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ADDENDUM_TOQ
REPORT ON THE SAMPLE CENSUS OF JUTE
IN 1939.

fPages 6-150 of the Proceedings of the
geventh Meating of the Jute Census Committee).

Through oversight the constant factor
5.3020 was left out in writing down the values
of Chi-squerc in Teblic Nos.(l5) to (21) and
(26.,1). The correcctcd values of Chi-square
together with the corresponding probability
of occurrcnce are given belovi:-

Page. Iable. D.F. Chi-square. 2.
87 15(B) 7 4,4028 0.7315
88 16(A) 18 69.5464 0.0000
89 16(B) ? 12.2136 0.0946
20-91 17(A) 9 17.9284 0.0362
92 17(B) 4 26,5294 0.0004
o3 18(a) 9 6.3852 0.7003
94 18(B) 7 1,9045 0.9632
95 19(4) 9 11.4899 0.2451
26 19(B) 7 10,3192 0.1726
97 20(A) 9 10.8871 0.2842
0% 20(B) 7 3.3498 0.8483
09 21(A) 9 9.6533 0.3806
7

10Q 21{B) 647430 0.4574

(P.T.0.)
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Rge 112 « Table (25.1).

Variesnée Function: ,
graduated Peraneters and Goodness of Fit,

Coupariecn hetween
Different Sampleasi Gradrated and

Thana. %.___ig_"__,“uﬁrm__%"Qﬁlfglﬁﬁ,E%%ggé
@) NS S )

Iswargang. - - 4.40 0.7315
Tejgaon. 69.556 0.0000 12.21 0.0945
Laksam. 17.93 0.0362 26.53 0.0004
Nandeila 6.39 0.7003 1.20 0,.9632
Pirgachha. 11,49 0.2451 10.32 0.1726
Palashbari. 10.89 0.2842 3.356 0.8482
Belkuchi. 9.65 0.3806 6.74 0.4574
. Total: 125.90 0.0000 65.45 0.1109

*No. of Degrees of Freedom = 9 in every cese
excepting Tejgaon for which it is 18.

+No. of Degrees of Freedam is 7 in every case

for comparison of Graduated and Observed
Valuecs,

Thg Chi-Square test on the whole shows
satisfactory agreement between expected and
observed walues. The general conclusions of
the Report are therefore not affected in

any way.



TABLE OF CONTENTS,

1. AGENDA
2, PROCEEDINGS OF THE MEETING ..,

3. ParErs CIRCULATED

(i) Subject No, 2—Appendices I to IV ...

(ii) Subject No, 3—Appendix V
(iii) Subject No 4—Appendix VI
(iv) Subject No. 5—Appendix VII
(v) Subject No. 6—Appendix VIII

PAgEs,

1-5

6—158
159—160
160—161
161
162



AGENDA FOR THE SEVENTH MEETING OF THE JUTE
CENSUS COMMITTEE TO BE HELD ON THE 13TH
DECEMBER, 1939.

1. To confirm the proceedings of the Jute Census Committee
meeting held on the 10th October, 1939.

2. To consider the report by Prof. Mahalanobis on the
Statistical work on the random sampling experiments on the 1939
crop.

3. To consider the progress so far made in the preparatory
field work for the 1940 survey.

4. To consider a proposal to give lump sum grants to the
Indian Statistical Institute for expenditure in connection with the
work on the statistical side for the Jute Census work in 1940.

6. To consider a proposal to grant a Special pay of Rs. 25
p. m. to the Senior Assistant, Indian Central Jute Committee for
doing additional work in.connection with the Jute Census Scheme.

6. To consider points which might suitably be discussed with
Prof. Hotelling during his visits to Calcutta.

(Sd.) C. R. NODDER,

Secretary



PROCEEDINGS OF THE SEVENTH MEETING OF THE
JUTE CENSUS COMMITTEE HELD AT CALCUTTA
ON THE 13tH DECEMBER, 1939, AT 11 A.M,

PRESENT :
1. H. A. Luke, Esq., (In the Chair.)
2. M. Carbery, Esq., I.LA.S., Member.
3. Prof. P. C. Mahalanobis, Member.
4. P. N. Sen, Esq., Member.
9. C. R. Nodder, Esq., Member and Secretary.

SUBJECT NO. 1.—To confirm the proceedings of the Jute Census
Committee meeting held on the 10th October, 1939.

The proceedings, which had been printed and circulated to
members previously, were confirmed and signed.

SUBJECT NO. 2.—To consider the report by Prof. Mahalanobis on
the statistical work on the random sampling experiments on the
1939 crop. (Appendices I, II, III, IV.)

Prof. . Mahalanobis referred to Mr. P. N. Sen’s points raised
on the report and explained that in planning a random sampling
survey it was of fundamental importance to divide the area into
a number of suitable zones each of which would be as homogeneous
as possible in regard to the intensity of cultivation. The only way
in which the best size of zones could be settled was by gathering
detailed information regarding the intensity of cultivation in different
Thanas and Unions. Until that information was available, it was
quite impossible to take up the question of the best size of zones. At
present they had only distriét figures as a whole and had they had
sub-division and Thana figures that would greatly help them.
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Mr. Carbery said he could supply the Sub-Division figures
but not the Thana figures.

Mr. Luke said that a new Sub-Clause had just been added to
the Bengal Jute Regulation Bill to provide for securing a record
of land on which nothing but jute was grown.

Prof. Mahalanobis agreed that this might prove useful later.

With regard to the financial position of the Jute Census survey
in 1940 Professor Mahalanobis referred to his letter to the Secretary
dated the 10th December, which had been placed before the members,
They were glad that the Government of Bengal had agreed to
contribute Rs. 62,500 for the work. He pointed out that item
No. (7) in para. 3 of the Secretary’s Supplementary Note No. II
read “Allowance to the Statistical Adviser” and suggested that this
should read “Contribution for Statistical Advice”. This was
agreed to.

The Secretary pointed out that the Committee had sanctioned
a contribution of Rs. 62,500 for the work, but in Prof. Mahalanobis’s
letter it had been shown as Rs. 68,500. The Secretary said that
this excess of Rs. 6,000 could probably be found from the Com-
mittee’s funds. A figure up to Rs. 80,000 had been contemplated.

Regarding maps for survey work, Prof. Mahalanobis said that
the cost of maps would naturally increase as the area increased.
They had budgeted for 17,000 for maps for this year (1940 crop)
and- as the work increased they would have to spend Rs. 30,000 or
Rs. 35,000 on maps for the next year. The Government of Bengal
had agreed to contribute Rs. 62,500 for the work, but by way of
selling maps they would take away a.large sum. Therefore he
suggested that the Government of Bengal be approached again with
the request that maps be supplied to the Committee free of cost in
view of the fact that this was a work of public importance. In other
Provinces, he was informed, maps were being supplied free of cost
by their respective Governments for similar work. The proposal
was unanimously approved.

His second suggestion regarding maps was that in order to
give them a longer life they should have them mounted on linen.
The cost of mounting would not be much. The price of the maps
was six pice each whereas the cost of mounting would be about
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seven pice only. He had had about 100 mounted as a trial. He
was sure that the cost of mounting would more than pay for itself
in a few years and proposed that “any savings out of the budgetted
amount of Rs. 17,000 be utilised for mounting maps”, The proposal
was approved.

After further discussion it was unanimously agreed that work
should proceed on the basis of the report and the budget for the work
on the 1940 crop as outlined in Prof. Mahalanobis’s letter was
approved.

Mr. Carbery said that the District Agricultural staff would be
up to full strength by April and would be available for the Census
work from mid march or the end of March.

It was agreed on Mr. Carbery’s advice that Nadia should be
surveyed before Jessore as the crop there was earlier.

SUBJECT NoO. 8.—To consider the progress so far made in the
preparatory field work for 1940 survey. (Appendix V.)

Prof. Mahalanobis said that so far maps had been received for
29 thanas out of the 220 thanas. By the end of the current month
he would know better how far the position in that respect was satis-
factcry. He further said that last year they had arranged for a
small check survey by the Satistical Laboratory, and suggested that
this year also arrangements should be made that certain portions of
the area might be surveyed by the staff of the Statistical Laboratory.
It was agreed that this should be done and arrangements made in
consultation with the Secretary of the Jute Census Committee.

The Secretary said that he had received a suggestion that it
might be desirable for some of the Committee members to go into
the field to do some checking of the field work.

Prof. Mahalanobis said that they were agreed to the proposal
in principle, but the Secretary would have to make necessary arrange-
ments if any member could find time to spare. There might be a
question of finding money for travelling allowance.

The Chairman while agreeing to the principle thought that
active participation of members was apt to detract from the authority

2
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of the superior field staff over the subordinates. The Secretary was

there and he would certainly go on inspection tours and check the
work going on,

After further discussion it was agreed that the matter should be
left until the time of the Indian Central Jute Committée’s meeting in
February or March, when the Jute Census Committee might also
meet,

SUBJECT NO. 4.—To consider a proposal to give lump sum grants to
the Indian Statistical Institule for expenditure in connection
with the work on the Statistical side for the Jute Census work
in 1940. (Appendix VI.)

The proposal was unanimously approved.

SUBJECT NO. 5.—T 0 consider a proposal to grant a special pay of
Rs. 25 p. m. to the Senior Assistant, Indian Central [ule
Commiltee for doing additional work in connection with the
Jute Census Scheme. (Appendix VII.)

Prof. Mahalanobis said that he agreed to the proposal in view
of the fact that the work of the Jute Census Committee entailed
extra, and very careful work.

It was thereupon unanimously agreed that the Senior Assistant
(Mr. Kohli) be granted a special pay of Rs. 25 p. m. with effect from
the 10th October, 1939 as long as the Jute Census work was being
done under the supervision of the Secretary of the Indian Central
Jute Committee.

SuBjEeT NO. 6.—To consider points which might suitably be
discussed with Prof. Hotelling during his visits to Calcutla.
(Appendix VIIIL.)

Prof. Mahalanobis informed the Committee that Prof.
Hotelling was due to arrive at Calcutta on the 18th December and
he proposed that an informal meeting might be arranged on the
21st December in the afternoon when the members of the Jute Census
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Committee and officials of the Indian Central Jute Committee could
discuss points on which advice was desired. They might then hand
over papers to him containing points for discussion, and later in
January or early February when he had come back to Calcutta after
his South Indian tour, they might have fuller discussions.

The proposal was agreed to.

The Secretary said that he had prepared a set of points to be
discussed and requested the members of the Committee to inform
him of any matters that they wished to discuss with Prof. Hotelling.

The meeting then terminated.
(58d.) C. R. NODDER,

Secretary.
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APPENDIX L

REPORT ON THE SAMPLE CENSUS OF JUTE IN 1939,
By P. C. MAHALANOBIS.

Section 1. Introduction

1. The field work in connection with the Crop Census of 1938
was completed on the 21st October, and I submitted the First Report
on the 26th Dccember, 1938. This report was considered by the
Jute Census Committee on the 6th February 1939; and administra-
tive sanction was given to the present Scheme on the 9th February
1939. The real object of the Scheme is to develop a sound method
for obtaining a reasonable annual estimate of the total area under
jute in Bengal. In previous reports I pointed out that two things are
essential for success, namely, developing an efficient sampling
technique, and building up a suitable human agency for doing the
primary work with the required accuracy. It is, of course, neces-
sary that the total cost of the sample survey should be kept within
a reasonable limit, and the margin of error should be reduced to a
sufficiently low figure to enable the final estimates being used for
administrative and business purposes.

2. On the technical side I explained that in order to solve tlrds
problem it was necessary to determine the best size of the sampling
unit and the best density or the number of such sampling units per
square mile in different thanas or zones in order to attain the highest
accuracy for any assigned level of total expenditure. For an
adequate study of the problem it is, therefore, essential to study
what I called the Variance Function (showing the relation between
the variability of the sample estimates and the size of the grids),
and also the Cost Function giving the cost of operations for work-
ing with different size and density of grids.

3. In order to attain the objects we had in view it was decided
to carry out sample surveys on the field in 1939 with various com-
binations of size and density of grids. For convenience of reference,
we may call each such combination a “paftern” for field work.
Owing to the limited funds at our disposal, it was decided to work
with 6 different sizes of sampling units, namely, random plots, and
grids of size 1, 4, 9, 16 and 36-acre. In order to cover a wide range,
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we included 12 different densities in the programme of work for
1939, namely, 1, 1, 1, 2, 3, 4, 6, 8, 16, 9, 25 and 36 sampling units per
square mile. It was not feasible to include all possible combina-
tions, and a selection was made of 25 patterns which were considered
suitable for present purposes.

4. 1In order to gain some idea regarding the local conditions
in different districts it was decided to conduct the sample survey in
31 thanas in 5 districts, Mymensingh, Rangpur, Pabna, 21 Parganas
and Hooghly. The primary object of the sample survey was to
collect necessary information regarding the cost of field work for
the 25 different patterns included in the programme.

5. It was also decided to include in the programme complete
enumeration of about 700 square miles. For a detailed study of the
Variance Function it was also decided to carry out model sampling
experiments in the Laboratory on the basis of the data relating to
complete enumeration which had been already collected in 1938 and
also partly on the basis of the new material collected in 1939.

Preparatory Work

6. In the original scheme for the Jute Census work in 1939
I had emphasized the need of starting the preparatory work early
in December 1538. As administrative sanction was received so
late as 9th February 1939 the preparatory work was seriously
delayed which created difficulties. Many workers who had been
engaged in the 1938 scheme had been discharged in the meantime,
and new workers had to be engaged and trained; fresh arrange-
ments had also to be made for organizing a large staff of about 60 or
70 computers. The whole of the preliminary work had to be done
very quickly in order to get the mauza maps ready in time for
starting the field work in April 1939.

7. Further difficulties were created by the abnormal and severe
conditions of drought which prevailed in the beginning of the season.
This delayed the sowing of jute in many districts making it impossi-
ble to start the field work at the scheduled time in many areas for
which the sample grids had been already prepared. In some cases
maps had to be got ready for other areas at short notice. The
preparatory work however proceeded on the whole smoothly and in
time to enable the field work being conducted without any serious

difficulty.



( 8

8. The volumg of preparatory work done in the Laboratory
can be casily appreciated from the fact that over three lakhs and
forty thousand random numbers were used in locating the sampling
points on the village maps; over forty-eight thousand samples of
random plots were constructed; more than twelve thousand grids
of various sizes were drawn on the maps; over two lakhs and forty
thousand individual plots were listed; and the lists were checked
and copied for being despatched to the field. In the case of ckar
areas and for certain big plots actual tracings of about 257 maps
had to be prepared and supplied together with a list of plots.

Available material

9. It was not possible, however, to complete the field survey
in every case owing to drought and other unforeseen difficulties.
The amount of work for different patterns which could be actually
completed is shown in Tables (1)—{5). In these Tables, col. (1)
gives the name of the district and the thana; col. (%) the density of
sample grids per square mile; col. (3) the total number of workers
who were engaged in the sample survey in each thana; col. (4) the
total area in square miles covered by each pattern of the sample
survey ; and col. (5) the number of gross pay-days taken to complete
the work. The serial roll number of the primary investigators are
also given for convenience of reference in col. (6).

10. The sample survey was started on the lst May and
continued till the 30th August 1939. The abstract time programme
is given in Tables (6) and (7). In many cases there were long gaps
in the interval. But on the whole these tables show that the work
for each size of grid was well distributed over the whole period;
so that there is no reason to think that the time-records for any
particular size of grid became biassed through a practice effect
owing to the work having been done either much earlier or much
later than other sizes.

Arrangements for Statistical Analysis

11. Arrangements were made for a continuous tabulation of
the material as they reached the Laboratory. The field survey
continued till the end of August, and it was nearly the middle of
September before we received all primary records. In the meantime,
on the 25th September 1939, I was informed by Mr. Nodder, the
officiating Secretary of the Indian Central Jute Committee, that
there was some uncertainty regarding the contribution from the
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Government of Bengal for the work during the 1940 season, and I
was requested to submit a preliminary report fgr consideration at a
special meeting of the Jute Census Committee on the 10th October.
As I was obliged to submit my provisional recommendations on the
Ist October 1939, the first analysis of the material had to be com-
pleted within a very short time. Even at the time of writing the
present report we have had less than two months to finish the basic
statistical analysis.

Acknowled gements

12. The whole of the statistical work had to be done at high
pressure. That I have been able to submit this report in such a
short time was due to the willing co-operation of the workers of the
Statistical Laboratory. It is difficult to make individual acknow-
ledgements of all the help I have received. The most difficult part
of the work fell on Rajchandra Bose and Samarendranath Ray
who were responsible for the important calculations relating to the
determination of the best size and density of grids. For general
supervision, I am indebted to K. Raghavan Nair, K. Kishen and
other statisticians of the Laboratory. The bulk of the primary
computations was in charge of Jitendra Mohan Sen Gupta, Jitendra
Nath Talugdar, Raja Rao, Sambu Haldar, Pranay Kumar
Chatterjee, Dibakar Maity, and Rajendra Chandra Ray. On the
administrative side I received much help from Atindranath Bose
and Sudhir Kumar Banerjee.

13. T am thankful to Rai Bahadur Nepal Chandra Sen,
Director of Land Records, under whose general control the field
work was carried out this year for the friendly co-operation between
the Field and Statistical Branches. I received all possible help
from Mr. Nihar Chandra Chakravarti, Supervisor-in-charge of
the Field Branch, who organized the field work under difficult
conditions with characteristic zeal, efficiency and ability.

14. I must also place on record my personal appreciation of
the unfailing courtesy shown by Mr. Cliff, the Secretary of the
Indian Central Jute Committee, in many difficult situations. With-
out his active co-operation at every stage of the work this report
would not have been written at all,
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Contents of the Repors*

15. In previous reports I have pointed out that the reliability
of an area census depends on two kinds of errors, namely, the errors
of recording which are due to mistakes committed in observing,
recording, copying, etc., at the primary stage of enumeration, and
the errors of sampling which are inherent in the sample method and
are due to the fact that the estimates are made, not from the whole
of the material, but from the fraction included within the sample
grids. In previous reports I have discussed at length the errors of
recording by comparing the results of enumeration by different
methods. In the present report I am omitting this portion of the
work as the Government of Bengal have already started a big Jute
Registration Scheme for collecting detailed information regarding
each individual plot which was sown with jute in 1939. The
Secretary to the Government of Bengal, Department of Agriculture
and Industries, gave an assurance at the meeting of the Jute Census
Committee held on the 10th October 1939 that the material collected
in connection with the Jute Registration Scheme will be placed at
the disposal of the Committee for purposes of comparison. It is
desirable, therefore, to postpone this part of the work until the new
material becomes available. I have discussed the errors of sampling
in Section 2 on the Accuracy of Sample Estimates. It will be
seen from the discussion in this section that there was excelle'ht
agreement between the different sample estimates (21-26, pp. 12—13?).

16. Section 3 deals with the Variance Function, and it is
gratifying to note that the form of the Variance Function can be
considered to have been practicably settled. It is given by a simpie
formula of an exponential type which gave excellent results in the
case of extensive model sampling experiments in 7 thapas in 5
diflerent districts. The formula is further corroborated by the
results of sample surveys on the field. This section also gives, in
a summary form, certain results based on the pioneer sample survey
of 1935 organized by Mr. Townend. (27-51; pp. 14-23).

17. The Cost Function is considered in Section 4, and it is
shown that the graduated values are in good agreement with the

*All tabular statements have been given at the end of the Report,
and have been consecutively numbered.
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observed values of the cost of operations for different patterns of
the sample survey. It is encouraging to find that the mathematical
equations are of the simplest type and are also such as one would
expect to hold good from broader physical considerations, This
gives us confidence in using these equations for subsequent calcula-
tions (52-80, pp. 24-34).

18. Section 5 deals with the crucial question of the best size
of the grid. The available evidence definitely shows the superiority
of grids of small sizes. It is found that for general purposes it will
probably be most economical to use 4-acre as the standard size; and
it is recommended that 4-acre grids should be used in all districts
in 1940. It is possible, however, that the best size may differ
slightly in different regions. It is, therefore considered desirable
to collect some additional information regarding grids of size 2, 6
and 8-acre in addition to the standard size of 4-acre. (81-97,
pp. 35-39).

19. The other important question of the best density of grids
is considered in Section 6. A method has been worked out for
finding the best density in different districts when the districts to be
surveyed and the total expenditure for the sample survey is once
fixed. This method is illustrated by a concrete example of a survey
in 8 districts at a cost of one lakh of rupees. It would be seen,
therefore, that the statistical technique and mathematical apparatus
have been advanced very far. In fact cnce the administrative policy
is settled regarding the area and total expenditure it is possible to
calculate the best density of grids in different regions as well as to
obtain the expected margin of error of the final estimates of area
under jute. (98-108, pp. 40-44).

20. Section 7 finally deals with the programme of work for
1940 and contains the recommendations which logically follow from
the present report. (109-126, pp. 45-52). In case this programme
can be carried out successfully in the field in 1940, we have every
reason to hope that we shall be able to make plans for and under-
take a sample survey of the area under jute in Bengal on a full
provincial scale in 1941,

3
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Section 2. Accuracy of Sample Estimates.

21. In previous reports I have shown that estimates of the
proportion of land under jute obtained by sample surveys conducted
on the field as well as by model sampling experiments in the
Laboratory agreed satisfactorily with the results obtained by com-
pletc enumeration in the field. Further work has been done in this
connection and the results are given in the two Tables (8) and (9)
which show the mean proportion of land under jute for completely
enumerated areas. Column (1) gives the size of the grid; column
(2'1) the number of grids used in the model sampling experiments
in each case; column (3'1) the number of grids used in the sample
surveys in the field ; column (2'2) the mean proportion of land under
jute together with the standard error as obtained from model
sampling experiments; while column (3'2) gives the corresponding
proportions based on sample surveys in the field for various sizes
of grids. The actual proportion of land under jute as obtained
from complete enumeration is shown at the bottom of the Table in
the case of each thana.

22. A glance at the figures given in Tables (8) and (9) will show
that in most cases there is satisfactory agreenment between the “true”
value of the proportion of land under jute (as obtained from com-
plete enumeration) and the different estimates obtained from sample
sutveys. A more exact comparison has been carried out, as in
previous reports, with the help of the “t” ~ statistic.t The observed
values of the “t” — statistic are given in a consolidated form in Tables
(12) and (13) in which column (1) gives the size of the grid, and
the other columns show the value of the “t’-statistic together with
the corresponding degress of freedom for model and field surveys
in each case. Following the usual convention, observed values of
the “t”-statistic which exceed the expected values on the five percent
level of significance have been marked with a star(*).

23. The mean proportion of land under jute together with the
standard error based on random sample surveys in the field is shown
in Table (10).and (11) in which col. (1) gives the name of the thana;
columns (2'1), (3'1), and (4'1) the number of grids used in each

+The use of which I have explained in considerable detail in Section 4
(Accurscg of Sample Surveys) and Section 5 (Sampling Experiments on
the Field in 1938) in paragraphs 21-68 of the ‘ First Report on the Crop
Census of 1958'* submitted in December, 1938.
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case; and columns (2'2), (3'2) and (4'2) the observed values of ‘p’
together with standard errors.

24. The values of the “t"-statistic for comparison between
results obtained with different sizes of grids are shown in Table
(14). In this Table column (1) gives the name of the thana; columns
(2'1), (3°1), (41) and (4'2) the sizes of grids compared ; columns
(2'2), (3'2) and (4'3) the corresponding number of degrees of
freedom; and finally columns (2'3), (3'3), and (4'4) show the values
of the “t"-statistic.

925. Tt will be noticed from Tables (12), (13) and (14) that the
‘¢ values are small showing in the case of Tables (12) and (13) that
the differences between sample estimates and true values of the pro-,
portion of land under jute, and in the case of Table (14), the
difference between sample estimates based on different grid sizes,
are usually negligible in comparison with corresponding standard
errors. In fact we find that out of 63 cases of model sampling
experiments against complete enumeration the differences are
statistically significant at the five per cent. level in only 6 cases.
For sample surveys on the field against complete enumeration 3
out of 27 cases and for sample surveys on grids of different sizes
compared amongst themselves only 13 out of 84 are significant at
five per cent. level.*

26. On the whole we may conclude that the results of sampling
experiments in the field as well as in Laboratory are in satisfactory
agreement with the “true” values as obtained by complete enumera-
tion. A systematic excess of significant differences suggest however
that it would be safer to use a higher margin of error than that
given by normal theory.

*It will be seen that over ten per cent of the observed values appear
to be statistically significant while the expected proportion of significant
values is only five per eent. In previous reports also we had found a
similar excess in the number of significant differences. It must be re-
membered that the critical levels of the ““t’’ —statistic have been calculated
on the assumption of a normal (Gauss-Laplacian) distribution and equal
variances. In actual fact the law of distribution or the variances
in the present case may be different. It will be advisable, therefore, to
use a safety factor of 2 in giving the confidence intervals at the
present stage; and this is the procedure which has been followed in
subsequent calculations.
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Section 3. The Variance Function.

27. In previous reports I have discussed from time to time
the nature of the “Variance Function” or the relation between sample
variability and the size (or area in acres) of grids. A good deal
of additional information has become available this year from
extensive model sampling experiments in the. Laboratory and also
from actual sample surveys carried out on the field. I am giving
below a consolidated report of the work done so far.

Available Material
28. The available material consists broadly of three series:—

(a) Model sampling experiments conducted in the Statistical
Laboratory based on complete enumerations in 1937
and 1938.

(6) Sampling experiments carried out in the field in 1933
and 1939.

(¢) A sample survey on a provincial scale carried out in 1935
under the direction of Mr. Townend with grids of

size 40-acres.

29. 1In the previous report I used a simple exponential equation
for the variance function which may be written in the following

form :*

g
Vx=pq/(bx) vor eée (1)
where vy is the variance or square of the standard deviation for
sample grids of size x-acres, “b” and “g” are statistical parameters;
and “p” is the proportion of land under jute and gq=(1-p). It is

convenient to use the same equation in the logarithmie form given
below :

log vy =log(pq) — g.log(bx) e (2)

*In order to prevent confusion it may be mentioned here that the
notation in this equation has been slightly changed. In equation (1) of
para 14 of the “‘Second Report on the Crop-cutting Census of 1988, I
gave the formula in terms of the Standard deviation, and used ‘k’ as
the symbol for statistical parameter. It is more convenient, however,
to give the formula in terms of the variance or the square of the standard
deviation. The parameter ‘g’ used in the present report is thus
numerically equal to twice “k”, where “k® is the symbol used in
previous reports.
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Model Sampling Experiments

30. In the previous report I showed that the above function
was corroborated in a satisfactory manner by model sampling
experiments in the case of Iswarganj thana in Mymensingh. The
work has been now extended to a number of other thanas; and the
results are.shown in Tables (156)—(R1). In some of the thanas the
model sampling experiments were carried out in instalments; and
we have two independent samples in the case of thanas Nandail,
Palasbari, Pirgacha, Belkuchi and Laksam; three independent
samples in the case of Tejgaon; and only one sample in the case of
Iswarganj. By pooling these two (or three) samples we obtained
a combined sample for each thana which would naturally have more
stable values of the variances. Using these combined samples the
two statistical parameters “g” and “b” were next estimated for each
thana by least square methods with the help of the logarithmic
equation (2) of paragraph 29. The values of these two parameters
“g” and “b” together with the value of “p” (the proportion of land
under jute) are shown at the top of the table for each thana. Using
these values of “g” and “b” we can next calculate the graduated
values of the variances, or rather of the logarithms of the variances
as we are using the logarithmic equation (2) for purposes of
graduation. The excellent agreement between observed and
graduated values can be seen in chart (21°1) in which all the results
have been shown graphically.

81. We can now test the goodness of our model sampling
experiments by rigourous tests in two ways. We can first of ail
compare the results of the two (or three §) independent Samples in
the same thana. This comparison has been shown in the first set
of Table Nos. (16A), (17A) ...... (21A). In these Tables (except
Table 16A) col. (1) gives the size of grids (x); col. (2) the number
of grids used in the model sampling experiments (n); cols. (3) and
(4) the logarithm* of the observed variances in the first and the
second samples respectively. The next col. (5) gives the difference
between the two values of log (v,) and log (v,). Squaring these

§The arithmetic (frocedure is slightly different in this case, and the
Chi-square is obtained by dividing the sum of squares by the expected
variance (2/n).

*We have naturally to work with the logarithms of the variances as
we have used the logarithmic form of equation (2) for estimating the twe
parameters,
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differences and dividing by (4/n} or multiplying by (n/4) we get
the value of Chi%quare* for cach size of grid shown in col. (6).
Adding the figures in col. (G) we get the total value of -Chi-square
for nine different sizes of grids. The probability of occurrence of
a system of discrepancies equal to or greater than that actually
observed was next obtainedf from Karl Pearson’'s Biometric Tables
Part 1, Table XII, and is shown at the bottom of each Table. It
will be noticed that the values of Chi-square are small and the
probabilities are high indicating satisfactory agreement between
the different samples in the same thana. This can also be seen
from the observed values of the variances given in cols. (7) and (8)
respectively.  The above test shows that the internal consistency of
the material was excellent.

32. We may now compare the observed variances based on
the combined samples and the graduated values calculated with the
help of our Variance Function. This has been done in the second
or (B) scries of Tables (15)—(21) for each thana. In these Tables
cols. [1) and (2) give the size and total number of grids; col. (3) the
observed logarithm of the variance based on pooled samples; and
col. (4) the graduated logarithm of the variance. The differences
are given in col. (5), and the values of Chi-square for the each size
of grid in col. (6). Using the total values of Chi-square with 7
degrees of freedom§ the corresponding values of the probability of
occurrence of systems of deviations equal to or greater than that
actually observed were obtained from Biometric tables as before and
are shown at the bottom of each Table,

33. For convenience of comparison I have given in Table
(26°1) a summary of the results of model sampling experiments and
the comparison between observed and graduated values of the

*The variance of the difference of logarithms of variances is (4/n);
hence the square of the difference of logarithms of variances is divided
in each case by (4/n), i. e., is multiplied by (n/4).

tAs we have not used any estimated parameters the number of

degrees of freedom is clearly 9 in every case except in Tejgaon where
it is 18,

§As we have nine different sizes of grids and two statistical para-
meters, stibtracting two from nine, we are left with seven degrees of
freedom for the comparison between observed and graduated values of
the logarithm of variances.
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variances. In this Table (25°1), col. (1) gives the names of the
Thanas; col. (2) shows the proportion of land under jute in each
thana (p); col. (3) the area in square miles for which information by
complete enumeration is available in each case. The co-efficient of
variation expressed as a percentage of the mean value is shown in
col. (4)*. The graduated values of “g” and “b”, obtained by using
least square methods with the logarithmic equation (2), are given in
cols. (5) and (6) respectively. Values of Chi-square for comparison
of sample values of logarithms of variances are given in col. (7),
and the corresponding probabilities in col. (8). Values of
Chi-square for the comparison between observed and graduated
values of logarithms of variances are given in col. (9), and the
corresponding probability of occurrence of deviations equal to or
greater than those actually observed are given in col. (10).

34. It will be noticed from cols. (9) and (10) that, without
any exceptior, the values of Chi-square are small and the pro-
babilities are high and all greater than 0'66. This indicates
excellent agreement between observed and graduated values in the
case of all the thanas. It will be also seen that the same exponential
forniula gives a good fit over a large range of variation in the inten-
sity of cultivation. In the case of Laksam, for example, the value
of ‘p’ is very small and equal to 0°0242; so that only a small pro-
portion of about 242 per cent. of the area in this thana is under
jute. The co-efficient of variation is 635 per cent. which is very
high; but even in this case the model sampling experiments based
on only 1182 grids give fairly satisfactory results. We may con-
clude, therefore, that the exponential formula (2) used here gives
excellent graduation in practice.

35. The form of the Variance Function may, therefore, be
considered to be practically settled by the above series of model

€« _

sampling experiments. The numerical values of “b” and “g”,

*The theoretical or binomial variance is given by (pq) where “p”’ is
the proportion of area under jute, and q= (1-p); the standard deviation
is therefore given by +«/pq. Dividing +pq by “p” (¢. e., the mean
proportion of area under jute) and multiplying by 100 we get
100 /| ((1—_/1;) as the percentage coefficient of variation which is given in
col. (6). This furnishes a convenient measure of the degree of variation
in the intensity of cultivation,
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however, differ to some extent from thana to thana. A part of
such differences may, no doubt, be ascribed to errors of sampling,
It is not improbable, however, that another portion of the observed
differences may be due to real differences in physical conditions
in the different thanas or districts.

36. Without entering into a technical discussion of the subject
I may briefly mention here that the two statistical parameters “b”
and “g” may be interpreted to represent certain physical conditions.
The value of (1/b) is roughly proportional to the ultimate unit of
cultivation for jute in the different districts. For example, in
Pirgacha thana we find that “b” is equal to 14'38. Dividing 1 acre
or G0 kathas by 1438, we get 4 kathas approximately, which may
possibly stand for the smallest arca on an average on which jute is
likely to be sown in this thana.

37. Similarly the parameter “g” stands for the degree of
Association between adjoining jute plots. If we consider any
particular plot under jute in any thana, then the value of “g” gives
a statistical measure of the probability of other plots in the neigh-
bourhood being also sown with jute. Unfortunately it is not
possible to investigate the wvariations in “g” and “b” in greater
detail at present as our material is restricted to only seven thanas.
This question is, however, of considerable importance as the
optimum density of grids in different regions will be determined
to a great extent by the respective values of “g” and “b”. It is,
therefore, extremely desirable that more work should be done on
model sampling experiments with the help of the data for complete
enumeration collected during the 1939 season.

38. Although the values of “g” and “b” differ to some extent
from thana to thana, it will be noticed from Table (25°1) that the
actual range of fluctuation in the case of “g” is comparatively small
as it varies from 0°2812 in Nandail thana to 004076 in Pirgacha
thana. The range of variation is greater in the case of “b”, but
even in this case, with the exception of Belkuchi, the value lies
between 9'73 and 37°86. We may therefore use the weighted mean
of these two parameters using again the logarithmic form of the
equation. The actual mean values come out as g=0'3328, and
b=16-37 which represent over-all estimates of these two parameters
based on the whole series of model sampling experiments,
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Sample Surveys in the Field

39. The observed variances as obtained from actual sample
surveys in the field are given in Tables (22) and (23). In these
Tables the name of the thana is shown in col. (1); the number of
grids available in each case in cols. (1), (&1) and (4'1); and the
observed variances together with the standard errors in the corres-
ponding cols. (2'2), (3'2) and (4°2) respectively.

40. Owing to the heavy cost of field surveys it was not possible
to include in our programme in the case of any particular thana
more than three different sizes of grids including random plots.
As the area of individual plots is not constant we have considered
it safer to omit random plots in estimating the values of “g” and
“b". This leaves us with only two different sizes of grids or two
observations for estimating two parameters. Although this is
sufficient for algebraic purposes, the estimates will be precarious as
no residual degree of freedom is left for errors. We have, therefore,

considered it advisable to adopt a different procedure in these
cases.

41. We know that if the distribution of jute plots had been
truly binomial the variance would be given by (pq)/x where “p” is
the proportion of area under jute, and “x” is the size of the grids.
We also know that in actual fact the variance is not binomial, but is
presumably given by our equation (2) of paragraph 29. We, there-
fore, first find the ratio of the binomial variance (pq) and the actual
observed variance for each size of grids. We next calculate the
logarithmic mean of these ratios for different sizes of grids, and
from these mean values obtain an average estimate of “g” and “b”.

42. The actual values of the logarithms of the ratios of
variances are given in Table (24); and the mean value of the
logarithms of the ratios is given at the bottom of the Table for
each size of grid. Using these mean values, we find that the
graduated value of “g”’=0'34569 and of “b”=17'80. These then
represent the over-all estlmates of the parameters based on the
sample surveys in the field.

43. From Table (25°1) it will be noticed that the value of
“g”=03328 and “b”=1637 for the model sampling experiments
in the Laboratory. These agree quite well with “g”=03459, and

4
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“b”=17'80 obtained from sample surveys in the field. Considering
the meagrencss of the data, the agreement between the two sets of
values obtained respectively from model sampling experiments in the
Laboratory and actual sample surveys in the field must be consi-
dered highly satisfactory. For convenience of numerical calcula-
tions, I have adopted a value of “g”’=1/3=0'33 and
“b”=17'56=(2'6)% in all subsequent work.

Variance of Randowm Plots

44. The case of random plots required special consideration
owing to the fact that the size in acre of the plots vary appreciably
from thana to thana. If the plot had been the ultimate unit for
growing jute then each plot would have been classified as either
wholly or not at all under jute. In this case the variance would
have been given by the binomial formula p (1- p), where p is the
proportion of land under jute in the region surveyed. In actual
fact random plot thus behaves like a grid of small size; but the
situation is complicated by the fact that the size of the plot is itself
variable which introduces an additional factor of variation. The
graduation of the Variance Function in this case therefore becomes
difficult; and we are obliged to use the method of ratio of variances.
As the plot is not the ultimate unit for sowing jute, the variance for
random plot is necessarily less than the corresponding binomial
variance (=pq). Dividing the binomial variance (=pq) by the
corresponding observed variance for random plots we obtain the
ratios shown in col. (3) of Table (24). Taking the weighted
average of the logarithms of these ratios and converting we get the
value 1'17. We can use this ratio to calculate the expected value
of the variance for random plots from a knowledge of the propor-
tion of the area under jute in each case by simply dividing the
binomial variance (pq) by 1-17.

Comparison with the Results of the Sample Survey of 1935

45. In my Note dated 26th June, 1938 on the programme for
the Crop Census of 1938* I had mentioned that Mr. H. P. V.
Townend, I.C.S. (then Rural Development Commissioner, Bengal)
had organized a random sample survey in 1935 of the acreage under

*Proceedings of the Jute Census Committee, 6th July 1938, Enclosure
to Appendix IV, paragraph 14, page 388,
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jute in 20 districts in Bengal using about 2,600 sample grids each of
sizc 40-acre approximately. As far as I know this was the first
extensive sample survey of its kind in India; but unfortunately the
material appears to have received little attention and was at one
time in danger of being completely lost. After a good deal of
correspondence I succeeded, with Mr. Townend’s help, in tracing
the original grid figures; and I have carried out a statistical
analysis of the material which furnishes valuable information for
planning future work.

46. I am giving in Table (252} in abstract form some of the
results of the sample survey of 1935 which are of immediate interest
to us in the present connexion. In this Table, column (1) gives
the name of the district; column () the total area of the district
in square miles; column (3) the number of police stations covered,
and column (4) the number of grids used, in Mr. Townend’s
survey. The proportion of land under jute in each thana as
obtained frdm the sample survey is shown in column (5); and the
corresponding observed variance in column (G).

47. We may also calculate the expected values of the variances
in each case with the help of our Variance Function. Using the
adopted value of g=033, and b=(2'6)® and equation (2) given in
paragraph (29) we easily obtain the calculated variances shown in
column (7). The ratio of the observed variance to the correspond-
ing calculated variance is given in column (8).

48. It will be seen that practically in every case the observed
variance is greater than the calculated variance. This is just what
is to be expected. It will be remembered that our formula is based
on the results of model sampling experiments or field surveys
conducted in individual thanas in each district. Our formula is
thus really valid for single thanas or homogeneous regions in which
the value of p (or the proportion of land under jute) is more or less
constant. The results for the sample survey of 1935, on the other
hand, are based on the district as a whole which covers a large
number of thanas in every case. The value of p (or the proportion
under jute) also varies appreciably from one thana to another within
the district. This leads us to expect that the variance for the
district as a whole should be appreciably greater than the variance
for a single thana. This is just what we find in col. (8) in Table
(R5°2).
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49. In fact we may use the ratio of variances to obtain some
idea of the increase in variability which may be expected to occur
when we extend our calculations from a single thana to the district
as a whole. For this purpose, we may use the geometric
mean of the ratios given in column (8) of Table (25°2)
which is easily found to be 1'38. This indicates that the
variance of the district is likely to be 38 per cent. higher than the
calculated value obtained by using the formula we have developed
for the case of a single thana.

60. It is, however, distinctly reassuring to find that the
variance for the district as a whole is not widely different from the
variance of a single thana. It will be noticed that even in the case
of Laksam thana, which we already know has the exceptionally
high co-efficient of variation of 635 per cent., the ratio of the district
to the thana variance is not larger than 1-98. We find then that
we may use a multiplying factor which is of the order of 1'5 (and
is probably not greater than 2:'0) to obtain approximate estimates
of the variances for the district as a whole from known values of the
variance for single thanas. The results of the sample survey of
1935 thus enables us to obtain valuable information regarding the
magnitude of the variability for whole districts. To be on the sale
side I have used for this purpose a multiplying factor of 2 (instead
of the mean value 1'38) in subsequent calculations.

Summary

51. We may summarise the chief results of the discussion in
this section.

(1) The form of the Variance Function may be now considered
as definitely settled. It is given by a simple exponential formula,

Ve=(pq). (bx)-g, which has been fully confirmed by extensive

model sampling experiments in the Laboratory.

() The values of the two statistical parameters which enter
into this exponential equation may differ to some extent from one
region to another; but the data available were not adequate to
decide this point. As the question is of considerable importance,
it is desirable that it should be further investigated by model
sampling experiments with the help of data for complete enumera-
tion collected in 1939.
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(3) As the ranges of fluctuations of the two parameters were
not large, the weighted mean values wete determined and were
found to be “g"=03328 and “b”=1637.

(4) The results of actual sample surveys in the field were used
to obtain an independent estimate of the two parameters whica
came out as “g”=0'3459 and “b"=17'80. As these values are in
excellent agreement with the corresponding values based on model
sampling experiments, it was decided to adopt, for convenience of
numerical calculation, values of “g"=1/3=0'33 and “b"=17'66=
(R°6) in subsequent work.

(5) In the case of random plots, the geometric mean of the ratio
of the binomial variance to the observed variance was found to be
1'17. It is thus possible to calculate the expected value of the
variance for random plots from a knowledge of the proportion of
area under jute by dividing the binomial values (pq) by this
factor 1'17.

(6) The results of the random sample survey of 1935 with grids
of size 40-acre showed that the variance for districts as a whole were
consistently greater than the corresponding estimated values cal-
culated with the help of the Variance Function., This result is just
what is to be expected as each district covers a large number of
thanas and as the intensity of cultivation varies appreciably from
thana to thana. The geometric mean of the ratio of the observed
variance for the district as a whole to the estimated variance based
on the exponential formula for a single thana was 1'38. This ratio
may be used in making a rough estimate of the variance of the
district as a whole from a knowledge of the variance for individual
thanas.
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Section 4. The Cost Function

Introduction

52. One of the chief objects cf the field survey in 1939 was to
gather necessary material for a scientific study of the cost of opera-
tions for different sizes and densities of grids. For convenience
of reference I shall call each combination of size and density as a
“pattern” for field work. Thus 4-acre grids located at a density of
one grid per square mile on an average forms one pattern; 4-acre
grids located at a density of say two grids per square mile forms
a different pattern, and so on. In previous reports I have explained
at considerable length the need of using different patterns for
studying the Cost Function*. It will be useful to recapitulate
briefly the main argument. With a small number of sample units
or grids per square mile it is clear that proportionately more time
will be spent in journeys in moving from one grid to another; on
the other hand when the density or number of grids per square mile
is large, less time will be spent on journeys, and more time can
be utilized in actual field enumeration. The cost per square mile
will however be less with widely scattered grids than with a large
number of sample units per square mile. The cost will also depend
on the actual size of grids used for the sample survey. In this
situation the sampling error per square mile will depend on both
the size and density of grids.

53, It will be also useful for convenience of reference to
reproduce in a condensed form the chief conclusions reached in this
connexion in paragraph 100 of the First Report on the Crop Census
of 1938%.

(?) For any given rate of expenditure per square mile, or what
comes to the same thing, for any assigned total expenditure for the
sample survey, the accuracy of the final estimate depends on both
the size as well as the density or number of grids per square mile.
A proper choice of the size of grids is therefore most important.

*See, for example, Section 6 and 7, paragraphs 67 to 100, pp. 24-32 of
the First Report on the Crop Census of 1938.

1Proceedings, Jute Census Commiltee, 6th February, 1889, p. 82:
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(#/) In order to determine the best size of grids it is necessary
to study the cost of operations not only for different sizes but also
for different densities of grids.

(¢i¢) The results of the field survey of 1938 suggested that, on
the whole, sampling units or grids of smaller size were more efficient
and economical than grids of larger size in the sense that a higher
accuracy in the final estimate could be attained with the smaller

sizes with the same total expenditure.

(iv) Although it was mnot considered likely that the Cost
Function (that is, the relation between cost of operations and the
size and density of grids) would be different in different districts
or regions, it was pointed out that, in case in actual practice the
Cost Function was found to be different in different regions, it
might be necessary to use different sizes of grids in different districts
or zones.

(v) As the intensity of cultivation (or the proportion of land
under jute) is known to differ very widely in different districts or
zones, it is in any case necessary to use different densities of grids
in different districts or zones in order to attain the highest possible
accuracy in the final estimate.

Analysis of Time-records

54. In order to gather the required information for different
sizes and densities of grids it was decided to use 25 patterns (or
combinations of size and density) for the field survey in 1939. In
the case of each pattern an attempt was also made to obtain the
information from more than one thana in order to secure reliable
estimates. A special form for time records was prepared, and each
field investigator was asked to make detailed entries relating to the
time spent for different purposes on each day. These time records
or diaries for field work kept by the primary investigators were sent
to the Statistical Laboratory for analysis.

55. After some preliminary trial tabulation it was finally
decided to classify the time records into four broad groups:

(@) Enumeration.—This includes the time spent in identifying
the plots covered by the sample grids by reference to the 16" mauza
maps; inspecting the plots; and the actual recording of the serial
number of the plots under jute.
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(&) Journey.—Journey includes the time spent in going from
camp to camp (canip being defined for our present purposes as the
place where the night is spent); from camp to sample; and from
sample to camp. It thus covered all journeys undertaken for the
purpose of actual carrying out of the field enumeration,

(¢) Miscellaneous.—This includes the time spent for all pre-
liminary arrangements, making copies of the field records and
despatching the same to inspectors or Headquarters; time spent in
receiving instructions, etc. A sub-total of (2) enumeration, (&)
journey, and (¢) miscellaneous was used to give the actual working
time spent for direct productive purposes.

(d) Overkead.—The remaining portion of the day was classified
as overhead and included the time spent in making arrangements
for sleep, rest, food, etc.; and also the wastage or time lost on
account of sickness, holidays, cessation of work owing to drought,
excessive rain, or other unforseen reasons. The overhead thus
represents the total time spent for indirect or non-productive pur-
poses. The total of the working time plus “overhead” naturally
adds up to 24 hours on each day; this was used as a check on the
primary records.

Observed Values of the Cost of Field Survey

56. The primary analysis of the material was carried out on
the same lines as in 1938 and the net working hours required for
each sampling unit were first obtained. Multiplying by the density
of sampling units per square mile, the hours per sampling unit were
converted into working hours per square mile which is more directly
useful for our present purposes. The actual observed cost of field
survey in hours per square mile is shown for each pattern (or com-
bination of size and density) for each district and thana separately
in Tables (26)—(29). In these tables, in which the figures are
shown separately for each size of grids, col. (1'1) gives the name of
the district and the thana; col. (1) the density of sampling units
per square mile; col. (2'1) net working hours per square mile for
“enumeration”; col. (3'1) net working hours per square mile for
“journey”; col. (4'1) net working hours per square mile for
“miscellaneous” work. The total working time, obtained by adding
cols. (2'1), (3'1) and (4'1), is shown in col. (5-1); the time spent in
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“sverhead” is also shown in each case in hours per square mile in
col. (6); and the actual total time in hours per square mile for
the field portion of the work is given in col. (7°1)

67. It will be noticed that we have more than ome set of
observations for each pattern or combination of size and density of
grids. It is convenient to take the average for each pattern. The
results are given in Table (30) in which eol. (1'1) shows the size of
the sampling unit; and col. (1'2) the density of sampling units per
square mile. The arrangement of the remaining columns is exactly
the same as in Tables (26)—(29); cols. (2'1), (3:1), (4'1) and
(5°1) give the time taken in hours per square mile for enumeration,
journey, miscellaneous, and the total working time respectively.
In the same way col. (6) gives the overhead; and col. (7'1) the total
time in hours per square mile required to complete the field survey
for each pattern.

58. The observed values are often irregular. For example,
in the case of 4-acre grids it will be seen that the time required to
complete the field work with a density of two grids per square mile
was 1700 hours per square mile which was actually higher than the
time required, namely, 1529 hours per squzre mile for doing the
work with a higher density of 3 grids per square mile. The same
kind of reversal may also be noticed in the case of 16-acre grids;
for a density of one grid per square mile the time required was 19-87
hours per square mile, while with a density of two grids per square
mile or double the total number of the grids, the time required was
less and 18'89 hours per square mile. Such differences are of course
inevitable, and arise from a variety of causes. I have repeatedly
pointed out in previous reports that the efficiency of the primary
workers varies widely as some of them are naturally fast workers
while others are slow. Such intrinsic differences in the spee& of
the different investigators introduce large differences in the observed
time for the field work. The ease or difficulty of communications
and other facilities for the field work depends again to some extent
on the season during which the work is done. Differences are alsn
introduced by what may be called the practice effect; the output
naturally improves as the investigators gain experience, There
are also many other factors which introduce variations from tims
to time. In the result the raw observed values are subject to consi-
derable fluctuations and errors of sampling,

5
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59. It is clearly necessary to graduate the observations. As
we have only 25 patterns for six different sizes of sampling units
(random plots, 1, 4, 9, 16 and 36-acre) and no less than 12 different
densities (, 1, 1, 2, 3, 4, 6, 8, 9, 16, 25, 36) there are many gaps
in the Scheme in the sense that many of the combinations of size
and density are missing. This was, of course, inevitable as we
could not afford to include all possible combinations of size and
density, and a selection had to be made, owing to the high cost
of the field survey. However, such gaps (and the fact that each
investigator could not work on all the patterns and the same volume
of work could not be allotted to all patterns) introduced great diffi-
culties in the graduation of the material as standard methods were

not available. A good deal of time was spent in studying the
problem; and various methods, some graphical, some numerical

and some a combination of both, were tried.

60. During the preliminary examination of the data several
things became clear. As already pointed out, it was found that
large differences were sometimes introduced owing very likely to
intrinsic differences in the efficiency and speed of different investi-
gators. It was sometimes noticed that the field work was
systematically slower or faster than the average for some of the
Field Units. Owing to the meagreness of the data and the fact
that the composition of the different Field Units changed from time
to time it was however not possible to apply systematic corrections
for the speed of different individual investigators. It was also
clear that, as only a very small number of observations were avail-
able for each thana, there was no chance of distinguishing between
or studying separately the Cost Function in different thanas or
districts. It was therefore decided to graduate the material as a
whole and to estimate the average or over-all Cost Function for all
thanas taken together.

Average number of plots per grid

61. A serious difficulty in the study of the Cost Function may
be conveniently considered at this stage. In our instructions to the
Field Branch we had desired that each field investigator should
explicitly mention the number of sample grids enumerated on each
working day. Unfortunately in most cases this was not done; and
only the total number of plots enumerated was given in the field
diaries, When we started tabulating the time records from the
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diaries, we were therefore obliged to work with the number of plots,
instead of the number of sample grids, enumerated on each working
day.*

62. The cost of operations in every case had to be worked out
consequently in terms of number of plots instead of in terms of
number of grids per day. This makes it necessary to convert all
calculations in terms of ‘“number of plots” into the equivalent
“number of sample grids” per day.

63. In order to do this we have to determine the average
number of plots per grid of each size. As a first step, the average
size of plots in each thana was directly calculated, and the results
are shown in Table (31). The over-all weighted average comes out
as 0.36 acre or just about 15 kathas, but it will be noticed that the
average size differs appreciably in different regions.

64. The number of plots per sample grid of each size is shown
for each thana in Tables (82)-(34). Owing to the appreciable
fluctuations in the average area of individual plots, the average
number of plots per grid also varies considerably from thana to
thana. This fluctuation, unfortunately, introduces an unknown
margin of error in our calculations for the Cost Function at the stage
of conversion from “number of plots” to equivalent “number of grids
per day. The magnitude of the error is, however, I believe not
large; and, although the discrimination between different sizes of
grids must have been blurred to some extent, the general conclusions
may be safely considered to be unaffected by it.

Graduated Values of Cost of Field Work

65. We may now resume our discussion of the question of
graduation of the observed values of the cost of field work. As
regards “journey” time it was gratifying to find that this depended
only on .the density of grids per square mile, and was practically
independent of the size of grids. In fact it was found that, apart
from a constant term, the journey time in hours per square mile
increased proportionately to the square root of the density of grids
per square mile. This may be expressed in symbols:

J=a,+by eee (c-1)

*As the work of tabulation had to be started as soon as the diaries
began to reach us, and as many of the corresponding fleld books were
received later, it was not possible to recover the number of sample grids
froz;a the field books as this would have seriously delayed the statistical
analysis.
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whete J=journey time in hours per square mile;

y=density of grids per square mile;
and “a,”, “b,” are constants numerical values of which are given in
Table (35).

The above result is quite plausible. In fact on theoretical
grounds it can be easily shown that the journey time should vary
as the square root of the density. Apart from the constant term,
our observed results are thus in agreement with theoretical expecta-
tions. The constant term also is easily explicable from physical
considerations; it probably represents the minimum level of expendi-
ture necessary in order to organize the work on a field scale.

67. The time required for enumeration will naturally depend
on the size of grids, as the number of plots which will have to be
located and inspected will increase as the size of the grid is
increased. For the same size of grids, the time required for
enumeration per square mile should depend oh the number of grids
per square mile; that is, should be directly proportional to the
density of grids. It is again gratifying to find that, broadly speak-
ing, the observed results corroborate this. In fact it was found that
the time required for enumeration could be graduated in every case
by a constant term plus a linear function of the density of grids per
square mile. We may state this result in the form of an equation:—

E=a,+c,(y) cee (€-2)
where E=Enumeration time in hours per square mile,
y=density of grids per square mile,

and ‘ay’ ‘c,’ are constants numerical values of which are given in
Table (35).

68. The time required for miscellaneous work was found to
depend on the number of grids enumerated, Z.e., on the density of
grids per square mile. Here also a linear equation of the following
type was found to be adequate.

M=agz+cy(y) ... w. (€-8)
where M=time in hours per square mile for miscellaneous work,
y=density of grids per square mile,

and‘a,’ and ‘c,’ are constants numerical values of which are given
ir Table (36).
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69. Adding together the time required for “enumeration’,
“journey” and “miscellaneous” work we get finally the total working
time in hours per square mile in the following form: —

W=A+B(/y)+Ciy) ver (c-1)

where W is the total time required for field survey in hours per
square mile; “y” as usual is the density of grids per square mile;
and “A”, “B” and “C” are constants the numerical values of which

are given in Table (35))

70. With the help of the equations given in Table (35) it is
now easy to obtain the graduated values of the time required for
enumeration, journey, miscellaneous work, and the total working
time for the field survey in hours per square mile. For convenience
of comparison these graduated values have been shown together
with the observed values in Table (36) in which col. (1'1) gives the
size of the sampling unit; col. (1'2) the density of the sampling units
per square mile; col. (2'1) the observed time and col. (22) the
graduated time in hours per square mile required for enumeration.
Similarly cols. (3:1) and (3'2) give the observed and graduated
time in hours per square mile for journey; cols. (4'1) and (4'2) the
cbserved and graduated time for miscellaneous work; and cols.
(6°1) and (5°2) the observed and graduated values of the total work-
irg time required for the field survey.

Time in terms of Pay-days.

71. The time-records in the field diaries were given in net
hours of work. The material was therefore tabulated in terms of
net working hours, and so far we have given all results in terms of
hours per sgquare mile. It is, however, necessary to convert these
net working hours into gross pay-days on the basis of which actual
payments were made. For our present purposes the gross pay-day
may be defined to include all days for which actual payment was
made to the field investigators. The days on which no work was
done owing to illness, holidays or other unforeseen reasons will be
thus included in gross pay-day provided actual payment was made
for these days.

72. In order to convert the net working hours into gross pay-
days we have to determine the actual proportion of the time spent
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in “Overhead”. 1In the First Report on the Crop Census of 1938,
paragraph 74, I mentioned that the overhead percentage was very
nearly 70 in every case. A more reliable estimate is now available
on the basis of the extensive work done this year. We find that
during the field survey of 1939 the average “overhead” was 67:02
per cent. which shows that about 16 hours per day were required for
indirect purposes, and 8 hours per day were available for direct
productive work. Using this average figure of 67-02 per cent, for
“overhead”, it is easy to convert all net working hours into gross
pay-days by simply multiplying the net hours by the factor 0-1266.
The graduated time inclusive of overhead for the whole of the field
work was obtained in this way and is shown in col. (7°2); while the
actual observed total time is shown in col. (7°1).

Conversion of Hours into Money Values

73. We have so far carried out all our calculations in terms
of hours per square mile or pay-days of field investigators. These
gross pay-days must be now converted into mdney values by
multiplying by an appropriate over-all rate of expenditure per gross
pay-day of field investigators. Relevant data for the field survey
of 1938 are available in the report on the work of the field branch
prepared by Mr. Nihar Chandra Chakravarty, Supervisor-in-charge
of the Field Branch*. From this report it will be seen that the field
workers were paid for a total of 6345 days (p. 112). The total
expenses for the field branch came to Rs. 17,676-15-0 of whish
Rs. 651-9-9 represented half share of the cost of maps; deducting
the cost of maps the total cost of the field branch was thus
Rs. 17,0R4-5-3. Dividing this total cost by the total number of
pay-days of field workers we get Rs. 2-11-9 or Rs. 2-12-0
approximately.

74. Similar figures for the expenditure for the field portion of
the work in 1939 are not yet available. I have, however, obtained
certain provisional figures from the office of the Supervisor-in-charge
of the Field Branch which I am using here. The total number of
pay-days of field investigators in 1939 was 15,920; while the total
expenditure for the.field survey was about Rs. 46,520; dividing
Rs. 46,520 by 15,920, we get Rs. 2-14-9 or Rs. 2-15-0 as the
rate of payment per gross pay-day of field investigators in 1939,

*This has been printed as enclosure to the First Reﬁort on the Crop
Census of 1938 on pp. 111-116 of the Proceedings of the Jute Census
Committee dated the 6th February, 1930,
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As the detailed figures are not yet available I have considered it
advisable to work with Rs, 8 per pay-day in round numbers.

Using this conversion rate of Rs. 3 per pay-day, or 2 annas per
hour we can now calculate the cost in rupees per square mile for the
field portion of the work. The observed values of the cost are
shown in col. (3:2) of Table (37), and the corresponding graduated
values in col. (3'3) of the same Table. For convenience of reference
I am also quoting in col. (3'1) of the same Table (37) the estimated
cost in rupees per square mile in 1938 as given in the Firs¢ Report
on the Crop Census of 1938, Table (7°1), col. (3'2) pp. 104—105.

76. A comparison of the two sets of figures for 1938 and 1939
will show that the expenditure for the field work was invariably
higher this year. This is partly due to a slightly higher general
rate of expenditure per gross pay-day, namely, Rs. 2/15/- this year
against Rs. 2/12/- in 1938. The greater part of the discrepancy
is however, due to the highly abnormal conditions of drought which
prevailed during the earlier part of the season and which delayICd
the sowings of jute leading to a great deal of wastage of man-power
on the field. In any case, the graduated values for 1939 on the
basis of which I am making subsequent calculations are definitely
conservative. In fact we may reasonably expect that the cost of
the field work will be appreciably lower in practice in normal years.

Cost of Statistical Work

77. As regards the cost of the Laboratory portion of the work
the observed values are shown in rupees per square mile in col. (22
of Table (37). The graduation of the observed values in this case
was comparatively simple as it was found that for each size of grid
the cost increased linearly with the density of grids per square mile.
The graduated values in rupees per square mile are shown in col.
(2'3). It will be noticed that the agreement between the observed
and graduated values is very close.

78. It is of some interest to compare the present set of figures
with the figures for 1938 given in col. (3'1) of Table (7'1) on page
104 of the First Report on the Crop Census of 1938. For con-
venience of comparison these figures have been reproduced in Table
(87) in col. (2'1). It will be noticed that in every case the cost is
much lower this year. This is encouraging, as it shows a distinct
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increase in efficiency in the Laboratory portion of the work due to
iniprovements in technique and procedure, increasing experience
and better selection of workers*.

79. It should be remembered, of course, that the cost given
in Table (37) refers only to the work of preparing the sample units
and the final calculation of the proportion of land under jute; that
is, what may be called the standard routine part of the work. The
figures thus do not include the cost of model sample experiments,
analysis of time records, and other advanced statistical analysis of
the material.

80. Considering the nature of the material and the many
different sources of variation, the agreement between observed and
graduated values of the cost may be considered quite satisfactory.
It is gratifying to find that the equations of the Cost Function are
all of the simplest type, and are such as one would expect to hold
good from broad physical considerations. This gives us confidence
in using the present system of equations for the next stage of
the calculation namely the determination of the best size and density
of grids.

*A part of the difference may also be due to the fact that last year's
figures were originally obtained by estimation from work on all crops
instead of on jute alone.
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Section 5. The Best Size of the Grid.

81. We may now consider the most important question of the
discrimination of the best size of the grid. I discussed this subject
at considerable length with illustrative examples in Section 7, para-
graph 77-100 of the First Report on the Crop Census of 1938%.
Last year we were obliged to make the calculations by purely
numerical methods. As we have this year graduated equations for
both the Variance Function and the Cost Function it is possible
to proceed on more analytic lines. It will be out of place to discuss
here the details of the mathematical theory; but I may indicate
briefly the procedure adopted in actual calculations.

82. We have already seen that the variance for grids of size
x-acre and density of ‘y’ grids per square mile is given by :—
V(x,y)=(—t}3?- ;7 ... D(1)
where p=the proportion of land under jute; q=(1-p); and “b” and
“g” are statistical parameters. Using the adopted numerical values
of b=1756=( 67, and g=0'33=1, we have
1

V(x,y) = 2&’% .5 e DAD

In the case of random plots the variance for ‘y’ plots per square mile
is given by the corresponding equation : —
. J -
V(R.P.,y)—1_17 = ... D(1-2)
Dividing equations D(1'1) and D{(1-R) by pq we get
V(X)y) 1 1 ’
= - ==V(x, .. D(21
Pq 2'6(x)l/3 y (=y) sSay (21)
V(R.P.)y) 1 ’
2= =v'(R.P., .
P gy~ BEy) sy .. D22)
For any assigned value of v/ in equations D(2'1) or D(2:2) we can
easily get the corresponding value of ‘y’ or the density of sampling
units per square mile,

83. We may now consider the Cost Function which is given
by the following equations D(3'1) and D(32) for grids of size
x-acre and random plots respectively : —

t(x,y)=8a.+b.(./y)+c. (y) .. D(31)

HR.P.y)=a,+b(/F)+ec(y) - w. D(82)
3+Proceedings, Jute Oensus Committee, 6th February, 1939, pp. 26-32,

6
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Tt will be remembered that the parameters a,, b,,and ¢, are functions
of @ or the size of grids. The numerical values of these parameters

as well as of a, b,, ¢, are given in Table (35).

84. If, for any assigned value of v/, we now substitute in
equations D(3'1) and D(3°2) the value of “y” obtained from equations
D21} and D(2'2) we can immediately get the cost in rupees per
square mile. In this way Table (38) was prepared showing the cost
per square mile which will be incurred in working with random plots
of grids of different sizes for different values of v'.

85. I may point out here that if we multiply the square-root of

R —

v’ by the quantity we then get immediately the percentage V(‘J)
P

error of the estimate for any region in which the proportion of land
under jute is “p” and q=(¥ - p). In actual practice it is, therefore,
more convenient to use E=100, /v’ which may be called,a co-efficient

of error. This is the quantity used in Table (38).

86. Table (38) thus gives us the cost in rupees per square mil:
required to attain any given level of accuracy by working with
samples units of different sizes. In this Table col. (1) gives the values
of E=100,/v’; and the successive cols (%) — (7) the cost in rupees
per square mile for working with a margin of error defined by the
value of ‘€. For example, for an assigned value =38, we find’
that the cost in rupees per square mile will amount to Rs. 2:83 for
random plots, Rs. 2:73 for l-acre grids, and Rs. 265 for 4-acre
grids; the cost will be still higher and Rs. 2:83, Rs. 3:00 and
Rs. 366 per square mile for working with grids of size 9, 16, or
36-acre respectively. We thus find that 4-acre grids will be the
most economical size with a margin of error defined by e=238.

87. We can draw a number of important conclusions from
Table (38); but in doing so it is important to keep in mind certain
broad physijcal considerations. In 1940 it is proposed to conduct
the sample survey in 8 districts covering an area of 24,566 square
miles. In a full scale provincial survey we may have to cover 55,000
square miles. It may be possible, of course, to reduce this area to
some extent by leaving out regions in which little or practically no
jute is grown on the basis of the detailed information now being
collected by the Government of Bengal in connexion with the Jute
Registration Scheme. But even then it is not likely that the total
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area to be surveyed will fall below say 40,000 square miles. In a
full scale survey we shall thus have to cover any thing from 40,000
to 50,000 square miles. Exclusive of the cost of maps, area extrac-
tion, supervision and other overhead charges, it is not likely that
we shall be able to spend more than say Rs. 3 or at the most Rs. 4
per square mile. The lower limit is probably given by a figure of
say Rs. 1'75 (or Rs. 1/12/-) per square mile, as below this level of
expenditure the margin of error will be too large to be of any practi
cal value. On the other hand, we must leave some margin for the
uncertainty in our estimates of cost. I have already pointed out
that this year's figures are probably in excess of what we may
reasonably expect to occur in more normal seasons. If the cost of
field work is found to be actually lower, this will mean that all the
cost figures given in Table (38) will be proportionately decreased.

88. Taking all these factors into consideration we may
broadly state that the most useful region in the Table for our pur-
pose is probably the portion which lies between a rate of expendi-
ture of say Rs. 2 and Rs. 3 per square mile; but the limits may
be reasondbly extended to Rs. 1/12/- on the lower and say Rs. 4/-
per square mile on the upper side. Beyond these limits the estimates
have little practical interest but have been given hefe to show the
nature of curves more clearly.

89. Confining our attention to this range of costs from
Rs. 1/12/- to Rs, 4 per square mile, we find that the 4-acre grid is
consistently more economical than grids of other sizes in the sense
that the cost of the sample survey will be lowest with 4-acre grids
for any margin of etror between the selected limits. It will be seen,
however, that the discrimination between grids of small size, namely,
between l-acre and 9-acre is not sharp. This shows that with a
higher precision in estimating the Cost Function it may turn out
that in certain districts the most efficient size of the grid will not be
4-acre but some other size lying between 1 and 9 acres. It is desir-
able, therefore, to include this question for further investigation in
the programme of work for 1940.

90. As regards random plots we find that, up to a rate of
expenditure of a little above Rs. 3 per square mile, the efficiency is
less than that of 4-acre grids. With a higher level of expenditure
it appears, however, that random plots will be more economical.
This can be clearly seen from the accompanying chart (38'1) in
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which the curve for random plot cuts the curve for 4-acre at a critical
expenditure of about Rs, 3'08 per square mile. Beyond this level
of expenditure, random plots would be the most economical type of
sampling units for sample surveys of acreage.

91. I may note in passing that the reversal observed in the
case of random plots is quite typical in the present problem. For
example, it will be noticed that at a still higher level of expenditurc
of the order of Rs. 5, the curve for l-acre crosses below the curve for
4-acre showing that beyond this scale of expenditure l-acre grids
will be more efficient than 4-acre. The question is, however, only
of academic interest as this high rate of expenditure is never likely
to be incurred for a sample survey.

92. I have already pointed out that owing to the variation in
the intensity of cultivation (that is, the proportion of land under
jute) in different districts or zones it will be necessary to use widely
different densities of grids in different areas in order to reduce the
error of the final estimate to a minimum. The variation in the
density of grids necessarily means also a wide range of variation
in the cost per square mile. From a study of Table (38) it can be
seen that such variation in the cost per square mile may make it
desirable to use different sizes of grids or even random plots in some
of the areas. This suggests that some information should be
collected also for random plots during the field work of 1940.

93. We may now consider grids of larger size. It is clear
from Table (38) or the accompanying graph (38-1) that the cost will
be consistently higher with grids of size greater than 9-acre at all
levels of error. It will be remembered that this was also shown by
the field survey of 1938. We may therefore take it as established
for all practical purposes that grids of large size will be definitely
uneconomical, and may therefore be dropped from our future
programme.

94. It will be remembered that last year there existed a good
deal of difference of opinion regarding the best size of grids. In
1935 Mr. Townend had used grids of size 40-acre approximately.
In 1938 Sir Bryce Burt (at that time Chairman of the Jute Census
Committee) was definitely in favour of using grids of large size.
In his note of the 11th October 1938% he had emphatically stated,

*Proceedings, Jute Census Committee, 26th October, 1938, Appendix
(I) 6. Ibid. Appendix (III), 25, p. 20,
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“1 would not have less than 3G acres”. In my note of the 23rd
October 1938, I was unable to agree to this propcsal; and in para-
graph (92) of the First Report on the Crop Census of 1938 I
pointed out that the balance of evidence was in favour of grids of
smaller size. The work done in 1939 has definitely confirmed this
and has clearly brought out the advantages of using grids of small

size.

95. We find in fact that 4-acre comes out as the best size of
the grid. It may be of some interest to consider the actual advan-
tage gained in using 4-acre grids in preference to 36-acre. With a
co-efficient of error of 38 we find that the level of expenditure for
4-acre grids is Rs. 3'04 against Rs. 4-31 for 36-acre. This repre-
sents an advantage of 42 per cent in favour of 4-acre grids. At 2
higher level of error of e=42, we find that the cost per square mile 1s
Rs. 236 for {-acre against Rs. 318 for 36-acre grid which gives an
advantage of 36 per cent in favour of the lower size. At a consi-
derable highef' level of error of e=50, the cost is Rs. 1°97 for 4-acre
and Rs. 2'54 for 36-acre respectively, showing a difference of nearly
30 per cent in favour of 4-acre. We find then that, in the region
in which we are interested, the saving effected by using 4-acre grids
in preference of 36-acre will be of the order of 30 or 40 per cent of
the total expenditure.

96. In case a sample survey is repeated annually in future
years the saving which would be effected by using 4-acre grids in
preference to 36-acre or grids of higher size would thus amount to
something between thirty and fifty thousand rupees per year.

97. We may claim that considerable progress has been made
this year as we have succeeded in settling one of the outstanding
questions, namely, the best size of the grid with some accuracy.
We now know that this lies somewhere between 1 and 9 acre, very
likely in the neighbourhood of 4-acre; and that 4-acre is probably
the best standard size for general purposes. As already pointed
out there may, however, be small variations from region to region,
which makes it desirable that a small proportion of grids of size
2, 6 and 8-acre should be used in 1940 in addition to the standard
size of 4-acre to study the question in greater detail.
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Section 6. The Best Density of the Grid

98. 1 shall now consider the second important question,
namely, the best density or number of grids per square mile in
different regions. I have already explained in previous reports
that in order to attain the highest accuracy, it is necessary to use
different densities of sampling units as the intensity of cultivation
differs widely in different regions. For an adequate discussion of
this problem a certain amount of mathematical theory is indispensi-
ble which, however, will be out of place in this Report. I may
mention very briefly that the mathematical approach is theoretically
simplc. For any given level of expenditure, we have to choose the
size of grids “x” as well as the density of grids “y” in each of the
zones in such a way that the variance is minimised. We first form
a cost-variance cquation with the total cost (or rate of expenditure
per squarc mile) as one of the parameters. Differentiating this cost-
variance function, and using Lagrange’'s method of undetermined
multipliers, we get a sufficient number of equations of which
numcrical solutions can be obtained by semi-graphical methods of
approximation. The calculations are laborious but do not present
any scrious difficulties. Details of the precedure together with the
rclevant mathematical theory will be published elsewhere.

Best Density for Eight Districts

99. 1 may give here a concrete example of the method ef
calculation developed for this purpose. Let us consider the
8 districts which are proposed to be surveyed in 1940. At a level
of expenditure of about one lakh of rupees (exclusive of maps and
fixed overhead) the best distribution of densities for 4-acre grids
comes out as shown in Table (39).

Serial Name of Area in Proportion Binomial | Best density
No. District sq. miles | under jute variability of grids
(p) \/(pq) (y)

1) 2) (3) ) ®) (6)

1 | Mymensingh 6237 0-142 0-3400 3222
2 | Dacca 2713 0-158 0-3600 3-828
8 | Rangpur 3496 0-112 0-3154 2-908
4 | Tipperah 2597 0-11@ 0 3129 2-876
6 | Bogra 1384 0-096 0-2916 2:710
6 | Rajshahi 2609 0-054 0:2260 2-058
7 | Jessore 2902 0-037 0-1888 1-700
8 | Nadia 2881 0-020 0-1400 1'240
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100. In this Table (39) col. (1) gives the serial number and
col. (2) the name of the district; col. (3) the total area in square miles.
The value of ‘p’ or the proportion of land under jute is given in
col. (4); and the corresponding binomial variability, given by the
square root of (pq), is shown in col. (6). The best density for
minimising the error of the final estimate for the eight districts
taken together-is shown in col. (6).

101. It will be noticed that the density or number of grids per
square mile depends, to a large extent, on the intensity of cultiva-
tion. In fact, the density increases with ‘p’ the proportion of land
under jute, or even more closely with the binomial variability,/(pq).
The density is highest in Dacca where the intensity of cultivation is
also greatest. In fact in the first four districts Mymensingh, Dacca,
Rangpur and Tipperah, and to a large extent also in the fifth
district Bogra, the optimum density or number of grids per square
mile is high and roughly of the same order because the intensity of
cultivation in all these districts is also high. On the other hand,
in the case of a district like Nadia, where the intensity of cultivation
is low, the best density also falls to a low value of 1'24 which is
almost cne-third of the optimum density in Dacca.

Error of the Final Estimate

102. In order to complete the discussion I may also consider
the question of sampling errors in the present case. The mathemati-
cal formula for this purpose has been worked out and depends on
the area in square miles (A), the intensity of cultivation (p), and
the density of sampling units (y). We have to calculate first a
factor defined by : —

f= (=)= (a0)

[{$4}]

where the suffix “i” refers to the different districts or regions and
the summation has to be taken over all districts or regions. This
numerical factor “f” for the above 8 districts taken together is found
to be f="0198 or ‘02 approximately.

103. The next step is to obtain the appropriate value of the
co-efficient of ertor from Tablé (38). In the present case we are
working with a total expenditure of one lakh of rupees for about
25,000 square miles or a rate of expenditure of Rs. 4 per square
mile. Using this figure, we find from Table (38) that the co-efficient
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of error will be roughly e=28 for 4-acre grids. We now multiply
this value of e=28 by the numerical factor f=-02, and we obtain
0°56 as the total co-efficient of error for the 8 districts taken together

104. We can use this total co-efficient of error, 0-56, to calculate
the margin of error which may be reasonably expected to occur in
actual practice. We have first of all to make ar allowance for the
fact that the variance function used by us is strictly applicable to
homogeneous regions with more or less the same intensity of culti-
vation. I have already discussed this question in the section on the
Variance Function, and I have suggested using a safety factor of 2
for variances or 1'41 approximately for standard deviations.
Using this we get an adjusted co-efficient of error of 0°79.

105. We have next to multiply this adjusted co-efficient of
crror by an appropriate factor to give the margin of error on any
assigned level of significance. I have pointed out, however, that
here also our actual experience has been that the observed range is
roughly twice that calculated on the basis of a normal distribution.
This means that in order to attain a level of significance of five per
cent in actual practice we should use the normal factor for 2}
per cent. which is 2'24. Multiplying the adjusted co-efficient ot
error 0-79 by this factor of 2:24 we get 1'8 as an estimated value of
the margin of error on the five per cent. level of significance. If
we work with half samples (which has been explained in a later
section) this will have to be multiplied again by /2. Doing this
we get a final figure of about 2'56. As the co-efficient of error has
been expressed throughout as a percentage this figure of 2'5 is also
in per cent of the final estimate of the land under jute.

106. We find then that in case we carry out a sample survey
in the above 8 districts in the form of two independent half-
samples with an expenditure of one lakh of rupees (exclusive of
maps and other fixed overhead charges and the field work is done
properly, we may reasonably expect to be able to estimate the total
area under jute in these 8 districts with a margin of error of less
than say 3 per cent. In other words, the sample estimates obtained
independently from the two samples should not differ by more than
say 3 per cent. The margin of error will be, of course, lower for
the pooled estimate based on both the samples,
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107. This is the type of calculations which we can perform
once the particular districts or the area to be covered by the survey
and the total expenditure is fixed. It will be seen, therefore, that
we have now practically completed the technical apparatus for
calculating the best density of grids in different districts as also the
expected margin of error in any concrete case.

General Conclusions

108. The position reached on the basis of the work in 1939
may be now summarised.

(1) The form of the Variance Function has been practically
scttled and we may safely use the exponential equation given in this
report.

(2) It is however not clear whether the numerical values of the
statistical parameters “g” and “b” remain sensibly constant or vary
from region to region. More work on model sampling experiments
is desirable and necessary to settle this question,

(3) The form of the Cost Function has been formulated and 1t
has been shown that graduated and observed values are in good
agreement,

(4) Owing to the meagreness of the data, it has not, however,
been possible to investigate whether the cost of operations varies
appreciably from one region to another. This question will have
to be investigated in greater detail with the help of the more
extensive data proposed to be collected in 1940.

(5) Great advance has been made regarding the choice of the
best size of grids. Random plots and smaller size of grids from
l-acre to 9-acre were found to be definitely more efficient and
economical than grids of larger size.

(6) In case one standard size of grid is to be used in all the
districts it is likely that 4-acre will be found to be the best size for

this purpose.

(7) The question of the best density for any given size of grids
has been studied; and it has been found that a wide variation in
the density depending on the intensity of cultivation is necessary
in order to reduce the error to a minimum,

7
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(8) As different densities will have to be used in different dis-
tricts it is likely that a further increase in efficiency may be secured
by using different size of grids in different regions. For very high
densities it is even possible that random plots will be found to be
the most economical size of the sampling unit. This is one of the
points which can only be settled as the work progresses and informa-

tion regarding local differences in different regions becomes
available,

(9) The statistical technique and the mathematical apparatus
have been sufficiently developed to meet present needs. Once the
area to be surveyed and the total expenditure to be incurred for this
purpose 1s fixed, it is possible to calculate with considerable accuracy
the best density of grids in ecach region as well as the expected
margin of error of the final estimate. We have, therefore, every
reason to feel satisfied with the substantial progress made this year.
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Section 7. Programme of Work for 1940

109. I have already submitted certain provisional recommenda-
tions regarding the programme for 1940 which were considered by
the Jute Census Committee on the 10th October 1939. It was
decided by the Committee to proceed with the preparatory work
for the eight districts, Mymensingh, Dacca, Rangpur, Tipperah,
Bogra, Rajshahi, Jessore and Nadia. There is however, still some
uncertainty regarding the contribution of the Government of Bengal
which prevents any particular figure being adopted for budget pur-
poses at the present stage. In this situation the best plan will be,
I think, for me to discuss the programme of work for 1940 in its
broad outline.

Need of an Extensive Survey in 1940

110. It is clear that the chief purpose for the field survey in
1940 must be to gather necessary information for organising a sample
survey on a full provincial scale in 1941. It is therefore, necessary
to obtain reliable cost figures to enable a firm estimate being pre-
pared for this purpose,

111. I may perhaps explain at this stage why further informa-
tion is at all necessary. The material collected this year has made
it possible to reach the conclusion that random plots or grids of
small size wiil be more economical than grids of larger size. It has
also enabled us to decide the question of the best density or number
of sampling units per square mile in areas having different intensities
of cultivation. The information collected is not, however, sufficient
to make a precise calculation of the cost of a sample survey on a
full provincial scale. This for two reasons. For any particular
size of grids the material is meagre. Consider for example, the
4-acre grid which appears to be the one most suitable for being used
as a standard size in all districts. In 1939 only about one-ninth of
the total field work was concerned with this particular size; conse
quently the cost figures can not be considered sufficiently reliable
for preparing provincial estimates. In other words, although the
work done in 1939 was adequate for making relative comparisons
between grids of different sizes, it is not sufficient for making firm
estimates of the expenditure when the sample survey is to be done
on a provincial scale. This is shown by the difference in the cost
figures obtained in 1938 and 1939 which has been already discussed
in a previous section,
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112. The second reason of the uncertainty in the cost figures
is duc to the fact that the work in 1939 was confined only to a small
number of thanas in 5 districts. When the work is done on an
extensive scale over the whole of 8 districts in 1940 as proposed it
may be confidently expected that the cost figures obtained will bc
far more reliable. Work on such an extensive scale may also be
expected to reveal differences, if there are any, in the cost of opera-
tions in different regions.

113. It will be seen from the above discussion that the next
step in our programme must be to carry out a sample survey over
an cxtensive area, preferably say in eight districts in the province.
In other words, the period of intensive work confined to a number
of sclected thanas or even districts is over. The work must now be
organized on a more extensive scale and must cover a sufficiently
large number of districts to approach the provincial scale of
operations.

Size and Density of Grids

114. We have already seen that 4-acre is the best size of grids
for general purposes. In the preliminary report I have, therefore,
already recommended that this should be adopted as a standard
size and should be used in all the districts surveyed in 1940. For,
reasons explained in the Section on the best size of grids it will be
necessary and desirable to make a sharper discrimination between
grids of small size between say 2 and 8-acres. It is proposed,
therefore, that besides the standard size of 4-acre which will be used
in all the districts, a small proportion of grids of size 2-acre, 6-acre,
and 8-acre as also a certain number of random plots should be
included in the programme for 1940.

115. I may next consider the question of the density of grids.
I have already pointed out that owing to differences in the intensity
of cultivation it would be necessary in any case to use different
densities in different districts. This will furnish us with a sufficient
range of variation; and it will not be necessary to include any
special studies so far as density is concerned. We shall, therefore,
use in every district the best density as calculated on the basis of
4-acre grids; and in a small proportion of cases in each district
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substitute some of the 4-acre grids by 2-acre, 6-acré, and 8-acre
grids or by random plots.

116. It will be seen therefore that in 1940 the field Investigators
will work throughout with the same density in each region. The
organization of the field survey will be, therefore, much simpler as
there will be no need of shifting the Investigators from one thana
to another after short intervals. In fact, in future each investigator
will work during the whole season within the limits of the area
allotted to him. The work of inspection and supervision will there-
fore be much easier.

Statistical Controls

117. It will be remembered that it has been decided to leave
out complete enumeration altogether in 1940. In this situation it
ic necessary and desirable to provide adequate statistical controls to
enable the accuracy of the sample survey being tested on a scientific
basis. It is recommended that the method of two independent half-
samples should be used for this purpose. In this method, half the
samples in each area will be enumerated by one set of investigators,
and the other half will be enumerated independently by a second
set. Separate estimates will be then prepared on the basis of the
enumeration done by each set of investigators; and the difference
between these two independent estimates will furnish an excellent
check on the reliability of the survey as a whole. If the difference
between the two samples lies within the expected range of sampling
error, then it may be presumed that the estimate based on both the
samples pooled together will also be reliable, and will not differ
by more than the expected margin of error from the true value of
the proportion of land under jute. On the other hand, if the
difference between the two independent estimates is much in excess
of the expected margin of the error then the samples must be consi-

dered unreliable.

118. It will be naturally a little more expensive to use two
independent half-samples as it will involve duplicating the journey
from camp to camp. It may be observed, however, that the cost
of the Laboratory portion of the work and of the field enumeration
will remain practically the same; the cost of the miscellaneous
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portion of the work will be only partly affected; while over head
charges will be ohly slightly increased. On the whole, it therefore
appears definitely advisable to adopt the method of two independent
half-samples in view of the excellent check which this will furnish
on the reliability of the sample survey as a whole.

Model Sampling Experiments

119. In Section 3 I have pointed out that, although the form
of the Variance Function may be considered as settled, it is not
clear whether the statistical parameters entering into the equation
of the Variance Function remain the same or differ from one region
to another. It is desirable that this question should be further
investigated with the help of model sampling experiments in the
Laboratory, and this should be included in the programme of work
for 1940,

Field Organization

120. In previous reports I have repeatedly emphasized the
fact that for the successful carrying out of a sample survey it is
necessary not only to develop an efficient sampling technique but
also to build up the human agency required for this purpose.
The relative efficiency of different types of field organization there-
fore deserves careful study; and it is suggested that those statistical
methods which have proved so successful in deciding other questions
may be used here with advantage. I am therefore giving below a
few suggestions in this connexion.

121. As regards primary investigators I have pointed out in
previous reports that it would be desirable to settle by actual trial
on the field what pay should be given to get right type of men.
I also suggested that the primary investigators should be recruited
locally as far as practicable, so that they may do their work more or
less in the same area in which they live. This question, I think
may be very usefully kept in mind in organizing the field work
in 1940,

122. The second question which calls for careful examination
is the relative strength of the inspecting staff. In 1938 and 1939
there was one assistant inspector for each batch of 6 field investi-
gators, and one deputy or full inspector for each pair of assistant
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inspectors. As there is practically no difference in the type of men
appointed as assistant, deputy, or full inspector, this meant that
there was practically one inspector for every four field investigators.
This is a very high proportion for the inspecting staff; and it will
be desirable to investigate whether this proportion may not be
reduced without any appreciable loss of efficiency. I have already
pointed out that the organization of the field work will be much
simpler in 1940. This is certainly an additional reason for making
experiments with a lower proportion of inspectors. There is no
difficulty in doing this. What is required to be done is simply to
try out on the field different units having different numbers of
investigators under one inspector. The design should be, of course,
balanced as far as practicable in order to eliminate “personal
equation” and other factors of variation.

Miscellaneous questions

123. I may now discuss a few miscellaneous questions con-
nected with the programme of work for 1940. We have seen that
there are reasons for believing that the cost figures for 1939 were
unduly high owing to abnormal conditions of drought which
prevailed in the beginning of the season and which led to a great
deal of wastage of man-power on the field. It is likely, therefore,
that the actual amount of work which can be done by the field
investigators is really larger than that shown by our cost figures.
In this situation if there are too few sampling units marked on the
maps there will be a certain amount of wastage of the time of
investigators in the field. It will therefore be desirable to provide
a slightly larger number of grids on the maps, z.e., work with a
density slightly in excess of the figure actually obatined by
calculation on the basis of the 1939 estimates. In case the field
investigators can do more work than is anticipated at present they
will be able to gather the information for the additional grids
without any increase in the cost of the survey. This will involve a
slightly higher expenditure in the preparatory part of the work
in the Laboratory, and this should be provided in the budget.

Area of Plots

124. As regards copying the area of plots from khatian and
estimating the area of fractions of plots I have always been of
opinion that it would be more convenient to have this work done in
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the Statistical Laboratory. In 1939 I made experiments to measure
the arca of plots dircctly from the maps; and I discussed this ques-
tion at the meeting of the Jute Census Committee on the 26th
October, 1938, when it was agreed that this work should be done in
the Laboratory. Subsecquently the work was transferred to the Field
Branch as it was thought that the cost would be less if the work was
done by the ficld staff. In actual fact we found, however, that the
cost in 1939 was about the same as that which .= would have been
incurred if the work had been done by the Laboratory staff. It is
necessary to remember in this connexion that grids of only small
size will be used in 1940; so that the number of fractional plots will
be much larger than this year. In fact, with 4-acre grids it will
be seen from Table (33) that on an average 13'55 out of 1813 or
roughly 75 per cent. of the plots will be broken which will necessitate
a direct measurement of the area included within the grid. In 1940
the advantage will thus definitely lie with the method of direct
measurement. I should also mention that difficulties were
experienced this year in proceeding with the work of tabulation and
analysis of the records owing to delays in the area figures reaching
us. From every point of view it will be desirable, therefore, ta
have the work of area extraction done by the Laboratory staff in
1940,

125. Maps.—It will be desirable for the Jute Census Com-
mittee to take up again with the Government of Bengal the question
of the purchase of village maps. These maps are ordinarily sold
to the public at the rate of 4 annas per sheet. As a special con-
cession the Government of Bengal have reduced the rate to one
anna and six pies in the case of the Jute Census Scheme. We find
in actual practice that roughly two and a half sheets are required
to cover each square mile. On this basis, the price of one single set
come to about four annas per square mile. As two sets of maps are
usually required for our work, this means an expenditure of some-
thing between seven and eight annas per square mile. The expens=
was small so long as the survey was confined to selected areas. As
the area covered by the survey is increasing the question is becoming
more and more important. For example, in 1940 it is proposed to
cover about 25,000 square miles; so that roughly Rs. 12,500 will
have to be spent in the purchase of maps. This is not an incomsi-
derable amount, and comes to no less than 25 per cent, of the grant
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of Rs. 50,000 contributed by the Government of Bengal for the
present Scheme in 1939. It will be remembered that in order to
organize the sample survey on a provincial scale it will be necessary
to cover roughly 50,000 square miles; the price of maps in this case
will come to about Rs. 25,000 which will represent half of what the
Government of Bengal have contributed in the past. In view of
the fact that the Jute Census Scheme is definitely a matter of public
interest it is not unreasonable to approach the Government of Bengal
for a reconsideration of the whole question.

Summary o} Recommendations

126. I am giving below in summary form the recommendations
regarding the programme of work for 1940:—

() The chief aim will be to obtain reliable cost figures for
preparing plans and estimates for a full scale provincial
survey in 1941. It is, therefore, recommended that
grids of the standard size of 4-acre should be used in
all the eight districts proposed to be surveyed next
year.

(#2) The 4-acre grids should be distributed with appropriate
densities in the different districts with a view to
reducing to a minimum the error of the final estimate
for the eight districts taken together.

(#z) In order to obtain supplementary information it is
recommended that a small proportion of grids of
size 2, 6 and 8-acre should also be used besides grids
of standard size 4-acre.

(7v) It is recommended that some money should be provided
for further work on model sampling experiments to
clear up certain obscure points in connexion with the
Variance Functien.

(@) In order to provide a check on the reliability of the sample
survey, it is recommended that the work should be
8
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done in the form of two independent half samples,
information for each half sample to be collected by
different sets of investigators.

(vi) It is desirable that the question of the field organization
should also be studied by the same experimental
methods as have proved successful in other cases.
In particular it is desirable to investigate whether it
will be possible to recruit suitable primary investi-
gators locally ; and also whether it is possible to reduce
the proportion of the inspecting staff without any

appreciable loss of efficiency.
P. C. MAHALANOBIS

GIRIDIH,
8th November, 1938.
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TABLE 1.
Distribution of Work and Workers by Size and Density
of Samples and Thanas

m
g |
o4
6 z <8 Serial Roll No. of
District & Thanas E |8 ) Workers
I “ <P _
g % S5 8
S o
8|2 |4 S
1) @ |6 | @ |6 (6)
Random Plots.
i — b 3 4 16 89 84 | 8, 22,87, b8, 57, 59, 68,
Mymensingh—Netrokona, ob, 87, 89, 05, 103, 106,
139, 145, 1562
Hooghly—Serampore 4 7 72 43 %’& 19, 48, 84, 118, 151,
24-Pgs.—Titagarh (Gr.) 4 5 67 47 | 36, 53, 67, 113, 151
Rangpur—Kurigram 6 8| 113 o4 if)4,4%{’2 061, 74, 75, 81,
—DI iakhali 6 6 106 70 | 28, 48, 84, 100, 118
Hooghly hania i (B), h s
—Rangpur 9 12 125 101 | 1. 82, 73, 74, 75, 86
Rangpur 2 92, 104, 126, 141, 145,
147
bna—Pabna 9 12 | 187 | 124 | 18, 21, 23, 29, 30, 33, 85
Eabpa=te 112. 120, 126, 130, 141
singh—Trisal 9 8 86 58 | 34, 35, 38, 46, 51, 76,
Mymensing 82’ 114 )
Mymensingh—Melandah ... 16 20 | 198 | 219 | 8, 22, 87, 56, 57, 59, 66,
68, 69, 87, 89, 95, 96, 99,
103, 106, 111, 139, 143,
152
R —Nilphamari ... 16 15| 146 | 180 | 82, 55, 60, 62, 73, 77, 94,
BREERES b 107, 108, 110, 115, 135,
142, 145, 147
Mymensingh—Bajitpur 16 65 68 | 50, 80, 93, 96, 140
- t 16 104 86 | 11, 65, 91, 101, 132
24 Pgs.—Barasa 136, 150, 156 s
e i 16 8 70 61 | 40, 53, 67, 91, 101, 113,
Do—Baduria 135, 151 ’ y 113,
Hooghly—Chanditala ... | 16 5| 54| 66|17, 19, 24, 151, 154
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TABLE 1.—Continued.
Distribution of Work and Workers by Size and Density
of Samples and Thanas

5]
2 =4
8 | m 2 | Serial Roll No, of
District & Thanas - B % " S Workers
% | 8 |83 | 2
g5 |8 &
0)) 2 3 @) (5) (6)
Random Plots
Hooghly—Tarakeswar ... 16 7 41 45 i?ﬁ 19, 24, 36, 67, 161,
Pabna—Ullapara 25 19| 192 | 226 | 18, 21, 23, 29, 30, 38l,
83, 49, 85, 93, 102, 109,
116, 119, 130, 138, 141,
146, 158
Mymensingh—Jamalpur... | 25| 16 ( 168 | 178 [ 6, 8, 22, 85, 37, 52, 56,
b7, 59, 68, 69, 89, 95,
106, 111, 139
Rangpur—Pirgachha 25 79 97 | 6, 65, 71, 129, 142, 153
24 Pgs.—Amdanga 25 53 45 | 70, 137, 167
Pabna—Belkuchi 36 70 95 ﬁb 85, 109, 116, 119,
Mymensingh—Nandail ... 36 16 | 115 | 150 | 26, 41, 46, 5O, 72, 80,
93, 96, 99, 117, 122,
123 128, 131, 133A,
Mymensingh—Kishoreganj. 36 8 63 69 | 16, 34, 35, 38, 46, 51,
76, 133A
Rangpur—Palashbari 11| 130 | 136 | 5, 44, 52, 54, 82, 86,
114, 121, 125 129, 153
Rangpur—Gaibandha ... 36 36| 232 | 334 (1,5, 32, 43, 44, 52, 54,
65, 60, 61, 62, 71, 73,
74 75, 177, 81, 82, 86
91-. 104, 107 108, 110,
114, 115 120 121, 125.
129, 134 135, 143, 145,
147, 163
Pabna—XKamarkhand 36 46 58 | 21, 49, 102, 138
24 Pgs,—Deganga 36 6 %5 72 Gg, 70, 136, 187, 150,
167
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TABLE 2. Distribution of Work and Workers by Size and
Density of Samples and Thanas
T8
> |8 5 s3 | a &
District & Thanas a s gs ] E‘ Sena‘,}VRollil No. of
g (238 |2 .|&8 orkers
LY n o
(=] = = R
(¢} (2 3) 4 (5 (6)
1-Acre
M e i h—Netrokona 1 17 108 65 | 8, 22; 37 56’ 59’ 661 68,
ymensing : 60, 87, 89, 95, 103, 106,
111, 139, 143, 152
Hooghly—Serampore 1 17 11 | 17, 19, 154
24 Pgs.—Titagarh (Gr.) 71| 25| 36, 53, 67, 113
Rangpur—Nilphamari 2 14 | 153 91 | 32, 55, 60, 62, 73, 77, 94,
108, 110, 116, 135, 142,
145, 147
Pabna—Pabna Sadar 2 10 | 126 79 18, 21, 30, 33, 109, 112,
116, 120, 126, 141
Hooghly—Chanditala 2 6 63 50 | 2 17, 19, 24, 151, 154
24 Pgs.—Amdanga 2 3 40 17 30, 70, 137
Mymensingh—Melandah 4 6 85 g2 | 37, 57, 66, 87, 89, 139
Hooghly—Tarakeswar 4 6 46 42 | 2,17, 19, 24, 151, 154
24 Pgs.—Basirhat 8 151 7,11, 36, 47, 76, 113,
g 4 123 | 139, 151 ’
Rangpur—Gaibandha 10 | 118 4, 8, 43, 54, 71, 86, 104,
&P 4 67 | 134, 143, 147
24 Pgs.—Barasat .| 4| 8| 61| 49|65 135 140, 150, 156
Hooghly—Uttarpara 4 2 9 g |2 24
Pabna—Belkuchi 6 5 53 43 | 21, 29, 381, 102, 146
Mymensingh—Jamalpur ... 6 24 | 229 22, 37, 44, 45, 52, 55, 56,
v & P 164 | 57, 59 60; 66, 08, 69, 82,
83, 87, 89, 90, 95, 106,
111, 114, 140, 152
24 Pgs.—Baduria o 6 12| 100 | 134 | 9, 11, 36, 42,49, 91, 101,
113, 120, 132, 136, 151
Pabna—Kamarkhand 5 31 38 | 21, 25, 29, 102, 119
M ensingh—Nandail .. 20 | 126 10, 15, 26, 41, 50, 58, 72,
e 166 | g0 86 93, 96, 99, 117,
122, 123, 128, 131, 133A.
140, 146
Rangpur—Palashbari 60 90 | 62, 77,107, 108, 110, 115
Hooghly—Dhaniakhali ... 102 | 103 | 28, 48, 84, 100, 118,

133B
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TABLE 8.

Distribution of Work and Workers by Size and Density of
Samples and Thanas

8
& | 2
G 5 B | Serial Roll No. of
o o erial Ro 0. 0
District and Thanas & E % 7 S Workers
s | % |BE| @
g s |57 8
A Z || o
(1) @ 3) 4 (5) ©)
4-Acre
Hooghly—Dhaniakhali ... 3 6 98 61 | 28, 48, 84, 100, 118,
133B
24 Pgs.—RBasirhat 3 8( 130 48 | 7, 11, 36, 47, 76, 113,
132, 151
Rangpur—Kurigram 1 7| 105 61 %b ;13, 61, 74, 75, 81,
Mymensingh—Trisal 1 7| 138 65 !-13%4 38, 46, 51, 76, 82,
24 Pgs.—Deganga 1 6 8 49 (1323770, 136, 137, 150,
Pabna—Ullapara 2 7| 167 | 96 |49, 85 109, 116, 119,
146, 158
Rangpur—Pirgachha ... 2| 11 8 60 | 5, 65, 71, 14, T7, 107,
108, 110, 129, 142, 153
Mymensingh—Bajitpur ... 2 5 72 60 | 72, 80, 93, 98, 140
Mymensingh—Melandah ... 2 6 121 85 | 37, 57, 66, 87, 89, 139
Hooghly—Tarakeswar ... 2 8 AU 3712 17, 19, 24, 100,
133B, 151, 154
Mymensingh—Kishoreganj 3 6 54 35 | 34, 35, 38, 46, 51, 16
Rangpur—Rangpur 3 9| 104 b7 | 32, 78, 74, 75, 86, 92,
141, 145, 147
Rangpur—Gaibandha ... 3 7| 115 82 %%53, 71, 74, 81, 104,
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TABLE 4.

Distribution of Work and Workers by Size and Density

of Samples and Thanas

a
(] -]
A § @
[ = [ .
- o [ Serial Roll No. of
District and Thanas IS -E g § ‘g Workers
' S |24 | 8
g S 2| £
(=] 4 7] <)
1) (2) (C) RGO N ) )
9-Acre
24 Pgs.—Baduria 3 8 76 389 |9, 11, 36, 53, 67, 101,
113, 132
Hooghly—Chanditala 63 37 | 2, 19, 161, 154
24 Pgs.—Titagarh (Gr.) 65 16 | 86, 67, 113
Mymensingh—Netrokona 18 | 117 61 | 8, 22, 37, 68, 57, 59, 68,
68, 69, 87, 89, 95, 103,
106, 111, 139, 143, 152
Rangpur—Nilphamari 1 13 | 161 92 | 82, 55, 62, 74, 77, M4,
107, 108, 110, 135, 142,
145, 147
24 Pgs.—Amdanga 3 40 12 | 30, 70, 137
Mymensingh—Jamalpur ... 2 20| 210 | 195 | 6, 8, 22, 52, 55, 57, 59,
66, 69, 71, 78, 82, 83,
87, 89, 92, 95, 106, 139,
152
24 Pgs.—Deganga 2 7 74 58 ?2,765. 70, 136, 137, 150,
Rangpur—Palashbari 3 52 67 | 62, 77, 107, 108, 110
Pabna—Belkuchi 3 9 61 69 | 21, 25, 31, 85, 109, 116,
119, 146, 168
Pabna—Kamarkhand 3 27 33 | 25, 29, 31, 119
Hooghly—Uttarpara 3 3 8 5| 17, 19, 164
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TARLE 5.

Distribution of Work and Workers by Size and Density of
Samples and Thanas

&
e |3
R B | Serial Roll No. of
Tk S | erial Ro 0.0
District and Thanas o B 3 7 8 Workers
= —
s | B gg @
- °
5 o E =
(=] Z | =\ G
1) @2 |3 | @ (6) 6)
16—Acre
Rangpur—Kurigram 3 8 96 1, 43, 61, 74, 75, 8l,
104, 120
Mymensingh—Trisal by 4 60 85, 51, 68, 123
Mymensingh—Nandail 1 14 | 115 (132 | 15, 25, 26, 50, 56, 58,
76, 86, 117, 119, 122,
123, 133A, 147
24 Pgs —Barasat 1 8 41 | 24, 65, 101, 132, 136,
140, 150, 156
Rangpur—Pirgachha 2 8 74 | 55, 71, 77, 104, 107, 108,
110, 129
36-Acre
Mymensingh—Bajitpur ... 1 80 37 | 50, 72, 80, 93, 96, 140
24 Pgs.—Basirhat 120 43 | 17,11, 36, 47, 76, 113,
132, 161
Pabna—Pabna Sadar 3 6 | 136 60 %14,1 30, 102, 120, 126,
Pabna—Ullapara 3 9 |166 | 103 | 25, 31, 49, 85, 109, 116,
119, 146, 158
Rangpur—Rangpur 3 6 | 180 63 | 382, 714, 75, 92, 141, 145
Mymensingh—Kishoreganj 1 6 63 37 | 34, 35, 38, 46, 51, 76
Hooghly—Serampore 1 8 19 16 | 19, 161, 154
Hooghly—Uttarpara 1 1 b 4 |17
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TABLE 6.

Period of Sample Survey in the Field 1939

—— Degf,ii?; of Date of
Start | Finish
T @) @ | @
Random Plots

Netrokona 4 7-5 15-5
Serampur 4 15—-6 9-8
Titagarh (Gr.) . 4 25 -1 30-8
Pattern 4 7-5| 30-8
Kurigram ... 6 6—5 5-6
Dhaniakhali . 6 22 -6 3-17
Paitern 6 6-5 3—17
Rangpur 9 22—-6 | 14-8
Pabna 9 5—6 3-8
Trisal 9 8—-6| 27-6
Pattern 9 5—6 | 14-8
Melandah . 16 1-5]| 14-6
Nilphamari 16 7T-5| 22-6
Bajitpur 16 19-6 | 16-17
Barasat 16 20-17 5-8
Baduria 16 22-6| 26-8
Chanditala 16 15 -7 3-8
Tarakeswar 16 22-6 | 21-8
Pattern 16 1-5| 26-8

9
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TABLE 6—Contd.
Period of Sample Survey in the Field 1939

I Deaiii?s of Date of .
Start | Finish
(1) (2) (3) (4)
Random Plots
Ullapara ... 25 1-5| 12-7
Jamalpur ... 25 1-5| 14-8
Pirgachha ... 25 21-6 T-7
Amdanga ... 25 2117 7-8
DLattern ... 25 1-5 14-8
Belkuchi ... 36 7-5 -7
Nandail ... 36 19-6 14-8
Kishoreganj 36 19-6 4-17
Palashbari ... 36 7-5 1—6
Gaibandha 36 1-5| 14-8
Kamarkhand — s 36 -5 21—5
Deganga ... 36 22—-6 47
Pattern ... 36 1-5 14—§
1-acre

Netrokona 1 11-5 | 18-5
Serampur 1 1-8 | 24-8
Titagarh (Gr). 1 7-8| 14-38
Pattern v 1 11-5 24 -8
Nilphamari 2 17-5 | 30-6
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TABLE 6—Contd.

Period of Sample Survey in the Field 1939

Thase - ] B il
Start | Finish
m @) @ | @
1-acre
Pabna o 2 136 3-8
Chanditala 2 817 17-17
Amdanga ... 2 8-8 14-8
Pattern 2 17-5 14—-8
Melandah ... 4 24-5 13—-6
Tarakeswar 4 1-7 7T-7
Bashirhat 4 20-6 248
Gaibandba 4 265 19-8
Barasat 4 1-8 14-8
Uttarpara ... 4 4-8 7-8
Pattern 4 24—-5| 24-8
Belkuchi 6 6-6 9-17
Jamalpur ... 6 4-7 4-8
Baduria 6 1-7 28 — 8
Kamarkhand 6 2—-6| 14-6
Pattern 6 2—-6 | 28-8
Nandail 8 21-6 | 14-8
Palashbari 8 22—-6 | 14-7
Dhaniakhali 8 3—-7| 21-7
Pattern 8 21—-6 | 14-8
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TABLE 7.

Period of Sample Survey in the Field 1939

il Da“:’igg’ of Date of
Start | Finish
(1) (2) (3) (4)
4-acre

Dhaniakhali 3 19-17 2-8
Bashirhat 3 6-7| 24-8
Pattern 3 6-7| 24-8
Kurigram 1 1565 1-6
Trisal 1 8-6 7-8
Deganga 1 3-7 | 12-7
Pattern 1 15-5 7-8
Ullapara 2 18—-6 | 17-7
Pirgachha 2 8-7| 81-7
Bajitpur 2 15-6 | 14-7
Melandah 2 3-6| 15-6
Tarakeswar 2 27-7 | 19-8
DPattern 2 3—-6| 19-38
Kishoreganj 8 27| 15-17
Rangpur ... 3 5-7 3-8
Gaibandha 3 6-6| 21-8
Pattern 3 6-6| 21-8
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TABLE 7— Contd.

Period of Sample Survey in the Field 1939

Date of
Thana Dgﬁg’g’ of
Start | Finish
ey (2) (3) (4)
9-acre
Baduria ... 3 T-7T| 26-T7
Chanditala 3 26-T7 | 27-8
Titagarh (Gr.) 3 12—-8 | 18-8
Pattern ... 3 -7 927-8
Netrokona 1 15-5| 20-5 ‘
Nilphamari v 1 24-5 1-6
Amdanga ... 1 15-8 | 19-8
Pattern ... 1 15-5| 19-8
Jamalpur ... 2 15-5 5—-8
Deganga ... 2 11-7 | 27-7
Pattern 2 15-5 5-8
Palashbari 3 2T—6 | 227
Belkuchi 3 24—-6 -7
Kamarkhand 3 14-6 | 24-6
Uttarpara 3 11-8 | 13-8
Pattern 3 14-6 | 183-8
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TABLE 7—Contd.

Period of Sample Survey in the Field 1989

Thana Density of Dat of
Ceids Start Finish
1) (2) 3) 4)
16-acre
Kurigram ... 3 25—-5 | 31-5
Trisal 3 27-6 9-8
Pattern 3 25—-5 9-8
Nandail 1 19-6 | 14-8
Barasat 1 13-8 | 20-8
Pattern 1 19-6 | 20-8
Pirgachha 2 12-7 | 31-7
Paittern 2 12-7 | 31-17
36-acre

Bajitpur 1 4-7 | 14-"P
Bashirhat ... s 1 11-7 | 24-8
Pabna 1 25—-6 | 16-17
Pattern ... 3 25—6 | 24—8
Ullapara 3 10—-6 | 21-17
Rangpur 3 15-17 8-8
Pattern ... - oY 10—6 8-8
Kishoreganj . 1 4-7 | 16-17
Serampore - 1 6-8 | 24-8
Uttarpara 1 9-8| 14-8
Pattern ... 1 l 41 ‘ 24 -8
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