5.8 5.8
2 4.9 4.8 4.7 8.9 5.8
3 5.0 4.8 4.7 5.0 8.7
5 5.0 s 4.7 5.0 5.1
1v 5.0 4.8 4.7 5.9 5.7
15 8.0 4.8 .1 8.9 5.6
30 5.0 4.9 4.8 5.9 8.7

account. The trond of this cost on the uizo of plot-cluster, aa given in Tablo 6, scems to indi-
cute, that small-sized plot-clusters have distinct advantages because of a low cost, a saving of
85%, when one-plot cluster is used, instead of ten-plot clusters, It may be noted here that
the primary cost of statistical operations up to the stage of prediction (without ovaluating tho
standurd errors) ropresoat only 3%-4% of tho field cost, but a saving ut this stago wuy help
in obtaining quick results.

A serious reduction in tho total number of plots to by emuncrated howover creates
somo difliculty in the seloction of fields for erop-cutling experiments, which havo to be kept
confined within the cnumerated plot-clustera only and thus may prove ta be inadequato
for meoting the requirement. Furthermore, identification of a singlo plot is always fraught
with somo danger. It is perhaps advisable to employ a cluster of at least 2 ploty, so that the
identification of ono on the ground may be mutually corroborated with an identification of
the other.
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Appendix

(1) Direct ficld coel in hours of primary field work. Tho number of plut-cluxtors that eould ba
onurorated por village-clustor within o spocifics] haltsge hns boen approximately determined, on tho follow-
ing vonuidesations s

According to our present oxporiences with ono-village-cluster uy tho flrt-stugo unit, 3 slandard
chisters of 10 plota can bo surveyed por day grows haltage with net 3.75 hours availablo for work, sllowing
Ioe loave ote. at 25%,. Tho nut working hours would consist of two compuponts, sctuul eoumoration snd
intorclusier journoys, other head or mivorll ctivitics bring ignored.  OF,

333 &= mp(cintireak - (14)

‘Thoso would be our basic swnmptions.

=) & ion. Expoctod ion houns per plotluster of sizo 3 may bo worked out
from thu lowst squuro At ¢z A + B(r) 8s obisinwl in our caslicr inventigations, whora # s the vizo of grid
units in torms of acrug und ¢, rupreecnly Lo enumoration hours per grid.  Enumsntion huuri can bo refite
tod on tho wize of swnplo unity in terms of the number of plots constituting it, f.0.¢ in terms of avorge plots
por grid.  Table A.1 below gives the elmorvod and oxperted values of onwnrration hours por grid in terms
of acrus {from Tublo 28, ICIC Report, 1940) and wvorsgo numbur of plots por g7id of varying sizcs.

TABLE Al ENUMERATION HOURY PER GRID AS A FUNCIION OF GRID
SIZE IN ACRES BY A LEAST SQUARE FIT IN THE FORM
€5 = .7659.U600(z)

grid siza  avorago no. onumeration houry por grid

in sero of plote
(x) pergrid  observed  expected
(1) [&] ®) )]
1 7.3 0.87 v.82
1 1.8 Lw 1.00
v 3.7 1.35 1L
10 55.8 — 172
36 115.3 — 2.02

From o lowd spuaro fit of vol. (1) on col. (2], wo tay obluin & uow fit €y = 0.050+.0106(p}. .. .whoro
'p' iw tha numbor of plots in U chulor.

Tho graduatod valuses of ¢, huve beon shown below in Tuble 8.2, ugnind vusivus sizow of plul-rhise
Loru .o, p, whoro p tukes up the values 1, 2, 3, 5, 10, 16 and 30
Tt msy bo noted hiero that tho wmallost clusters lying bolow 7 plots nro outsids our obwwrvod rings.
A grawral it i the form of u straight lin is not hercfore udeuate for sizes much below 7. On sevmt
of this, the gradustion wus uado graphivally for thiv portion, h.o., for viusters of 1, 2 sl 3 plute.
(3) Journey. The Juurnuy bours per clustor of g plotein o clustor of o villago muy bo taken us
-

dprse Jima yf 2 2 w24

axstining at Jounicy tinta por plotlustor would vary inversy ws tho spaans wot of their ndative omity.
145
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TABLE A2, ENUMERATION HOURS PER CLUSTER A¥ A FUNCTION OF CLUSTEKR
BIZE IN TERMS OF THE NUMBER OF PLOTY CONSTITUTING IT, BY A
LEAST BQUARE FIT IN THE FORM ¢, = 0.660+.0100(p).

slzo of plot graduated
clustor = p valuo of ¢,

1 {.30)

2 {.50)

3 {.62)

L] 8

10 .88

1 O

30 L

Bubstltuting ¢)e = 0.85 (Tablo A.2)and myy,3 = 3 in equation (1.A), the valuo of jyq,; is oblsined ay
0.40. It may bo notod hore that enumnration timo of por.clustor drponds only vn the size of plot-cluster
snd indopendout of tho sizo of village<clustor. Onee jig,q is kniown, valuo of tha jp,e per cluster of p plots

within 8 clustor of v villages may bo ovalustod us jy,q = 603 .J'__ given by equation (£.A)}. Thux, fur
9o

uny of the conbinations of p, and v, whoro* 2* sesumos the valucs 1,2, 3, 5, 13 sad 30 and v Uic valuce
1,2 end 4 wo can work out enurorslion hours as woll as jouroy hours por ultimato unit, i-e., pee plot<luster.
Thes sinve, np,p {65+ p,e) = 3.73 hourw, wa cun duriormine the value of ry,e 4.0, the number of plot clus-
ters murvoyed within a gross haltago of one-lay in village<cluntors of any size. The correeponding vahws
for lsrgor haltagos will bo increancd in the proportion of not working hours.  Net houre spent on coumcrs-
tion and journoys por plot-cluster unit as obtained, has bevn given in Tablo A3 bolow.

Tabk A3. COST IN HOURS OF FIELD WORK (ENUMERATION PLUS JOURNEYS)
PER PLOT-CLUSTER OF VARYING BIZES SELECTED FROM VILLAGE.
CLUSTERS OF VARYING 51ZES IN THE SECOND STAGE

oust of ficld work per socond
lix? of stage onit in mun
ot
clustor Tovillage 2-villago 4-village
clustor clustor oluster

) ) 3) (U]

3 0.57 0.73 Lo2
3 0.82 1.1 132
H] 0.97 L7 140
5 113 LM L.es
10 128 L4 L.81
15 138 1.58 Ly
n L7 1.06 LR
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The longor- ]rmmny lnmo per first.atage unit irroxpectivo of thoir size has heon tnken na 1.6 dayn
{groma) on general i o fint for chinngea of camp, so long as the narea to
bo covorail ia of the ondar of a Wistrirt or helow. To(nl coal in groas fickl doys T will como out an

T= N{1.54+h), whoto A= gross haltago in duys per firsl-atngo unit and N in the totnl number of
firstatagn wnita,

(4} Direct cast of sintistical operations in hours of manunl z Tho cost of intiral
operations, all tho stages being oporated manually, will bo conslitutedd of two major romponents,
ono nt tho lovel of plot-clustors and tho othor at tho lovel of villago-clusters or fimt-atags unite. Contnbu.
tion of Lioeo components por unit of tho roxpoctive stngos, banod on our current eAperivnnes hina been given
balow by thair detailed breakdown in Tables A4 aml A5 holow,

TABLE A4. COMPONENTS OF THE COST OF STATISTICAL OPERATIONS
DEPENDENT ON THE NUMBER OF S8ECOND STAGE UNITS

cost por plot-clustor in hours

sizo of
plot caolculation  tabulation
olustera{p)  solection  listing of arca of erup of crop total
samplo plota  extraction  acresgou proportion
[0 (2) (3) ) 8) 5) 7
1 0333 0100 _ - 0530 0963
2 0333 0200 2500 0400 .0530 3963
a .0333 0300 3760 0600 L0330 65613
1 L0132 L0500 .0250 <1000 0530 .8013
10 -0333 1000 1.2500 2000 L0330 1.6303
15 0233 1500 1.8730 13000 0330 2.4113
30 0333 +3000 3.7500 8000 05630 4.7363

TABLE A.6. COMPONENT OF THE COST OF STATISTICAL OPERATIONS
DEPENDENT ON THE NUMBER OF FIRST STAGE UNITS

cost per villago clustor in hours

sizo of
villogo selootion listing of  allocation  estimnlion total
clustora of sample samplo  of 2nd stago
) unita villagos  units and
handling
of mapa
n 2) (3) [ 8 ]
) 2500 0833 .0500 -1736 5569
2 2600 1007 .0875 -1738 L6718
‘ 2800 L9332 1780 1738 0318
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