SOME EXPERIMENTS WITH DIFFERENT TYPES OF AREA
SAMPLING FOR WINTER PADDY IN GIRIDIH, BIHAR: 1945

By J.M.SENGUPTA
Indian Statistical Institute, Calcutla

[Thie Indian Statistical Inatitute has been uning sinco 1937 tho mothodt of “arca-mamplo” to csti-
mato the arca under particular crops.  In tho atandard micthod doveloped by tho Instituto in the two
States of Bengal and Bihur during the war, tho operationa! “framo™ consiated of two sote of maps 1 {a)
ono on tho sculo of 1 inch=§ milcs for thanas (adminintrative units of arca about 1350 square milea)
on which were demarcated tho boundarics of all viliagea falling within the thana; and {b) fairly largo scale
vilingo maps (10 inches or 8 inchica to the mile) on which the bountarica of cach plot baving & rovenuo
survey number {and heaco often colled & “survoy nuinber”) wero shown in detail. Tho samplo-units
{called *'grids™) wero of squarc shapo and of various sizca from 1 acro to 30 acree. A suitablo number of
such samplo.unita (of a specified sizo) wero allocated (in with an spprorpi plo-dosign)
1o administrativo units (liko thonas) consisting of a group of villagea; and wero lator distributod among
villages in a rondom manner by locating an entry.point at random on tho 'thana’ map (tho probability of
an entry-point folling on any particular villngo being thus proportional to tho arca of tho villago itsell),
Also, for ench entry-point folling on 8 village, ono samplo-unit waa allocated to tho village {o villags pot
having any entry-point being exciuded from the aample). In this way it was decided whether sny parti-
cular villago was included in tho samplo; and, if so, whother it had ono grid or two grida or moro as ita
share. For each villngo included within the samplo, tho next slep was to mark, by a rubbor stamp, cach
grid or samplo-unit of tho aasigned sizo on the vilingo map {toking care to 6x the location of tho grid or
samplo.unit at random on tho map). Tho Beld investigators went to tho villages included in the ssmple
with the villago maps {on which tho grids ot samplo-units hod boen marked oa explained above) sad
ideatiicd with the holp of the map the plots ar survey numbers falling within cach grid or sample-unit;
and then, by direct physical obscrvation on tho ground, reconded what crops wars growing o each sample-
plot. Tho proportion of tho arca undor a particular crop within each grid wos thus determined; aad on
tho bosia of theeo obscrved proportions thd total arca uster tho given crop was estimated in an sppro-
pristo mannor,

In addition to tho standard method describod abovo, some carly oxperimeats hod boon made by
sclecting at random ono singlo plot at a time, and somo work had beon also done with *lina-grids' in which
& lino of & given length was drawn in & random manner on tho villago map, and the Beld invostigator macked
on the map the position of tho ecgmienta undor cach crop. From theso observnlions, it is possible to col-
culato what ‘proportion’ of each line-grid (i.e., the linear samplo-unit) was under coch particular crop,
and hence estimato the total arca under thet erop. J. M. Scngupla has been sssociated with the crop
survoy work from the beginning, and ho hoa given in this paper an sccount of soms of the experimental
studics mado undor his leadership in 1045—P, €. Mahalanobis).

1. The malerial and the object. A special crop survey experiment was
conducted in the year 1945 by tho Indian Statistical Instituto covering & compact
area of 2717 acres, comprising ten villages situated near tho Giridih branch of the
Institute. The objcct was to study the relative cfliciencies of different sampling units
with variations in the method of cnumeration for the estimation of acreage under
winter paddy.

2. Field enumeration. Three different methods using two different types of
sample-units wero used in this experiment :—

{1) Ono ect of squaro-shaped grids of sizes 2.25, 4.00, 6.25, 9.00 and 16.00
acres, were marked on cadastral survey maps in which the bounduries of individual
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plots aro shown.* The two different methods of cnumeration employed in using
such sampling units wero as follows.
(n) tho proportion of area occupicd by paddy in each individual plot is esti-
mated by physical observation of tho crop on the ground and is the standard
practico adopted by the Institute for crop surveys in Bengal;
(L) estimation of the proportion of (the total) arca occupied Ly paddy directly
for tho grid as a whole, without making separate cstimation of the crop-
proportion in individual plots.
(2) “Lino"-grids of different lengths 154, 204, 297, 418 and 528 yards re-
presenting tho disgonals of the squaro grids used in method (1).

By physical observation, the actual position of each crop on the dingonal
line on the map was marked with a pencil.

3. Design of the exrperiments, The fickl survey was conducted in three
independent rounds, four workers Leing assigned to cach method.  After each round,
tho Gield records were collected, and cach worker was allotted a fresh group of sample-
units by rotation. Each worker was to uso a different method in the successive
rounds, all sample-units being thus independently enumerated by three different
methods.

1. Estimation of the mean proportion of acreage under winter paddy.

Mernop 1{a): The proportion of arca under paddy was calculated for each
grid from the total acreage under paddy contained within the grid, as a sum of pro-
ducts of the sizo and crop-proportion in individual plots. For this purpose, it was
necessary to measure tho area of individual plots from the maps by graphical
methods.

Metuop 1{b): Arca measurcment of individual plots was not necessary in
this case, as the crop-proportions were directly estimated by the investigator for the
grid as a whole.

Metiop (2): Tho intercepts mado by individual erop patches on the dia-
gonal line, i.e., the ‘line’-grid, were measured correct to one-tenth of an inch on the
cadastral maps with tho help of & footscale. Tho total of such contributions to the
full length of a ‘ling’-grid measured in inches, gave the propostion of crop area in
individual sample units. Tho bias due to the borders of the ficld is assumed to bo negli-
giblo, sinco tho sizo of tho grids used is very small compared with that of the
total ficld sampled.

* Tlio grids (or snmplo-unitx) wero niarked on tho map in the form of a completo set of 3 “neated™
vnits {onoe of cach siz} in tho following way. A paic of random numbers (kay, £ aod y) woro picked up
from a tablo of random numbers; and wsing tho East-West nud North-South directions s principal {r-
and y-) axcs, tho entry-point was marked on tho map with z and y sa tho 1wo co-onlinates 50 that tho
entry-point was located trictly at random. Tho svt of 5 grida (or saniply-units) wero then narked on tho
map using tho sao cntry-point ne tho South-West corner point of ouch grid and with the two sides
paraliel 10 the Eost-West und North-South directi The di ls woro thun marked to supply the
*ling-gridh™.
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5. M ean proportion of area under paddy. Mean proportions together with
tho cocfficicnts of variation have been estimated and are shown in Tablo 1 below:

TanLz ). COMPARIRON OF DIFFEREXT MWETIOPRS OF EXTINATINO TIF MKAN PROTONTION oF
AREA UNDFR WINTER PADLY (7 =KO)

(1} squarc grids (2) Nine*-grids (diaconals tvalues
of square grids)

siro of {a) plot by plnt b) grid enumo-

grid cnumcration rate) an a waecle  lonzith
in mran ev. Ha)-d(h)  1{a)-=2
sor.  Acres  mean ev. mean e, yaria
© 2) ] U} (5] (" m (V) (] (4]
1 2,25 0.2970 131 0.2730 137 154 0.2412 (1) 0.2% 2.0u°
2 4.00 0.2730 123 0.2008 134 204 0.2420 133 1.89
3 6.25 0.2833 14 0.2508 123 253 0.2321 120 3.250e
< .00 0.2769 e 0.2603 s nT 0.2226 128 ria 3.60°°
8 16.00 0.2670 1ol 0.2548 no 418 0.223 129 .93 3.25%
6 23.00 _— —_ —_ —_ 528 0.2314 na —_ _

¢ Significant at 5% lovel.  ** Significant at 1% lovcl,

Values of ‘¢ given in cols. (9) and (10) will show that Method 1(b) has not
departed significantly from the Standard Method 1(a) except for the size 6.25 acres,
while Method (2) shows significant differences from tho Standard Method 1{a) almost
for all the sizes, Tho source of this under-cstimating biag has been subsequently
explained.

There is also some evidence of the crop-proportions slightly increasing with
decreasing sizes of sample-units in Method 1{b) as well as in Method (2). Further
investigations are however necessary beforo this can be confirmed.

Investigators are thercfore capable of giving consistent eye-cstimates of the
proportion under winter paddy for the grid as a whole, but probably under-estimates
when the grid size is large.

6. Coefficients of variation. It may Do noted that the cocflicients of varia-
tion aro roughly of the samo order in all the threo methods; and diminish, o8 expected
with an increase in the size of the sampling unit. Mcthods 1{a) and 1(b) refer however
to identical sample units whilo in (b) there is an additional element of error which
enters in tho process of eye-cstim. .ng for the grid as a whole. The ‘line’-grid in
Method (2) however utilises much less information in the sense that it contacts only
a fraction of total plots contained in the square grid. This fraction was found to
be as low as 35.09% for grids of size 2.25 ncres and 29.6% for grids of size 4,00
acrea.

7. Cost function. A group of plots in a compact formation appears therefore
to bo relatively less eflicient than having the same number of plots in a linear array.
Thero is evidently a considerablo amount of intraclasa correlation between neighbouring
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plots in a ficld. The ‘line’-grid has thus a distinct advantago over a compact
group cf plots of square shape, so far as the variability is concerned. We have
now to weigh the rclative costs involved in each of these methods, before e final com-
parison can be made.

Table 2 gives {a) components of cost preparatory to ficld work, (b) enumera-
tion cost in the field, (c) laboratory cost up to the stage of computing the crop
proportions in individual sample-units. It will bo scen that Method 1(b) involves
no cost subscquent to ficld work, while the cost involved in arca extraction in
Method 1(a) is much larger compared to the timo spent in measuring the “crop-
length” in line-grids.

TapLz 2. Co3T OF OPZRATIONS IN 1IOTRA TER ORTD

(1) square grids

size (2) line.grids
in (a) plot by plot (b) grid enumerated (diagonals of square grids)
AcTes enumcration a4 a wholo
pre.  fGeld  grid pre.  field  grid length pre-  field  grid
para. enume- propor. total para. enumo- propor tolal in  para. cnume- propor. total
tory ration tion tory  ration -lion yards tory ration tion
m @ &) B W [ A U] 0 o (1 1 (13) {14)
2.25 0,112 0,127 0.242 0.481 0.021 0.2)3 — 0.233 154 0.045 0.078  0.150
4.00 0.166 0.203 0.387 0.557 0.021 0.332 — 0.352 204 0.040 0.141  0.)48  0.287

6.25 0.294 0.381 0.720 1.401 0.021 0.432 — 0.472 263 0.057 0.204 0.210 0.500
.00 0.385 0.508 0.008 1.861 0.021 0.576 —  0.597 207 0.0A1 0.263 0.289 0.613
16.00 0.038 0.8%0 ).694 3.241 0,021 0.727 — 0.748 418 0.073 0.325 0.400 0.804

25.00 — —_ - - 0.021 —_ - - 328 0,077 0.403  0.513  0.992

Table 3 below gives tho total cost of primary work in rupees per grid at
Re. 1.00 per hour in tho laboratory and at Re. 0.75 per grid in the field,? using the
threo different methods.

Tablo 3 also.gives, in cols, (4), (7) and (11), the product of the variance and
the cost or the relative cost per unit of information for each of theso methods,® It will
ba seen that Method 1(b) comes out to be the best specially with smaller sizes, while
Method (2) comes sccond in order, Mecthod 1(a) being the costliest. In all the three
methods, smaller sizes are found to bo more efficient.

3 Theso rolos give fairly roalistio relative values of ficld and laboratory costs in 1945,
3 For a fuller discussion of tho niothod 800 P. C. Mahalanobin: On largo-scale samplo survers,
Phil. Trans Roy. Soc., 211, 320—451.
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TabLx 3. COST IN RUPEVY TER UNTT OF [NFONMATION

(1) square grids

{2, Yine"-grids
size {a) plot by plot (1) grid cnumerated (diagonala of square grids}
in enumcration as a whole
acres o
. . engt
vari- cont vari- cont vari. eost
ance InRe. IXG) gnee  ga . 19X ‘,:"‘d‘ ance  in Ry, (X010}

L] (6] 3) e} {8) 0) n (8) 9) o, (n

2,25  0.1321 0.4192 C.0393 0.1300 0.1802 0.0250 134 0.1045 0.2528 0.02604
.00 0.1135 0.7061 0.0801 0.1254 0.2695 0.C3% 204 0.1014 0.3522 0.0308
.26 0.1043 1.3C68 0.1362 0.0M44 0.3595 0.0339 253 0.0897 0.4551 €.0108

9.00 0.0048 1.7311 0.)6844 0.0881 0.1328 C.03%0 297 0.0812 0.6460 0.0454
16.00 0.¢724 3.0230 0.2226 €.0762 0.5604 0.0443 418 0.0817 0.7225  0.0300
25.00 — —_ — - — —_ 528  0.070! 0.8916 0.0625

8. Special advantages of ‘line’-grids over square grids or ‘area’-units. Tho
under-estimating ‘bias’ noticed in ‘line’-grids of Mecthod (2), results obviously from
ignoring the ail area, namely the foot-paths running around each crop plot.

In the usual area survey method, the proportion of arca under a crop is
enumerated with reference to the cadastral survey plots and thus takes account of
the entire geographical area. Appropriato deductions must thereforo be made for
foot-paths which form & part of the cadastral plot. If, however, & foot-path
or a corridor running between two plots happens to possess a cadastral survey
number of its own (such as a rond) then the question of its allocation to the adjoin-
ing crop-plots does not arise. True ail or border arca thus represents non-cultivated
foot-paths which were not separately numbered in a cadastral aurvey.

The square-grid survey therefore gives the gross crop-area inclusive of the
plot-borders not coming under cultivation. Tho deduction inlicu of ail (plot-border)
i.e., the proportion of geographical area under ails (plot-border) has been estimated as
approximately 5% for West Bengal. In the locality whero the special ‘line’-survey
experiments were conducted, the proportion of ail (plot-border) arca has been found
to bo of the order of 10 or 12 per cent. This explains the diserepancy between tho
two eatimates based respectively on “line-grids” and ‘square-grids.”

In estimating the totaloutturnof the crop with square-grids or ‘area’ units this
fact has to be kept in mind. Estimated yicld rates must thereforo refer to the
‘gross’ area cultivated, and not to the net arca under crop so as not to over-estimate
the outturn. It should be noted at this stago that, to obtain a valid cstimate of the
rate of yicld per acre of the gross crop-area (inclusive of ails or plot-borders) it is
necessary that the sample-units for crop-cutting experiments should bo located with
reference to lines passing through the mid-points of tho ails (and not with referonce
to the physical boundaries of the crop-area itself). TIn other wordseach plot should
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be considered as extending to the wid-ail lines (and not to torminate with the actual
boundaries of tho crop).

In the special crop-cutting experiments conducted by the Institute, the
investigators were instructed to use tho mid-ail lines as tho axcs of refercnee
and to accept all sample-units falling within these boundaries, even if the area
towards the mid-ail happens, as it will always bo 80, to bo un-cropped. The
results howover strongly indicate that such instructions had never been strictly
followed. Where the ails or foot-paths are of considerablo height specially when they
slope down gradually, it has been found that references have always been made to
the boundary of the actual crop-arca i.e., the lino along the foot of the ail.

It may bo explained here that the sample-unit for crop-cutting experiments
(that is, the area within which the crop is harvested and weighed to aupply an
estimato of tho rato of yield per arca) is usually located in the ficld by investigator using
two random numbers {z and y) and by going z-steps in one direction and then y-steps
in a direction at right angles. Tt would be an improvement if the z and y co-ordi-
nates are measured on the field with a measuring polo graduated in feet instead of
going by steps which vary considerably from one individual to another. Thie method
would be more pccurate and would bo amenable to an objective check.

In a 'line’-survey which does not make use of cadastral survey plots, it is
not possible to credit the “true” ail area to the crop-plot to which it properly belongs,
because, whether this is a numbered plot or not will not be known. The line-sample
estimates thereforo do not correspond to the gross crop acreage obtained from an
‘area’-grid samplo.

The line-sample simply estimates the net crop-area excluding footpaths or
any other category of non-cropped area. Thus if a ‘line’ crosses an ail oc falls along-
side on it, the portion intercepted by this non-cropped land will be automatially
allocated to the non-crop category,

The ‘lino’-sample has therefore several advantages. It avoids (i) the use of
maps (except for purposes of location); and (ii) the area measurement of cadastral
plots; and (iii) it gives directly an estimato of the nel crop acreage, not requiring
any deduction in lieu of aila.

Paper received : February, 1953.
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