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FIRST REPORT ON THE CROP CENSUS OF 1938,
By P. C. MAOALANOBIS,
SectioN 1. INTRODUCTION
History of the scheme

1. In May 1938 while I was engaged in analysing the results
of the Experimental Crop Census conducted in 1937 (on which
I submitted a Statistical Report in August 1938) I had the
opportunity of discussing with Mr. H. Graham, 1.0.S. (then
Secretary, Department of Agriculture and Industries, Government
of Bengal).the question of the Jute Census in Bengal. I sent
him s notg in this connexion on the 17th May 1938 in which I
proposed that an Exploratory Survey should be conducted during
the 1938 season. I also suggested that a special Jute Census
Committee should be formed for this purpose, and a block grant
of Rs. 50,000 should be placed at the disposal of this Committee
for the proposed survey. 'The matter was taken up by Mr, CIiff,
Secretary, Indian Central Jute Committee, and as the result of
further discussions between him and Mr. Graham, the Government
of Bengal approved on the 15th June 1938 the proposal of
conducting an experimental survey in 1938, and agreed to the
appointment of a special Jute Census Committee for this purpose.
The total grant for the survey was however fixed at Rs. 35,000
instead of Rs. 50,000 originally suggested by me. A Scheme was
prepared by me on this basis on the 26th June which was
gencrally approved at the first meeting of the Jute Census
Committee on the 6th July 1938. It was also decided that some
work should be attempted in the districts of Mymensingh, Dacca,
Rajshahi, Tipperah Pabna, 24 Parganas, Rangpur and Murshida-
bad; but it was left to me to select the thanas in cach district
keeping in mind the intensity of cultivation and difficulties of
communications,

Figld werl:

* 2. Babu Nihar Chandra Chakravarti, M.A., B.C.S., Secretary,
Board of Economic Enguiry, Bengal, whe was placed on special
duty by Government as Supervisor of the Field Branch, started
work in the Statistical Laboratory on the 8th July. Between
8th and 12th July the office staff was recruited; and between
13th and 18th July the Supervisor visited Mymensingh, Dacca,
and Tipperah to inspect the local conditions and to arrange for
the purchase of cadastral maps. Owing to the very early rise of
floads not a single thana as a whole was found to be dry in any
of these threo districts. In this situation, it was decided to start
work in thanas which were found to be comparatively dry.
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8. The recruiting of the ficld staff started on the 10th July.
During the mnext 10 days about 60 men were appointed as
Inspectors, Assistant Inspectors or Enumerators. They were
given a certain amount of training in the Statistical Laboratory
as well as in the field near Calcutta by the Supervisor, and began
to be sent out to the districts from the 21st July. Field work
was started in all the districts between 27th July and 5th August
and was continved practically up to 10th October 1938. Only in
Rajshahi district, where the ficld enumeration could not be finished
before the Puja holidays, work was resumed on the 8th October
and was completed on the 21st October.

4. The work of compiling the arca of individual plots from
the Lhatian in the office of District Collectors was done by the
field staff. During October and November a good deal of crop
schedule work was also done by them.

5, Very early and exceptionally heavy floods ogcurred in
1938 in East and North Bengal. Many of the villages which
were dry at the time of starting the survey gradually went under
water. Field work had therefore to be suspended or abandoned
in many of the areas and new villages and in some cases new
thanas had to be taken up for survey. This naturally caused
delay and retarded progress. The Supervisor has prepared a
report on the work of the Field Branch which is given in
Enclosure.

6. The amount of field work completed during the 1938
Survey is shown in tabular form in Table . The information
collected in the form of random samples was comparatively small
owing to the early rise of flood water and other difficulties
mentioned in the Supervisor’s Report. But valuable material
has been collected in the form of complate enumeration for over
400 square miles which will offer a good deal of scope for model
sampling experiments in the Laboratory,

Statistical worlk

7. A portion of the statistical staff which had been engaged
on the analysis of the material collected during the 1937
Survey was set on the task of making preliminary arrange-
ments for the present survey. Necessary forms for field
enumeration, instruction to enumerators, tabulation sheets etc,
were prepared and printed between the period 13th and 25th
July. Cadastral maps were purchased and were received in
Calcutta between 26th July and 3rd August ; and actual pre-
paration of sample grids was started on the 27th July, and
was continued till the end of September.

General observations

8. The work of organising the 1938 survey, I am glad
to note, proceeded rapidly and smoothly. This was facilitated



( 8)

by two things: (1) The. existence of a small group of
thoroughly reliable and trained statistical workers, and (2)
the experience gained during the Crop Census of 1937 and
the subsequent analysis of the data.

9. On the field side, credit is due to the Supervisor who
organized the field work with great ability and efficiency.
His previous experience of sampling surveys was most use~
ful in this connexion.

10. On the statistical side, the illness of Subhendu Selkhar
Bose, the chief Statistician of the Statistical Laboratory, was
a great .handicap ; and his untimely death after an emecrgency
operation on the 3rd November was a serious loss. S. N. Roy,
K. R. Nair, and K. Kishen in supervision work, J. M. Sengupta,
P. K. Chatterjee and J.N. Taluqder in computations gave me
their ungrudging help. As regards general administration, I
am particularly indebted to S. K. Banerjee and A. N. Bose.

The present report

11. I have never been in favour of rushing through the
statistical analysis of material of the present type. This for
two reasons : the requisite number of adequately trained com-
puters are mnobt available ; and secondly because in statistical
analysis there are certain aspects of a question which can be
taken up for consideration only after certain other aspects
have been studied in detail. However, as it was desired that
Ishould try to get the report ready as early as possible, I
made every attempt to accelerate the statistical work by em-
ploying a large number of junior computers in October and
November. As most of these men were not trained, the out-
put fell off considerably while the number of mistakes increased
causing an increase in the cost of checking and supervi-
sion. As funds were running short and as no orders were
received from Government regarding the continuance of the
Scheme during the 1939 season, the position became scrious
at the end of November. After discussing the question with
Mr. Cliff I discharged about two-thirds of the temporary staft
ttom tiie Tst December. Tho result was that work in many
branches had to be rearranged and certain aspects of the ana-

lysis had to be discontinued. This retarded progress very
materially,

12. Mr. CIiff has however impressed on me the need of sub-
mitting o report by the end of December 1938 so that it
may be circulated in time for being taken up for considera-
tion at the meeting of the Indian Central Jute Committee in
the first week of February 1989. I am therefore writing the pre-
sent report in a great hurry and on the basis of the analysis com-
pleted so far,
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SEecTION 2. AccurAcy or FIieLp WORK,

13. As in the case of the 1937 Survey an attempt has been
made to test the accuracy of the field cnumeration by a plot to
plot comparison where more than one'set of results happened to
be available. As the crop schedule work has not been completed
at the time of writing this report, the comparison can only be made
in terms of number of plots and not in terms of areas. Subject
to this explanation, Tables 2(T/1)—2(T/8) and 2(M/1)—2 M/8)
show the results of the comparison,

14. The absolute discrepancies are again quite high showing
that accuracy reached in practice by untrained workers is low.
A word of caution is however necessary. The comparison of the
records this year had to be carried out mostly by untrained
workers. It is possible therefore that some of the ‘discrepancies
occurred not in the field enumeration but at the stage of com-
parison. I hope to be able to arrange a careful checking of the
i:ompa.rison at least in certain cases, and to report the results
ater on.

15. The algebraic sums of discrepancies are naturally much
smaller. This shows that the errors committed in the stage of
primary enumeration are to 8 large extent of the kind known as
chance errors in statistical theory. These chance errors are some-
times positive and sometimes negative, and cancel out on addition.
Naturally the larger the area over which the total is taken, the
lower will be the algebraic discrepancy. On the whole this is
actually found to have occurred in practice.

SECTION 3. VARIATIONS IN OpPTPUT AND ACCURACY.

16. The question of organization is one of great importance.
Many aspects of this question will require detailed consideration
if and as the Scheme progresses. 1 shall merely touch upon the
question of individual variations inoutput. Indices were calculated
on the lines explained in Section 8 of my Statistical Report on the
1937 Survey, and are given in Table (3°1).

17. The wide variations in the individual indices of output
will be immediately noticed. For example, in the case of field
investigators doing complete enumeration we find that the index
falls to such a-low value as 28 (serial No. 29 in the list) and rises
as high as 157 (serial No. 54)—a difference of over 5 times
between extreme limits.

18. The output index by itself is, however, not sufficient,
The accuracy of the work is of outstanding importance. We have,
therefore, also calculated indices of mistakes, and have used these
indices to construct adjusted or net indices of output corrected
for frequency of mistakes,
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19. These adjusted indices are given in col. (3) of the same
Table (8'1). It will bo noticed that the vt.n'iu.tions are now even
larger. In fact, in one or two cases, the index actual.ly becomes
negative. This means that the number of mistakes is so large,
and so much time is consumed in correcting these mistakes, that
the expenditure incurred in making the corrections is actually
greater than the cost of the original calculations. In employing
such men, not only no valus is received in return for the salary
paid, but actually money is lost in allowing them to work at all.

20. The output index in the Laboratory portion of the work
given in Table (8:2) also shows wide fluctuations. The nced of
careful sclection and training of workers is obvious. Large
savings should be possible by using output and accuracy indices
to regulate continuance of appointments as well as basic rates

of pay.
SECTION 4. ACCURACY OF SAMPLE SURVEYS.

21. The question of the accuracy of sample surveys it
fundamental in the present problem. In a previous note I hawvc
tried to explain in non-technical language the essential principles
underlying the sampling method; but it will be convenient tc
recapitulate here the leading ideas.

22. Our object is to make a reliable estimate of the tota.
acreage under jute in the whole province. If a complete censu:
of all plots can be carried out with accuracy, it would give nof
only the total jute acreage for the area as a whole, but alsc
detailed information regarding each individual plot, mawza, unior
thana, or district. This would undoubtedly be the ideal solution
I have, however, already explained in my Report on the 1937
Survey that it would be difficult to carry out a complete enumera-
tion owing to the lack of trained and reliable workers. Even
if the organizational difficulties could be overcome, the cost would
be high and of the order of 12 or 15 lakhs of rupees; and the
results would be untrustworthy.

23. In the samplo survey we do not make an attempt to
enumerate all the plots, but examine only a very small fraction
scattered at random over the whole arca. The contrast between
the two methods should be carefully noted. When properly
conducted, the sample method will give an almost equally reliable
estimate of the total acreage for the province as a whole, but

will not give reliable information regarding individual plots or
mauzas,

The sampling error

24. Two important quantities occur in our prescnt problem.
One is the actual proportion or percentage of land under jute,
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which I shall eall ““p”’.  In any given area, we survey a number
of sampling units or grids of uniform size scattered purely at
random over the area, We thus obtain a definite value of .p for
each individunl grid. Now these individual value of p will in
general differ from one another ; and in order to obtain a represen-
tative valuc for the given area, wo naturally calculate the average
valuc of p by adding all the individual values and dividing by
the total number of grids. Finally, multiplying this average
value of p by the total area in acres of the given region we
oblain the total acreage under jute in the given region.

25. The sccond important quantity is the variability of
the individual values of p. If these values differ only a little
from one another; the variability will be small; if they differ
much, the variability will be large. It is convenient to define a
precisc measure of this variability which is. called a ‘standard
deviation” and is usually written as “s”’. (It is omsy to sce in a
general way, without using mathemetical formulae, how this can
be done. We first write down the differcnce betwcen each indi-
vidual value of p and the average value. The magnitude of these
differences, which are called the ‘deviations’ of the individual
values from the average value, obviously determine the vari-
ability. As some of the deviations are positive and some
negative, it is not possible to add them directly; in fact, their
sum will be necessarily zero. We therefore square each devia-
tion and add these squared deviations, and obtain the mean value.
Extracting the square root, we get a representative value of the
deviation which is called the ‘‘standard deviation’, and which
furnishes a convenient standard for measuring the variability).
I shall now indicate briefly how this standard deviation s, which
measures the variability of the proportion of land under jute, is
used in practice to furnish information regarding the accuracy
of the sampling method.

26. A little consideration will show that the reliability

of the average value of p, (which we may write as Pp), will
depend on the ~ariability of the observed individual values of
the proportion under jute (p) in different grids. Let us consider
a hypothetical case and suppose that there are “n” sampling
units in a given thapa ; and also suppose that they all show the
same value of p; for example, say 5 per cent of each grid under
jute. In this case we can clearly assert with complete confidernce
that exactly 5 per cent of the whole thana is also under jute. On
the other hand, suppose the proportion of jute in individual grids
varies from, say, zero to 50 per cent; but suppose the average
value is same, 7. ¢. 5 per cent, as before. In this case, although
we shall obtain an identical estimate of the acreage under jute
in the thana as a whole, the reliability of the estimate will be
much less. It is clear that the unreliability or sampling error
of the estimate will increase with the variability of p, the pro-
portion under jute in individual grids.
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27. But this is not all. The reliability of the cstimate
will also dopend on the number of grids on which the ave-
rage is based. Here also it is easy to see, without entering
into mathematical considerations, that (provided variability
remains constant) the larger tho number of grids the greater
will be tho confidence which we can place on the result. For
example, suppose in a particular thana we conduct two experi-
ments, the first experiment with only, say, 25 grids, and the
sccond experiment with, say, 2,500 grids. (As both- the sur-
veys are conducted in the same thana, the variability will
be same). Suppose in the first case we get an average pro-
portion of 5 per cent.of land under jute, and in the second
experiment of, say, 10 per cent. It is clear that we shall
have no hesitation in accepting the result of the second ex-
periment as more reliable. Mathematical investigation shows
that the reliability of the result will increase proportionally
to the squaee-root of 7, the number of grids used in tho ex-
periment. The result of the second experiment will be, there-
fore, roughly ten tiines more reliable than the result of the
first experiment.

28. These are the two fundamental principles relating to
the reliability of averages. A combined statement may be
given in the following formns :—

“The sampling error of an observed average 18 directly '
proportional to the variadbility (s ), and inversely proportional
to tbhe sguare-root of m, the number of samples on which the average
18 based.”

This may be conveniently written in an algebraic form :—
8

Jn

We may, if we like, express this result in the form of
tercentages.

Sampling error of average =

The advantages of zoning

29. In Jute Census work it will be necessary to cover
roughly 55,000 square miles comprising about 830 thanas.
We know that the proportion of land under jute in different
thanas fluctuates very widely. In certain thanas there is
scarcely any jute; in other thanas, it may cover as much
as 40 or 50 per cent of the land. The variability ( s ) of
the arca asa whole will therefore be necessarily large.” It
will be convenient, therefore, to divide the whole areca into
a suitable number of zones each of which will be as homo-
eneous as possible in regard to the intensity of cultivation
1.e., the proportion under jute. This is why I have alrcady
proposed that we should try to work with, say, about 400
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zones cach roughly of the same size as a medium sized thana.
If these 400 zones are suitably demarcated, the variability
within cach zone may be kept fairly small. The reliability
of the estimate for the province asa whole may, in this way,
be increased very counsiderably.,

The meed of large samples

30. In the case of jute, owing to its being cultivated
in widely scattered plots rather than in compact blocks, the
vafidbility even within a single zane will be very high. TFor
example, for 16-acre grids the variability in Deganga thana (1937)
was found to be 200 per cent. Let us suppose that the whole
arca is divided into 400 zones as proposed by me. The
variabilities ( s ) of the different zones will of course be di-
flerent, but let us assume for the present that they are all
roughly of the same order, say, 200 per cend for 16-acre
grids. Now, if we want our final estimate for the province
as a whole with a standard error of say one per cent, then
it is clear that » must be as large as 40,000.

31. In the above calculations we have assumed the vari-
ability of all the zones to be same. As already noted, the
variabilities will however in fact differ considerably from zone
to zone. The actual number of grids required to reduce the
sampling error to about one or two per cent will therefore
be considerably larger than the figure obtained above 5 it is
however of the right order. We find then thata very large
number (of the order of say 40,000 grids of size 16-acre)
will be required to attain a reasonable accuracy in the esti-
mate for the province as a whole.

Uncertainty in the estimates for individual thanas or zones

82. Although the total number of grids for the whole
arca is large, the number of grids in each zone will be fairly
small and of the order of, say, 100. The sampling error of
the cstimate for individual zones will be therefore quite high.
Let us assume, as before, that the variability s=200 per
cent. As n=100, and /=10, we sec that the sampling error
for individual zones will be as high as 20 per cent for 16-acre

grids.

83. The point to be emphasized is however that in spite of
a large margin of error in the results for single zones, it is possi-
ble to attain a high accuracy in the estimate for the province as a
whole. This is a characteristic feature of the statistical method.
(This principle is, of course,. quite familiar in pra.cb_xcn.l life. For
example, in insurance business, we are completely ignorant as to
the chance of death of individual persons, and yet we can
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calculate with considerable nccuracy the risk of death of a group of
persons ; and the larger the nuinber of persons included in the
calculation, the greater is the accuracy of the result). The success
of the sampling method dcpends entirely on distributing the riske
of error over a large number of units ; so that, in this case safety
very definitely lies in large numbers.

34. Another aspect of the same fact deserves considecration
in the present connexion. It is sometimes suggested that the
possibilities of a sample survey should be first established for a
small portion of the whole area. There is a methodological con-
tradiction in the very attempt. Let us consider again a single
zone with a variability of 200 per cent as before. In order to
attain an accuracy of say one per cent,. we shall again require
40,000 grids or exactly the same number as would be required to
attain the same accuracy for the area as a whole. But such a
high intensity of sampling for a single zone will obviously have
no relation to the actual conditions under which a survey will
have to be conducted over the whole area. The fact of the matter
is that if we use an intensity of sampling (say, of the order of 10C
grids per zone) which is adequate for a full scale survey, the
results for individual zones or small groups of zones are bound tc
have a large margin of error, and are bound to appear  at
thoroughly unsatisfactory to the uninitiated. (The position is some-
thing analogous to what would -happen if an insurance company
is asked to demonstrate the practicability of insurance by opera.-
ting with say not more than five or ten insured lives. It is obvi-
ous that either the premium would have to be increased several
hundredfold or the scheme would completely break down). The
only proper mecthod of exploring the possibilitics of a sample
survey is to extend the work over a wide arca. In fact, the
wider the arca included in the survey, the greater will be the
nccuracy attained by the sample method.

Valid test of sampling experiments

385. One point requires emphasis at this stage. It must bc
remembered that the only adequate and valid test of the success
of sampling experiments is furnished by the sampling erro:
defined above in para 28. For this purpose, it is convenient to use
o suitable multiplo of the sampling error to give a permissible
limit of error. Tor example, we may use {(approximately) twice
the sampling error as our critical error. Statistical theory tells
us that in this case, if the sampling experiment is properly carricd
out, thc observed discrepancy between the result of a sample
survey and the true value of the acreage under jute should not
exceed this critical value more than once in twenty trials. In
other words, the odds are roughly 20 to 1 against an observed
discrepancy being greater than a critical value of about twice the
sampling error,



( 10 )

36. It is clear thon that the only proper method of judging
the resulls of a sampling experiment is to compare the observed
discrepancies between the sample estimate and the true acreage
with the corresponding critical values. If the observed discre-
pancies are on the whole less than the critical values, the sampling
experiment must be considered to be quite satisfactory. The
magnitude of the discrepancy by itself, that is, apart from the
corresponding critical value of the margin of error, has absolutely
no significance.

Model sampling experiments of 1937-38

87. Inmy note of the 238rd October 1938 I have already
discussed the results of the sampling experiments conducted on
the materials collected in 1937. I am reproducing below the
relevant pertions of this discussion for convenience of reference,

88. Table 16 of my “Statistical Report on the Experimental
Crop Census of 1937”, gives the average acreage under jute in
each Union separately as estimated by (a) the method of complete
enumeration, and (0) the method of sample surveys (most of which
were model experiments conducted in the laboratory). The values
of the sampling (or standard) errors are also given in the same
Table 16. We can now compare the actual discrepancy with the
corresponding standard error ; if the discrepancy is less than, say,
twice the standard error then the agreement may be considered
satisfactory ; otherwise the result is bad.

39. The comparsion is usually carried out with precision by
using what is technically known as the “¢”- test. The values of
«t” (which represents the observed discrepancy divided by the
corresponding standard error) for each comparison in Table 16
were given in a supplementary Table which was placed before
the meeting of the Jute Census Committee on the 1st September,
1938. It is reproduced below as Table A(16) for convenience of
reference. The cases in .which the value of “t#” exceeded the
critical value (on the one per cent level of significance) have been
underlined in the Table. It will'be noticed that out of 57 results
for individual Unions, in no less than 52 cases the observed
discrepancy is less than the critical margin of error; while the
different sampling estimates for the thana as a whole all lie within
the expected margin of sampling errors.
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TABLE A(16).

Values of “t” with degrees of freedom for comparisons given
in Table 16 (p.70 of the Report on the 1937 Survey).

S| TGN | ea | e | G| e |
(=]
S| ¢ |DE| ¢t [Dr| 6 [DR] & |DR] & |5 6 |%
: a a8
08| 670 | 1000 88 | 075 | 21 | 118 | 56 | 018 ]14 | 0-04 | 14
162| 98| 172| e1 |020| 33 | 107| 88 | 085 23| 107 22
3 |o21| 552|017 | 40 | 09| 23 |07 | 61 | 230 |15 062 | 14
4 |012| 3| 02| 44 |023| 25 | 057 58 | 167 | 16| 028 |18
5 |147| so1 | 073| 51 [042| 31 [o018| 78 | 081 |20 03318
6 |041[1047| 085| 50 | 085 | 31 | 328| 08 | 078 | 22| 00222
7 | 261|123 | 123| 63 [080| 30 [351|m1 |120{23] o2
g |156| 85| 218 67 | ... | 35 | 029| 80 | 039|238 03025
9 | 03s|1010| 047| 68 | 1-32| 35 | 003 | 03 | 340 25| 076 | 25
10 |o4s| o0 ... | 58 | .. | 38 {278 78 | 056 |2t | 071 |2t
Total| 122 | 8544 | 0-003 640 | 1-47 | 306 | 063 | 800 | 1418 | 205| 0-04 Iﬁa

40. A numerical illustration may make the position clear.
Let us consider the case of Deganga Thana Union No. 2 for
which the relevant figures are given in the following Table B(16).

TABLE B(16).

Results of Sampling Experiments for Union No. 2 (Deganga 1937)

~ - +© Area under et e
= eS| g8z | 8 Jute Bu |00
size ot |9S| - |55 |55 8: : 3y (B3,
grias. | o3| Vo |BE2|8E | g — 7 Dis- | 28 %35
S8 23 | 84| &7 Esti- loropan-| &8 |2 87
Z 5o A | & i mated. cpv. cid
(1) (2) 3) 4) ®) | © Q) (8) () (10)
Random
Plots. o081 | 8132 |804-3(25-68(1-962| 76:12 | +41:60 | 50-58 | 1-62
1—acre 62 | 7814 1061|1348 (20001 11-30 | -23-23| 12696 | 1-72
4—acre 34| 5831 |273-2]|46:88 | 2-u42| 4675 | +12:23 | 19569 | 026
5—acre 89 9-434 | 653-6(70°3¢ | 1-007 | 10969 | +75°17 {13077 | 1-07
16—acre 244 4899 7451521 | 2°060 ( 21°58 | —12:94 [ +-31°47 | 0-85
38—acre 23 | 4796 41-6( 8692074 1738 | -17-14| 1802 | 1-07

Area under jute by complete enumeration =(34-52)

™

—
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y s consider 4-acro grids. Thea number of grids was n =34
{ceoti g;; and the square ﬂ)ob of n is 5:831 (cfo]. 8). 'The observed
variability or standard deviation was 8=273'2 (col.4). Dividing
this quantity (273:2) by./'n (5'831), we get the standard error
4686 gciven in col.5. If we use odds of 20 to 1, t,he.n weo shall
have to multiply the standard error roughly by 2 in order to
obtain the critical margin of error. A more exact value of the
multipliecr is given by “¢” shown in column 6. In the present
case, multiplying the standard error by t—.2'042, we get the
critical margin of error of 49569 shown in col.9. Now the
estimmated value of the acreage under jute ba&}ed on 4-acre grids
was 4675 acres (col. 7), while the value obtained by complete
enumeration was 8452 acres (shown at the bottom of col. 7).
"'he observed discrepancy was thus+4-12:23 acres which isless
than the critical limit of 4-95'69. From the point of view of
statistics, the discrepancy 1is, therefore, negligible; and the
agreement is satisfactory.

41. As I have already noted, thisis the only valid method
of comparing the results of sampling experiments. Every statis-
tical estimate has its own sampling error; and so long as the
discrepancy (i. e. the difference betwecn the estimated and the
true value) is not large in comparison with this sampling error,
the redult must be considered satisfactory.

42. XKeeping this principle in mind, let us examine columns
(8) and (9) of Table B (16) for Deganga (1937). It will be
noticed that in every case, without & single exception, the observed
discrepancy (col. 8) is less than the critical margin of error (col. 9).
From the point of view of statistical theory, the results of all
she sampling experiments in 1937 werg entirely satisfactory.

43. I may explain here that in actual statistical practice
‘he usual procedure is to calculate the observed value of “¢”
shown in col. 10). This is simply equal to the observed dis-
s;repancy (col. 8) divided by the standard error (col.5). If the
»bserved value of ¢ is less than the corresponding 5 per cent
because we are working with odds of 20 to 1) value of ¢ shown
n col.6, the agreement 13 considered satisfactory. The observed
7alues of *¢” for the other comparisons are given in Table A(16)
‘or Deganga 1937,

44. The real fact is that, owing to number of samples becing
imall (in comparison with the varia%ility), the margin of error
8 very large. This point is so important that it deserves a little
nore consideration. Let us take Union No, 2, and sample grids
f size 4-acre. The variability (expressed as a percentage) is
’85 per cent ; and the actual number of grids is 34. ' The standard
rrror, again expressed as a percentage, is roughly 100 per cent;
wd the margin of error (on the 5 per cent level) is about 200
per cent. Let us use the same intemsity of sampling (ie 34
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grids per union) but over a wider area of, say, 10 unions or ona
thana ; the number of "grids will now be 340, and the margin of
orror will be reduced to about 6O per cent. Let us increase the
area to a medium size district comprising, say, 16 thanas or
160 unions ; the number of grids will be 5440 ; and the margin
of error will be reduced to about 16 per cent. Finally, if we
conduct the experiment over the whole province comprising 330
thanas, the total numler of grids used will be about 1,12,000.
f the full scale survey is no worse than the model sampling
sxperiment in the case of Union No. 2, the margin of error
vill be reduced to less than 4 per cent, which is not unsatisfactory.
‘n other words, the result of the model sampling experiment in
Jnion No. 2 with 4-acre grids is sufficiently accurate to give us
onfidence in thinking that, if a provincial survey can be conducted
n the field with the same accuracy, then we may reasonably
xpect to obtain a final estimate with a margin of error of only
or 4 per coat.

SECTION 5. SAMPLING EXPERIMENTS ON THE FIELD IN 1938

45. We have been considering so far, with one exception,
10dél sampling experiments in the Laboratory based on the
omplete enumeration carried out in Deganga thana in 1937, We
hall now consider the results of sampling experiments actually
arried out on the field during the 1938 season.

46. As already noted, owing to exceptionally high floods
1uch of the area where work was at first started had to be
bandoned ; so that the material collected fell considerably short
£ our original programme. However, in spite of unforeseen
ifficulties, a good deal of valuable data has been collected which
shall now discuss.

47. Table (5°1) shows the estimated proportion under jute
1seven different thanas based on random sample surveys con-
ucted with sampling units of size 1, 4 and 16-acre. The sizes
f the samples for one-acre grids were reasonably large, and the
esults for this particular sampling unit are fairly reliable, In
he casc of 4-acre grids also, the samples are not too small; but
or 16-acre grids the data available are unfortunately very
1ieagre. It will be noticed, however, that the estimated propor-
‘ons given by grids of differcnt sizes are in reasonable agreement.
shall discuss this question in greater detail a little later.

48. Table (5'21) gives the actual values of the standard
cviations for different sizes of grids (together with the corres-
onding values for random plots to enable a comparison being
1ade with the theoretical values based on the binomial distribu-
ion). The standard deviations naturally decreasec as the size of
e grid is increased ; bub not to the same extent as a truly
inomial distribution.
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49. The next ‘Table (5:22) shows )
of percentages and are obtained by simply dividing the standard
deviations “s”’ by the corresponding value of “p” (that is the
proportion under jute) and cxpressed _as_percentages, These
percentage variabilities are of importance in deciding the optimum
size of grids which has been discussed in a later Section.

Satisfactory agre.ment between results of sampls surveys

50. It will be wuseful at this stage to discuss the
question of agreement between the estimates obtained from
random sample surveys with different sizes of grids. During
the 1938 survey a wider ground was covered by the sampling
method than by complete enumeration. We are therefore un-
able to make a direct comparison of the sampling estimates
against the results of complete enumeration. We can however
compare the estimates obtained from different sampling expe-
riments. This is actually a more satisfactory method for the
purpose we have in view. It gives us direct information as
to the kind of results which we aro likely to obtain by
the sampling method.

51. Let us consider, for example, the results of sampling
experiment in thana Iswarganj in district Mymensingh, shown
in full detail in Table (5-3). Column (1) of this table gives the
size of the sampling unit, and column ( 2'1) the number of
sampling units, “n’’ available in each case. The values of
v/n, with which we are more concerned, are given in column
'2:2). Column (3'1) gives the observed standard deviations ;
lividing these values by the corresponding values of ./n, we
ret the standard errors shown in column (8:2). For example,
‘or one-acre units the standard deviation is °0326 ; dividing
)y +/n=41'70 we get a standard error of 0:0078.

62. The next column (4'1) shows the cstimated propor-
don (p) under jute together with the corresponding standard
wrror already given in column (3'2). Multiplying by the total
wrea, under survey, we get the cstimmated area under jute with
;he corresponding standard errors. In this particular case, the
wrea under survey was 1,29,920 acres. Multiplying this by the
value of ‘p’ for 1-acre grids, namely 0-3982, we get 50,565 acres
18 the estimated area upder jute. Multiplying the corresponding
tandard error -0078 by the total area 1,29,920, we also get 1013
wcres a8 the standard error of the estimate. The cstimated
wrea for 4~-acre and 16-acre grids were obtained in the same way
and are shown in column (4-2).

53. Let us now compare the results. For 1l-acre grids
;he estimated area is 50,565 acres, and for 4-ncre_grids 46,901
wcres. The difference is therefore 3,664 acres which has been
jhown in column (5'1). The difference - between estimates
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obtained from 1l-acre aud 16-acro unity is 8,6.27 acres ; and from
4-acre and 16-acre grids 4,963 acres as shown in column (5°2).

Sampling error of difference between two estimates

54. I have alrcady explained that in statistics the magni-
tude of the difference between two estimates as such has no
meaning. The significance of the difference can only be deci-
ded in comparison with the sampling error of the estimates.
We must therefore determine the sampling errors of the di-
fference given in columns (5'1) and (52). Without entering
into details, I may mention that the standard error of a
difference of two estimates is given by the square-root of the
summ of the squares of standard errors of the two estimates
under comparison. For example, in the case of one-acre units the
standard error is 1013 acres, the square of which is 10,26,169 ;
the standard: error for 4-acre grids is 1741, the square of
which is 30,31,081. Adding these two squares we get 40,57,250 ;
and extracting the square-root we get 2014 acres which will
be the sampling error of the difierence between the two esti-
mates if the number of grids in both cases were equal. In the
present example the number of grids are Lowever, not equal.
Taking this into cousideration (that is, using the weighted
sum of- squares) we get a slightly different value 2261 as
shown in the Table (5°3). The sampling errors of the other
differences were obtained in the same way and are shown in
columns (5°1) and (5°2).

55. We thus find that the difference in the cstimates
obtained from 1l-acre and 4-acre grids is 3664 acres with a
sampling error of 2261 acres. The observed difference is there-
fore about 1'8 times the sampling error and is statistically
negligible, as such a difference may easily arise from errors
of sampling. We conclude therefore that the cstimates ob-
tained from actual sampling surveys with l-acre and 4-acre
grids are in'satisfactory agreement.

... 96. Similar comparative figures are given for the
different districts in the same Table (5:8). The ditlerence
between different  estimates together  with  corresponding
standard errors are shown' in each case in columns (5°1) and
(5°2). The observed values of ‘¢’ (that is, the difference divided
by the corresponding standard error) are also given within
brackets. It will be noticed that (with onec exception in the
case of the comparison between l-acre and 4-acre grids in
district Pabna) all the observed values of ‘¢’ are less than
2 showing satisfactory agreement between results obtained from
sample surveys with different sizes of sampling units.

. . 57. TFor convenience of reference the estimated area under
jute obtained by different sizes of grids are shown in a consolidated
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form in Table (5°4). The values of ¢

of diflorences between these estimates are given in the next Table
(5'5). As already noted, it will be scen that in only one case the
obscrved value of ‘¢’ is greater than 2. In fact in most cases the
observed value of ‘¢’ is less than 1.

58. The resulls obtained from sample surveys actually con-
ducted on the field in 1938 thus show excellent agreement. We
conclude thercfore that a sample survey properly conducted may
be expected to give results within limits of accuracy expected on
theoretical grounds. In other words, the results of the sample
surveys actually conducted on the field in 19388 conclusively show
that the theory of random sampling can be used with success in
the present problem.

The size of jute plots

59. I may consider briefly in passing the cuestion of the
size of jute plots which was raised in paragraph 4 of Sir Bryce
Burt’s Note of the 11th October, 1938 (Proceedings of the Jute
Census Committee, 26th October 1938, p. 13). Table (5'61)
and (5'71) show the actual frequency distributions of the size
of ‘“plots with jute” and “plots without jute” in two thanas
in districts Mymensingh and Rangpur. As judged by the
Chi-square test it cannot be asserted that plots with jute are
significantly differentiated insize. From the two Tables (5°62)
and (5'72) which show the distribution of the percentage
under jute in random plots, it appears, however, that in these two

thanas a certain proportion of plots occur which have only a
fraction under jute.

Number of grids Required to atlain given accuracy

60. We may now resume the main line of argument. We
have seen that the results of the different sampling experiments
are in satisfactory agreement. This does not mean, however, that
the same accuracy will be attained with the same number of grids
of different sizes. In fact we have seen that the standard devia-
tion or variability decreases as the size of the grid is increased.
This shows that it is possible‘to attain the same accuracy with a
lower number of grids of a larger size.

61. I have already explained that the accuracy of an estimate
is proportional to s/,/n that is, to the standard deviation divided
by the square-root of the number of grids on which the estimate is
based. It is clear from this formula that, in order to attain the
same accuracy with different sizes of grids, the respective v:xlues
of /7 should be proportional to ‘s ; in other words, ‘n’ the
number of grids should be proportional to &* or the square of the
standard deviation (which is known as “variance” in statistical
literature).
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62. Lect us consider an actual example. In Deganga, thana
the standard deviation for onc-acre grids was 0-0860 ; while the
stundard deviation for random plots was 0:1339. 'The square of
‘0860 is +0073YG, while the square of 1339 is 01792921 ; and the
number of grids rc?uirec’l of each size to give the same accuracy
will be proportional respectively to these two numbers. Dividing
‘007396 by -01792921 we get 043 approximately. We find,
therefore, that 43 grids of size 1-acre will give a result of the same
accuracy as 100 random plots.

63. The actual values of standard deviations are shown in
Table (5-8). We may use the variability for random plots, which
is highest, as a standard of comparison.” The number of grids of
different sizes which will be required to give estimates of the same
accuracy as 100 random plot were calculated as explained above
and are shown in columns (7)—(11) of Table (5°8).

64. The very important question of the cost of collecting
information arises at this stage. For example, from the above
table we find that 32 grids of size 16-acre will give results of the
same accuracy as 54 grids of size 1 acre in Iswarganj
(Mymensing). If the cost of collecting information for 32
grids of 16-acre is equal to the cost of collecting information for
54 grids of size one-acre, then it is quite immaterial which size of
grid we adopt in practice. If however the cost of collecting 32
grids of 16-acre is groater than the cost of collecting 54 grids of
size 1-acre, then obviously it will be economical to adopt 1l-acre
in preference to 16-acre as our sampling unit.

65. Besides the relation between the variability or sta_ndard
deviation and the size of the grid (which may be conveniently
called the ‘variance function’) it is therefore also necesssary to
study the ‘cost function’ which gives the relation between the
cost of operations per sampling unit and the size of grids. Before
taking up this question in the next Section, I may give here a
summary of the discussion in Sections 8 and 4.

Summary of conclusions
66. From a detailed analysis of the results of the model sampling

experiments conducted in the Laboratory on the basis of the
material collected in Deganga thana in 24" Parganas in 1937, as
well as of the results of the sampling cxperiments actually
conducted in the field in six thanas in six districts in 1938 we

reach the following conclusions :—

(1) The cstimated areas under jute obtained by different
methods, that is, by using grids of different sizes,
are in satisfactory agreement.

(2) The theory of random sampling may, therefore, be used
with success in the present problem.
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(8) 'The standard deviation or variability decreases as the

sizo of grid is increasod, but proportionatcly loss so
than in the case of a binomial distribution.

(4) The manner in which the variability decreases with
incrcasing size of grids, that is, the relation between
the variability and the size of grids (which may be
called the ‘variance function’) requires further study

by the method of model sampling experiments in tho
Laboratory.

(5) A knowledgo of this rclationship (that is, of the varia-
anco function) will enable us to find out, for any
given size of grid, what will be the number of grids
required to attain any desired level of accuracy.

SecTioN 6. CoOST ANALYSIS.

67. I shall now briefly consider the cost of the field survey
during 1938. It must be romembered, however, that this year
the work had to be carried on under very exceptional circums-
tances when high flooding had already taken place. Expenditure
on field work in 1938 must therefore have been higher than what
might be expected to be incurred in a normal year during the
drier part of the season. The figures for relative cost for ditfcrent
sizes or densities of grids are, however, probably reliable.

68. Table (6'1) shows the number of plots enumerated
on the field per net working day with different densities of samp-
ling units per square mile. In every case the number of plots
enumcrated increases as the density is increased. This is just
what is to be expected. With a thin density it is clear that a

good deal of time will. be spent in travelling from onc unit to
another.

69. If we have, for example, only one sampling unit in
each mauza, the greater part of the time will be taken up in
travelling from one mauza to another. On the other hand, when
the number of sampling units within each mauza is large, a much
greater volume of worlk will be done. For 16-acre grids, for
example, the number of plots enumerated with a density of one
grid per square mile is 144, which increases to 168 with a density
of 2 grids per square mile, and to 205 with a density of 3 grids.
The same feature is observed in the case of one-acre and 4-acre
grids. For example, in the case of one-acre grids, the number
of plots enumerated is 30 with a density of 2 grids per square

mi_lle, which rises to 67 with a density of 10 grids per square
mile.

70. 1In calculating sampling errors we are, however, more
concerned with the number of grids rather than with the number
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of plots. The next Tuble (6:2) shows the number of samples
cnumerated per net working day for differont sizes of sampling
units, and different densities per square mile,

71. I should mention here that some of the observed results
were based on samples of small size. It was therefore considered
advisable to give graduated rather than the crude values in Tables
(6°1) and (6-2)\

72, In cost analysis the .manner in which the net working
day is utilized is of considerable importance. We may broadly
divido the total cost under four heads :—

(@) actual time spent in field enumeration ;
(b) time spent in miscellaneous preparatory work ;
(¢) time spent io journeys ;

(d) time spent in other ways, namely making arrangements
about food, sleep ete.

73. I have attempted a preliminary analysis on this basis
and the results are given in Table (6:3). It will be noticed
that in complete enumeration the total time spent in field
work is 21°6 per cent and is higher than the time spent in
enumeration in other cases. The time required for prepara-
tory work is less than 2 per cent, and is naturally much
less than the time spent in preparatory work for sample sur-
veys. The time spent in journeys (6°6 per cent) is also appre-
ciably less.

74. It is interesting:to observe that the overhead percentage
is very nearly 70 in every case. We find then that about 80 per
ent or 7 hours per day are actually utilized far productive work;
30 ?Imt no less than 17 hours are consumed in non-productive
worl.

75. In complete enumeration 22 per cent or over 5 hours
per net working day can -be utilised in actual field enume-
ration, while only u.gout 1.6 hours is spent .in travelling. In
the case of sample surveys only a little over three hours can
nctually be utilized fcr field enumeration. JIn fact the time
spent in journeys is roughly the same as the time spent in actual
enumeration work,

76. The above analysis clearly shows that the time
spent in journeys is as important as time spent in field enu-
meration in sawmple surveys. With a small number of units
per  8quare mile, it is clear that proportionately more time will
‘e spent in journeys ; while, when the density is large, pro-
portionately more time can be utilized in actual field work.
The results given in Tables (6°'1) and (6'2) are therefore easily
explained,
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SecTioN 7. CoMPARATIVE EFFICIENCY oF GRIDS OF
DIFFERENT SIZES.

77. We have scen already that the accuracy obtained by
the grids of different size depends on the standard deviation
as well as the number of grids available. The relation be-
tween the standard deviation and the size of grids is given
by what I have called the ‘variance function’. The number
of grids of any given size which can be collected depends, how-
ever, on the cost of operation per sampling unit, or on what
I have called the ‘cost function’. Information for the Labora-
tory portion of the work for sample surveys can be ob-
tained from laboratory rccords of model experiments conducted
on the basis of data relating to complete enumeration. On
the othor hand, information rogarding the cost of field opera-
tions for sample surveys can only be collected by direct field
experiments. Unfortunately the available information is very
meagre. The question however is so important and it is so
essential that ?urther experiments in this matter should be
continued that I have thought it advisable to discuss it with the
help of such material as happens to be available.

78. For this purpose I have pieced together information
partly gathered during the field survey in 1937, partly collec
ted in the Statistical Laboratory during the analysis of the
1937 material, and partly collected this ycar. The data used
are thercfore definitely hoterogencous and of varying reliabi-
lity in different parls. The material also does not refer to
any particular district or thana, and in fact is an artificial
mixture ; and I am using it purely for purposes of illustra-
tion. It maust be remembored that, although the figures and
results are of the right order, they cannot be used for pre-
paring estimates of the cost of a sample survey on a pro-
vincial scale.

Cost per sampling unit

79. Table (7°1) shows (for purposes of illustration) the esti-
mated cost in rupees of collecting information for each sampling
unit of different sizes. Column (1°1) gives the size of the sampl-
ing unit, and (1-2) the density or number of sampling units per
square mile. Col. (2:1) gives the estimated cost for the laboratory
portion of the work, and col. (2:2) the corresponding cost for the
tield portion of the work. Adding these two together we get the
tot;al cg&;t in rupees for each sampling unit or grid shown in
col, (2:3).
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80. These figures are supposed Lo include the cost of ordinary
inspection and supervision and a portion of miscellancous charges.
It will be realized, however, that it is not possible to incorporate
actual overhead charges (such as superior direction and supervision,
house-rent and other expenses at headquarters cte) in a table like
this, as such overhead charges are largely of a fixed nature, and
depend on the scale on which the work is organized. The figures
given may therefore be cousidered to represent what may be called
the working operations exclusive of overhead. I have already
explained, and this point cannot be over emphasized, that the
figures given in Table (7°1) are based on very hetcrogeneous
material and cannot be used for preparing detailed estimates. In
fact in many places the figures given were actually obtained by
extrapolation and are therefore of doubtful value.

81. The accompanying graph shows the values for which actual
field figures are available. It will be noticed that the observed
values are small in number ; they are also of varying accuracy.
TFor purposes of illustration I have, however, drawn smooth curves
from which the figures given in Table (7°1) have been obtained.

Cost per square mile

82. For our present purpose it is more convenient to convert
the figures into cost per square mile. This will naturally depend
on the density or the number of grids in each square mile. In
Table (7°1), for exawmple, for 1-acre grids we find that the cost is
Rs. 1,594 per grid when they are distributed with an average
density of one grid per square mile. The cost per sample natu-
rally decreases as the density is incréased ; and we find that the
cost per sample i8 Rs. 0'87 when the density is 8 grids per square
mile. Turning to column (3'3) in the same table we find that the
cost per square mileis Rs. 1,594 which is just the same as the
cost per sample with a density of the one grid per square mile.
When the density is increased to 8 per square mile, we have 8
grids altogether and the cost rises to Rs. 6:96 per sq. mile.

83. One point is worth noting. With increasing density the
cost in the Laboratory portion of the work decreases much more
slowly than- in the field portion of the work. This is of course
just what is to be expected ; since the locating of random points,
the construction of grids, the listing of plots, the preparation of
crop schedules, addition and checking etc, depend almost directly
on the total number of plots covered, as the saving possiblo in
turning over maps, changing computation sheets etc. is on the
whole small. In the field portion-of the work, as I have already
pointed out, the decrcase in expenditure with increasing density’
is very appreciable owing to the saving in the time of locating
the sample plots, and in moving from one grid to another,
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Density at different levels of expenditure

84. I shall now discuss how Table (7°1) can be used in
practice. . The question of total expenditure has to be now taken
into consideration. Here also it will be convenient if we consider
the total cost per square mile. For example, suppose we decide on
spending Rs. 3/-per square mile (which will amount to Rs. 1,65,000
for 55,000 square miles, the total area proposed to be covered
in a full scale provincial survey). From the graph or by numeri-
cal interpolation in Table (7°1), we find that with this expenditure
we can use random plots with a density of 7°9 per square mile,
or l-acre grids with a density of 2'1 per sq. mile, or 4-acre
grids of density of 1'7 per sq, mile, or 16-acre grids of density
of 064 per sq. mile. Similar values for other rates of expenditure
per square miles are given in Table (7-2).

85. The important point to be noticed is that the cost for
different densities of gridsis a relevant factor in the present con-
nexion. Because of the decrease in cost with increasing density of
the grids, the total cost decreases as the density is increased.. In
other words, with any given size of grid, and with given total
expenditure, the actual number of grids which can be cnumerated
depends on the density of grids per square mile. This is why the
construction of a cost function showing the cost per square mile
for different densities per squarc mile i3 essential in our present
problem.

86. I may now proceed with the main argument. Table
(7°2) gives us then the number of samples per Square mile which
we can use in practice with a given expenditure per square mile.
This table then gives us for different sizes of gride, and for
different rates of expenditure, the number of samples available (n)
per square mile. We know, however, that the accuracy of the

sampling experiment depends on 1/ /7. It is convenient thercfore

to obtain the corresponding values of 1/,/n which arc shown in
Table (7-3.)

. 87. Ishould like to explain at this stage that the cost func-
tion may be different in different districts. We have very little
information on this point ; but this is a question which it will be
neces-ary to investigate in detail in future. In thc meantime, as
I have already explained, I am using Tables (7°2) and (7'3) as
typical tables for purposes of illustration.

Sampling error per square mile

88. If we now multiply the value of 1/,/n given in Tables
(7-3) by the corresponding values of ‘¢, it is clear that we shall
obtain the effective sampling error per square mile with any
assigned rate of expenditure per square mile. The standard
deviations for different sizes, we know, differ from district to
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district. Using rclevant figures, we can however obtain the
cflective sampling error per square mile for each district.

89. Yor example for Degunga thana we find that the
standard deviation for random plots was 0:131. Multiplying this
number by 1//n given in col. (1) of Table (7'8) we obtain the
sample error per square mile for random plots in col. (2) under
Deganga in Table (7°4). In the same way the sampling error

for other sizes of sampling units and other districts were obtained
and are shown in Table (7°4).

Iiconomic size of grids

90. These values of sanipling error per square mile will now
enable us to decide which size of grid is most economical. For
example, in thana Deganga we find that the sampling error will
be least with grids of size 16-acre at practically all levels of
expenditure. In Deganga 16-acre grids would be thus the most
eficient. (I must however again give a note of warning at this
stage. In the casc of Deganga thana no field work was actually
done with 1G-acre grids ; and the figures given here are purely
hypothetical so far as this particular size is concerned).

91. In Mymensingh, Rangpur, Rajshahi and Tipperah we
find that random plots will give the lowest sampling error or the
highest accuracy at all levels of expenditure. In Pabna, on the
other hand, 16-acre grids appear to be more efficient and next
come random plots. As already pointed out, the cost figures for
16-acre grids arc based on a very small number of grids actually
surveyed on the field. It is not possible therefore to attach much
importance to the two isolated results,in two districts where the
16-acre grids come out to be more efficient.

92. On the whole, we find that one-acre and four-acre grids
are more efficient than 16-acre grids. Also, almost invariably,
random plots appear to be more efficient than grids of larger size.

93. The above discussion is based on Table (7°1) which, as I
have already explained, is somewhat hypothetical in nature. The
need of constructing.reliable tables of the present kind is however
quite clear. It i3 therefore essential that we should conduct, at
the next stage of the Scheme, carefully designed experiments for
gathering information regarding the cost, not only for different

sigfs of grids, but also for different densitics of grids per square
mile.

Percentage variability per square mile

9%, Tustead of working with actual sampling error per square
mile, we may also work with the percentage variability persquare
mile. Thisis obtained by dividing the sampling error per squarc
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mile by the corresponding value of ‘p’ or the proportion under
Jute and cxpressing the result as a percentage.

95. The percentage variabilities calculated as explained
above arc given in Table (7°5) for different sizes of grids and for
differcnt levels of expenditure. It will be noticed that the
percentage variability with a given scale of expenditure diffcrs
very widely in different districts. ‘This is of course just what is
to be cxpeccted in view of the fact that the values of ‘p’ or the
proportion under jute varies widely in different districts.

96. The results given in terms of the percentage variability
per square mile are of course parallel to those obtained in terms
of standard error per square mile. For example, in Mymensingh,
the random plot is easily the most economical size of the sampling
unit in the sense that at every level of expenditure the percentage
variability wall be least for random plots.

Importance of a proper choice of grids

97. It will be useful at this stage to consider what will be
the diffcrence in cost in using different sizes of grids to attain
any given level of accuracy or percentage variability. Inter-
polating in Table (7'5), or directly from the graph, we can obtain
the cost per square mile which would be incurred for different
sizes of grids to attain any assigned levcl of percentage variability.
These values are shown in Table (7°6).

98. Let us consider the position in Mymensingh for example.
To attain say a level of accuracy of 50 per cent per square mile
we find that the cost will be Re. 2:9 with random plots, Rs. 47
with one-acre grids, Rs. 44 with four-acre grids and Rs. 61 with
sixtcen-acre grids. A glance at the other figurcs given in the
same table will show that the differences are in most cases
enormous. Table (7'6) bring out most forecibly how important
is the question of a proper choice of the size and density of grids.
We find that by & wrong choice of the size of grids the cost may
easily be doubled or even trebled. '

99. I may also mention at this stage without entering into
technical details that the wide varviation in the intensity of
cultivaticn or the proportion under jute in different thanas
introduces a complication in the sampling programme. Theoretical
considerations show that the number of sampling units to be
alloted to the different thanas or =zones should be determined
according to the intensity of cultivaticn or the values of p’ (the
proportion under jute). In actual practice this means that, for
efficient sampling, the density of grids per square mile will have
to be different in different districts depending on the intensity
of cultivation. This is another reason why it is absolutely
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necessary to gather information regarding the cost of field work
for different densities of sampling units,

100.

So far ns the cost funclion is concerned, the chief

conclusions may be now summarized :(—

(D

*)

3

(4)

()

6)

@

With any given rate of expenditure, the -ecffective
accuracy of tho cstimate depends on both the size
:13_]\\'011 as the density or number of grida per squave
mile.

The available evidence suggests that on the whole
sampling units or grids of smaller size are more
cflicient or economical than grids of larger size in the
scuse that a higher accuracy can be attained with the
same expenditure.

It is most important that a proper choice should be
made of the size (and density) of grids. The cost
may casily be doubled or trebled by a wrong choice.

In order to determine the best sizo of grids it is
cssential that accurate information should be obtained
regarding tho cost of operations not only for different
sizes but also for differcnt densitics of grids.

It is possible that the cost function, that is, the relation
between the cost of operations and the size and
densities of grids, will be different in different
districts, I do not consider it likely that such
differences will bo large, but this is a possibility
which must be kept ip mind in framing our pro-
gramme.

In casc the cost function is found to be different in
different districts, it may follow that we shall have
to use different sizes of grids in different districts
or zones,

We know however that the intensity of cultivation
differs very widely in different zones. It is thorefore
neceessary, in any casc, to use different densities of
grids in different zones in order to attain the highest
accuracy in the estimate. 'This is another reason
why the cost of operations must be dctermined for
different densities per square mile.

SECTION 8. GENERAL OBSERVATIONS

1 have no time to discuss the results in detail. I shall
therefore conclude this report by a fow observations of a goneral
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nature. In the scheme for the 1938 survey which I sub-
mitted on the 26th June 1938 I had clearly cxplained (printed
Proceedings of the First Meeting of the Jute Census Committee
held on the 6th July 1938, pp. 82-33) that a complete
census was impracticable in the immediate future. This was
fully corroborated in my “Statistical Report on the Experi-
mental Crop Census of 1937” submitted in August 1937. I again
emphasized this point in my Note dated 24th October 1938 from
which a few extracts will not be out of place.

Impracticability of a Complete Census

“The 1937 Survey has shown that the organization of a
complete census in one year will require a very large staft
of the order of at least five or six thousand men, and will
involve an expenditure of the order of twelve or fifteen lakhs
of rupees. Untill the workers can be properly trained, and
suitable arrangements can be imade for adequate control and
inspection of the primary work, thc results are likely to be
thoroughly unreliable, the estimated accuracy being of the
order of 50 or 60 per cent for individual thanas, and consi-
derably more for individual mauzas.

“A Census covering one district or a group of districts
will be unreliable, and will also be useless for administra-
tive purposes as it will not be possible, to compare or co-
ordinate the data for different years owing to marked scasonal
fluctuations.

A sample survey the only possible line of advance

“In this situation, a sample survey, carried on from year
to year is the only possible line of advance in the immediate
future. There are many advantages in this plan :—

(i) 1t will require o staff of, say, five or six hundred
men (against 8o many thousands in a complete census)
which will reduce very appreciably the diflicultics of
organization and inspection.

(ii) In an extended programme it will be possible to
give proper training to the workers ; and also to
weed out unreliable cnumerators. This will enable
the reliability of the results being improved, and
the cost of the survey reduced progressively from
year to ycar.

(iii) The expenditure involved will be comparatively small
being of the order of onc or two lakhs of rupecs per
year,
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(iv) The plan is flexible, and -will allow the work being
expanded pari passu with the increase in  the
number of trained workers, In this way, it will
be possible, if desired, to undertake a complete
crop census of the whole province after the neces-
sary organization has been built up.”  (Proceed-
ings, Jute Census Commitiee, 26th ~ October 1938,
pp- 31fF).

Experience of U.S. A.

102. In the same note I quoted from an_authoritative
report of a Statistical Conference held in the United States
in July 1936 under the auspices of the United States Depart-
ment of Agriculture and attended by about 60 agricultural
cconomists and statisticians, in which it was unanimously re-
commended that a Sample Survey should be conducted every

year.
Objects of the 1938 Survey

103. In framing the Scheme for the 1938 survey I had defi-
nitely stated (Proceedings, Jute Census Committee, 6th July,
1938, p. 33) :—

“The objeect of the present Scheme may be thus broadly
defined as two-fold :—

(i) to develop and standardize the technical methods for a
Sample Survey ; and (4i) Secondly, to build up
the necessary human agency to carry it out in
practice.”

Results of the present Survey

104. In judging the results of the present Survey it is
therefore necessary to concentrate on these two points. The
work done this year shows conclusively that a sample survey
is practicable and is likely to give results of reasonable accu-
racy. On the more technical side wo have found that for
further progress detailed researches are necessary on two
points : —

(i) The study of the ‘variance function’, that is, the relation
between the variability and the size of grids. As we
now possess results of complete enumeration for about
500 square miles it is fortunately possible to study
this question by model sampling experiments in the
Laboratory.

(ii) Tt is also necessary to study the cost function, that is,
the cost of operations for different sizes and densitics
of grids. This can only be done by direct experi-
ments on the field.
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The programme for 1939

105. The proposed programme for 1939 includes both these
items. In addition, it has been thought advisable to include
complete enumeration of about 1000 squarc miles. This would
be useful in furnishing further material for the study of the
variance function. It will be noticed thereforec that the pro-
gramme for 1939 follows logically from the results obtained
during the 1938 Survey and discussed in this report.

Problems of Organization

10G. 'The question of organization is, of course, very impor-
tant. As the time at my disposal is very short, here also I shall
make only a few general observations.

Continwity of work essential for success

107. I have bcen working on the present Scheme for about
16 months, and I have been realizing more and more the import-
ance of continuity of work. I hope the Jute Census Committee
as well as the Indian Central Jute Committee will take necessary
steps to ensure this by such means as they consider suitable.

The meed of a muclear staff

108. The next important point I think is the question of a
nuclear or a semi-permanent staff for the Scheme. I have given
this matter careful consideration, and I am of opinion that the
most economic way of arranging this will be, as originally pro-
posed in my note of the 26th June 1938, to employ a staff of,-say
80 or 90 men who will be engaged on the Scheme throughout
the year. Most of them will work as inspecting officers for about
four months during the actual field survey ; during the remain-
ing eight months of the year they will be engaged in (a) statis-
tical analysis of the material collected in the field, () model sampl-
ing experiments, and (c) preparation of grids and other prelimi-
nary work for the field survey in the succeeding year.

109. The advantages of such a semi-permanent staff will be
four-fold. The work will be better done. These men will know
that unless their work is done with accuracy they will run the
risk of losing their jobs. The inspection of the field work will
therefore be done with efficiency and with a sense of responsibi-
lity. This is the only way in which there is any hope of improv-
ing the quality of the primary enumeration. Secondly, with
continuous training the output of work will inercase with
consequent reduction in cost. Thirdly, the scale of salaries will
be lower as the men will be employed on a whole-time basis. And
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finally, as the load of work will be distributed more uniformly
over the whole year, supervision will be easicr and the general
cflicicncy of the worl will increase.

Type of primary enumeralors

110. A third organizational question which requires careful
consideration is the type of men to be employed for primary
enumeration. My feeling has always been that ultimately the
best policy will be to empoly local enumerators who will be
resident in the thanas or zones in which they will work. .This
should also be cheaper. Efficiency of work should gradually
increase in this plan as the men become familiar with the ground
which they will cover in their work.

111. At the same time, I admit that employing trained
amins has also certain advantages. Being familiar with cadas-
tral maps and settlement operations, the amins as a class may
be expected to do the work more quickly and more accurately
than other men. It is likely, however that the question of inspec-
tion and supervision will be more difficult, as the amins may
require more careful watching. I would suggest that an attempt
chould be made to study this question by a carefully designed
experiment in which the output as well as the accuracy of “amins
versus local men’” would be investigated experimentally wunder
controlled conditions.

The question of restriction of Jute Area

112. In sanctioning the scheme the Government of Bengal
requested the Committee “to keép prominently in view the
necessity of co-ordinating the experimental work to the require-
ments of a possible restriction policy particularly as to how
a quota could be allocated over the whole area.” (Proceedings,
6th July, 1938, p. 13).

113. The time has not come to discuss this question in
detail. I may, however, make one or two preliminary remarks
purely from a statistical point of view. (I need scarcely men-
tion 1 am neither competent nor have I any desire to give
any opinion regarding the administrative aspects of the question.)
Qwing to the unreliability of the primary cnumeration, I think
it will be very difficult to bring into effect any policy of restriction
relating to individual plots.

Zonal restriction

114. From the statistical point of view, a more convenient .
plan will be to prohibit completely the cultivation of jute in
a number of compact blocks. For example, if the whole
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province is divided into a large number of Zoncs (or Unions or
mouzas are used for this purpose) it is possible to rostrict culti-
vation completely in the required number of zones (or Unions or
mouzas) which may be selected at random either within the
province as a whole or within particular districts or sub-
divisions in case it is desired to give any weightage. In this
plan, no jute would be allowed to be (?rown within restricted
zones. Detection of infringements should then be quite easy.

The Question of compensation

115. Such zonal restriction will of course raise the question
of compensation. This is, however, inherent in any policy of res-
triction. The problem has certain interesting statistical aspects
which deserve consideration. I have no time, nor will it serve any
usefull purpose abt this stage, to discuss this question in greater

detail.
Accurate estimates fundamental

116. In any plan of restriction it is clear, however, that the
question of accurate estimates of the acreage under jute is funda-
mental. As a statistical worker I am not concerned wich the
question of policy ; but the improvement of the accuracy of the
estimates is cssentially a statistical problem, and I submit that the
wisest policy will be to leave the statistical details to technicians.

P. C. MAHALANOBIS.
26th December, 1938.
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( 8 )
TABLE (3°1). INDEX NUMBER OF OUTPUT, 1938,

TField Invostigators: Complete Enumeration.

Serial Giroms 1~ Aflzig::d Serial | 1 Gros, S ar
® | Ouput |goorected | Mo | Output | goorrested
1 123 145 20 102 82
2 106 126 21 68 36
3 151 120 22 96 16
4 121 127 23 i 76
5 128 150 24 108 124
6 38 46 25 89 108
7 91 81 26 104 116
8 66 77 27 132 155
9 121 144 28 57 59
10 108 128 29 28 -15
11 108 116 30 151 178
12 121 105 31 85 9
13 382 20 32 125 148
14 64 76 33 98 116
15 85 99 34 98 -30
16 117 110 35 134 124
17 79 63 36 61 153
18 113 113 37 87 89
19 115 122 38 108 77




( 8 )
TABLE (3'1)—contd.

Serial In‘g;fgf Agfxglﬁd Serial Ifd”;’xs-“of Af’dé’iie"

No- | “Output | oomesbel | MO | Outgut | peorrested
39 79 92 57 72 64
40 01 109 58 94 111
41 81 96 59 94 111
42 68 80 60 102 121
43 98 115 61 121 142
44 83 08 62 81 89
45 108 114 63 130 34
46 79 107 64 151 83
47 98 116 65 130 147
48 134 133 66 134 130
49 149 176 67 94 97
50 79 93 68 vk 91
51 70 83 69 57 50
52 123 146 70 96 114
53 85 101 71 170 202
54 157 134 62 68 79
55 74 87 73 125 143
56 103 104 74 151 16




(¢ 84 )

TABLE (3-2). INDEX NUMBER OF OurpuT, 1938.
Statistical Section.

Output Index

Nor Iodox
July August September | October mistakes
(October)
1 64 107 84 89
2 87
3 vee 98 111
4 g 75 81 155
5 143 139
6 98 80 104
7 75
8 107 109
9 e 66
10 . §7
11 57 . oos
12 - 79 66
13 105
14 87 102 133
15 113 113 131 199
16 82 91 110
17 64 78 103
18 82 100 509
19 134 44




( 8 )
TABLE (3:2). Contd.

Output Index

Serial Index
No. No. of
July August | September | October | o g
(October)

20 79 .
21 62
22 116 89 167 93 .
23 133 97 87 92 66
24, . 69 #:e
25 99 70 oo
26 e 56 84 89
27 59 . oo oo
28 . 107 100 89
29 - 84 84 22
30 103 e
31 e 60 80 22
32 139
33 173 112 100
34 92 89 82 oo
35 25
36 131 157 141 eon o
37 86 o -
38 114 i s
59 76




( 86 )

TABLE (8-2).—Contd.

Serial

No.

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
b5
56
b7
58
59

Output Index

Index
July August September | October mlfscé;ﬁfes
(October)
129 119 . 65 oo
e 111 44
s - 120 44
141 131 163 oo
- 131 44
123 oee ea
76 96 oo oo
92 wis . s
145 91 167 oee
oes 115 79 354
e oes 5o 107 22
oo 92 22
oo 83 89
oo 141 177 o oo
132 105 105 116 22
. s 91 oo .
81 97 108 .
103 85 144 72 -
119 76 97 o
- s | 111 114 44
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TABLE (3:2).— Conld.

Output Index

Sl((}lg?'l Index
July August. | September | October mligg;.l(c):s
(October)
60 75 124 111
61 123 109 s
62 72 107 65
63 150 96
64 136 147 v
65 79 vee
66 cor s 78 o
67 63 . e
68 61 . o
69 89 89 44
70 s 160 44
71 140 82 79 100 111
72 83
73 87 86 111
74 61 61 e
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TABLE (6:1)

NUMBER OF PLOTs ENUMERATED PER NET WORKING DAY,

1938 SURVEY,

S?;:;;f:’: n‘;f; R. P 1 Acre. 4 Acres. | 16 Acrcs.
1 awsews | wewsee 63:13 144°18
2 PR 29-86 69-44 16779
3 1156 | ...... 8191 205-28
4 e 38'10 86-80 cosens
L T e 92-73 —
6 1210 56:58 cense e
8 oo 65°69 sonse TSP
9 17-74 i .

10 - 67:00 T sasbii
12 19:59 e S —
15 22-81 N vee eresne

TABLE (6-2)

NUMBER OF SAMPLES ENUMERATED PER NET WORKING DAY,

1938 SURVEY.

[
et R e

------
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TABLE (7-2.)
INTERPOLATED VALUES OF DENSITY 7.
(Number of Sampling Units per Square Mile.)

lf:pfﬁfgg‘e{:o Ri},fodt:m 1-Acre. | 4-Acre. |16-Acre. |36-Acre.

per Square Mile. *

Re. 1-0-0 e | 20 06 05 03 0-21
Rs. 1-8-0 wo | 32 09 08 05 0-32
» 2-0-0 o | 45 13 11 07 043
» 2-8-0 o | 61 17 1-4 " 09 0-53
» 3-0-0 e | 79 21 1.7 10 0-64
o 3-8-0 .. |10°0 26 21 12 076
» 4-0-0 oo [12°4 31 24 1-4 085
» -5-0-0 ve |17°6 44 32 18 1:06
» 6-0-0 61 41 2:3 1-28

TABLE (7-3.)

Values of 1/,/n per Square Mile.

Re. 1-0-0 eee | 07071 | 12909 | 1-4142 | 1-8257 | 21822
Rs. 1-8-0 oo | 05590 | 10541 | 1:1180 | 14142 | 1-7678
» 2-0-0 o | 04714 | 0-8771 | 09535 | 1:1952 | 1-5250
» 2-8-0 e | 04049 | 07670 | 0-8452 | 1:0541 [ 1-3736
» 3-0-0 ees | 0'3558 | 0-6901 | 0-7670 | 10000 | 1-2500
» 3-8-0 e | 03162 | 06202 | 06901 | 0-9129 | 11471
» 4-0-0 eee | 0:2923 | 0°5680 | 06454 [ 0:8452 | 10847
» 5-0-0 .. | 02384 | 04767 | 0-5590 | 0°7454 | 09713

» 6-0-0 e e 04049 | 0-4939 | 0:6594 | 0-8839
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TABLE (7+4).
Standard Error per Square Mile—(Contd).

District. Pabna. Rajshahi. Rangpur. Tippera.
g | ;| E N N
. ’ < . 3 o B o . ] . Lo g
SizeofUnits. |92 | ¢ | ¢ | & [S8 | £ |8 | & |28 | ¢ ¢ |& |28 |8 ¢! 3
SR 3| S| S|2~ | %5 3| & 88|88 s
g Rl |ele | S|E|s|m X8| ® |Al3]e
B ot 36 | 306|176 | 9 | 23 |28 41 | 328 | 747 | 194 | 62 | 501 |1005 1917 m
gm."dfwd 0157 0130 | 0-122 | 0-040| 0436 |0-322 0-243| 0416 | 0320|0208 | 0-228| 0157 | 0:092 0*084\0'050
eviation.
‘Re. 10 0111 | 0168 | 0-173 | 0073 | 0308 | 0-416 0443 | 0294 | 0425 | 0-421 | 0:416| 0-111 | 0119 0-191')0-092
% |Re. 18 0088 | 0:137|0-137 [ 0:056 | 0244 | 0339 0343 | 0233|0847 | 0°338 | 0:322| 0088 | 0:097 | 0°094 | 0071
=%} ! .
® [Rs 20 0074 [ 0°114 | 0117 | 0048 | 0-206 | 0-282 0200 | 0196 | 0289|0284 |0-272| 0:074 | 0+081' 0:080 | 0-060
o i
25 |Rs.28 .| 0084|0100 |0103| 0042 0177|0247 0256 0-169 | 0-253|0:252 | 0:240| 0:063 | 0:071 | 0:071 | 0-033
=] \
224 Rs. 30 0036 | 0-090 | 0:094 | 0040 | 0-155 | 0-222 0:243| 0148 | 0227 0228 0-228| 006 | 0°064 | 0-04 | 0050
M a : & ¢
9% |Rs. 38 0030 | 0-081 | 0-08% | 0:036| 0138 | 0-200 0:221| 07132 | 0204 | 0205 | 0-208| 0050 | 0:057 ' 0-058 | 0-046
o ‘
2 |Rs. 20 0046 | 0074 | 0:079 | 0034 | 0128 | 0-183 0:205| 0122 | 0187|0192 0-163| 0046 | 0:052| 0:054 0043
-] {
& |Rs 50 0037 | 0-062 | 0-068 [ 0:030 | 0-104 | 0153 0181 | 0099 | 0157|0166 | 0170 | 0087 | 0:044 | 0:047 0038
. |
LRs. 60 0053 | 0060 | 0026 0130 0'160 0133 | 0:147 | 0-150 0087 0:042 0083

)

( ot
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TABLE (7:6)
Cost per Square Mile for different Levels of Variability.
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ENCLOSURE

EXPLORATORY CROP CENSUS IN BENGAL, 1933
RerorT oN Tite Work or Tue FieLp Braxcnu

I. Charge and Superior supervision :—Babu Nihar Chandra
Chakravarti, M.s., B.CS., Secrctary, Board of Economiec
Enquiry, Bengal, was in charge of the Field Branch as Super-
visor during the whole 'period of work. Babu Awmrita Lal
Mukherjee of the Department of Agriculture, worked as Assistant
Supervisor for the period 25.7.1938 to 10. 10. 1938. He was
placed in charge of the work in the districts of Dacca, Mymensingh
and Tippera. Instead of taking a second Asstt. Supervisor
(Sub-Deputy Collector, who could not join in time) two of
the initially trained inspectors, Babu Kanti Ranjan - Banerji,
M.A., and Babu Bijoy Krishna Das Gupta, B.A, B.L,, were placed
in charge of the works in Rajshahi, Rangpur, Pabna districts and
Nadia, Murshidabad districts respectively, as Chief Inspectors.
These two cost us Rs. 200/- per month as pay instead of about
Rs. 8350/- per month which a Sub-Deputy Collector would have
cost us in pay and leave and pension contributions. We did also
of course get 2 officer’s work in place of one.

II.. Imspection :—26 workers have been trained for Inspec-
tor’s posts during this secason. Of these 2 were ultimately given
the rank of Chief Inspcctors, one worked as Inspector, 7 as
Deputy Inspectors and 10 as Assistant Inspectors. The other 6
could not be given Inspecting Officer’s rank but worked as senior
Investigators and occasionally werc in temporary -charge of
Assistant Inspector’s work. Of the above 8 have provel very
successful, 5 have bLeen found quite good, 11 others fairly good
while the others are not up to the mark.

1II. The disposition of the field staff was as follows :—24 in
Mymensingh, 12 in Tippera, 12 in Rangpur, 12 in Pabna and 8 in
each of the distiricts of. Murshidabad, Pabna, Rajshahi, Nadia and
Dacca, altogether 88. Besides the above, 28 other (local) persons
were temporarily employed for an average period of about 10
days each for area copying work in the different district Head
quarters. 28 of the Investigators also worked in area copying
and in crop ditribution work in September, October and
November, after completion of their work in field. 9 other
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workers had to be appointed for field work temporarily in sick
vacancies or in consequence of resignations. Altogether 125
appointments were thus made in the ficld work stafl during
the whole scason. Of these, 28 were settlement experienced
Amins or survey trained, 43 of the ficld staft proper and the 28
temporary hands for area copying were local men and the rest
were recruited at Calcutta, mainly from persons who were expec-
ted to furnish trained recruits for Assistant Inspector’s posts in
future work. Of the above staff, 84 were Muslims and 9 of
scheduled castes.

IV. Training :—The Inspecting staff and field staff recruited
in Calcutta were given necessary training in 2 villages of Howrah
Districts by the Supervisor between the 20th and 27th July 1938,
The local recruits both in field work and in the area copying work
were trained by-the respective Inspecting officers. Training in Crop
Schedule work was given by the Superyisor and Prof. Mahala-
nobis’s Statistical Assistant, in the Laboratory.

V. Time:—The 125 field workers were paid for a total of
6345 days; distributed as follows :—

294 for training :—
52 Local Field workers @ 2 days ... 104 days.
45 Calcutta recruits @ 3 days ..o 135 days.
28 Area copying @ 1 day ces  eee 28 days.
27 Crop schedule workers @.1 day ... 27 days.

ToTAL 294 days.
1196 for journeys :—
To district and back including taking
and making over papers etc. ees 104 days.

Transfer of 54 workers from one
district to another in September
for working new types of grids .. 162 days.

From one Union to another (inclu-
ding change of camp) for each
worker and party (Each party had
to shift camp once after every 4 or
5 days) e 930 days.

ToraL :— 1196 days.
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101 days, (calculated from full and fractional days) lost for rains.
102 days, lost for illness.

253 days, lost for abandonment of work in areas for sudden
floods, delay in grid lists reaching workers owing to
postal difficulties and other similar reasons.

668 days, spent in area copying work (492 lakhs of plots)
exclusive of—

169 days, when area work could not be done as Collectorates were
closed.

463 days, were spent in crop schedule (distribution) work (2:71)
lakh plots) excluding

115 days, when office was closed for holidays.

1546 days, were spent in complete enumeration work.

1438 days, were spent in random plot and grid survey work.

6345 days in all.

VI. Nature of work :—The field staff’s work was of three
kinds :—
(1) Area copying of plots at the district
Head quarters «es  4°42 lakh plots.

(2) Crop Schedule work at H. Q. ... 2'71 lakh plots.
(Before completion of this work, the field branch office

was closed and the remaining crop schedule work
taken over by the Statistical Branch).

(8) Field work :—

(i) Complete enumeration of 824 Mouzas in 8 Thanas :

4,78,639 Plots with area—about 2,64,855 acres or
414 Sq. Miles.

(ii) Random plots of densities 3, 6, 9, 12 & 15 in 243
Mouzas : 2,540 Plots.

(iii) 1-acre grids of 2,4, 6,8 & 10 densities in 923
Mouzas : 6339 Grids—39,669 Plots.

(iv) 4-acre grids—2, 8, 4, 5 densities in 368 Mouzas :
1221 Grids—20,086 Plots.
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(v) 16 acro grids of 2, 3 densitics in 106 Mouzas g
328 Grids—18,956 Plots.

Total Field Survey :—5,59,890 Plots,
VII. The total cost in Field branch for work noted in Section
VI has been Rs. 17,67,615/- exclusive of the contribution for the
services of the Supervisor and Assistant Supervisor amounting to

about Rs. 1200/~ (after adjustment of Government’s present claim
of Rs. 2,079).

Details of the above are given below :—
Pay of Field workers : —

Primary workers for actual field) .
work, ... . | Paid for

Arca co.pying and Crop Schedule |> 6345 days Rs. 6,649/4/-
work siid
Ficld Inspecting Staff ... 1626 days ., 3332/7/-

H. Q. officc staff (Field Branch) 880 days , 1,023/5/-

T. A. of Supervising, Inspecting
.» 4,238/4/6

and Field Staff sas
Purchase of - Maps (one' set’s

price for Field work) ., ©651/9/9
Postage expenses »  171/12/-
Printing, Postage, Forms,

Stationary, Misc-contingen-

cies and pay for Menial staft’ ... » 1,610/4/9
'Total Expenses (Field Branch) Rs. 17,676/15/-

VIII. Progress and Outturn of worlk:—It would be seen
from Section V above, that out of a total of 6345 days the primary
workers were paid for, we got work for 5115 or 65% days only.
199, of the days (1196) were lost for journey, 9% of the days were
lost for training and holidays and about 79 were lost for rains,
illness and other reasons. 'The complete enumeration work of 478
lakh of plots was done in 1545 working days, which gives an
average outturn of about 310 plots per working day.
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The random plot and grid work of different sizes covered
81,251 plots, which were surveyed in 1438 working days giving
an average otturn of just over 56 plots per day. This gives an
overall average of 56 random plots, nine 1 acre grids, just over three
4 acre grids and a little more than one 16 acre grids per working
day. This is also the general impression about outturn, subject
to the random plots and grids being rcasonably close, but such
averages are palpably unreliable. Details are being worked out
in the Statistical Branch.

IX. Difficulties of work :—The work started too late in the
season. Full information about the working® areas could not
therefore be obtained before the starting of field work. The
recruitment and training of staff’ and the organisation of work
had all to be greatly hurried. The unusual floods of the year
retarded progress to a great extent in many places. Journeys from
village to village and often from plot to plot necessitated walking
in knee and thigh deep water. The submerged ‘ails’ gave much
“rouble in identification. In many places the Bhadoi crop ( Jute
or Aus ) had been harvested before workers went for work and
as local people generally did not accompany workers in the watery.
ficlds, the latter had not unoften to find out what the previous
crop was by searching for cut ends of jute or paddy in the ficlds
under water, from s few inches to a couple of feet deep. In
places where the land had been ploughed after the harvest of Jute
or Aus for a second crop, hardly any trace of the previous crops
was found and in such cases inaccuracies naturally crept in
in noting the previous crop. The cadastral maps in Tippera
Pabna, Dacca, Mymensingh and Murshidabad were mostly out of
date and plot identification offered difficulties in that respect too.
Local people in many places viewed the work with suspicion and

such opposition had to be overcome by tactful discussions and
lectures.

X. The efficiency and accuracy of work have been, as they
were bound to be, prcjudicially affected by the circumstances
stated above. But even then, real errors would not I hope, be
more than about 107, on the average. = Working in proper season
and with proper preliminary work and training it is hoped that
it would be possible to keep down errors below 4 or 5%. I should
add that the work in Deganga and Tarakeswar areas was nothing
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nearly as difficult both from the point of view of work and work-
ors, a3 has been the work in districts like Dacca, Mymensingh,
Tippera, Pabna, Nadia and Murshidabad. Only the Rangpur ares
of this season was rather good in many respects but the awful
mixing up of the plots gave a lot of trouble there too,

XI. Dificulties of Workers :—First in this matter comes the
difficulty of finding accommodation. ~ With many homesteads
under water for the high floods, it was impossible for villagers to
provide accommodation to workers. In consequence workers had
to live in very bad huts, sometimes in boats and mostly ata
considerable distance from the working villages. Good drinking
water was rarely found, cost of food articles had risen considerably
even when available. Rains coming down every now and then
drenched them at times.  The scorching sun of September passed
over their head. Journeys from one camping place to another
proved costly in most areas and I have known cases when, working
in their density grid work single workers had to spent as much as
Rs. 8/-in one month for cooli charge to taking his bedding,
utensils and maps. The walking through water and mud for
hours on end day by day was their ordinary routine. The Inspect-
ing Officers suffered in the same way as the Investigators and
I wish to place on record that but for the admirable courage,
fortitude, and loyalty of the staff, lowpaid as they were, it would
have been impossible for the work to be completed.

(Sd.) N. C. CHAKRAVARTIL
Supervisor.
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