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A Statistical Note on the Hooghly-Howrah Flushing and
Irrigation Scheme.
By
P. C. Mahalannhis

PART I.—GENERAL SUMMARY.
I1ntroduction.

1. In October 1935, Mr. Townend asked me whether I could check
certain calculations in connexion with the Damodar Irrigation Scheme.
In my D. Q. letter No. 133/Sc./35 of the 27th October 1935, I sent him a
tentative plan for a statistical examination of the data. After some
further correspondence with Mr. Townend, I was asked by Government
in February 1936 to prepare a note regarding the extent to which the
Damodar flood may be expected to supplement the rainfall in the scheme
for flushing and irrigating the area lying between the Damodar and the
Hooghly river, and a sum of Rs. 600 was sanctioned for clerical expenses
for this purpose. (Irrigation Department, letter No. 373-I.A., dated 3rd
February 1936.)

2. Mr. D. N. Sen Gupta, Executive Engineer, sent me a copy of the
scheme prepared by him (Irrigation Department, Office of the Executive
Engineer on Special Duty, No. 256, dated Calcutta, the 28th February
1936), and a review of the scheme by Mr. S. C. Mzzumdar, Superintending
Engineer, South-Western Circle. Mr. Sen Gupta supplied me with other
relevant data and papers, and very kindly explained and discussed various
details of the scheme on five or six occasions between April and September
1936. Through the kindness of Mr. MgLean, Director of Agriculture, I
also received the help of five agricultural officers who came to the Statisti-
cal Laboratory, Calcutta, for a short conference in April 1936 to discuss the
water requirement for rice in West Bengal.

3. The object of the scheme is to irrigate from the Damodar an area
measuring 916 square miles lying in Burdwan, Hooghly and Howrah dis-
tricts so as to ensure an adequate supply of canal water not only as regards
quantity but also as regards the time when crops require it to meet the
deficiency of rainfall. The scheme is also intended to increase the fertility
of the soil by depositing the silt of the flood water, and to improve the
sanitary condition of the area especially by flood-flushing as an anti-
malarial measure. The cost of the total scheme as estimated by the
Superintending Engineer is about 2:73 crores.

4. In this note, I have only discussed whether sufficient water will
be available in the Damodar to meet the deficiency of rainfall at a time
when the crops require swater. Subhendu Sekhar Bose and Sudhir Kumar
Banerjee of the Stauistical Laboratory were in charge of the detailed
analysis and assiited me throughout the investigation.

5. I am first giving in non-technical Iaugl;age a summary of the

present analysis and a short discussion of the chief conclusions (para-
graphs 7-20).

6. The main report is given in Part 2 together with necessary abs-
tract tables. One important table, namely Table 2, which contains a full
list of shortage of water during 1901-1935 is given here. Other tables and
statistical notes are given in the form of 17 appendices. I have not given
the primary rainfall and river height and discharge records or the details
of the statistical computations as these would have increased the bulk of the
appendices ten or twelve times and would have required a -good deal
ot money for copying.



Summary.

7. Careful estimates of the actual rainfall in successive ten-day
periodg from July to November 1901-1935 for the whole area were prepared
on the basis of records of seven rainfall stations distributed over tge whole
area. Detailed specifications of the water requirement by ten-day perlods
for a “full” or 100 per cent. crop were thon drawn up. The actual
deficiency in rainfall, if any, in any particular period was then deter-
mined. |[Paragraphs 21-35.

. 8. From records of the height of the Damodar at Jujuty and the
discharge at Rundia a graduated discharge table was prepared by appro-
priate statistical methods. With the help of this table the actual amount
of water flowing through the river during each ten-day period was calcu-
lated both with and without the Damodar Canal in operation with a dis-
charge of 2,000 cusecs. - In accordance with the estimate of the Irrigation
Department, the water available for irrigation was taken as two-thirds of
the water flowing through the river. [Paragraphs 36-45.]

9. It was then possible to determine how far the deficiency in rain-
fall could be made good by irrigation from the river under existing condi-
tions. It was found that during July. August and September there wzs
almost always enough water in the river for this purpose. Serious
shortage however occurred in October on an average on 4 occasions out of 5.
On half the occasions the deficiency could,be supplied from the river but
roughly in 2 years out of 3 the standing crop suffered damage -owing to
shortage of water in October. Tt has been proposed to construct a reseryoir
in the upper reaches of the river to supply this deficiency in October.
| Paragraphs 46-48. ]

10. Estimates ot gnhe mmprovement likely to result from  partial
irrigation (that is, irrigation from the river under existing conditions’ but
with the Damodar Canal in operation), as also with complete irrigation
after the construction of a suitable reservoir, were then prepared. It is
estimated that at present without irrigation the cultivators are getting
about 75 per cent. of the full crop. With partial irrigation we may reason-
ably expect an improvement-of about 16 per cent. With complete irriga-
tion a further increcase in the yield of about 6 per cent. or a total improve-
ment of about 22 per cent. may be expected. [Paragraphs 49-54.]

11. The percentage improvement may be tentatively converted into
maunds per acre by comparison with the quinquennial estimates of normal
vields. On an average we may expect an increase of 830,000 maunds of
rice with partial irrigation, and about 1,000,000 maunds with complete
irrigation. [Paragraphs 55-58.]

12. With the help of harvest prices it is possible to calculate the cash
value of the increased yield. In non-technical language we may say that
the odds are equal that the averace value of the increased yield will lie
between Rs. 40 lakhs and Rs. 47 lakhs with partial irrigation, and between
Rs. 52 and Rs. 60 lakhs with complete irrigation. We may put the result
in a slightly different way. The odds are 20 to 1 that the average value of
the increased yield of rice will not be less than Rs. 33 lakhs with partial
irrigation, or less than Rs. 44 lakhs with complete irrigation. The order
of accuracy of these estimates is about ten per cent. [IFaragraphs 59-60.]

13. Even with partial irrigation the improvement in the yield of rice
will be considerable. The additional income with complete irrigation,
though appreciable, is not large, and is likely roughly to fluctuate between
Rs. 9 and Rs. 16 lakhs per year on an average. The odds are 20 ta.1 that
it will not fall below Rs. 6 lakhs. = [Paragraph 61.]

14. Failure of crops will, however, be entirely eliminated by complete
irrigation. In 22 years out of 35 there was shortage of water in October.
If a reservoir is constructed it will be possible‘to make good this deficiency
every year. But so far as the money value of the additional crop is con-
cerned the improvement will be small in 12 years out of 35. Only in 10
years out of 35 or about once in 3 or 4 years on an average the improvement
will be substantial. [Paragraphs 62-63.]
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156. The maximum amount of water required for complete irriga-

tion in the month of October is of the order of 4,500 million c. ft. ‘L'he
critical supply required is between 2,000 and 4,600 million c. ft. A
reservoir of suflicient capacity to supply up to 5,000 million c. ft. is thus
essential to ensure full ‘irrigation in October. [P’aragraph 64.
. 16. We may sum up the discussion in this way. Even without full
irrigation the improvement in the yield of rice will be very substantial.
With full irrigation the further improvement, although appreciable, will
not be large in amount. With partial irrigation the cultivators will
experience a shortage of water in October on an average in 4 years out of
7, although even when such shortage occurs the actual damage to crop in
most years will be practically negligible. There will, however, be serious
loss of crop in about once in four years. This may cause some dissatis-
faction owing to the compulsory nature of the levy. Full irrigation will
prevent dissatisfaction.

17. We know that the yield of straw is highly correlated with the
vield of rice*. The ratio of the money value of rice to the money value of
straw per acre may be taken roughly as. 3 to 1t. There is a‘éwd deal
of demand for straw in West Bengal, and there will be no difficulty in
disposing of the additional yield of straw. Allowing for a margin of
error of 50 per cent., it will not be unreasonable to expect that the value
of the additional yield of straw with irrigation will add at least a sixth
of the value of the additional yield of rice. I have not, however, included
this 1 my estimates.

18. In the present note I have also not taken into consideration the
increase in yield, if any, due to the manurial or other beneficial effect of
the silt which will be brought down from the river in the irrigation project.
In the absence of relevant data I have also omitted to take into considera-
tioneany increase in the amount of land which will be brought under culti-
vation owing to a larger supply of water. All these factors in any case
will increase the total yield and hence the total value of the crop. By
neglecting them we are erring on the safe side. 1

19. The scheme is sound so far as the rainfall and discharge are con-
cerned. I should point out, however, a few words of caution regarding
some of the assumptions on the technical side of the project. Everything
depends on the possibility of drawing two-thirds of the total water in the
Damodar, and of maintaining the various channels in proper condition.
This is, of course, a purely technical question of engineering and hydrology.
Speaking as a student of physics I may say, however, that this appears to
be the weakest link in the present project.

20. T think it will be advisable to investigate these questions with the
help of suitable scale-models. I may mention here that Dr. N. K. Basu,
Mathematical Officer, Irrigation Research Laboratory, Lahore, came to the
Statistical Laboratory with a large amount of data relat,inﬁ to the Punjab
canals for analysis and was in Calcutta during the last three months. 1T
took this opportunity of inviting Mr. I). N. Sen Gupta to meet Dr. N. K.
Basu and we discussed tentatively the possibilities of experiments with
scale-models in connexion with the present project. I believe that an
expenditure of about Rs. 25,000 for tanks, models and other apparatus and
an expenditure of<about the same amount spread over a period of a year
or 15 months in salaries will enable the problem being studied by scale-
models. I hope the proposal of conducting such experiments will be given
serious consideration. The Damodar project is a very promising one. It
will be_worth while ensuring its sucessful working by an expenditure of
abou* Hs. 50,000 which is' less than one-fifth of one per cent. of the esti-

mated cost of the project.
P. C. Mahalanobis.

The 16th October 1936.

© In paragre; % otober 1035, the co-efficient of
eorrclntion was .bg?vnlowogom& .t?xt:.:r\.lx:: of !Eg:.!{fc/u. datad. ithe; 27th O 4
1 Marketing of Rice at Bolpur, Sankhya Volume 2 (2) 1935,
$ It should also be romomberod that the ma diach inthe D d Cannl has been uscd
throughout Joulati Tho actuul discharge is likely to be much loss, 8o that the figurcs for

4 +1 .

t t
Partial irrigation are
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PART 1I.—STATISTICAL ANALYSIS.

Rainfall data: 1901-1935.
21. The area included in the project is covered by sevem rainfall
stations the names of which together with other relevant data are given ist
the following table :—

Table 1.—Rainfall 8tations.

Stations, District. SBubdivision. Latitude, Longitude,

1. Burdwan .. | Burdwan .. | Sadar o] 23°I4N .. | 87°51' E,
2, Kalna . Ditto .. | Kalna .. | 23°13° N, .. | 88722 B,
3. Hooghly .. | Hooghly .. | Sadar .. | 22°65’ N, .. | B8°2¢' B,
4. Serampore s Ditto .. | Serampore o] 22°45° N. .. | 88°21'E,

5. Arambagh o Ditto .. | Arambagh .. | 22°563° N, .. | 87°47 E.
6. Howrah .. | Howrah .. | Badar . | 22°856’ N, .. | 88°21' B,
7. Amta % ¥ Ditto .. | Ulubaria .. | 22°35°N. .. | BB°I'E,

22. It was decided to start the analysis from the year 1901, as the
river gauge readings for Jujuti (from which the discharge in the Damodar
was caknlated) were not available before that year. The actual rainfall
tor each statirn for each year was tabulated in five-day periods from 1st
May to 80th November. These were later added by twos so as to give
the total rainfall by ten-day periods. (The actual material is given in

Appendix 1).

Water Requirement for a full Crop of Rice.

23. We must now formulate as precisely as possible the actual water
requirement for a full crop of rice. In Mr. Townend’s “Note on the
Possibility of Financing Irrigation in Bengal by a Cess or Improvement
Levy,”” 1934, paragraph 18, page 27, it is stated :—

“There are three criteria by which to judge a year’s rainfall as affect-
ing the paddy harvest :—
(a) there must be at least 40 inches during the season:
(b) there must be 20 inches in June-July, which may be reduced to
16 inches in the impervious clay area; and
(¢) there must be 10 inches in September-October which may be reduced
to 9 in the impervious clay area.

‘When we see that in a given year these conditions have not heen fulfilled
we know that it was not a really good year. The converse is not true
because distribution is so important : if for instance there were 20 inches
in two or three days at the end of July followed bywormal August rains,
the results would be quite different from those given by the same quantity
of rain distributed fairly evenly.”

24. A month, which is used as the unit of interval in the above
criteria, is certainly too broad. A single day on the other hand is too
fine*. A five-day period was adopted at first but was subsequently increased
to a ten-day period for the present analysis.

. 25. Owing to the absence of reliable crop data it was not possible to

investigate the influence of rainfall on yield by direct correlatio; ¥

ll}elll indirect method was, therefore, adopted, and the procedure is explained
ow.
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Method of Crop Expectation.

26. The actual rainfall for each station for each year was tabulated
in five-day periods May 1-5, May 6-10, etc., up to November 26-30. As
already mentioned, we tound after exhaustive trials with five-day perinds
that sach detailed analysis was not necessary, and we worked finally with
teu-day periods. We also found that for all practical purposes we could
start from July 1 rather than from May 1.

27. At the beginning of the season (July 1) we may hope to get a
favourable distribution of rainfall in the ensuing season so tﬁat we may
also hope (so far as rainfall is concerned) to get a full (or 100 per cent.)
<rop. We then look at the actual daily raintall which occurred during
the first interval July 1—July 10. If the rainfall is favourable, our
expectation of the crop still remains 100 per cent. On the other hand if
there is a heavi deficit (or a very heavy excess) the chance of obtaining a
full crop may be adversely affected. On the basis of actual agricultural
experience we now try to assess the depreciation, and put dowr e nnmber
which we think is a reasonable estimate of the crop which we may expeet
to get on the assumption that the subsequent rainfall will be favourable.
Proceeding in this way we can write down at the end of each ten-day perioed,
and finally at the end of November, the expected crop as a percentage of
the full (100 per cent.) crop. The final figure then will be determined by
and will thus represent the cumulative influence of the actual seasonal
distributior of rainfall on the yield of rice as assessed by the estimator.

28. If the agricultural experience of the estimator is perfect then
these final estimates will be free from error and will give the over-all
influence of rainfall on crop yield. But as agricultural experience is not
perfect we shall try to improve our forecasts by pooling together estimates
made Dy several agricultural officers.

Detailed Specification of Water Requirement,

29. A set of rainfall sheets was sent to five agricultural officers whose
names are gven in Appendix 2. Preliminary estimates made indepen-
dently* by these officers were then compared in the Statistical Laboratory.
It was found that although these estimates were broadly in agreement,
there were many discrepancies. By the courtesy of Mr. McLean, the
Director of Agriculture, Bengal, a joint éonference of the above agricul-
tural officers was then held in the Statistical Laboratory, Calcutta, from
April 27 to May 7, 1936. The agricultural officers in conjunction with

r. Subhendu Sekhar Bose of the Statistical Laboratory discussed the crop
estimates in detail, and prepared the final estimates. A note on the water
requirement for rice in West Bengal was drawn up which is reproduced
in Appendix 3.

The Final Crop Estimates.

30. The final crop estimates for each year for each station prepared
by the agricultural officers (working on the basis of the above note) are
given in Appendix 4.

31. In certain gears the rainfall was excessive and affected the yield
adversely either by delaying the transplantation or by actually damagmg
the standing crop. In all such cases the agricultural officers were aske
to assess the actual amount of damage done to the erop. The final cro
estimate prepared by the agricultural officers in conjunction Wit
Mr. Subhendu Sekhar Bose and given in Appendix 4 represents therefore

*In tabulating the rainfall data for each station the shects were given arbitrary numters so a8 to
disguise the actual year. Thus Burdwan (24) might represent the rainfall for 1931 while Burdwan (101)
might represent 1923. The est mators did not therefore bave any idea as to the actual year for which they
were making estimates. This effectively prevented the agricultural cflicers from being influenced by any
unconscious bias or preconceived notions regarding crop-yields of particular years.
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not only the effect of deficiency in rainfall but also of the damage caused
by excessive rainfall. The expected yield is, therefore, sometimes less than
100 even when there was not deficiency in rainfall.

Reliahility of the Estimates.

32. I had hoped to check the reliability of the estimates by comparing
them with actual crop data. The crop estimates made by the Agricultural
Department are available for the districts as a whole. Our estimates on
the other hand refer to the region covered by each particular rainfall
station. If the Director of Agriculture’s crop estimates were available
for at least each subdivision, a direct comparison could have been attempted.
With the data actually available a direct comparison was, however, not
possible. Internal checks were, therefore, applied which showed that the
estimates made independently by diflerent agricultural officers were in
satisfactory statistical agreement. (Details are given in Appendix 5.)

Water required for Irrigation.

33. When the actual rainfall in any ten-day interval was considered
to have fallen short of the amount required for a tull crop, the agricultural
officers were asked to estimate the additional water required for a full crop.
When the rainfall was excessive they also made estimates of the amount
of water required to be drained away in order to prevent any damage to
the crop. In this way estimates of the number of inches @f rainfall
required to make up for the deficiency (or the amount of water required
to%e drained away) in a particular ten-day interval were prepared and are
given in Appendix 6.

34. These estimates however refer to the area round individual
rainfall ) The next step was to calculate the total amount of water
reql‘l'rfeﬂ's{g&:z;“l;e up for the deficiency of rainfall in the whole of the area
proposed to be irrigated in the present project. Each rainfall station was
allotted a certain proportion of the total area depending on the actual
topographical position of the station. (The weights used for this purpose
were of course only approximate but it is well-known that small variations
in such weights seldom affect the final results appreciably.) The actual
rainfall defect for any particular station was then multiplied by the
corresponding area-weight for that station, and the weighted rainfall
defects were added to give the average rainfall defect for the whole area.
(Details of calculation are shown in Appendix 7.)

35. The final estimates of the total amount of water required for
irrigation in each ten-day period are given in column (2) of Table 2, and
shown in red lines in the accompanying chart 1.

Water available for Irrigation.

36. The next thing required is to estimate how much water was
available for irrigation from the Damodar during the periods in which
rainfall fell short of actual requirements.

Discharge Records.

37. From the material sent by the Irrigation Department we find that
274 discharge records across Rundia were available for the period July to
September, 1933-35. (Certain stray discharge records taken iy earlier
years were also available across other sections. These were, hewever,
rejected as they were considered unreliable by Mr. D. N. Sen Gupta,
Execntive Engineer in Charge of the Scheme.)

38. The Rundia discharge readings had been correlated with _the
gauge heights at Jhanpur by a graphical method by Mr. Sen Gupta. “The
Jbanpur records were available only from 1915 while Jujuty records were
available from 1901. I decided to use the Jujuty records as they covered
a much longer period.
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Graduated Discharge Table.

39. A parabolic regression of the second degree for the discharge
across Rundia on the gauge height at Jujuty was ohtained by direct
statistical analysis, and the actual formula is given below :—

Let D=discharge (in 100 cusecs) across Rundia,

H =gauge height at Jujuty (in feet) over minus 100 feet.

We have then :
D=801-25—-176-63 (H) + 10-860 (H\

40. The regression is definitely significant, and the fit is quite satis-
factory, as can be seen from Chart 2 and the analysis of variance given in
Appendix 8.

41. A discharge table across Rundia for different heights at Jujuty
for intervals of one-tenth of a foot was then prepared from the above
parabolic regression formula and is given in Appendix 9.

Actual Discharge: 1901-35.

42. With the help of this table the actual rate of discharge across
Rundia for each day in July, August, September and October for each year
from 1901-35 was directly tabulated*. The total discharge for ten-day
periods was then obtained by direct addition, and the final table of the
total wate~ passing through the river during each ten-day interval was
prepared.

43. ‘T'he whole of this water is not, however, available for irrigation.
According to the estimate of the Irrigation Department two-thirds of the
discharge may be drawn for irrigation. The amcunt of water actually
availdble for irrigation is therefore obtained by taking two-thirds: of the
total water in the river. This is given in Column (8) of Table 2, and shown
in black lines in Chart 1.

Water available for lIrrigation.

44. Now Column (2) of Table 2 gives the actual amount of water
srequired during any particular period for making up the deficiency in
rainfall. In Column (3) of the same Table is given the amount of water
available for irrigation from the Damodar. If Column (3) is greater than
Column (2), there will be enough water for irrigation. If Column (3) is
less than Column (2), then the difference between these two figures will
give the actual shortage of water which is shown in thick type in Column (%)
othable 2 [inserted on pages 9-13], and in the shaded area in red in
Chart 1.

Discharge of the Damodar Canal-

45. 'We must riow take into consideration the discharge of the Damodar
Canal which was opened in 1934. This canal is designed to take a maximum
discharge of 2,000 cusecs. The actual average discharge in 1934 was much
less (about 1.000 cusess), but to be on the safe side T shall use the maximum
rate of 2,000 cusées’in my calculations. The total amount of discharge is
1,728 and 1,901 million cubic feet in ten-day and eleven-day periods
respectively. Column (3) of Table 2 gives the water actually available for
irrigation (which is only two-thirds of the total water flowing down the
river). T# we now subtract two-thirds of 1,728 and 1,901 million c. ft., that
is, 1,152 and 1,267 million c.ft. for ten-day and eleven-day periods
respectively from the figures in column (8) of Table 2, we get the water
available for irrigation with the Damodar Canal in operation. These
calculations were made for all the occasions, but in most cases the shortage
figures given in column (4) were not affected. T am therefore quoting within
-square brackets in Table 2 the figures for only those occasions on which the
shortage figures were altered. Thus in colimn (4) of Table 2 when only

* A sample tabulation sheet for 1033 is given in Appendix 10.
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a single figure is given, the shortage is the same whether any allowance is
made or not for the NDamodar Canal. When two figures are shown, the
figure within square brackets gives the shortage after allowing for the
discharge in the Damodar Canal, and the other figure the shortage vithout
making any allowance for the Damodar Canal. When a figure is given
within square brackets in column (4), a corresponding ﬁﬁure within square
brackets 1s also given in column (3) to show the water available for irrigation
after allowing For the discharge in the Damodar Canal.

Shortage of Water.

46. Tt will be noticed that in most cases the deficiency in rainfall can
be made d from the river. On certain occasions, however, the water
available 1n the river is not adequate. The actual position, with the
Damodar Canal in operation, is shown in Tables 3 and 4.

Tab'e 3.— Shortage of Water: Number of occasions.

Number of occasions on Percentage of oceasions on
Total which water is— which water is—
Months, L
periods. Required. |Available. u\'gﬂxtﬁl(-. Required. |Available, nvgi(l):ble.
m (2) (3) (4) (5) (8) (€] (8)
July 105 40 35 5 38-1 33- 4-8
August 105 43 43 0 41-0 41-0 00
Septomber 105 56 52 4 53-3 495 3-8
October 105 84 43 41 80-0 41-0 39-0
Fort, T a0 | e 173 50 53-1 412 119
Table 4. —Shortage of Water: Number ot years.
Number of years in which water Percentage of years in which
is— water 18—
Months. xu’xrrir)nll?:-lr
o YoRr | pequired. | Available. aoot | Required. | Available. | , 104,
() (2) 3) 4) (5) (6) (7) (8)
July 35 23 19 4 65-7 54-3 11-4
August 35 26 26 74-3 74:3
September 356 30 27 3 85-7 77-2 8-5
October 35 33 11 22 94-3 31-4 62-9

47. We find that there is deficiency of rainfall in about roughly 40
per cent. of the ten-dag periods in July and August and a little over 50 per

cent. in September. ut during these three menths the deficiency can
almost always be made good by irrigation from the existing discharge of
the Damodar. In October there is deficiency in 80 per cent. of the ten-gg
periods. On only about half the occasions the existing discharge is sufli-
cient to meet the deficiency.

48. Table 4 gives the analysis in terms of months as a whole 1nstead
of ten-day periods. The shortage occurs in increasing frequency Srom July
to October, the actual values being about 65 per cent. of the years in July,
75 per cent. in August, 85 per cent. in September and nearly 95 per cent.
in October. In most years the deficiency in July, August and September
can be made good from the existing discharge of &e river. But in roughly
about 66 per cent. of the years, that is, on an average in two years out of
three the shortage of rainfall in Octobér cannot be met from the existing
discharge. The proposed barrage or reservoir is intended to meet this
shortage.



]
Tabla 2.—Shortage of Water,

Water in million c. ft.
oy

- ~
Year nnzfperiod. Required. Available. Shortage.
) (2) (3) 4)

Water in million e. ft.

PE ~
Year and period. Required. Available. Shortage.
(1) 2 3) 4

)
1601, 1905.
July— —
—10 .. .. 3,004 T 7,289

11—20 .. 383 16,666 11—20 i T 15,425 .

21—31 .. 1,021 5,734 21—31 - .. 23,872 ..
August—

1—10 - 670 5,802 August, -

11—20 511 19,248 1—10 . 21,560

— .. v2 11-—20 4 7,995
2131 24,624 27,
- .. F i 21,31 5,082
September—

1—10 N .. 40,874 .. S""fe_'f,t:,e’ -
11—20 .- 2585 2,687 11—20 .. 511 25223
21—30 .. . 2,856 21—30 611 12,325

October— o tob

—10 .. 192 1.830 . ke o 1021 13212

11—20 .. 1,532 .. 1,532 11—20 1277 155y
21--31 .. 287 .. 287 21__31 255 T '255

1902
1906.
Fulye 3,961 e
1—10 A oe -
11—20 . .. 3,563 s July— o .. p
21—t .. .- 20,060 .- 11—20 .. 894 2,037 o
August— 21—31 < 255 5,435
1—10 .. 13,388 N A -
11-—20 6,892 : i 13,086
21-—31 3,924 11—20 X 18,086
September— . 21—31 383 9,963

J—10 13,089 .. September—
1nm—20 .. . 22,730 .. prom P 5§ i
21--30 s 192 17,904 . 11—=20 255 9,113

Outobon_ 21—30 . .. ..
i1~—10 § 1,085 .e 1,085 October—
11—20 e 2,107 a5 2,107 1—I0 638 .. 638
21—31 % 383 i 383 1.—20 958 .. 958
1903 21—31 447 .. 447
July— 1807.

1—1¢ i .. 499 o3
11—2¢ 383 — 383
21—31 1,149 1,031 .. 1—10 .. . 14,035

[663] [486] 11—20 e 128 5,422
e 21—31 s 383 9,415

1—10 3 5 7,828 . ugust—

11—20 255 9,674 s 1—10 _ 638 38,148 .
21—31 53 6,119 is 11—20 g 4 ;g,zgg .
September— 21—31 . & .

1—1l10 798 1,083 .- September—

0] [798] 1—10 8 51,784

11—20 . .. 10,819 .. 11—20 <% 7 6,855

21—30 . .. 7,007 .. 21—30 i 766 2,967
October— October—

1—10 . .. 23,611 . 1—10 .. 894 s 894
11—20 . 128 4,926 . 11—20 . 2,330 5 2,330
21—31 - . 21—31 1,181 i 1,181

19804,
1908,
July—

1—10 . 34,866 . July—

11—20 i oy 25,458 5 1—10 . .. 7,924
21—31 i 192 44,778 3 11—20 .. . 84,843
21—31 . : 16,777

August—

1—10 128 17,422 - August—

11—20 - 25,530 % 1—10 .. 383 6,835
21—31 128 35,475 e 11—20 - ég';éé
September— 21—31 . ,
1—10 - 9,992 - September—
11—20 ‘s 511 3,118 st 1—10 . .. 26,213 .
2130 .. 894 1,160 i 11—20 .. 383 11,314 iy
(81 [888] 21—30 .. 383 7,896 .
October— tober—
1—10 o 2,170 Oetbelo o 1,500 6,999 ..
1 . 2,170
1I—20 s 2,298 . 2,298 11—20 = 2,298 o 2,208
21—31 i . i 21—31 .. 479 o3 4TS
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Water in million o. ft. Water in million c. ft.
PG A

- - r —_—
Year and period. Required. Available. Shortage. Year and period. Required, Available, 8hort -
af® 2) ® @ 1 2 Ay

(4)

1909. 1913,
July— July—

1—10 - - 11,866 .. 1—10 - .. 3,940 ‘e
11—20 .. 830 1,840 e 11—20 5,017 .
21—381 5% 255 12,729 21—31 20,337 .

August— August—

1—10 .. .. 19,889 . 1—10 .. 41,022
11—20 .. .. 21,806 ) 11—20 .. 17,856
21—31 .. w5 43,337 . 21—31 e 7,983

September— Soptember—

1—10 I 19,648 1—10 s 192 15,453 .
11—20 17.350 11—20 ¥ a5 13,413 ..
21—30 26.824 21—30 o 285 5,082 ..

October— October— o

1—10 .. 383 18,044 _— 1—10 -- 638 7,507 .
11—20 .. .. .. .. 11—20 i .. 3,626 gl
21—31 - 128 .. 128 21—381 - B .. ”

1910. 1914.
July— July—

1—10 wie i s 3,949 1—10 - - 17,517 .
11—20 iy 766 3,632 11—20 .. . 20,738 .
21—31 - 18,527 21—31 - 23 14,446 .

August— August—

1—10 . 128 5,475 1—10 .. 255 30,32
11—20 .. 255 19,627 11—20 .. 192 19,422
21—31 . 11,292 21—31 .- 266 18,153

September— September—

1—10 22,307 . 1—10 i3 ve 23,216 5
11—20 st - 16,223 . 11—20 is 1,449 6,207 i
21—30 % 638 5,654 § 21—30 o 830 8,358 is

October— October—

1—10 .. 255 3,511 .. 1—10 F 1,532 3,680 =
11—20 .. 255 1,481 .. 11—20 i 1,788 i 1,788
21—31 .. 128 .. 128 23}—31 8 5 830

1911, 1915
July— July—

1—10 3% i § 3 - 1—10 .. .. 15,499
11—20 .o 511 10,920 55 11—20 .. 383 1,687
2131 .. 1,532 .. 1,532 21—31 .. 575 15,703

August— August—

1—10 o 1,851 3,169 1—10 256 9,514 .
11—20 .. 192 16,199 11—20 ¥ ¥ ¢ 7,969 .-
2131 . 287 33,099 21—31 § i 8,271 .-

September— September—

1—10 - - 7,034 . 1—10 . 47 5,613 ..
11—20 s 383 28,183 . 1120 e .. 4,631 v
21—30 .o 894 21,124 . 21—30 128 38,365 e

October— Qotober—

1—10 .. 319 9,649 .. 1—10 “ % 192 5,331 @
11—20 .. 511 2,957 .. 11—20 “ 830 1,655 sig
21—31 i 575 e 875 [403] [427]

21—31 .. -
1912.
July— July—

1—10 . .. 507 P 1—10 2,476 -
e 31 i o 11—20 1,786 10,402 -
21—81 .. e i * 21—81 .. L124 18,751 =

August—
1—10 ag 511 8,245 52 August— 4408
11—20 .. .. 25,855 e 1}_;3 .o LIA9 e on
— 2 %3 = . » £8
21—31 . 255 15,224 21—31 s 33,227
September— e

1—10 .. 128 14,581 .. September—

11—20 s 638 1,566 .. 1—10 s 14,832 ..

[403] (235] 11—20 e N 5,766 o

21—30 .. 192 B 192 21—30 s " 43,052 ..

October October—

1—10 i 383 P 383 1—10 - 128 36,116 e

11—20 s 383 e 3a3 11—20 o 447 9,058

21—381 oo 265 p 258 21—381 we 126 128
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Wator in rnjllion o. ft. Water in million c. ft.
. 4 a . | r A, —
Year and period. Required. Available, Bhortnge. Yearand period. Roquired. Awailable. 8ho: A
m* @ (3) (4) m* 2) ) e
1009, 1921.
July— July—

1-—10 .o 3% 12,053 .. 1—10 - .o 05 %
1120 . 838 22,613 11—20 e 760 "4v3 .
21--31 s 638 18,346 E 21—31 e P 20,860 .

August— Augunt—

1—10 - 128 63,526 . 1—10 e 192 14,600 P
11—20 - 128 36,751 5 11—20 .. 383 18,392 P
21—31 i 2556 16,888 i 21—31 iE 862 39,969 .

feptember— Beptember—

1—10 s 447 11,751 - 1—10 - i s 23,137 ..
11—20 ‘e i 21,211 e 11—20 e 3% 27,178 ..
21—30 .- 266 31,229 .o 21—30 .. 128 7,692 ..

October— Octobor—

1—10 i ‘s 61,372 .. 1—10 .. 766 6,461
11—20 .. .. 4,718 .. 11—20 .. 2618 8,847 ..
21—31 - v e . . 21—31 - 511 i 511

1918, 1922,
July— Jyly—

1—10 .. . 2,609 .- 1—10 “% o 22,804
11—20 .k 383 * 4,430 .. 11—20 e 766 31,324

21—31 .. 383 " 383 21—31 .. 447 20,992
August— August—

1—10 i 192 7,800 s 1—10 .. .o 55,100 .
11—20 s i 9,235 .- 11—20 . - 16,553 .o
21—31 oy i 44,370 .- 21—31 .o .. 33,492 .o

September— September—

1—10 .. s 23,647 - 1—10 - 575 25,225 -~
11—20 A . 14,980 . 11—20 5% .. 10,165 Pes
21—30 e @ 443 oo 21—30 S 128 38,180

October— October—

1—10 1,277 e 1,277 1—10 . - 26,595 i
11—20 1,628 .- 1,628 11—20 .« 1,404 7,762 .
21—31 255 wim 255 21—-31 s 128 5,533 —

1919 1923
July— July—

1—10 atio .. 8,246 .o 1—10 ce . 21,667 ora
11—20 - . 18,737 ‘e 11—20 wsio .o 12,378 e
21—31 — _ 21,774 .. 21—31 e ‘e 31,271 e

August— August—

1—10 .. .. 31,915 .o 1—10 .o .o 48,718 ..
11—20 e 128 37,377 .e 11—20 ‘e .o 24,229 ..
21—31 .o .o 24,081 .o 21—31 .o - 41,192

September— September—

1—10 i ) 57,1456 .o 1—10 .- o 26,130 .e
11—20 i 958 20,512 .o 11—20 . 638 14,047 .o
21—30 4 511 7,085 .o 21—30 .o 2,043 8,837 .e

October— October—

1—10 . 1,213 9,324 o 1—10 e T 11,285 ..
11—20 — 2,171 8,727 - 11—20 e 5756 3,362 i
21—31 .o 894 5,062 . 21—31 o 576 . 575

1920 1924.
July— July—

1—10 .. .. 6,194 .- 1—10 .. i 29,869
11—=20 .. .. 34,273 .. 11—20 .. 511 35,749 e
23—31 .. 128 51,195 - 21—31 .. e 46,004 e

August— August—

1—10 03 o 42,272 - 1—10 .. 766 34,954 .
11—20 o 192 18,082 pa 11—20 .. . 28,509 .o
21—31 i 5% 8,536 %3 21—31 .. e 16,121 ..

SBeptember— September—

1—10 .. 638 11,557 .- 1—10 .. om 2n111 i
11—20 w2 638 28,983 .- 11—20 <o 57 36,675 .
21—30 i 1,309 5,724 o 21—30 e 575 26,

October— October— 1,700

1 I e 870 1 ¥
1—10 w5 702 5,842 1—I10 894 9,703 5o
11—20 X 128 . 128 11—20 .o 161 i

21—31 . 128 is 128 21—31 .. 575 s,
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Water in n\Ai”iO" c. ft. Water in million ¢, ft.

- y P
. . g = 3 .oN % . - " -
Yearend period.  Required. Available. Shortage. Yearand period.  Required, Available. Shorage

(1) (2) 3) ) (1) (2) @) “)
1025, 1929,
July— July—

1—10 s a2 15,411 . 1—10 . . 16,900
11—20 .. 383 11,230 .. 11—20 - o 21008 e
21-—31 3% 383 38,201 . 21—31 . : salsel :

August— August—

1—10 .. 1,915 20,438 = 1—10 .. .

11—20 .e 192 34,5338 . 11—20 - 4o ®
2131 .o .o 24,739 .o 21—31 .o 255 N
September— Septembor—

1—10 .. 447 27,373 37 1—10 .. 762 12,562 .
11—20 os 14,967 - 11—20 e 128 21,169 o
21—30 1,277 6,810 "~ 21—30 N 6,195 :

October— October—

1—10 oo 766 .o 766 1—10 .o @ 47,315 .
11—20 . 255 .. 255 11—20 .. .. 22,791 o
21—31 oo - .o .o 21—-31 .e o 20,790 _

1926, 1930.
July— July—

1—10 . 13,748 . 1—10 s o7 :
11—20 . - 16,370 .o 11—20 .e . o
21—-31 .o .o 41,010 . 2131 oo .o .

August— August—

1—10 e . 34,972 .o 1—10 .e 383 21,9.¢ _—
11—20 vie .. 45,785 .. 11—29 .. . 37,142 o
2131 o5 _— 29,459 . 21—31 .o S 18,758 .

Septamber— Septeniber—

1—10 . .o €0,794 .. 1—10 s 255° 11,256 we
11--20 7 33,320 .o 11—20 o 02 10,377 .o
21—-30 1,341 32,132 . 21—30 o5 128 33,518 .o

Octobor— October—

1—10 .o oo 15,267 .o I—10 wrs as3 16,433 .o
11—20 .- 862 9,423 i 11—=20 P 1,788 8,544 e
2131 .o 255 6,399 .o 2131 1,085 5,004 .o

1927, 1931.
July— July—
1—10 .. e 8,646 o 1—10 -
11—20 1,311 16,075 .. 1—20 i A ool
- o 2 % .o
21—31 e 147 27,914 . 21—31 o i o
Anigust== o August—

1—10 . 1021 e 1—10 .. 108 16,820 =
11—20 .. 255 . 11—20 = 43,57 .
21—31 - 511 o 21—31 . 353 26,756 .

Septexnber— Septemler—

1—10 = 447 19,024 . 1—10 28,794 .
11—20 o 511 9,957 % 1—20 =i 2 16,045 ..
21—30 447 6,633 a7 S 1ti0 = o 13,463 5o

Ocl;)b(r;'r— 1 Octobor—

—10 e 92 19,526 .o - o ,691 .o
11—20 .. 2,107 6427 % gl e 1% 2o b
21—31 = 766 1,308 o 2131 o . 4,808 aie

(40 [(726) & s
1028, 1932,
July— July—

1—10 .. .. 1—10 o4 5,774 ..
11—20 .. ) 11—2¢ o 7,303 &6
2131 o . s 21—31 .. 0,635 ..

August— August—

1—10 .e .o 33,144 1—10 .o .o 49,085 o
11-=20 wie oo 7,047 wis 11—20 ofa o 37,271 .
21—31 .. .. 7,583 21—31 . 17,652 oo

September— September—

1—ly o ax3 10,387 . 1—10 ™ 7.738 .
11—20 i w94 6,157 N 11—20 35 § 13,195 .-
21—20 oo 4106 56,048 ey 21—30 . 19,604 .

Octubier— Ootober—

1—10 e €n 13,415 s =] s 1,015 5,029 .-
11—20 % 700 25,512 “ 1:_-_-?. s 1_(13; 450 541
21—31 5 .o 14,630 s 21—31 .. 192 4,349 s
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Water in million o. ft. Water in million c. ft.
A , W
Yearand period. Required. Availsble. Shortage, Yoarand poriod. Required, Available. Shortege,
1) (2) [¢)] (4) () (2) 3) (©)
1058. 1834.
July— SBeptember—

1—10 . ‘e 19,865 . 1—10 wie 447 13,959
17--20 i 511 32,959 .. 11—20 .. 2656 14,78%

21—31 ‘s 766 32,102 .. 21- 3u - 611 12,680
August. — October—

1- 10 .. .. 21,180 .. 1—10 s s 4,633 ..
11— 20 Ve 25656 25,830 .. 11—20 o 256 1,725 ..
21-—31 .. TE 61,440 EW 21-—31 e 511 1,895 o

September— 1935.
1—10 .. 811 22,831 .
11— 20 295 P 5,371 e July—
21—30 i .a 28,476 .o 1—10 . . 11,362
October— 11—20 .. 1,788 5,460 i

1—10 - 638 4,474 8 21—-31 ... 1,788 1,628 160
11—20 o 1238 480 e August—

—_— 5 ..

21—31 & ;861 Aol 383 7,887

— . e 45,340

1931. 21—31 o o 27,064
July— Septermnber—

1--1¢ - - 7,661 - 1—10 ‘s - 18,074
11—20 i3 1,660 20,866 o 11—20 is g 12,561
21—31 i 2,171 9,571 . 21—30 ok 1,819 22,698

August— October—

1—10 .. 1,149 7.569 .. 1—10 oie 2,330 2,036 294

11--20 .. 511 13,241 .. 11—20 .. 2,458 .. 2,458
21—31 .. . 34,297 .. 21—31 .. 1,181 .. 1,181

Partial lrrigation.

49. We can now use the above material to form some idea about the
increased yield which might be expected with irrigation. When sufficient
water is available in the Damodar to make good the whole of the defici-
ency in rainfall, each area will get complete irrigation. When the water
in the river is not, however, quite adequate, we shall assume that the total
amount of water available for irrigation will be distributed proportion-
ately to each area, so that each acre everywhere will get roughly the same
quantity of water for irrigation. The deficiency in rainfall, however, will
=m0t in general be the same in each area. It will, therefore, be necessary
to make the calculations separately for each region covered by the different
rainfall stations. But knowing the actual amount of water (rainfall plus
irrigation) available in each area we can make an estimate of the expected
crop. The improvement due to irrigation will, however, in general differ
from area to area.

Complete lIrrigation.

50. A proposal for increasing the amount of water available for
irrigation by the construction of either a barrage near the off-take of the
ifrigation canals or a Treservior or retarding basin in the
upper reaches of the river or a combination of both is also under con-
sideration. In case this proposal is accepted complete irrigation in October
will be always possible as enough water flows down the river in July,
August and September. We may, therefore, make a second estimate of
the expected crop on the assumption that sufficient water for irrigation
will be awailable on every occasion.

Damage due to Excessive Rainfall.

51. We have so far considered only the deficiency in the rainfall.
Occasionally, however, a good deal of damage is done by excessive rainfall.
Although something may be done by improving the drainage, I have not,
in the absence of relevant data, taken any such hypothetical improvement
in consideration. The expected crop yield even with full irrigation will,
therefore, remain less than 100 per cent. in certain years owing to exces-
sive rainfall. The final estimated crop without irrigation, the estimated
trop with irrigation from the river without a barrage or a reservoir, and
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the estimated crop with com_Ylete irrigation (on the assumption that suffi-
cient water for irrigation will be maé'e available by the constructi¢n of a
barrage or reservoir) were prepared for each rainfall station on the basis
ot the water required and are given in Appendix 11.

Percentage Improvement in Yield.

52. Tt is now possible by simply taking the difference between the
appropriate columns to estimate the percentage improvement due to partial
or complete irrigation. These estimates are given in columns (5), (% and
(7) of Appendix 11, while the modified estimates with the Damodar Canal
In operation are given within square brackets.

53. The average improvement (allowing for the Damodar Canal) over
a period of 35 years together with standard errors for the area surrounding
each rainfall station is given in the following Table 5. The weighted
average percentage improvement for each. district (or rather ohly that
portion of the district which is included in the present irrigation project) as
well as for the whole area are given in the same table.

Table 5.—Percentage Impr t due to Irrigation.*
Stations. N Woeight. Partial. Complete.

Burdwan .. sn 35 0-10 121 + 1- 17-7 4 2-1
Kalna .e o 35 -20 17-9 x 2-8 23-5 + 3-0
Burdwan District . . v 35 -30 16:0 + 2-0 21:5 + 2-7
Hooghly W 3 35 -20 16:3 + 1-9 22-2 + 3-3
Serampore s T 35 -16 23-0 + 3-3 28-2 + 3-6
Arambagh & .. 35 -10 13-1 + 16 16-6 + 2-2
Hooghly District .. ‘s 35 -45 17-4 + 1-4 22-9 + 3-2
Howrah i iz 35 -356 17-3 + 2-8 21-2 + 2-9
Amta s ‘% 35 -10 13-1 + 2-9 23-4 + 8-3
Howrah District .. .. 35 -25 14-8 + 2-1 22-56 + 3-2
Whole Area - o 35 1-00 16-3 + 1:0 22-4 &+ 3-1

. )

Difference =6-1£3-2

* Standard errors have been given in all cases.

54. It will be noticed that the improvement is quite appreciable in
every case. Provided the irrigation project is sound in its technical
aspects, we have every reason to expect on an average an increase in yield
of about 16 per cent. of the full crop with partial irrigation, and over 22
per cent. with complete irrigation.

Comparison of “normal” and “full” Crops.

55. It will be useful to cenxest 4he percemtmpe improvement into
actual quantities. In order to do this it is necessary to form some idea of
the total yield which represents a full (or 100 per cent.) crop. This can
be done tentatively in the following way.

56. The final estimates of the crop made by the Department of Agri-
culture are given in t};ercenta. es of the “normal yield” (explained later).
The mean values of the official estimates are shown in Table 6 along wlt!}
the mean values of expected yields in terms of percentage of a “full crop
which were prepared for this investigation.



Table 6.—Mean Values of Orop-Estimates (Percentage),

Moan Value. Standard Deviation.
District, N
‘‘Normal.'’ “Full crop.” | ‘Normsl.’* ‘Full orop.”’
Burdwan .. _— 36 80-7+3-1 77:-6+2-0 18-1+2-2 11-84+1-4
Hooghly . .- 35 80:0+2-8 73:0+2-4 13-8+1-6 14-4+1-6
Howrah e v 38 83-11+2-2 77-8+2-8 12-8+1-5 16-7+£2-0
Whole area . 35 81-0£(1-5) 75-6+(1-4) 16-14£1-7 14-441-6

57. It will be noticed that the average values of the crop estimates
made by the Agricultural Department are somewhat higher than the esti-
mates prepared by us, The difference of 5-4 per cent. between the estimates
can be explained by the fact that while the official estimate of the condition
factor refers to (a) the area transplanted (or sown), and (b) the mormal
outturn; our estimate is based on (a) the total cultivable area, and (b) the full
crop. (This point has been more fully discussed in Appendix 12.)

Total Increase in Yield in Maunds.

58. Assumin§ that the official estimates (of the condition factor in
terms of a normal crop’” and area transplanted) are in agreement with our
estimates of the percentage expectation of production (in terms of a “full
crop’’ and total cultivable area) we find that the “full crop’’ represents 15-46
maunds per acre in Burdwan, 14-92 maunds per acre in Hooghly, and 13-93
maunds per acre in Howrah. (Details of calculation are given 1n Appendix
12). 'With the belp of the above figures the additional yield due to irrigation
was calculated for each year, and the figures for partial and complete irri-
gation are given in Appendix 13 and 14 respectively.

Money Value of the Increase in Yield.

59. We may go a step further and try to get a rough idea of the
money value of the additional yield due to irrigation. At this stage we
have to take into consideration the fluctuations in the price of rice from
year to year. I have collected the average harvest prices of cleaned rice
for the three districts from 1901-02 which are given in Appendix 15.

60. Multiplying the estimated additional yield (given in Appendices
13 and 14) by the harvest price for the year in each district, we get the
estimates of the money value of the additional yield due to irrigation
(partial or complete) for each district. Adding the three district figures
for each year we get an estimate of the money value of the additional yield
of rice due to irrigation (partial* or complete) for the whole area ti)ll'oposed
to be irrigated in the present scheme. The actual estimates for the three
districts and for the whole area are given in Appendix 16.

Table 7.—Average money value ot additional crop per year due to irrigation.

From 1901-1902 to 1935-36 (35 years).

i Mean value Standard Deviation
Lrrigation. (in lakhs of rupees). | (in lakhs of rupees).
Rs. Lakhs. Rs. Lakhs.
Complete i .. - .. .. 55-9 + 5-6 33-3 + 4:0
Partial . v i .. . 43-3 £ 5-0 29-5 & 3-5
Difference aie .e .- e 12-6 &+ 3-2 18-8 + 2-3

* Partial irrigation figures are given aftar making allowancs for discharge through the Damodar Canal,
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61. The average money value is given in Table 7. We find that the
money value of the additional yield of rice on an average is,_ about
Rs. 43:3+5°0 lakhs with partial irrigation. and Rs. B5-9+58 lakhs
with  complete irrigation. A rough idea of the rehability
of these estimates is given by the resRective standard errors. The additional
income with complete irrigation, though appreciable, is not large and is
likely to be about Rs. 126 4 32 lakhs on an average.

Shortage of water in Qctober.

62. Onme or two points, however, deserve mention in this connection.
The following table %arranged in ascending order of magnitude) gives the
estimated shortage of water in October required to be supplied together
with the estimated cash value of the additional yield of rice expected with
complete irrigation.

Table 8.—Water required for mesting shortage in October.

Watcr Water
required for | Value of required for Value of
Year October additional Year October additional
: irrigation |crop (inlakhs ' irtigation |crop (inlakhs
€in million of Rs.) (in million of Rs.)
c.ft.) o.ft.)
1909 .. .. 128 0-0 1905 .. 1,532 30-8
1910 = .. 128 07 1901 .. 1,819 98
1916 5% oy 128 0-0 1906 .. 2,143 |  22-5
1915 - o 427 8-2 1920 .. 2,653 5-6
1921 = i 510 5-8 1914 .. 2,618 22:5
1932 - s 541 1-4 1958 .. 2,711 27-2
1911 s =N 575 17 1918 .. 3,160 70-1
1923 . .. 575 4-9 1902 .. 3,576 30-7
1927 .. .. 726 6-3 1935 .. 3,933 67-9
1925 .. .. 1,021 3-8 1907 .. 4,405 525
1912 .. .. 1,213 25 8% 1904 .. 4,469 31'6

*The reasons for this high valuo have been discussed in Appendix 17.

63. In 22 years out of 35 there was shortage of water in October.
If a reservoir is constructed it will be possible to make good this deficiency
every year. But so far as the money value of the additional crop is con-
cerned the improvement will be practically negligible in 12 years out of
35. Only in 8 years out of 35 or about once irt 4 years on an average the
improvement will be substantial.

64. Tt will also be noticed that during the period 1901-35 the maximum
amount of water required in October was about 4,500 million c. ft. (This
agrees fairly well but is a little less than the estimate of 5,000 million c. ft.
made by the Superintending Engineer). The gain is very small up to
about 2,000 million c. ft. %n order that irrigation m@gyrbe really effective
in October the critical supply required will be betwefr-2.000 and 4,500
million c. ft. A reservoir of sufficient capacity to supply up to Sy 5,000
million c. ft. is thus essential to ensure full irrigation in October.

P. C. MAHALANOBIS.

The 16th October 1936.
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Appendix I.—Total Raintail in Inches In 10-day perieds,

SBeram-

Aram-

Months. Date. | Burdwan. Kalna, Hooghly. pore. bagh, Howrsah. Amts,
1901.
May 1—10 0-08 2.71 1-18 0-42 0-28 o -
11—20 2.79 4-24 477 2-75 3-22 321 .
21—30 1-80 2:02 1-24 1-22 5-59 0-71 o
June 31—9 1-29 wtn 1-11 1-86 0-41 2-38 0-61
10—19 3-39 3-74 3-41 5-49 2.43 3.687 4-82
20—29 1-48 1-09 1-82 2-30 3-44 3-88 4.58
July 30—9 1-47 0-68 1-07 0-38 3-04 0-28 0-22
10—19 8-80 5-27 5-14 5-69 1053 7.29 6-46
20—29 1-23 1-56 0-93 2-68 1-67 2.78 3-73
August 30—8 0-31 0-81 0-96 1-56 0-37 0-56 3.27
9—18 5-03 1-14 7-10 3-13 8-07 5-54 3.88
19—28 2-18 2-47 3-93 1-31 4-79 1-13 1-89
September 29—7 5-95 7-63 15-93 18-42 12-26 13-62 11-17
8—17 0-18 0-27 0-17 0-03 .. 1-90 0.25
18—27 3-40 2-27 1-87 1-55 500 2-08 2.28
October 28—17 0-05 2-36 1-41 0-66 1-10 1-88 428
8—17 0-08 0-97 0-63 0-32 1-20 0-38 0-06
18—27 - .. .. e i3 ..
1902.
May 1—10 3-63 2-60 3-39 2-54 2-54 2.55 220
11—20 0-50 0-17 1-11 270 1-93 1-50 4-18
21—30 2-37 1-01 3-23 2:70 3-44 4-55 3.23
June 31—9 317 2:17 3-15 2.33 2-34 1-16 1.22
10—19 3-40 6-97 5-26 3-43 1-45 1-29 1-29
20—29 0-29 0-76 0-38 0-13 2.00 1-50 0-53
July 30—9 3-40 2-39 2.54 3-33 2-70 5-15 6-22
10—19 2-48 1-71 3-46 1-87 1-32 1-98 1-81
20—29 2-37 3-33 4-16 7-90 5-69 5-05 5-02
August 308 2-26 3-34 3-95 1-48 1-97 7-99 4-68
918 1-55 210 2-01 4-08 2-09 307 2:66
19 —28 3-60 2-20 4:56 6-59 3-14 4-88 5.57
September 29—7 2-74 0-59 3-40 3-97 4-23 4-35 1-76
8—17 4-02 4-24 3-39 4-96 2:-72 1-37 2-68
1827 0-02 1-32 1-55 2:71 3-04 0-79 1-17
October 28—7 0-87 0-62 0-86 0:25 1-00 0-68 0-22
8—17 0-05 .. .. T Wy 0-08 ..
18—27 0-58 0-74¢ 0-94 0-05 p 0-56 071
1903.
May 1—10 0-72 0-42 0-22 0-50 0-66 0-68 0-08
11—20 0-14 1-94 0-03 1-72 0-35 0-78 0-11
21—30 3-08 1-10 3-05 2-63 0-04 0-7 3-85
June 31—9 1-23 2-39 0-36 1-38 2-51 1,-;3 1-15
10--19 5-36 5-83 1-87 3-756 0-35 254 0-57
20—29 2.21 3-32 4-29 4-68 4-43 8-17 6-13
July .. | 30—9 1-77 3-12 5-20 4-93 1-38 6-42 2.01
10—19 471 3-29 1-75 1-50 1-86 2-45 2.26
20—29 2-58 4-11 2-17 2-14 2-30 3-90 4.88
August .. | 30—8 7-87 8-60 4-60 5-77 5-80 290 5-71
9—18 4-87 3-18 1:00 2-15 2-38 1-13 2-18
19—28 1-49 1-77 1-99 2-47 2-41 1-12 1-03
September .. | 20—7 2-23 1-15 0-92 2.02 1-84 2.79 1-03
8—17 4-31 5-71 5-92 717 7-49 8-30 6-7
18—27 1-30 2-60 0-88 2.82 1-54 2.35 3-37
October .. | 28—7 4-01 4-19 3-40 5-18 534 5-98 3-03
8—17 0-42 2-40 1-31 0-67 1-69 1.82 0-86
18—27 0-05 - 1-37 2-47 .. 0-20 0-18
1904.
May 1—10 0-34 3-73 3-78 2:76 1-90 2:08 217
11—20 3-55 4-07 1-83 1-85 0-24 3-66 1-82
21—30 2:00 1-80 3-16 1-98 0-80 2-95 1-23
June 31—9 0-79 0-27 1-53 0-17 1-74 0-21 0-21
10—19 5:49 4-48 671 7-48 5-51 5-19 7:07
20—29 2-33 6-84 4-64 2-19 2-80 277 5-63
July 30—9 5-67 7-36 7-26 12-27 9-38 13-37 9:45
10—19 275 6-46 2-65 3-59 0-33 1-16 4.55
20—29 5-64 8480 5-55 4-35 3:90 2.68 251
August 30—8 2-37 1-97 2-86 4:01 1-78 4:15 2.77
9—18 2-32 2-04 0-56 2:15 1-36 1-44 412
19—28 3.21 2-37 0-62 1-97 1-44 1-72 2-41
September 207 1-75 2-16 5-89 3-58 0-81 209 284
lg_—é; g-sts (2)-;6 1-31 2-89 0:85 2-35 179
—. -20 .27 1-73 2-58 1-18 . 2-26
October 28—7 .. .. s 0-14 0-10 O'fo 2
8—17 0-03 0-50 0-63 0-15 0-46 060 0-53
18—27 0-02 0-10 0-14 1-00 0-08 1:19 v
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Appendix I.- Total Rainfall in inches in 10-day periods.

Aram-

Muonths. Date. | Burdwan. Kalnao. Hooghly. b;;':"." bagh. Howrah. Amta.
1906,
May 110 5-72 4-83 7-16 7-25 2-98 0-08 4-15
11--20 0-25 0-80 0-18 1-60 0-84 0-78 2-55
2130 2-06 0-34 1-12 0-14 0-14 0-77 i,
June 31—9 2.29 1-24 2-73 0-52 3-19 1-35 0-09
10—19 0-16 0-48 0-28 0-38 0-52 2-54 1-37
20—29 0-61 1-65 0-15 0-18 0-94 8-17 Iy
July 30—9 4-64 1-91 1-18 4-13 3-64 6-42 2.61
10—19 9-71 5-97 3-90 4.85 7-06 2-45 6-83
20—29 | 18-83 8-33 12-94 14-55 19-18 15-32 16-52
August 30—s8 3-14 1-24 2-00 2-92 1-69 2.90 2.42
9—18 5-80 2-26 4-89 2-42 2-28 1-13 4-13
19— 28 0-89 1-72 0-67 1-04 0-86 1-12 1-57
September 29—7 7-48 1-72 3-656 o 3-92 2.79 5-52
8—17 4-87 3-32 o 5 3-36 8-30 2.15
18—27 2-11 5-50 E % 2.30 2.35 1-55
October 28—7 1-70 2-53 . s 4-99 5.98 6-77
8—17 i .. . . is 2.82 ..
18—27 1-27 0-20 1-77
1906.
May 1—10 1-42 0-63 0-78 0-80 0-99 2-08 1-47
11—20 3-89 2-15 4:05 2-98 1-38 3.66 2-18
21—30 077 0-81 0-17 0-85 0-90 2-95 0-41
June 31—9 1-80 0-96 0-71 0-65 1-69 0-21 1-05
10—19 1-08 1-87 1-15 1-90 0-94 5-19 1-59
20—29 220 1-35 1-90 0-97 2-79 2.77 2-94
July 30—9 4-71 2-80 4-31 3.50 3.03 3.21 3-52
10—19 2.04 3-17 0-85 1-22 2-45 1-18 5-40
20—29 5-53 3-05 229 6:-92 8:17 2.68 8-19
August 30—8 8-59 6-29 4-62 3-89 1-28 4-15 ..
918 5-83 3-82 1-83 3-62 2-89 1-44 ..
19— 28 2-80 0-48 1-02 1-65 2.98 172 .
September 207 0-96 3-52 2:19 4:48 2-10 2.09 .
8—17 0-85 1-45 3-37 3:86 1-52 235 &
18—27 0-52 1-02 2-95 2.50 0-93 0-40 .
October 28— 7 12-31 1-49 1-22 2.31 1-91 ..
8—17 2.87 0-50 0-84 0-13 2-16 0-60 -
18 —27 0-05 0-33 -~ 0-90 0-02 1-19 W3
1907,
May 1—10 1-05 0-73 0-43 1-26 256 060
11—20 0-68 1-39 0-99 1-22 0-91 2.26
21--30 2.38 4-18 1-43 2.91 o 3.37
June 31—9 0-75 0-33 3-29 1-62 0-34 1-74
10—19 3-66 4-36 5-00 4-67 0-09 5-39
20—29 9-81 5-43 7-56 9:26 8-88 6-47
July .. | s0—9 1-06 4-17 3-54 2-81 5-82 3-68
10—19 0-44 0-87 1-49 1-77 4.34 080
20—29 6-33 3-49 4-60 281 2-17 4:02
August 30—8 1-49 3-42 1-86 2.06 2.82 0-61
9—18 3-18 4-85 4-42 4-57 2-56 4-56
19—28 2-47 1-85 1-76 1-45 1-69 2-87
September . 20—7 2-95 3-38 2-35 9-64 0-09 5-88
8—17 2-04 2-77 4.31 4-07 35 070
18—27 3.92 3-21 1-02 1-26 i 0-36
Octoter 287 0-89 . 1-97 0-35 . 0-25
817 0-23 . 0-34 ‘s . 0-42
18—217 . i . oid . - ..
1908.
May . 1—10 3-23 3-09 1-41 0-79 1-61 1-22 0-87
11—20 0-76 0-04 0-92 0-40 0-79 2.00 0-44
21—30 3-88 1-35 2-36 2-11 2.53 0-82 3.78
June 31—9 0-93 0-56 1-11 0-52 0-58 0-64 0-93
10—19 8-48 7-23 7-85 15-17 9-27 1802 18-34
20—29 8-92 11-26 4-15 5-53 5-97 3.52 2.73
July 30—9 13-05 4-53 17-566 12-22 6-99 3-21 545
10—19 5-42 4-48 3-16 5-13 8-65 2.64 3-49
20—29 1-82 2.42 0-89 4-29 3-37 8:37 4-23
August 30—8 3-09 3-43 1-71 3-40 3-13 3.97 2.42
9—18 1-29 5-39 0-98 2-31 3-50 4.25 1-82
19—28 3-26 2.57 2-88 4-86 1-90 1-72 4-17
September 29—7 2-00 3:59 3-18 2-66 295 3-30 134
8—17 5-48 3-41 3:06 6-30 0-46 5-97 0-76
18—27 0-92 2-56 3-26 3-10 2-51 2.23 0-96
October .. | 28—7 0-22 3-32 0-08 0-43 0-23 0-85 0-93
8—17 J o .. 0-09 .. 0-59 i
18—27 s oo .. .. 1-14 3
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Appendix |.---Total Raintall In inches in 10-day perieds.

Months, Date. | Burdwan, Kalna. Hooghly. s;:;‘:.‘:' m’;‘: Howrah. Amta,
1809.
May W 1—10 o 1-30 0-25 0-22 0-06 0-71
11—20 2-80 1-88 1-02 0:99 2-72 1-96 0-84
21—30 264 0-77 0-45 2-85 3-11 1-02 2.05
June .. | 31—9 4-64 6-04 659 6-83 4-15 8-96 8- 86
10—19 3-32 8-27 5-03 4-92 3-63 7.21 7-13
20—29 2-16 2-51 3.01 3-10 0-76 3-43 230
July .. | 30—9 1-43 5-57 2-87 2-43 1-23 2.46 1-93
10—19 2-03 2-61 1-16 2-81 1-64 1-84 1-53
20—29 1-53 1-09 1-39 2-32 2-10 2.17 3.32
August —8 6-49 11-67 4:97 5-61 3-98 2-46 624
9—18 4-565 1-53 3-44 1-89 1-86 3-67 3-11
19—28 7-23 2-77 2-28 3.48 3-00 4-25 3-72
September 29—17 18-92 10-46 7-81 7-78 16-14 5-93 8-78
8—17 2-61 4-40 1-55 2-45 7-71 2-78 5-73
18—27 4-66 1-07 3.00 6-17 5-97 3-80 3-01
October 287 2-24 3-89 1-38 576 5-24 0-13 3-32
8—17 0-11 0-06 0-08 0-09 53 1-47 ..
18—27 0-51 2-92 4-11 2-57 0-556 .. 0-73
1910.
May 1—10 3-24 3-09 2-86 1-08 3-32 0-65 1-52
11—20 0-68 0-73 0-82 0-70 0-08 0-21 0-30
21—30 1-52 1-567 1-12 1-70 0-24 3-57 3-93
June 31—9 6-74 1-97 1-23 3-79 3-13 0l 5-57
10—19 4-53 4-20 3-89 2-685 5-89 3-01 4-56
20—29 3-20 1-64 2.22 1-69 0-87 4.13 1-40
July .. | 30—9 2-29 2-21 0-98 2-93 2-22 1-69 2-92
10—19 3-38 4-93 1-67 2.74 0-86 2-87 1-02
20—29 7-69 4-29 4-14 6-29 7-29 5+31 5-59
August .. | 30—8 1.27 4-33 2-34 3-31 2434 2-68 4-76
018 2.47 3-97 2-49 3-10 2.03 2-03 4-38
19—28 2-14 2-56 3-66 7-32 2-50 3-33 3-40
September .. | 29—7 3-22 2-86 2.91 5-06 3-65 4-27 2-64
817 1-53 3-93 1-44 2.93 1-77 3-26 4-24
1827 0-23 3-88 1-78 1-50 .. 1-75 2-30
October 28—17 0-64 204 1-67 4-05 0-55 1-25 1-87
817 ‘3 7-78 5-56 3-32 5-41 0-41 1-45
18—27 0-86 1-05 0-40 0-73 - 1-89
1911.
May . | 1—10 1-87 1-08 0-19 . 1-83 0:48 0-86
11—320 1-568 1-26 0-34 0-17 0-72 1-12 0-02
21—30 0-26 1-87 2-26 1-38 2-58 2.10 3-c3
June 31—9 2-86 5-40 273 490 1-47 8-96 0-11
10—19 6-96 4:48 5-11 427 4-48 7-81 3-31
20—29 1-45 1-93 4-99 2-36 0-53 3-43 0-74
July .. | 30—9 1-03 1-37 2-89 0-17 1-1 3-99 0-73
10—19 2-35 5-05 4-44 5-31 4-13 1-49 3-901
20—29 1-04 1-78 3-14 1-03 0-62 4-04 1-64
August .. | 30—8 2-34 1-48 0-70 1-05 0-78 5-44 0-74
9—18 4-51 5-01 1-36 1-83 3-67 5-06 1:-48
19—28 1-73 1-88 5-85 2.25 3-687 3-85 1-40
September .. | 29—7 1-44 3.58 2-95 1-48 2:00 5-93 7-13
8—17 3-72 2-33 1-54 1-91 3-79 262 1-42
18—27 5-33 1-72 0-96. 1-15 409 4-52 0-96
October .| 28—7 2-32 3-28 1-66 0-85 1:10 0-52 0-91
8—17 0:90 1-60 1-51 3-06 1-46 0-01 2-94
18—27 .. .. a5 .. 45 2-38 .
1912.
May .| 1—10| o0-.23 1-27 2-76 0-50 1-98 1-53 0-79
11—20 0-82 2-76 1-17 0-92 2-36 0-61 1.00
21—30 3-43 220 4-72 2-88 4:03 1-54 3-90
June .. | 31—9 0-91 1-88 0-41 0-37 1-06 1-21 2-13
10—19 0-90 0-85 0-64 1-22 0-88 2-01 0-56
20—29 3-94 5-71 4-43 7:90 2.81 1-45 3-70
July 30—9 4-58 4:90 3-25 4-83 6-36 1-69 322
10—19 8-97 4.07 1-77 2-66 3-54 2.87 304
20—29 1-77 4-84 6-41 2-06 3-82 5-80 3-61
August 30—8 2-08 0-21 204 1-63 2-08 3-60 £.32
9—18 5-12 .. 1-84 2-08 293 2-76 3-69
1928 1:84 .. 2.72 1:73 3-63 3-54 3.24
September 2917 1-12 - 1-83 2:04 1-28 3-66 2:08
8—17 3-17 . 1-75 3.10 2.01 3.98 $-46
18—27 0-58 0-36 075 0-07 1:25 1-64
October 28—7 2-91 2-38 3-14 3-09 1-34 0-83
8—17 0-94 1-54 1-30 2-41 2-82 -
18—27 0-01 %3 0-56 0-08 3-78 .
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Appendix 1.—Total Rainfall in inches In 10-day periods.

Seram-

Aram-

Montha. Date. | Burdwan. Kalna. Hooghly. pora, ‘bagh. Howrah. Amte.
1913.
May 1—10 0-92 0-35 1-18 1-66 0-40 0-79 2-26
11—20 2.98 3-41 4-53 8-13 4-06 4-20 2.00
21—30 1-68 3-42 3-63 3-58 1-32 1:19 2.687
June 31—9 6-81 6-86 11-88 14-38 10-33 15-56 15-84
10—19 5-91 5-91 5-73 8-78 4-04 11-07 7-20
20—29 5-47 5-47 2-19 3.09 2-99 4-59 3-14
July 30—9 2-91 1 85 0-80 2-41 1-85 1-96
10—19 4-73 g 3-29 2:11 367 2.59 2.97
20— 29 6-53 gz 5-19 6-84 8-39 8-93 9-71
August 30—s8 7-04 [ 7-53 621 5-46 5-69 6-62
9—18 4-28 g 1-72 3-37 1-53 2.16 4-48
19—28 0-34 = 0-99 1-40 1-45 1-63 2.30
September 297 252 3 0-56 1-51 5-18 2.08 8-00
8—17 6-75 z 6-55 2-58 3-14 2.91 1-09
18—27 0-40 2-69 0-93 0-87 0-28 0-53
October 28—7 2-36 s 0-80 1-83 1-28 1-28 2-08
8—17 3-40 3-25 3-05 3-30 3-44 4-77 4-44
18—27 .. .. .. .. .. .
1914.
May 1—10 1-85 e 5-29 2.83 3-00 4-34 5
11—20 7-17 .. 4-20 3-22 5-04 4-19 ..
21—30 0-43 .. 0-22 0-06 0-23 .. ..
June 31—9 2-00 1-68 1-31 0-74 1-57 1-46 1-17
10—19 4-56 4-11 1-92 1-67 2.72 4.54 1-29
2029 1-81 2-53 3-00 2-14 2-68 2-86 2-49
July 309 10-29 6-34 4-82 6-70 13-69 9-98 7-90
10—19 3-80 4-64 7-70 5-19 10-35 3-48 6-39
20—29 1-51 3-99 2-57 2-90 1-36 2-67 3-70
August 30— 8 3-39 0-33 2-22 2-60 8-36 1-77 355
9—18 2-75 .. 1-74 0-82 1-70 1-26 1-21
19—28 0-74 .. 4-36 3-95 0-93 3.80 557
Septomber 20—7 0-98 3-19 0-99 1-30 0-81 228 i
8—17 2-48 4-03 1-70 1-82 2-00 3-19 %
18—27 1-90 1-24 3-00 0-57 2-39 1-58 b
October 28—7 0-04 - 1-80 0-33 0-06 .. 0-07
8—17 0-95 0-46 .. 0-29 0-15
18—27 0-01 - .. e
1915,
May 1—10 <72 .. 1-61 4:08 3-12 283
11—20 2.26 - 1-46 2:14 1-31 312
21—30 1-94 - -37 -60 .35 .07
June 31—9 4-83 3-68 = 63 1-04 <74 2-22
10—19 2.28 4-77 & 3-98 3-23 5:20 7-98
20—29 6-69 1-11 S 2.14 1-27 3-57 4-54
July 30—9 4-51 4:00 ¥ 2-66 6-84 4-88 3-69
. 10—19 1-30 1-92 2 -79 1-84 3-45 4-48
20—29 6-58 2-08 1-01 5-44 1-59 1-92
August 30—8 -75 1-93 2:32 1-75 5-30 5-75
9—18 291 2-10 2-168 3-81 2-07 1-03
19—28 1-27 1-42 1-67 1-89 3-88 1-33
September 29—7 -28 5 n 2-10 -50 3-23 2-98
8—17 1-39 1-32 1-94 1-62 2-61
18—27 3-49 3-10 5-16 7:10 7-25
October 28—7 .79 1:07 76 1-50 -10
8—17 -85 -31 1-52 =67 ..
18—27 3-54 52 1-12 2-14 -
1916.
May 1—10 56 14 g 37 -ig 1-30 1-78
11—20 o 53 i - . .. .
21— 30 .32 -37 <75 17 1-40 <95 4-31
June 31—9 5.94 4-36 3-85 3-34 4-45 5-79 8-60
10—d9 4.88 7-17 3-03 1-79 5-54 7-07 7-33
9—29 6-02 5-46 4-40 2-26 4-86 3-26 4-28
July 30—9 -99 1-84 1-20 60 1-46 63 -89
10—19 1-07 -89 1-55 1-45 -64 2-52 1-66
20—29 1-76 1-73 -10 71 3-29 6-01 2-74
August 30—8 4-25 .20 £17 1-05 1-29 1-47 -85
9—18 5-24 2.65 4-97 1-63 4:96 4-30 5-18
19—28 5-33 4.56 13-29 7-79 4-88 8-27 8-37
Beptember 29—7 7-00 5-68 4-58 3-86 2.88 5-45 3.73
8—17 6-53 3-89 -88 -76 226 3-85 2-18
18—27 6-72 854 7-00 6-33 7-12 9-06 7-65
October 28—7 7-02 2-27 7-14 2-50 6-60 5 .
8—17 .19 -44 2-35 1-29 .30 .
18—27 3-34 2-56 1-43 .79 1-19
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Appendix 1.- Total Raintall in inches in 10-day perlods.

Months. Date. | Burdwan. Kalna. Hooghly. S;;’;::. Ab';lg';: Howrsh. sAmta,
1917,
May 1—10 3-44 1-84 No 1-38 2-66 2-61 4-18
record.
11—20 1-40 250 -31 2-10 3-67 3-20
21-—30 1-74 2-01 2-71 2-12 2-16 4-23
June 31—9 3-00 2-14 1-54 1-33 3-76 aa
10—19 8-28 5-31 4-86 5-26 4-73 .
20—29 3-62 2-96 1-86 2-18 6-47 .
July 30—9 4-15 7-5] 5-25 3.07 1-26 3-B9
10—19 2-70 2-29 1-77 1-47 1-25 2-14
20—29 1-95 3-01 3-01 4-42 1-39 1.22
August 30—8 5-62 5-96 2-37 65-03 2-76 1-87
9—18 1-78 4-64 65-12 3-53 6-74 5-84
1998 -60 2-53 2-48 1-10 2-19 1-72
September 20—7 1-24 1-66 -62 3-10 -70 1-39
8 —17 3-74 2-72 4-26 5-25 5-56 4-71
18—27 1-45 1-87 2-03 4-05 1-52 2-31
October 287 5-31 6-65 4:08 8-81 6-39 9-93
8—17 4-23 1-04 -39 +35 e - 80
18—27 -44 .. -02 -21 -07 -76
1918.
May 1—10 1-59 4-01 5:10 3-57 5-64 1-82 3-85
11—20 .30 .28 -10 -82 <40 -09 -79
21—30 2-16 -85 - 90 1-43 - 92 4@ 1-04
Fiisie .| 31—9 5-48 5-46 6-79 3-88 6-29 8-23 5-03
10—19 6-74 3-84 5-86 3-66 7-40 5-72 11-25
20 —29 9-16 3.98 3-30 2.27 3-87 3-88 550
July 30—9 1-72 1-00 4-87 3-38 3-02 3-43 5-36
10—19 4-16 3-85 4-75 2-68 4-24 3-15 2-17
20—29 4-63 1-60 1-35 1-55 3-63 -93 2-41
August 30—8 5.7 4-66 6-95 1-83 6-73 1-98 2:35
9—18 8:00 2-41 2-60 1-96 5-05 3-61 °5-24
19—28 6-18 3-37 3-20 3-16 1-78 2-44 4-84
September 290—7 3-76 2-65 2-33 2-60 3.22 2-09 2-23
8—17 3-99 2-34 4-17 3-03 2-23 5-21 1-17
18—27 -01 5-75 3-55 1-59 +01 2-52 1-03
October 28—7 1-42 +55°¢ - 80 -567 -72 -83 -91
8—17 -01 * — . . -21 osin
18—27 ¢ g . . .. .. ..
1919.
May 1—10 2-73 6-74 4-63 1-92 1-58 4-43 5-23
11—20 2-51 -26 -38 -81 1-46 -30 1-11
21—30 1-12 o sy vy <73 _ <34
June 31—9 2-97 4-87 b5-65 5-83 3-98 4-97 7-65
10—19 1-78 3-83 3-22 2-51 1-566 6-28 4-00
20—29 2-50 1-20 -84 1-83 1-69 2-07 3-01
July 30—9 3-13 2-15 4-76 4-18 3.22 4-95 4-65
10—19 4-96 5-57 3.76 4-14 5-11 b5-47 3:65
20—29 5-96 3-92 3-12 1-77 2-85 4-72 5:-09
August 30—s8 5-08 3-20 4-88 3-53 7-69 8-70 11-32
9—18 5-31 2-31 3-49 1-69 4-38 3-31 8-74
19—28 2-74 2-16 2-20 3-41 6-26 7-31 6-16
SBeptember . 20—7 4-25 2.22 2-71 -96 4-12 1-61 3-68
8—17 1:05 - 40 1-77 1-04 2-55 1-80 3-95
18—27 Iy -22 -82 1:45 -53 -68 <58
October & 28—7 1-52 3-20 - 60 ©16 -62 2-22 215
8—17 1-07 1-25 - 49 -43 <44 -40 -
18—27 -30 o -07 <04 -55 -08 +48
1920,
May 1—10 -33 +5b6 it .. .. e .-
11—20 1-96 - 2-58 1-68 3-51 1-53 1-70
21—30 1-06 -96 2:32 1-60 1-87 1-29 1-99
June % 31—9 1-45 -30 -66 -38 -87 -89 2-18
10—19 -56 2-49 1-00 -37 1-44 -09
20—29 4-70 3-33 3-11 2-72 3-77 47k 5-60
July 30—9 1-97 1-58 1-78 1-03 1-99 73 1-17
10—19 3:00 2-30 3:08 2-80 3-77 7-36 6-62
20—29 2-25 4-92 3-12 2-41 10-11 3-19 8-74
August 30—8 4-70 3-856 6-56 4-96 5-63 12-98 11-17
9—18 5-81 -61 2-33 -32 278 1-31 2-76
19—28 1-56 3.09 7-98 3-02 5-87 3:-70 6-67
Beptember 29—7 2-30 1-90 -66 s -23 -79 1-45
8—17 4-86 - 88 4-56 . 5-78 3-16 4-68
18—27 s 1-03 - 87 .- -96 1-31 e
October .. | 28—7 - 46 <22 1-47 -31 -12 1-18 +21
lg—;; 3:-24 3-29 3-53 3-66 4-50 7-37 9-46
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Appendix 1.—Total Rainfall in inches in ten day periods.

Seram-

Aram-

Montns. Date, Burdwan, Kalna. Hooghly. poro. ‘bagh. Howrah. Amta.
1921,
May 1—10 .82 1-54 1-62 -93 .50 .36 .80
11—20 <40 .. -03 S s e .03
21—30 1-30 <71 1-08 -72 71 73 ..
June . | 31—0 2.43 1-54 .87 -34 -99 1-37 2.86
10—19 3.02 1-73 1-91 1-74 2-01 7-12 1-02
20—29 4-53 5-54 4-08 3-72 3-90 5-64 2.22
July 30—9 -14 -68 -02 .12 -51 -86 - 65
10—19 2-78 3-91 2-90 1-91 3.23 1-81 6-76
20--29 5-16 1-84 4-98 4-59 5-14 4.57 7-38
August 30 -8 1-59 1-43 3-13 1-26 1-49 3-59 3.80
918 4-89 1-79 8-02 8-26 11-40 3.18 7-79
19— 28 7-47 4-90 6-00 8-28 3.-78 7-19 7-42
September 207 6-16 5-58 4-35 3-89 4-13 2-65 6-63
8—17 1-18 5-80 1-84 -82 2-60 1-49 3-09
18—27 3-51 1-72 8-93 2.54 -72 1-31 3-85
October .| 28—7 1-58 1-05 2-88 -06 1-04 -08 1-45
8—17 .07 .45 .. .. -87 -86 -30
18—27 .02 5z ‘17 .. s s
1922.
May 1—10 251 3-63 2-07 1-69 1-87 1-60 2.75
11—20 -66 .. .. -06 -08 .. ..
21—30 3-35 -87 1-40 -83 -22 -85 -85
June 31—9 1-16 2-51 2-30 1-33 2-96 3-09 3.58
10—19 6-74 5-23 7-97 4-04 9-02 5-48 10-27
20—29 | 23-90 11-83 13-87 9-61 17-69 12-09 13-10
July 30—9 1-85 2-79 1-06 1-21 1-32 12-57 2-49
10—19 1-83 1-20 1-34 -99 1-72 1-80 -80
20—29 5-85 2.58 2-08 2-67 -9 8-45 7-18
August 30—8 6.28 1-66 16-12 7-70 18-17 2-08 21-10
918 3-35 5-34 3-63 2-97 7-08 2-94 4-83
19—28 5-30 2-46 - 90 1-00 1-58 13-54 3-21
September 297 2.20 1-41 -54 1-61 1-46 2-38 -1
8—17 1-29 1-24 1-43 1-36 1-11 2.689 3-59
18—-27 2.96 3.29 6-77 8-16 2-60 13-88 9-66
October 287 3-35 2-86 3.77 1-87 4-11 2-20 6-83
8—17 o .12 .. - ase .. .-
18-- 27 <01 - .. -03 -01 08 .
1923.
May . 1—10 - 1-02 s - .. . 'gf_;
11—20 2.20 2-61 .. s .. s o )
21—30 4-04 1-45 .. % e . i
June » 31—9 =91 1-10 o .e .- . 5.70
10—19 1-60 1-74 it .. . .- 3 e
20—29 3-70 71 : .. . o
July .. | 30—9 6-04 2.04 3-18 6-85 4-54 6-12 a8
10-—19 3-89 3-11 2-52 1-74 -2 -84
2029 | 11-48 916 8-94 7-52 554 9-04 Teas
August 30—8 3-37 3-89 5-63 7-43 8-48 5-49 i
918 .99 1-56 2.28 2-06 2.76 4-59 2-90
19—28 4.57 3-91 11-65 4-01 2-568 4-26 4-3(5)
September .. | 207 4-42 3.56 4-37 2.16 2-05 4-07 3-2
: 8—17 1-10 .48 -83 2-05 .59 1-34 3-67
18—27 1-07 .57 .. .52 1-21 - 86 -85
Octobor 28 7 2.42 8-36 2-54 1-46 -87 -87 3-55
8—17 1-73 2-39 -49 -43 1-28 3-30 -85
1827 -01 .. 5z .. T3 .. 55
1924.
May 1—10 1-10 3-98 4-45 2-06 1-62 -48 1-77
11—20 -48 .24 1-93 44 -85 -37 3-00
21--30 e <06 -38 -10 -11 .. ..
June 31—9 o e e e .. <8 - .
1020 -96 i 2-99 .96 .19 -63 .17
2029 | 10-02 6-20 4-39 3.40 11-84 7-88 7-35
July 30—9 10-40 1-74 1-28 3-26 6-87 4-16 4-09
10—19 3.07 3.28 3-32 3-44 5-80 7-63 5-20
20—29 2-48 3.08 2-55 3-56 5-48 2-45 6-48
August 30—8 4-48 1-62 4-02 1-94 2-62 2-76 1-69
lg—;g 3.60 4-18 2-88 1-18 210 -85 l}-gg
— 1-56 2-01 2.57 1-66 4-68 8-56 .
September 207 6-36 2-97 5-74 7-03 8.22 2-07 2.17
817 5-34 5-58 6-00 3-52 8-10 4-19 5-25
. 1827 -58 1-16 .. 1-79 -44 1-70 -92
October .. 28—7 .11 .32 .37 -61 <44 .91 .20
. 8—17 1-40 1-00 1-78 1-18 -31 1-15 4-10
18—27
-04 .. -08 -11 -34 -56 1-76
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Appendix I.—Tetal Raintall in inches In 10-day perieds.

Seram-

Arams=-

Months. Date. | Burdwan. Kalna. Hooghly.
1925,
May 1—10 -88 -88 -83
11—20 1-886 1-84 3-37
21—30 -86 -32 1-47
June 31—9 1-85 1-57 -36
10—19 2-69 1-03 2-29
20—29 1-51 4-60 2-53
July .. | 30—9 -69 1-08 -93
10—19 2-09 4-17 3-47
20—29 4-19 4-12 4-56
August & 30—8 1-08 -84 -77
9—18 2-73 1-93 -35
19-—28 -96 2-156 1-66
September 29—7 5-08 1-74 1-75
8—17 4-52 3-54 4-71
18—27 <95 -04 <15
October 287 <31 15 - 36
8—17 6-00 1-98 6-48
18—27 %% 09 Y
1926.
May 1—10 -20 -67 1-65
11—20 1-25 1-33 2-15
21—30 1-89 1-31 1-40
June .| 31—9 1-168 <94 2-06
10—19 2-74 2-00 3-92
20—29 -36 =256 %
July .. | 30—9 9-10 2419 7-18
10—19 9-82 7499 9-60
20—29 5-11 7-21 7-04
August 30—s8 5-41 4-40 3-56
9—18 | 14-48 9-92 11-78
19—28 1-35 - 80 1-57
Septembar 207 6-38 9:19 1300
8—17 1-15 2-51 2-92
18—27 1-72 . -30
October 28—7 2-16 3-95 4-06
8—17 1-12 -10 - 60
18—27 <01 -10 -42
1927.
May 1—10 2-36 1-78 No record
11-—20 74 1-84
21—30 1-29 3-63
June .. | 31—9 1-90 2-16 2-33
10—19 3-34 1-87 3-22
20—29 3-81 1-587 1-52
July .. | 30—9 1-27 1-35 3-40
10—19 2-35 3-07 1-14
20—29 6-56 2-60 6-85
August 30—s8 2-45 4-02 «75
9—18 3-70 1-75 3-16
19—28 1-96 - 69 2:01
September .. | 20—7 1-45 <66 1-91
8—17 4-44 1-32 1-10
18—27 2-51 - 99 1-35
October .. | 28—7 2-91 3-53 3-62
8—17 1-01 . .o
18—27 . -05 -
1928.
May w5 1—10 2-35 1-88 2-28
11—20 2-72 3.22 1-87
21—30 -79 1-38 -31
June .| 31—9 4-70 2-54 I-20
10—19 | 20-24 13-70 11-468
20—29 2-556 4-98 4-24
July .. | 30—9 6-20 9-05 8-14
10—19 7-11 5-04 5-82
20—29 3r96 1-19 4-19
August .. | 30—8 5-22 8-21 9-16
9—18 4-87 4-77 7-06
19—28 2-41 3-23 2-24
September .. | 20—7 1-56 .95 1-19
8—17 1-56 1-43 -52
18--27 -31 2-09 3-33
October .. | 28—7 -01 -19 -78
8—17 3-54 - 64 3-34
18—27 -22 -656 -89

pore. bagh. Howrah. | ®*Amta,
-6 -13 1-72 2.21
1-11 2-62 1-87 2.30
-83 1-16 1-91 .97
-29 -66 1-85 -850
2-78 1-90 1-00 2-76
1-25 - 1-82 2.75
1-44 35 2.95 -95
3-72 5-07 B-57 N5
2-73 4-19 9-92 3-56
-40 - 50 1-96 1-37
1-44 1-95 2-21 1-49
2-42 1.27 4-22 4:63
.. 3.73 1-19 2.57
. 1-99 2.88 2-18
. 1-97 -85 L
-29 2-11 -28 2.60
8-24 -36 8-91 .
e 1-18 34 6 ?l
-36 <09 .. .
2-13 1-08 1-98 1-45
-92 -568 1-78 .80
1-51 1-77 1-49 .09
3-41 1-05 2-89 1-22
-30 - 09 e .28
4-02 14-66 65-11 17-66
5-69 8-38 4-04 4-38
983 11-31 1697 14.32
1:92 1-08 4+-28 5-69
9-40 18-50 11-95 3-64
246 1-48 8-60 1-55
4-17 5-46 8-43 6-18
-45 1-66 1-44 1-17
2-14 2-16 33 1-14
1-31 5-55 2-65 .30
<45 1-02 -52 4-06
in -10 -29 ..
4-79 3-14 5-35 3-85
3-61 287 3-16 3-65
2-26 3-35 2-33 -68
-97 1-36 2-58 4.23
2-90 4-18 3:00 3-15
2-87 2-75 1-68 4-14
2-20 6-35 2-65 2-42
3-06 2-36 2-73 3-19
-90 3-02 1.84 2-47
3-76 4-36 - 80 2-32
1-99 -96 3-48 2-65
-83 -29 1-72 -42
2-57 5-90 2-52 5-50
2-76 1-7¢ 4-51 2-95
1-59 3-2 <77 -80
s -51 -0l -40
2-78 3-25 - 64 +08
10:79 8-68 14-49 9-55
4-66 1-92 4 2.-67
10-57 5-85 12-90 6-34
6-93 4-35 6-35 5-70
6-22 3-49 2-42 806
4-92 10-99 7-98 12-28
4+71 4-11 1-15 656
2-91 2-75 3-28 2-06
2-78 2-37 3-54 2-42
<49 1-06 +68 -20
2-22 1-86 1.02 2-95
1-54 1-27 1.88 - 28
4-83 I-11 1-63 1-08
+24 1-66 1-36 -83
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Appendix 1.—Total Rainfail in inches in 10-day periods.

Moxths. Date. | Burdwan. Kalna. Hooghly. B;;‘:.:}- %‘;88’;:: Howrah Asnta.
1920
May 1—10 -47 -38 b . -81 <09 .
11—20 - 65 -87 -18 ik -66 1-21 .76
21—30 -86 2-46 1-18 -28 1-53 .43 -45
June 31—9 5-98 2-35 3-09 252 5-18 2.79 9.25
10—19 -18 -73 -28 -87 -66 2-18 1-95
20—29 4-35 3-89 1-99 1-41 2-01 .68 5-92
July 30—9 1-44 4-50 2-29 1-20 4-12 2.62 5-95
10--19 3-48 9-23 5-33 2-70 3-45 3-90 2-79
20—29 11-56 3-65 6-40 7-43 6-49 5-83 9-16
August 30—s8 6-17 1-57 1-04 2-04 2-02 2-54 2.04
9—18 5-29 -61 2-48 3-76 2-22 4-89 7-80
19—28 3-99 2:07 2-42 2-54 5-83 5-28 2.99
September 29-—7 1-09 <15 2-64 1-14 1-56 3-41 .50
8—17 2-22 .. 1-50 -66 4-04 3-31 .93
18—27 1-76 4-20 3-76 2.37 4-26 2.77 3-75
October 28—7 4-87 6-26 9-34 5-30 8-08 5-84 6-51
8—17 -04 1-15 1-70 3-87 2-07 .15 360
18—27 2-80 -26 2-56 2-60 4-04 4-48 3-83
1930,
May I—10 1:83 3-09 2-47 2-28 1-53 3-01 2.89
11—20 2-09 -38 1-20 -75 -39 -11 .12
21—30 -02 1-84 .17 -63 1-46 -32 -45
June 31—9 2-08 -42 2-83 2-54 -10 1-08 1-82
019 .59 .09 .20 1-57 2.26 1-79 2-85
20. 29 5-52 1-66 4-33 5-23 2-51 3-66 8-13
July 30--9 11-98 3-62 9-77 10-17 9-34 10-53 14-02
10. —19 8-51 7-33 7-06 6-31 7-85 6-73 12-38
2020 5-46 4-13 5-07 4-09 3.78 2-10 2-28
August 308 4-45 -78 1-62 2-22 2-85 1-43 2-43
9--.18 2-89 3-74 5-62 4-36 1-98 1-92 1-87
19. 28 5-18 2-40 1-63 2-3; gilig g-gl 2-09
T 29—-7 5+30 2-25 3-32 4 S -84 1-85
Septembe 517 | 1:28 12 1-63 1-09 2.57 2-24 3-00
18—27 8-89 2-78 3-51 3-76 4~¥ 1~346 5-23
28—7 -38 4-47 i “a ¢ 2 ..
Qgtober &y 9 -97 ‘87 ‘46 .08 1-80 .
18—27 . % . -12. s ..
1931.
: e 2-75 2.98 2-23 0-78 3-13 0-27 ..
Aoy =20 | o-49 0-09 1-78 1-26 0-97 2-70 1'i5
21_30 1-42 1-35 1-97 8-18 1-58 3-03 5-14
Jine 31—9 0-22 o s .. 0-38 &% 5
10—19 3-66 2-18 3-47 4-54 4-06 4-04 4-12
20—29 2.20 2-21 1-98 1-70 2-61 3-46 3-05
July 30_o 413 7-09 5-59 9-08 3-07 8:35 4-42
10—19 1-33 2.34 1-76 3-26 3-53 5-14 3-87
20—29 4-76 3:01 6-76 g?g },g? %gg ;gg
. 2-65 2-00 . - * =
August w—dr 28 .- ek 1-99 5-19 2-04 3-25
pos | gh | Emo) s e | oan | 8 | pd
3 : . 4-15 . . : .
September 207 249 e 3.6 3-64 1-36 2-45 2.05
8—17 4-37 2.22 9
1827 4-58 1-05 2-32 4-31 2-49 2-33 1-95
October 28—7 1-99 2-91 1-20 1-63 2-69 3-78 1-27
8 17 3.57 2-17 2-29 3.76 2-97 2-46 1-78
1827 0-20 1-95 1-35 1-49 3:86 6:02 2-35
1932.
May | 1—10 1.27 1-06 2-78 2-21 1-59 2-43 1-87
11—20 as% e s, - .o .. ‘e
21—30 735 6-04 7-16 8-75 4-18 9-03 12-60
Fene | 31—e 2-12 1-40 0-70 2-19 2-49 1-656 4-08
10—19 2.52 4.12 8-00 8-58 2-13 2-01 1-90
20 0 5-69 3.-27 2-80 2-39 3-37 3-49 1-77
July . 80—9 0-36 2-57 2-28 3-31 0-77 0-60 1-10
10—19 3-39 1-31 2-25 6-56 2-56 1-63 3-80
20—29 1-91 2-85 2-03 4-24 1-68 5-18 3:90
August . | 30—s8 11-40 5-24 6-35 5-16 8:78 3.57 3:30
9—18 4-61 5-47 4-756 6-92 3-52 3-72 No
19—28 2-55 1-60 6-70 4-98 1-23 4-71 record.
September .. 29—7 0-69 1-72 2-60 1-688 1-29 2-82 3-50
8—17 2-84 1-33 2-80 0-60 2-50 1-22 1-20
18—27 3-13 4-94 0-80 4-18 3-69 2-93 3-10
Octobpr .. | 28—7 - 0-04 0-55 0-55 0-10 0-01 o
8—17 0-04 o 0-15 0-47 i 1-86 5
18—27 2-55 0-66 1-45 1-44 3-09 2-52 1-80
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Appendix L.~—Total Rainfall in Inchesin 10-day perlods.

Beraine

Aratn.

Month. Date., | Burdwan,| Kalna, Hooghly. pore. bagh. Howrah. Amta,
1933.
May .o 1—10 687 2.68 2-61 3-5) 4:63 3
11—20 310 1-31 te05 3 4:39 o
21—=30 1-29 1-5¢ 1-00 s-03 LULY O 1-46
Juno oo { 31=9 2.5 2.03 4-76 2-66 282 3-¢ n-40
10—190 1+51 185 2-8% 3:30 250 3-05 | B3 1)
20—29 529 7 6+31 12-33 14-78 -5 13-00 100
July e | 30—9 4-07 2.87 470 330 3-32 3-36 520
10—190 198 1-98 6-40 6-03 3-37 8-67 437
20—29 425 1-82 279 1-05 4-33 3-01 2:50
August ee { 30—8 7-23 T 2.84 412 246 4-45 2.7 3.32
9—18 4-88 2-42 3-41 6-10 4-80 4-41 9-30
19=-28 8:64 403 10-43 3.0 518 5-41 6-20
Septersber .. | 20—7 6-83 5-01 1-72 2-98 1-10 078 0-80
8=17 1-10 0-82 0-44 089 150 2.7 1:60
18—27 834 8-76 7-36 874 587 14-50 713
October . | 28=7 015 . 3-30 114 0-03 1-07 0:5%0
=17 1-04 2.19 3-41 6-23 1-31 9-2 4-85
18—27 1-37 2:05 1-85 1+90 318 0-50 1-30
1938,
May .o 1—10 1-39 1:15 4-59 1-03 183 1-% 1:67
=20 0-02 .o .o 0-38 050 120 0-80
21—30 13 111 0-50 1-33 082 1-18 0-80
June e | 319 . 1-33 1-01 0-53 0350 0-76 0-80
10—19 6-15 1-84 430 2.92 1-54 1-63 565
20—=29 5-56 4-43 4-33 2.39 3-03 6-24 2-9
July oo | 30—9 1-48 3:10 180 2-51 3-33 414 3-63
10—19 4-00 293 2-03 2-32 3-47 4-06 510
20—29 181 1-30 105 0-37 1.6 074 .e
August s | 30—8 090 1-63 217 3-36 073 4:93 3:55
o—18 1-29 1-63 093 1-54 2-66 1:63 150
19—28 5-19 2-19 2.66 2-95 350 3-09 580
September .. | 290—7 3.20 1:45 *335 1-39 1-65 4-81 1:34
8—17 3-70 3-01 2-17 2-20 049 3-28 228
13—=27 3-78 L-40 2-63 436 1-81 492 9-33
October oo | 283=7 003 1+50 2:97 2:68 1:47 133 2.3
8—17 1-2% 1-00 2-77 1-35 1-25 3-41 4-33
18—27 056 029 027 v 0-01 0el2 .o
1935,
May e | 1=10 - 5 oo o o
=20 132 017 0-86 0-28 1.33
21—=30 0-66 337 .e .o 0-378
June s | 31=9 0-04 .o 0-01 .o
10—19 1-89 1.81 203 3-07
20—29 443 4-23 1-28 3-41
July ee | 30—0 1.88 G-00 3-34 6-57
10—19 2-91 0-64 0-562 1-67
20—29 1-87 231 | £33 1-67
Augunt s § 30—8 2.73 168 1-02 148
0—18 3-73 781 3-5%. 347
19—28 3-04 4-04 .04 4:26
September, .. | 20—7 1-60 2.01 2.51 1-59
R—17 424 132 1-03 2.34
13=—27 147 0-3% 0-32 0-47 1-63
October . | 28=7 . .o .o . .. .o .e
8—17 . o e s e o s
18—27 .e .o v 0-53 . 1-08 oe
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Appendix 2.-——Agrioultural Officers who helped in preparing the note on th.
Water Requirement for Rice.

(1) K. C. Banerjee—Rice Research Officer, Bankura.

(2) 8. B. Bouse—District Agricultural Officer, Burdwan.
(3) S. C. Chakravarti—Rice Research Officer, Ghinsurah.
4) K. P. Roy—Assistant Kconomic Botanist, Bengal.

(») S. P. Sen Gupta—Superintendent, Chinsurah Farm.
Appendix 3.—Note on the Water Requirement for a Full Crop of Rice in West Bengal.

1. Heavy showers of from two to three inches are required during the last fort-
nigh, of June for the cultivation of land preparatory to the puddling operations.
This should not be distributed over @ number of days but must all take place in the
course of 2 or 3 days.

2. The normal transplantation period can be taken as extending from the middle
of July to middle of August—a period of 15 days from the 24th July to 7th August
being the most favourable for this purpose.

In order to have the optimum water-supply for facilitating transplanting operatious
during this period, there should be a total precipitation of about eleven inches. Any
heavy rainfall immediately previous to this period should also be taken into considera-
tion in reckoning the total water requirement for this period. The precipitation should
pot occur in small quantities over a large number of days but should be in heavy
showers of about two to three inches at intervals of 5 or 6 davs.

3. Heavy rainfall immediately after transplantation affects the seedlings adverse-
1{[ by imterfering with the proper setting up of the plants and the tillering. Occasional
showers at intervals till the end of September supplying from ten to twelve inches
in all have a beneficial effect on the growth and development of the rice crop. The
showers during the second fortnight of September should be very heavy, say four or
five inches within a few days so that there may be some accumulation of water in the
fields lasting for a rumber of days.

4. During the second and third week of October—(thofmukh stage) there should
be about four inches of rainfall -1 to 13}” to facilitate flowering.

5. Generally, no depreciation should be given ‘for slight deficiency or delay in
the total precipitation in the June. In very bad or abnormal years slight depreciation
may be necessary.

6. If the rainfall within the normal transplanting period (16th July to 15th
August) is favourable, and transplanting can be begun even a week later but finished
by the middle of August no depreciation should be made. If the rainfall is deficient,
or the heavy showers mentioned in paragraph 2 are wanting, depreciation should be
given. Amount of depreciation is difficult to formulate, but may be estimated in the
following way.

A deficiency of the order of two inches of rainfall during the transplanting period,
provided heavy showers are otherwise satisfactory, should not usually require any
deprepxatlon. With a deficiency of about four inches of rainfall during the trans-
planting period (July 16—August 15), provided the occasional heavy showers are
available, it would be still possible to have about 75 per cent. of the total area trans-
planted. A deficiency of six inches of rainfall would enable only 50 per cent. of the
total area being transplanted. The first thing necessary would be to estimate on the
above basis the proportion of the area transplanted by the middle of August. The
crop percentage may then be calculated as follows. From the middle to the end of
August depreciation should be given at the rate of 10 per cent. for a delay of five
days on the area which is transplanted late.

Suppose the area transplanted is 75 per cent. for which we expect a 100 per cent.
crop, the remaining 25 per cent. of area should be given a depreciation for late
transplanting. If the rainfall is such that this area can be transplanted within the
next five days, a depregiation of 5 per cent. will be given on 25 per cent. (the late
portion), and the crop estimate will be 75+23-76=98-75. If transplantation of
the 25 wer cent. area be delayed by 10 days, the depreciation on this portion will be
10 Rer cent. and the crop_estimate will be 756+22-60=97-50, and_so on till the end
of August. If L¢ the end of August any area remains untransplanted it should be
eliminated frdm the estimate. If however a vast area remains untransplanted at the
end of August, and if rainfall at the beginning of September is very favourable for
transplanting, the calculations for the area transplanted and the percentage estimate
of crop may be carried on up to the middle of September, the rate of depreciation
being now made at the increased rate of 20 per cent. (instead of 10 per cent.) for every
five days’ delay. In this extreme case the crop on the area transplanted during the
n{)rmal time might have suffered and proper depreciation should be made on that crop
also.

7. Bad distribution or insufficient rain during the period from Se{etember 1—30
should be given progressive depreciation, the rate depending on the interval between
the dates of minFall.
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»r The October rain and its distribution is very important. The total rain in
the last fortnight of September and the heaviness of the showers should, however, he
taken int account. Total absence of rain in October should be given 1 per ceat.
depreciation daily, that is, 30 per cent. depreciation for the whole month,
ever, the ram in the later part of September is very deficient, the rate of depreciation
would be grater.

In this cognection it is necessary to remember that every two inches o} rain
during the last week of September would carry the crop without depreciation for tea
days. Roughly two inches of rain every 10 days in October should ﬁnve no deprecia-
tion but early November rain should count if October rain fails. For example, a
heavy shower, say four or five inches at the end of September, no rain in October and
a shower of two inches early in November should have very little depreciation.

9. Heavy showers over two inches in a day at the end of July and in the begin-
ning of August will delay transplantation. Starting with 5 per cent. deprecis®on
(i.e., 95 tiuar cent. crop), 1 per cent. daily depreciation on area untransplanted should
be carried up to the end of August.

10. Any heavy rain above two inches within 15 days from transplanting will
have depreciation at the rate of 5 per cent. for every two inches excess of rain,
Again any heavy shower over three inches on a crop aged between 15 and 30 days will
have a depreciation at the rate of 2 per cent. for every additional two inches of rain.

APPENDIX 3(a).
Rainfall Calendar of Crop-Estimation.

(This covers every form of deficiency in rainfall which actually occurred during the 35 years,

1901-35).
5-day periods. Rainfall. Depreciation to be allowed.
June Total rainfall for June at least 8" of | Slight rainfall discrepancy requires no
which 2" to 3" should fall in the depreciation.
last fortnight in 2 or 3 days.
July 5| 3" to 4" preparatory to puddling

- 10 operations.

' 15 | 117 rainfall for complete transplanta-

% 20 tion, but any heavy precipitation If there is a 2° deficiency no

35 25 immediately before the period depreciation will be allowed, ; if

- 30 should be taken into considera- the deficiency is 4" ; 25 per cent.

August 4 tion. Falls of 1}" to 27 at inter- depreciation should be allowed ; if

- 9 vals of 5 or 7 days are most suit- therc is 6" dcficiency 50 per cent.

»” 14 able. depreciation should be allowed.

5 19 | Heavy showers just after trans-

» 24 planting are harmful. Calculate the area transplanted by
August 15 and allow 1 per cent.
depreciation on the untransplanted
aren for each day’s delay in trans-

2 29 | Occasional showers amounting to planting till the end of August

September 3 8" to 9" in all are required for and 4 per cent., till the middle

» 8 getting up of plants and tillering. of Séptember.

” 13

5 18 | One heavy shower of 2” within a

e 23 few days and a total of 4" during

. 28 the whole period.

October 3 If there is good rain in Seotember
and no rain during the period,

9 8 | 4" rainfall, with 1”7 to 13" on one allow 1 per cent. depreciation

’s 13 occasion, for flowering. for eachday in October till

. 18 the 20th and 1 per cent. per

” 23 day from the 21st October till the
end of the month.

¥ 28 | 2” rain spread over 5 days.

November 3

» 8
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Appendix 4.—Estimates of yleld of Rice (in percentage of “‘full’’ crop).

Burdwan diatrict. Hooghly district. Howrah »ustrict,
Yoar. -
. Beram- .
Burdwan. | Kalna. Hooghly. oe, '}"::; Howra' Amta.

1901 76
1902 80 72 89 ik ol 78 84
1903 : 90 95 87 90 4 68 74
1904 . 51 73 73 78 92 94 97
1905 . 82 75 20 i 29 62 66
1008 . 87 77 70 9 90 * 89
207 67 76 62 82 91 95 .
1908 .. a7 02 52 b i 71 81 70
1809 .. 5 07 85 9% a1 71 56
1910 . 58 07 88 S 80 88 94
1911 79 86 78 74 oL 93 95
1912 . 90 . 75 a1 81 53 62
1913 . . 96 . 87 89 85 88 62
1914 77 . 77 51 97 87 91
1915 85 - - 2’ 62 16 .
1916 92 68 78 2 95 9% %
1917 82 95 . o 94 79 87
1918 72 83 74 48 b2 81 82
1919 ; 72 85 77 56 o4 8e 66
1920 : : 95 78 92 58 o 82 60
1921 i 82 75 75 51 93 85 86
1922 s 88 79 70 78 70 57 74
1923 ; . 87 86 75 65 o it 86
1924 bt . 88 81 87 i 65 86 85
1925 97 59 68 66 90 78 o
1926 84 64 85 68 85 o 4
1927 . . 87 43 69 49 93 gg 8
1928 1 77 76 02 v3 20 81 o
1929 87 79 91 94 98 98 o4

4
1930 : 87 79 71 69 75 73 77
1931 . 98 92 97 97 94 98 96
1932 80 79 85 76 6 20 .
1933 88 92 95 97 3 26 o8
1934 85 48 75 61 72 97 20
1935 42 36 27 19 50 62 52

*Rainfall records missing.

Appendix 5.—Analysis of Variance of crop estimates.

The following tables give the analysis of variance of estimates of the expected crops for
seven regions made independently by agricultural officers.

Ratio of Variance.
A

Degrees of  Variance.

—r —
Variation due to. Freedom. Observed. One per cent.
Burdwan
Estimator - oo 4 67 8-37 3-46
Season (year) .. .. 34 764 9550 1-96
Residual Error . o 136 8 .. i
Kalna—
Estimator - .e 4 50 0- 6(_3 3-48
Season (ye:r) .. e 30 1,326 17-45 2-03
Residual Error ‘s o 120 76 .. wie
Hooghly—
Estimator e .o 4 210 1-69 347
Seasun (year) - . 32 1,436 11-68 1-08

Residual Error - &5 128 124 is -
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Ratio of Variance,
Lo Degrees of : R
Variation due to. Freedom. Variance. . e w— ‘.cn?.
Seram pore—
Estimator .. .. 3 1,929 0-06 3-97
Season (year) e .. 34 2,029 9-52 202
Residual Error .. W 102 213 ..
Arambagh—
Estimator .. o 4 453 13-32 346
Season (year) .. o 34 775 22-79 1-96
Residual Error v % 136 34 .. ..
Howrah—
Estimator .. a4 2 245 2-66 4-93
Season (year) - . 34 1,064 11-56 1-81
Residual Error T s 68 92 w%
Amta—
Estimator .. .. 4 72 9-00 3-47
Season (year) .. .. 32 1,693 199-12 1-99
Residual Error .. .. 128 8 .. .-

It will be noticed that the observed ratios of variance are invariably greater than the
expected one per cent. ratio.

Appendix 6.—Estimate ot Rainfall Deficiency and Excess in Inches.
~N. B.—Deficiency of rainfall given in ordlnary and cxcess of rainfall required to be drained away given in th'lck type.

Stations. July. August, September. October.
1901.
Burdwan o = s 3 1-0 .. oin i i . .o .
Kalna o - 1-5 2-0 1-0 2-0 o v o e 1-6 s
geooghly & 2-0 .. .. 1-0 _— 10-0 s 2-0 .
rampore @i e 5%, .. .. 20 s 8-0 1-0 20 1-0
Arambagh s i .. .. 20 v o 30| ... .. .
Howrah i o .. asie - 1-0 2- s 8- .. 2:0 .
Amta .. .. oo _— 1-6 & e 20 =N . . 1-5
1902,
Burdwan oo o .

Kalna P s . . . i gg b
Hooghly N B I R IO O RO I io| 20| ..
rampore Y .. .. a s o oo 2 . . . .
Arambagh o | e s | | s | s O ERSE ISR Sl Bl B
Howrah .. e s . .;‘.& .
Amta o e & ose - 1-0 2-0 2:0 1-0

1903,
Burdwan 1-0 3-0 — s .
Kalna - s 30 - 1-0 é
Hooghly .. .. 1-5 1:0 1-0 1-0 is F
Serampore . s 2-0 20| 2-0 o o 3-0 2
Arambagh . S . 2-0 s ws ..
Amta .. .. .o .. .- e - 1-6 . .- st e
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Estimate ot Raintall Deficiency and Excess in inches.

Stations. July. August. September. Or wber.

1904.

Burdwan on 4 Ve oo g3 i . viw 2-0
Kalna . .- §8 i3 o

[

. 279 2-0

3-0 . e .. . 1-5 2-0

Hooghly . 1-0 20 .. c e -0 1-5 2-0

Serampore .. .- 1-0 T o o e .. o 2-0 20

Arambagh . e 5 1-0 s 1-0 o 2-0 1-6 1-0 2-0
Howrah .. 4-0 .. 1-6 “s i 5 % .. 1-5 2-0 s

Amta .. as 20 s - s .o s59 e .. 2-0 2-0

19056.

Burdwan - .. 24 14-
Kalna e - .. .
Hooghly i — - 10-
Serampore . - “ 10-
Arambagh o s e - 8-
Howrah %5 - “s 11-
Amta @ v % 12-

3-0 .. 3-0

ec600 ©
-1

™ NN

Y-

1908.

Burdwan oF 5% % 2-0 3-0 2-0 o 1-0 2-0
Kalna .. % 38 5 8 vy .. 1-6 s o s
Hooghly . .. -

Serampore i -
Arambagh _— 2-0 . .. o 28 5 £ 13 e 5w
Howrah - 2-0 . .. 1-0 §% 5 5 T s 1-0
Amta .. | Rainfall data wanting.

0 .e . .
-0 .o o .. o

L N
-
o
(&)
)

§ s
cco’

1907.

Burdwan . 5% 32 2 s - o & . 2.0 2-0
Kalna .. .. % e 2-0 s5 s v s ari e .
Hooghly -~ < .. 1-5 ST os o i s

Serampore .. - N e .. .. .. .. g a5
Arambagh wia s .. . 1-0 i .- 3-0 o 1-0
Howrah o1 s % 1-0 - e .. oo 83 4% =
Amta e 5 5 T s e .. e .. nie 2-0

¢ W
o o000

IR
(=2
-

1908.

Burdwan we .e . . 33 5z 1-0 58 = s 2-0
Kalna s .o .. e .. ¥ s . 2% s
Hooghly 58 v e wvs . 1-5

Arambagh i
Howrah i $¥ i _— %% v - s oo
Amta .. 55 dis st % o 5-0 ws 2-0 -0

[CRCEE R
[=X=R-X-X-R-N=)

. N
o o0

RO o e

1909.
Burdwan V% s wice 2-0 . 2:0 | 15-0

Hooghly

Serampore
Arambagh 5% ¥ & S e 5 o - . .o . ..
Howrah i3 0 . - 1-0 - .. st . .. 1-0
Amta i3 i oD . i - s .. - .o .

¢ Ry

o
oo -
oo

1910.

e
oo

-
-3

R

Burdwan .. .. i is 1-0 o . S5 23 2-0 2-0 2-0
Kalna .. .. .. 3% i i & 2-0 $ % - . i
Hooghly .- . 1-5 Y .o - .. .. o 0-5 & i
Serampore .. . . 2-0 . i “e a3
Arambagh . . . o 3 2-0 o te
Howrah .. .. . % .o on
Amta 2-0 . aa .
1911,
Burdwan . 2-0 20 sica . .- .
Kalna .. d ‘i B 1-0 & a5 3%
Hooghly is . - s 1-0 . 1.5 ..
Seramphre 5y & i 2-0 2.0 2.0 3% 1-0
Arambagh 23 & 2-0 P 1-0 b 5 A
Howrah F = 2-0 2-0 2-0 - 1-0 1-0
Amta - &5 2-0 3-0 - 2-0 %
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Estimate ot Rainfall Deficlency and Excess In Inches.

Statidls,

July.

August.

September,

Qatyber,

1912,

Burdwan
galna
vogh!
Serugn;{re
Arambagh
Howrah
Amta

1913.
Burdwan

1914,

Burdwan
Kalna
Hooghly
Serampore
Arambagh
Howrah
Amta

1915,

Burdwan
Kalna
Hooghly
Serampore
Arambagh
Howrah
Amta

Hooghly
Serampore
Arambagh
Howrah
Amta

1919.
Burdwan

Hooghly
Serampore
Arambagh
Howrah
Amta

R.n.inf.all data wx;r.xl,ng.

R’n‘i nfall ;j.aln

Rainfall date wanting.

Rainfall data

i-0

20

LD DD O3 WO D b o
CO0O0O

—t0 -
oS

1-0

wanting.

wanting.

2:0

(S )
ot

2-0

2:0
2-0

O s o
coo

‘..._....
de’

10

1-0

& RO @
© ©o «w o

oo ©0 ©

20 ..
.| i
1o ief I

-
=1

2°0

O X
oo &

[

(=}
IR
(=X}

2-0 e 1-0

N..
Y-}
-

a0

10

2-0

Pt ot
S o,o

e

»
<

[SEUNEE
co 2

15

10

2-0

—

B CTOTaTe
coco ©

l?- 1]
c o0

]

s
cCooOom <o

10

20

-0
(=2~

DD BO B DD == v
LOoOOCOCO

DO 0O DD b0 i bS +
cCOoCMO

-
-1

1'0

4-0

b.'ﬁ.
-X-Y-1

2-0

o

.-....
cd o
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Estimalo of Rainfall Deficioncy and Excess in inches.

Stations. July. August, September, stober,
1920.
Rurdwan # ¥ e % 1-0 e 1-0 .o - ‘.0 we 1-0 o
Kalna Bl . o o o~ .o . o5 . 1-0 1-5 0-5
Hooghly . 2 o6 .e 2-0 4:0 .e 1-0 o 1-0 .. ..
Serampore . .o oe i@ o 10 .e 2.0 2-0 2.0 .. .
Arambagh o5 .o .o .. .o .e .o oo e v 1-5 i
Howrah .o xe s @ 6-0 oo . .. s 1-0 3-0 iy
Amta ek ts 6-0 s 6-0 2-0 e ois g 1-5 e 4-0
1921.
Burdwan .- .. .- .. . .- 5-0 . .. .e .o 2-0
Kalna - o 2.0 oie e 5% 3-0 o5 oe .. 0-5 2-0
Hooghly .o .. 1-0 .e .o 3-0 3-0 i 1-0 . e 2.0
Serampore .. .- .o .. 1-0 2-0 45 o g iera 1-0 2.0
Arambagh _ .o 6-0 e s i s a:d .o .. 1-5 1-8
Howrah .- .- .o .. .. ofs 2-0 . e 1-0 2.0 1-5
Amta oo - .o 3-0 .e 4-0 5-0 .o oo - .o 3-0
1922.
Burdwan we = o 20 1-0 3-0 oo .o . o et -
Kalna .- .- se .. . .o .. oo s o o 1.5
Hooghly e, e 1-5 2-0 5-0 - o 1-5 a8 w59 .o 1-5
Serampore .- . 2-0 1-0 4-0 .. .. 1-0 &% i 5 2-0
Arambagh ore . .o 2.0 10-0 o .o o .o 1-0 w6 s
Howrah o 4-0 = 2-0 .. e .. .. o5 6-0 s 2-0
Amta o .e s 2-0 1-5 . . .o .e o .o %
1923,
Burdwan s .. .. 8-0 .. .- .. .- .o 2-0 .. ..
Kalna . . . oo .o o - .e 1-0 2-0 .o @
Hooghly o .e os 3-5 .o e 50 .. 1-5 1-5 .o 5%
Scerarnpore W 2-0 . .o . .o .. . 2-0 2-0 .. 3-0
Arambagh .o .o . .o e . .o .o e 2-0 .e .o
Howrah s 4T% 2-0 .o .o o .o - 2-0 .- ..
Amta % .o - o 4-0 .a 1-5 .. wiw e .o .
1924,
Burdwan .o .. .o .o o sie .o 2-0 s .e .o I-0
Kulna .o .- .o .o o o .. o . v 2-0 1-0
Hooghly gy sy 2.0 .. 1.5 | .. i s . 1-.5) 1-0{ ..
Scrampore . .o .e o 2-0 oo .o .o e 1-0 1-5 2-0
Arambagh .o .- .- . .o .o . .o .o .. . .o
Howruh .o .. .o oo oe .o 2-0 . 5 . 1-0 1-0
Amta e o o . o . 1-5 2-0 os we osie -
10235,
Burdwan i . .o e 1-0 . .o .. .e ok .o
Kalna o5, . oo . 20 . .o .o o 1-0 1-0
Mooghly .- .o 1-0 .o 2.5 e o 1-0 o 1-6 o
Sorampcro .o .. .o 2-0 2-0 1-0 g 1-0 — . 30
Arambagh .. .. 1-0 - 2-0 .. .. .. . 5 -
Howrash oo .e 2-0 2-0 o 5 n ot S5 1-0 2-0
Amta e e o _— . _— 2-0 oie ] ws ..
1926.
Burdwan .- .. .o 20 . 10-0 .- 2:0 oe 1-0 . 1-0
Kalna .o .. . 2-0 .o 4-0 .o .o .e 1-0 _ oie:
Hooghly o)V 20| 30 20| -. 70| 25| 40 10| 10| .. —
Serampore 5 5 Se 30| .. a0 .. o e 10| .. 2.5
Arambagh e 6-0 60 20| 10-0 .. as & e .. s
Howrah RO I X I s oo 6-0| 4-0 s .o 1-0 av 2-0
Amta .. | 12-0 - :10-0 .o 6-0 B .- .o 2-0 oo P
1927,
DBurdwan .o e .o .o .o .o .o e Bs . ae .
Kalna .. - 2-0 .- . 1-0 2-0 1-0 1-0 . .. 2-5
Hooghly te oe .o 2-0 1-5 oo .o « 1-0 &% s 2.0
Scrampore o e 2.0 .. 2.0 e el .. . i'o] 10| 2-0
Ararobagh se |l =8 1-5| 1:5] .. e .. o = 10| .. o
ilowrah - .o 2-0 2-0 2.0 - . .o o 10 . 1-5
Armta oo . .. e % - . 1-0 s o s 2.0

...........
S

=}

LR TP,
oco

DR T
“ e

(5]

B ey
S &Y VS
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Estimate of Rainfall Deficiency and Excess In inches.

Statiork. July. Auguat, September. Ootobgr.

1928.

Burdwan - .. 2-0 3-0 .. . 2-0 1-0
Kalna o Sis .. .. s v o 10 ‘ 20 1-0 s
Hooghly S s . .. 2-0 1-0 e 1-0 e 5 i i E
Serampore W s 20 20 .. % i % 1-0 1-0 . i
Arambagh w5 . 85 i3 5-0 . .o .o . .. ..
Howrah S5 a5 'y 2 4-0 i .. 2-0 i . 1-0 P
Amta 8-0 . e 1-0 . . 2-0 .
1929.
Burdwan e 4 .. 4.0 20 .. o8 1-0 1-0 o 4 %
Kalna .. o 2-0 .. .. .. 1-0 1-6 . . 5 .
Serampore - - e . . . .. - . . e . ..
Arambagh e o - “s . . s . .o .o e o
Howrah . 5 v e T x o s - e .o .. .o . .
Amta as e 54 2-0 4-0 s s g, 1-0 - . . . .-

1930.

Burdwan .. s 30 3-0 .. 33 2-0 s i .. s -
Kalna i .. .. .. 1 iF % 5 2 ..

Hooghly - 2-0 2-0

Serampore o i e
Arambagh g e - e es .u .. .. .. s
Howrah aa s o e I s 20 s e 1-0
Amta 5 50 7 % 5@ - a% s - -

b2l
-
(=
e
0~
ome

-
—
>
ey
o0

(-]
L
(-]

1931.

Burdwan .. o .. .- 3-0 . i % .. .. S S
Kalna - s - ws i e 1-5 . - .- &
Hcoghly e s e - oo 1-5 . - e s .
Serampore s = 20 o o iy - - .
Arambagh s 455 a5 s o as z g wg e -

Howrah 2% 5 & T 1-0 i3 .. 55 a7 s = E

I Y
-]

1932.

Burdwan < = s i 20 4:0 P @ 2.0 s ..
Kalna i % 2-0 2 1-0 2-0 ; 2-0 2-0
Hooghly 2-0 i .. é 5 1-5 2-0

S rampore 2.0 20 .. . . 2-0

Arambagh . 2-0 . . . 2-0 ..
Howrah .. .. .. e - . - 1-0 .
Amta o « o .. - « - . -

1933.

Burdwan T 55 .o 2-0 2-0 % 30 2-0 2.0 1-0 ..
Kalna ie 2-0 2.0 o 1-0 .. 2-0 .. e 1-5 i -
‘Hcoghly ée .. . 20 30 1-5 .. - .. .. . W
Howrah . 3.0 “ 5-0 . 40 s

Amta S ste T
1034.

Burdwan

[CEer
e
[

Hooghly
Serampore

Howrah .. :
Amta .. .. om

T ONNON
2000

Gy

20| oo | -] 2

W =15t
e owmoo

19365.

Burdwan .. o
Kalna .. .

=W
o e bl et et
OO

% 0 2-0 2.0 3-0

2-0 0 . e - 53 2-0 2:0
Hooghly - .- 2.0 5 .. o - s 2:0 2.0 2.0
Serampore .. .. 2-0 vin 2-0 e i w 2-0 1:6 1-6
Arambagh - .o 2-0 - v o “ 20 2.0 2-0 .
Howrah . . .o 2.0 1-0 e 1.0 1-0 1-0 N
Amta 2-0 .e v . 1-5 2-0 2.0 -
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Appendix 7 —Caloulation of total amount of water required for irrigation

The estimates of rainfall deficiency in_the second period of October, 1901, are as
shown in column (3) of the following table. The weights (according to _irea) ar:
given in column (2).

Station. Proportion Rainfall Total.

of area. deficiency

in inchee.
1) 2) (3) 4)
Kalna .. .. 20 2 40
Hooghly T wie -20 2 40
Serampur - o - -16 1 16
Howrah . .. -10 0 -00
Amta . e 15 2 .30
Arambagh .. as -10 2 -20
Burdwan - .. 10 2 -20
Total i 1-65

The product of the weight and the rainfall deficiency is shown in column (4).
Adding these we get the average deficiency of rainfall for the whole area 1:65 inches.

These estimates given in inches of rainfall were then converted into cubic feet
in the following way. The total area to be irrigated was taken as 60 per cent. of 916
square miles according to the estimates of the Irrigation Department. - One inch of
rainfall # the whole area was, therefore, equal to—

916 x 60 17 1760
100 X 80 x 12 28 = 1276-8307 X 108 cubic feet of water.

We have seen that the average defect of rainfall durinéthe second ten-day period
of Octeber 1902 was 1-65 inches. Mu]tigllying by 1276-8307 x 10° we find that the
total amount of water required to meet the deficiency in rainfall was 2,107 million
cubic feet.

Appendix 8.

Analysis of Variance: Discharge at Rundia in relation to Cauge
Height at Jujuty.
The parabolic regression is given by—
D —801-2525—176-6282 (H—100)-10 - 8604 (H—100)?
where D =Discharge at Rundia in hundred cusecs.
H =Height in feet at Jujuty.

Ratio of variance.
Degrees of Variance.
Freedom.
Observed. | One per cent.
Parabolic Regression .. - 2 17,663,870 319-05 4-686
Deviations - s 271 55,364 - ..

The observed ratio of variance is definitely significant. This shows that the
parabolic’ regression gives quite a satisfactory fit.

Appendix 9.—Graduate., discharge of the Damodar (cusecs) at Rundia at different gauge heights (in feet)

at Jujuty.
Gauge (_'Eai‘:éa Gaugo. Discharge. Gauge. Discharge. Gauge. Discharge.
108 -0 8,301 111-3 19,211 114-6 53,747 1179 111,932
108 -1 8.303 111 -4 19,910 114 -7 55,163 1180 114,060
108 -2 8,315 1115 20,630 114 -8 56,600 118-1 116,223
108-3 8,341 111-6 21,373 114 -9 58,059 1182 118,399
108 -4 8,388 1117 22,136 11560 59,541 1183 120,587
108-5 8,457 111-8 22,922 116-1 61,043 1184 122,816
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Appendix 9—Continued.

Gaugo ‘i}:‘;" Gauge Discharge. Gauge. Discharge. Gauge. Discfiarge.
108 -6 8,548 111-9 23,729 115 -2 62,5667 1185 125,658
108 -7 8,601 1120 24,560 115-3 64,113 1186 127,321
108 -8 8,796 112-1 25,411 116 -4 65,680 118 -7 129,606
108 -9 8,951 112 -2 26,283 115 -6 67,269 118 -8 131,912
109 -0 9,129 1123 27,177 1156 68,880 118 -9 134,240
109 -1 9,328 112 -4 28,093 115-7 70,514 119 -0 136,590
109 -2 9,549 1125 29,031 115-8 72,169 1191 138,961
109 -3 9,792 112 -6 29,984 115-9 73,845 119 -2 141,354
109 -4 10,057 1127 30,965 116 -0 75,646 119 -3 143,769
109 -5 10,343 112-8 31,968 1161 77,266 119 -4 146,205
109 -8 10,6851 1129 32,992 116 -2 79,008 119 -5 148,8R2
109 -7 10,981 113 -0 34,048 116 -3 80,769 119 -6 151,143
109 -8 11,332 113-1 35,116 116 -4 82,545 119-7 153,846
109 -9 11,705 113 -2 36,806 116 -5 84,361 119 -8 156,169
110 -0 12,101 113-3 37,318 116 -6 86,189 119 -9 158,714
110-1 12,518 113 -4 38,451 116 -7 88,039 120 -0 161,280
110 -2 12.956 1135 39,608 116 -8 89,910 120 -1 163,868
1103 13,416 113 -8 40,782 116 -9 91,804 120 -2 166,478
110 -4 13,898 1137 41,980 117-0 93,722 120 -3 169,110
110 -5 14,402 113 -8 43,200 117-1 95,659 120 -4 171,764
110 -6 14,927 113-9 44,442 117 -2 97,610 120 -5 174,440
110 -7 15,474 1140 45,709 1173 99,591 120 -6 177,138
110 -8 16,043 114-1 46,994 117 -4 101,594 120 -7 179,857
110 -9 16.633 114-2 48,301 1175 103,618 120 -8 182,598
111-0 17,244 114 -3 49,630 117-6 105,664 120 -9 185,360
111 -1 17,878 114 -4 50,981 1177 107,732 121 -0 188,144
111-2 18,534 1145 52,353 117 -8 109,821 . ..

Appendix 10.—Gauge-height at

Vid: paragraph 42.

Jujuty (in feet) and Discharge (in cusecs) at Rundia, in 1933,

July August. September. October.
Date.
Dis- . Dis- . Dis- Dis-
Gauge charge. Gauge. charge. Gauge. charge. Cauge. charge.
1 . 110 -8 16,043 1120 24,660 115-8 72,169 109 -8 11,332
2 s 112 -3 27,177 111-0 17,244 114 -8 56,600 109 -6 10,651
3 . 114 -8 56,600 111 4 19,910 116 -3 80,769 109 -8 11,332
4 112 -8 31,968 1115 20,630 114-5 52,363 109 -2 9,549
5 1125 29,031 111-8 22,922 1126 29,084 109 -1 9,328
6 113-8 43,200 112 -5 29,031 1110 17,244 108 -8 8,706
7 1140 45,709 1127 30,965 110 -7 15,474 108 -3 8,341
8 113 -8 43,200 1127 30,965 109 -8 11,332 108 -1 ..
9 111-8 22,922 1150 59,541 1130 34,048 108 -3 8,341
10 112 -5 29,031 117-9 111,932 111 -8 22,922 1081 s
Total 344,881 - 367,700 .. 392,895 i3 77,669
11 " 113 -4 38,451 116 -4 82,545 110 -3 13,416 108 -1 ..
12 . 113 -3 37,318 1155 67,269 109 -5 10,343 108 -0 .
13 . 114 -3 49,630 1130 34,048 109 -0 9,129 108 -0 ..
14 . 116 -9 91,804 1125 29,031 108 -6 8,648 108 -0 wre
15 115-1 61,043 114-3 49,630 108 -8 8,797 108 -0 .
16 114 -3 49,630 113 -5 39,606 108 -5 8,457 108 -0 .
17 .. 1134 38,451 1135 39,606 108 -4 8,388 107 -9 4
18 .. 113 -2 36,806 112 -8 31,968 108 -3 8,341 107 -9 358
19 .. 116 -1 77,265 1125 29,031 108 -3 8,341 107 -9 5
20 . 116 -9 91,804 114 -0 45,709 108 -6 8,648, 108 -3 8,341
Total .. .. 572,202 .. 448,443 ) 92,398 s 8,341
21 o 115 -0 59,541 121 -4 199,497 108 -8 8,795 ’:9%'6 10,651
22 . 110 -8 16,043 119 -0 136,590 109 -9 11,705 11148 22,922
23 - 110 -5 14,402 119-3 143,769 118 -9 134,240 110 -8, 16,043
24 s 115-1 61,043 118-83 120,597 116 -6 84,361 109 -8 11,332
25 b 116 -8 89,910 117-1 95,659 115 -4 65,680 110 -0 12,101
26 o 1166 86,189 116 -0 76,645 114 -9 58,059 110 -2 12,956
27 P 116 -7 88,039 116 -3 80,769 1135 39,606 108-9 8,951
28 o 116 -5 84,361 115 -5 67,269 112 -0 24,560 108 -5 8,457
29 s 114 -6 53,747 116 -5 84,361 1113 19,211 108 -2 8,315
30 ‘s 113 -2 36,806 116 -0 75,645 110 -3 13,416 107 -8 .
3] s 112 -6 22,084 117 -0 93,722 e s 107 -7 .
Total .. 613,065 i 1,173,323 §s 459,633 - 111,728
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Tinprovement due to lrmgation—

Without Partial | Complete IComplete—
Yoar. Lrn%;ntl(m .| Ter 1;(;:x)txon " Irris(;:)hon ‘| Partial. | Complete. ngrer
w)- 1) : (p—w). | (c—w). | Partial.
(c—p)-
(1) (2) (3) 4) (5) (6) (7
1901 76 85 100 9 24 15
1902 80 95 100 15 20 5
1903 90 98 [97] 89 8 [7] 8 0 (1]
1904 51 65 100 14 49 35
1905 62 80 90 18 28 10
1906 87 90 90 3 3 -
1907 67 75 100 8 33 25
1908 67 90 100 23 33 10
1909 78 90 90 12 12 ..
1910 58 98 98 40 40 ..
1911 79 100 100 21 21 i3
1912 90 95 100 5 10 5
1913 96 100 100 4 4 ..
1914 77 90 100 13 23 10
1915 85 99 99 14 14 ..
1916 92 98 98 6 6 ..
1917 82 98 98 16 16 ..
1918 72 80 100 8 28 20
1919 72 98 98 26 26 i
1920 95 100 100 5 5
1921 i 82 98 98 16 16
1922 88 098 98 10 10 .
1923 87 95 95 8 8 .
1924 88 100 100 12 12 .
1925 97 100 100 3 3 .
1926 84 95 95 11 11 ..
1927 87 100 [94]] 100 13 [7] 13 0[6]
1928 77 99 99 22 22 -
1929 87 98 98 11 11 s
1930 87 96 96 9 9 ®
1931 98 98 98 i % - .
1932 80 98 98 18 18 .
1933 88 97 97 9 9 .
1934 85 100 100 15 15 ..
1935 42 50 100 8 58 50
Appendix 11.—Percentage Improvement due to Irrigation : Kalna.
1901 48 95 100 47 52 5
1902 72 72 100 i 28 28
1903 95 100 [98] 100 5 [3] 5 0[2]
1904 73 80 100 7 27 20
1905 75 85 100 10 25 15
1906 77 77 100 .. 23 23
1907 76 80 100 4 24 20
1908 92 95 100 3 8 5
1909 97 97 97 .. 3 .-
1910 97 100 100 3 3 is
1911 85 100 100 15 15 .-
1912 * * * * * *
1913 * * * * * *
1914 * * * E * x
1915 * * * * * *®
1916 68 100 100 a2 32 .
1917 95 100 100 5 5 v
1918 . 83 83 100 .. 17 17
1919 s 85 100 100 15 15 -
1920 76 100 100 24 24 .
1921 75 100 100 28 25 ..
1922 s 79 100 100 21 21 e
1923 86 100 100 14 14 ..

*Rainfall records missing.



Improvement due to Irrigation—

Without Partial | Complete
Year, Irrigation. | Irrigation.| Irrigation. Complete—
(w). (p). (c). Partial. | Complete. over
(p—w). (c—w). Partial.
(e—p)
(1) (2) (3) (4) (5) (6) (7)
1924 81 100 100 19 19 .
1925 59 95 100 36 41 [
1926 64 100 100 36 36 .
1927 43 100 100 57 67 g
1928 76 100 100 24 24 .
1929 79 100 100 21 21 ¥
1930 79 100 100 21 21 ..
1931 92 100 100 8 8 .
1932 79 95 95 16 16 i
1933 92 100 100 8 8 e
1934 48 100 100 52 52 si@
1935 36 65 100 29 64 35
Appendix 11.—Percentage Improvement due to Irrigation : Hooghly.
1901 69 95 100 26 31 b5
1902 87 87 100 .. 13 13
1903 87 100 [99] 100 13[12] 13 0 [1]
1904 73 73 100 o 27 27
1905 20 75 85 55 65 10
1906 70 85 100 15 30 15
1907 62 75 100 13 38 26
1908 52 80 100 28 48 20
1909 85 100 100 15 15 i
1910 88 98 99 10 11 1
1911 78 98 98 20 20 e
1912 75 85 [83] 98 10 [8] 23 13 [15]
1913 87 100 100 13 13 &
1914 71 88 88 11 11 .
1915 L * * b L he
1916 78 95 95 17 17 .o
1917 - * * = * *
1918 74 75 100 1 26 25
1919 77 100 100 23 23 ..
1920 92 98 98 6 6 ..
1921 5 95 95 20 20 .o
1922 70 90 90 20 20 e
1923 75 90 95 156 20 b
1924 87 100 100 13 13 o
1925 68 100 100 32 32 -
1926 85 90 92 5 7 2
1927 69 96 96 27 27 o
1928 92 100 100 8 8 -
1929 .. 91 100 100 9 9 .
1930 e 77 97 97 20 20 v
1931 .. 97 98 98 1 1 v
1932 86 98 100 13 15 2
1933 95 95 95 s .e ue
1934 75 100 100 25 25 ..
1935 i 5 27 50 100 23 { 73 50
Appendix ll.—Percentage Improvement due to Irrigation : Serampore.
%01 74 90 I 100 16 26 10
1902 78 82 ‘ 100 4 23 18
1903 i 90 95 [o4] 93 5 [4] 5 0 1)
1804 .- 78 90 100 12 22 10
1805 o 1 70 85 69 84 156
1906 o 93 93 95 - 2 2
1807 - 85 90 100 5 15 10
1908 77 90 100 13 23 10
1909 - 93 93 93 - .. ®
1910 ws 95 85 85 o .

*Rainfall records missing.
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Improvement due ta Irrigation—e
Without | Partial | Completo

Year, Irrigation. | Irrigation. | Irrigation. ICotapletec—
(w). (p). (c). Partial. | Complete. over
(p—w). (o—w). partial,
(o—p).

(1) (2) (3) (1) (5) (6) (7)
1011 & 74 93 100 21 26 5
1912 .. 91 100 100 9 9 @
1913 .e 89 100 100 11 11 i
191+ . 51 90 100 39 49 10
1915 .o 25 100 [90] 100 75(65] 75 0[10)
1916 . 53 100 100 47 47 s
1917 . 04 100 100 6 6 ws
1018 oo 48 70 100 22 52 30
1919 ve 56 100 100 44 44 ot
1920 i 58 90 100 32 42 10
1921 s 51 85 95 34 44 10
1922 oo 76 95 95 19 19 s
1923 - (153 95 95 30 30 .
1924 S 70 100 100 30 30 e
1925 .o 56 100 100 44 44 .o
1926 oo 68 95 95 27 27 .e
1927 o 49 100 100 51 51 0%
1928 - fX] 95 95 2 2 .
1929 o 94 100 100 6 6 o
1930 o 69 100 100 31 31 .o
1931 o0 97 97 97 T o .o
1932 o 76 95 98 19 22 3
1933 . 07 100 100 3 3 .
1934 ve 61 100 1c0 39 39 os
1933 oo 19 70 100 51 81 30

Appendix 1l.—Percentage Improvement due to Irrigation : Arambagh.

1901 e 91 95 93 4

4 r
1902 .. 85 a0 100 5 15 10
1903 . 92 100 100 8 s .
1904 . 59 85[83) 100 26[24) 4l 15(17)
1905 . 90 94 04 4 4 -
1906 i 91 95 100 4 9 5
1907 .. 71 83 100 14 29 15
1908 7 90 100 23 33 10
1909 s 80 90 90 10 10 -
1910 .. 91 100 100 9 9 o5
1011 . 81 100 100 19 19 .
1912 N 85 100 100 15 15 By
1913 - 97 100 100 3 3 i
1914 o3 62 90 100 28 38 10
1915 .. 95 100 100 5 5 sia
1916 .. 94 100 100 6 6 .
1917 s 92 100 100 8 8 ..
1918 i i 70 100 ¢ 36 30
1919 . 75 99 99 24 24 .
1920 il 03 100 100 7 7
1921 s 70 05 95 25 25 ia
1922 s 83 95 93 12 12 i
1923 sis 65 100 100 35 35
1924 .. 58 100 100 12 12 s
1925 i 90 100 100 10 10 -
1926 — 85 85 85 oo ote .o
1927 .. 93 100 [96) 100 7(3) 7 0 (4]
1928 v 90 100 100 10 10 =
1029 .. 96 100 100 4 4 .
1930 e 5 100 100 25 25
1931 s 04 100 100 6 6 .
1932 .o () 100 100 24 24 .
1933 o 93 100 100 7 7
1034 . 72 100 100 28 28
1935 .. 50 80 100 30 50 20
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Appendix 11.— Porcentage Improvement due to irrigation : Howrah.

Improvement due to Irrigation—

Without Partial | Complete
Year. Irrigation.| Irrigation.| Irrigation. Complete—
(w). (p)- (c). Partial. | Complete. oven
(p—w). (c—w). partial,
(c—p).
(1) (2) 3) (4) (5) (8) (7)
1901 5 78 95 100 17 22 5
1902 s 68 70 100 2 32 30«
1903 . 94 98 98 4 4 ..
1904 . 62 85 [83] 100 23 [21] 38 15 [17]
1905 5 i3 0 85 70 85 16
1906 5 95 95 97 .. 2 2
1907 81 90 100 9 19 10
1908 71 85 90 14 19 b
1909 88 98 98 10 10 s
1910 93 100 100 7 7
1911 53 100 100 47 47 —_
1912 88 90 100 2 12 10
1913 87 100 100 13 13 ..
1914 46 92 100 46 54 8
1915 95 100 100 5 5 s
1916 79 95 95 16 16
1917 91 98 98 7 7 ..
1913 66 85 100 19 34 15
1919 62 95 95 33 33 .
1920 85 90 90 b 5 .
1921 57 98 98 41 41 .
1922 88 95 95 7 7
1923 86 98 98 12 12
1924 81 99 99 18 18 .
1925 78 98 98 20 20 <
1926 65 90 90 25 25
1927 43 100 100 57 57
1928 81 97 97 16 16
1929 98 98 98 .. ..
1930 73 99 99 26 26
1931 98 100 100 2 2
1932 90 100 100 10 10
1933 96 100 100 4 4
1934 97 100 100 3 3 ..
1935 62 80 99 18 37 19
Appendix 1l.—Percentage Improvement due to Irrigaticn : Amta.
1901 94 100 100 6 6 aa
1902 74 85 100 11 26 15
1903 97 100 [98] 100 3 [1] 3 0[2]
1904 . 66 85 100 19 34 16
1905 ® 89 89 89 e e _
1906 . * * * * * *
1907 . 70 85 100 15 30 16
1908 . 56 92 100 36 44 8
1909 . 94 97 97 3 3 or
1910 5 95 98 99 3 4 1
1911 g 62 100 100 38 38 -
1912 . 62 656 100 3 38 35
1913 . 91 92 92 1 1 -
1914 v . 85 100 85 100 15
1915 . 90 99 [92] 99 9 [2] 9 0[7]
1916 . 87 98 98 11 11 .
1917 % 82 99 99 17 17 s
1918 . 66 80 100 14 34 20
1919 . 60 20 90 30 30 ave
1920 . 86 86 86 .. - .
1921 = T4 90 Y0 16 16 i
1922 = 86 90 90 4 4 %z
1923 85 90 95 5 10 5
1924 97 100 100 3 3 .

* Rainfall records missing.



Improvement due to [rrigation—
Without { Partisl | C‘omplete
Year. Irrigation. | Irrigation.| Irrigation. Complcte—
(w). (p). (c). Partial. | Complete. over
(p—w). (c—w). partial.
(e—p)-
(0)) (2) (3) (4) (5) (6) (7)
1925 - 97 99 99 2 2
1926 e 74 80 80 6 6 .-
1927 .. 85 100 [96] 100 15 [11] 15 0 [4]
1828 5 69 95 95 26 26 is
1929 o 94 98 98 4 4
1930 - 77 28 98 21 21
1931 .. 96 100 100 4 4
1932 L. * = - - * *
1933 o 98 98 28 53 a5
1934 . 920 99 99 9 9 ‘s
1935 .. 53 80 100 27 47 20

* Rainfall records missing.

Appendix 12.—Estimate of ‘‘Full Crop’’ Yield.

Three factors are involved in estimating crop outturn, namely, (1) area, (2)
norngdl outturn and (3) condition factor.

As regards area, ‘‘the general rule is that the return should exhibit the areas
actually sown.” [Estimates of Area and Yield of Principal Crops in India,
1931-32. Appendix I, page 44: Method of Framing Kstimates of Crops.]

A ““normal crop’’ is defined as ‘‘that crop which past experience has shown to be
the most generally recurring crop in a series of years; the typical crop of the local
area; the crop which the cultivator has a right (as it were) to expect and with which
he is (or should be) content, while if he gets more he has reason to rejoice, and if
less ,he has reason to complain. Briefly, it is stated to be......... the average yield on
average soil in a year of average character. This normal or average yield will not
necessarily correspond with the average of a series of years’ figures which is indeed
an arithmetical average and may possibly never occur.” [Estimates of Area and
Yield, 1931-32, page 44; the wording is the same as in a circular dated 1897.]

The condition factor is described as:—‘‘the fraction representing the relation
of the crop reported on to the normal crop per acge is what is known as the ‘anna
estimate’ or ‘the percentage estimate’.”” [Estimates of Area and Yield, 1931-32,
Appendix I, page 44.]

It follows that ‘‘when this average (i.e., normal outturn) is multiplied by the
average area sown, the result should give as near an approximation as possible to the
outturn of the crop in an average year.”” [Agricultural Statistics of India, Volume
I, 1934-35, Appendix A, page 391.]For a particular year, ‘‘when these three factors
have been determined they are multiplied, with each other to arrive at the required
quantitative estimate of outturn.” [Kstimates of Arca and Yield, 1931-32, page 45.]

Let M,=Official estimate of normal outturn in a district, C;—the condition factor, and
A,=the total area transplanted or sown. Then the total outturn of the district=M,. C,. A;.

Let A,—total cultivable area, and if f=A,/A,, then f is the fraction of the cultivable
area which is actually transplanted. Thus A,=f. A,. Then the total production may be
written as—

M;. 0;. A;=M,. C,. (f. A,))=M,. (C,. f). A,=M,. C';. A,
where C’;=the condition factor on the basis of the normal erop for the total cultivable area.
In ApFendix 11 (c8lumn 2) of this Note, the estimates of crop condition #ave been based
on (1) “full erop "’¢ and (2) total cultivable area. Let Cq represent thece estimates, and let

M"’:f‘ full crop ’ grield per acre (i.e., the average yield per acre when every unit of area is
yielding its owm maximum). Then the total outturn=M,. C,. A,.

Equhting the two expressions for the tetal outturn, we have—

M,.C) M,.Cp.f
C; . G

We can form some idea about the magnitude of ‘‘f’’ on the basis of the material
used for the estimate of crop expectations given im.-Appendix 11. Since the total
cultivable area has remained practically steady during the period under survey,
we may use the average value of “‘f’’ in estimating the value of M; without serious
error.

M,. C,. A=M,. C'. A,=M,.C,. A, Thus M=
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The values of M,, C,, f, C%, C, and M, for the three districts of Burdwan, Hooghly
and Howrah are shown in Table 12 (1) below:—

Table 12(1).—Estimate of “Full Crop ” Yield.

Distriots. Condition Factor. Yields in maunds
¢ ; per acre.
P G c’, C, m, mg
Burdwan -934 80-7 75-1 77-6 15-92 15-46
Hooghly -933 80-0 74-8 73-0 14-59 14-92
Howrah -933 83-1 77-5 77-8 13-98 13-93

We can now convert the percéntage improvement into maunds. For this purpose
we first find the weighted percentage improvement for each district. Let the per-
centage improvement in the crop be p,, p, and p, in Hooghly, Arambagh and Seram-
pore respectively. Multiplying by the corresponding area-weights (0-20, 0:10 and
0-15 respectively) we get the weighted average percentage improvement for the dis-
trict (or rather for that portion of the distriet which is ineluded in the present

oject). Let this weighted average percentage improvement be p. Multiplying

y 14:92 maunds per acre (the ‘‘full crep’’ in Hooghly district) we get the awerage
additional yield per acre. Multiplying this by the area under irrigation 351,744
acres), we get the additional yield in maunds. The additional yield in the two other
districts were calculated in the same way, and the figures are given in Appendix 14.
Two estimates are given in each case corresponding respectively to partial (after
allowing for the discharge in the Damodar Canal) and to complete irrigation.

It will be seen from Tgble 12 (1) that the.‘‘full crop’’ and ‘‘normal crop’’ are
practically identical. This shows that the condition factors are in pmch‘ce.eshmated
by the Department of Agriculture on the basis of the ‘“full erop.”’ This is corrobo-
rated by the frequency distribution of the condition factors given below:—

Table 12(2).—Frequency Distribution of ¢“Condition Factor’” (‘‘Normal Crop,” and area
transplanted).

Burdwan. Hooghly. Howrah. Total.
Below 43 2 1 = 3
43—53 1 o 1 2
—63 0 1 0 1
—173 9 10 6 26
—83 8 10 14 32
—93 (] 6 7 19
—103 7 7 6 20
Above 103 .. .. 2 1 3
Total - 35 35 35 105

From the official definition, it appears that the normal outturn was intended

to be the modal value of yields over a series of years. A. L. Bowley and D. H.

Robertson also supported this interpretation. (4 Scheme for an Economic Census
of India, 1934, page 38.)

. In actual fact however the “mode’’ of the official condition factor (for at least

this region during the period 1901-1936) was far lower than 100 and was found to

lie between 73 and 83. Thus the most frequently occurring crop condition is very

near to 80 and not 100 as one would expect from the confused ‘wording of the official
definition.
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Appendix 13—Increase In yleld of vice (In hundreds of maunds) cue to partial irrigation,

. unde v .

Yonr. Bunds 1reoghly. Howrah, Total. Yoar, Burd. 3fooghly Hamrah, Total,
100102 .. 5602 4,008 1,275 11,074 1918-19 .. 436 2,162 1,960 4,547
1902.03 oe RIG 577 007 2,300 .. 3,046 7,136 3,822 14,005

v 507 1,094 260 .. o883 3.615 218 6,643

.. 1,523 2,204 2,426 e 6,087 3,185 12,862

.. 2285 7,413 3,430 oo 4,224 637 7,689

.o 1633 1,784 .e .o 6,772 956 8,680

1907.08 .. 871 2,493 1.644 .o 4,356 1,103 8,177
1908.09 — 1,577 5,189 3,332 .o 7.346 1,127 12,653
1009.10 .o 652 2,099 711 .o 2,650 1,668 8,830
1910-11 e 2,502 1.522 564 4 7,005 3,602 17,188
1911-12 e 2,774 4,749 5,090 19 es 3,808 1,522 2,390 7,720
1712.13 %% 816 2,335 318 19 .. 2,883 1,627 294 4,803
19130, ¢ . 853 2,387 681 1930-31 .. 21774 5851 2,818 11,442
191¢.15 .. 2,122 5693 8502 1031.32 .. 87l 420 202 1,082
1015-16 .. 2285  7.058 302 1032.33 .. 2,720 4,119 1,225  8.064
1916.17 .. 3.808 5798 1,593 1933-31 .. 1,360 804 196 2,159
1917-18 .o 1,414 1,837 1,603 1934-35 .. 6,473 7,163 809 14,444
1935-36 .. 3,590 8,002 2,867 14,459

Appendix 14.—Increase in yield of rice (in hundreds of ds) due to plete irrigation.

Year. I:_"n';"]' Hooghly Howruh. Total. Year. Burdwan. Hooghly. Howrah. Total.
100172 oo 6,962 5,500 1,519 13,991 1918-19 .o 3,372 8,710 4,165 10,238
1902-03 .. 4,133 3,883 3,479 1019-20 .. 3,046 7,136 3,822 14.005
1003-04 .. ~ 979 2177 116 1020-21 .. 2,883 4,303 218 7,430

1904-05 . 5,602 6,716 4,361
1905-06 .o 4,242 13,643 4,165
1906-07 .- 2,665 3,778 .o

1907-08 .o 4,405. 6,690 3,136

1021.22 .o 3,590 6,874 3,185 13,6490
1922.23 .. 2,828 4,224 637

1923-24 .. 1,958 6,296 1,323 9,678
.. 2,720 4,355 1,103 8,177

1908-09 - 2,665 8,670 4,165 .. 4,623 7,346 1,127 13,096
1909-10 .o 652 2,099 711 26-2 - 4,514 2,860 1,666 0,040
1010-11 i 2,502 1,627 637 192728 .e 6,907 7,215 3,806 18,018
1011-12 .e 2,774 5,142 5006 13,013 1928.29 .. 3,808 1,522 2,695 8,024
1912-13 .o 1,630 3,909 3,381 8,922 1929-30 o 2,883 1,627 294 4,803
1913-14 .. 653 2,387 710 3,751 1930-31 .. 2,774 5,851 2,818 11,442
1914-15 .o 3,752 7,005 9,997 20,755 1031-32 o 871 420 392 1,682
1915-16 .o 2,285 7,844 006 11,036 1032-33 .o 2,720 4,665 1,225 8,509
1816-17 .o 3,808 5,798 1,593 11.198 1033-34 .o 1,360 604 196 2,159
1917-18 .o 1,414 3,168 1,593 6,175 1934-35 o 6,473 7,163 809 14,435

1935-36 .. 10,116 16,660 5,268 32,045

Appendix 15—Harvesting price of rice in rupees per maund.

A table of harvest prices was introduced into the Season and Crop Report of Bengal
from the year 1905-0G in which the price for the previous year was also quoted:. The
harvest prices for the period 1904-05 to 1934-3) were thus obtained directly from
these reports. For the first three years 1901.02 to 1903-04, the price quotations in
the Weather and Crop Report Section of the Calcutta Gazette Supplement were used.
Herein the weekly: prices of common rice for subdivisional markets of each district
are given in ferms of seers and chataks of rice per rupee. The mean of these prices
during the harvesting period has been taken to bhe the harvesting price of the crop
in the district. Actual figures are given below:—

Year. Burdwan. Hooghly. Howrnh. Year. Burdwan. Hooghly. Howrah.

Rs. a. Rs. a. Ks. a. Rs. a. Rs. & a8 8,

1918-19 - 5 8 6 4 514

1901-02 - 3 17 313 4 0 o 6 8 8 0 715
1902.03 oo 3 6 313 3 8 .o 6 0 7 3 7 8
1903-04 .. 32 310 310 e 712 756 7 0
1004-05 215 3 0 3 2 P 512 6 4 6 12
1905-06 i 3 3 3 8 3 9 o 5 0 5 8 512
1906-07 o 4 10 5 8 411 .o 6 8 512 512
1907-08 .o 6 5 515 5 8 .o 7 0 6 6 ¢ 8
1908-09 oo 5 0 5 3 5 0 7 . 70 G 10 7 0
1909-10 ws 3 3 4 8 1 8 1927-28 S 8 0 7 8 7 4
1010-11 .. 3 0 4 0 314 1928-29 e 7 0 6 8 70
1011-12 - 3 9 4 6 5 0 1529.2 o 5 0 512 6 0
1912-13 = 4 2 5 10 4 8 10 .e 5 0 4.0 412
1913-14 .. 40 5 8 5 8 1931-32 v 4 0 3 6 4 8
1914-15 . 402 5 10 511 1932.33 .. 30 3 4 4 0
1915-18 .. 53 6 0 6 4 1933-31 s 213 3 4 4 0
1016-17 .- 313 5 0 5 7 103535 . 3 4 3 8 4 0
1917-18 .. 3 8 3 8 4 6 1925-36 - 310 40 4 0
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Appendix 16.— Money value of additional yisid of rice (In lakhs of rupses) due to irrigation.

g Tartial. Commplete,
Ycear.

Burdwan. | Hooghly. | Howrah. Total. Burdwan. | Hooghly.| Howrah. Total.
1901.02 19-3 13-4 5-1 37-8 23-9 17-6 6-1 47-8
1902-03 2-8 “1-9 3-2 7-9 14-0 12-4 12.2 38-8
1903-04 2.2 7-3 1-0 10-4 3-1 7-9 16 12-6
1904-056 i 4-5 6-6 7-6 18-7 16-6 20-2 13-6 50-3
1905-08 .. 7-2 26-9 12-2 45-3 13-5 47-8 14-8 76-1
1906-07 .. 0-8 9.8 .. 10-6 12-3 20-8 .. 38-1
1907-08 4-8 14-8 8.5 27-9 23-4 39-7 17-3 80-4
1908-09 7-9 26-8 16-7 51-4 13-3 44-5 20-8 78.6
1909-10 2-1 95 3-2 14-8 2-1 9-5 3-2 .8
1910-11 7-5 6-1 2-2 15-8 7-5 6-5 2.5 18-5
1911-12 9:56 20-8 256 55-8 9-5 22-5 25-6 &67-86
1912-13 3-4 13-2 1-5 18-1 9-7 22-0 15-2 43-0
1913-14 2:6 13-2 3-7 19-5 2.6 13-1 3-9 19-6
1914-15 8-8 32-1 48-4 89-3 15-6 39-4 56-9 111-8
1915-16 11-6 42-4 2-5 56-5 11-9 47-1 5-7 64-7
1916-17 14-5 29-0 8.7 52-2 14-5 29-0 8.7 52-2
5-0 6-4 7-0 18-4 5-0 11-1 7-0 23-1
2-4 13-5 11-5 27-4 18-6 54-4 24:5 975
19-8 57-1 30-3 107-2 19-8 57-1 30-3 107-2
17-3 25-3 1-8 44-4 17-3 30-9 1-8 860-0
27-8 44-5 22-3 94-6 27-8 50-3 22-3 100-£
16-3 26-4 4-3 47-0 16-3 26-4 4-3 47-0
9-8 31-8 5-5 47-1 9- 34-6 7-6 52-0
17-7 25-0 6-3 49-0 17-7 25-0 8-3 49*0
28-6 46-8 7-3 82-7 32-4 46-8 7-3 86-5
31-6 17-6 11-7 60-9 31-8 18-9 11-7 a%-2
52-7 52-5 26-1 131-3 55-3 54-1 28-2 137-6
26-7 9.9 16-7 53-3 26-7 9-9 18-9 555
14-4 9-4 1-8 25-6 14-4 9-4 1-8 25-6
13-9 23-4 13-4 50-7 13-9 23-4 13-4 50-7
3-5 -1-4 1-8 6-7 3-6 1-4 1-8 6-7
8-2 13-4 4-9 26-5 8-2 14-8 4-9 7-9
i 3.9 1-9 0-8 6-6 3-8 2-0 0-8 6-6
BET 21-0 25-1 3:2 49-3 21-0 25-1 3-2 49-3
1935-36 .. 13-0 32-0 11-5 56-5 36-7 66-6 21-1 124-4

Appendix 17.—Note on the shortage of water in October 1912 (Table 8).

It will be noticed that in 1912 although the amount of water required for complete
irrigation was small (about 1,213 million e. ft.), the gain in yield and money value

(about Rs. 26 lakhs) was large.

The indices of crop estimate in 1912 were as follows:—

Improvement due to Irri-
gation.
_ A N
Stations. Without Partial Complete Partial. Complete—
Irrigation. Irrigation. Irrigation. over
purtial.
(w) (p) (e) (p—w) (c—p)
Burdwan o, 90 95 100 5— 65—
Kalna . No rainfall records available.
Hooghly .. 75 85 98 10 13
Serampur .. 91 100 100 9 0
Arambagh o 85 100 100 15 0
Howrah as 88 90 100 2 10
Amta v 62 65 100 3 35

It will be seen that the expectation of crop for Amta was gery poor for want of
October rain. Partial irrigation was also not possible as the rreer was low. With
complete irrigation, however, the crop could be improved to the extent of 35 per cent.

Thus while the water required was small as the area to be irrigawed was small,
the percentage improvement was very high, and gave a considerable increase. in theé

total outturn. This is shown below: —

District.
Burdwan .. .-
Hooghly T 5o
Howrah .- s

B, G. Preas—1937-38—6509E—30.

Additional yield cf rice in thousands of
maunds with—

— A -
Partial Complete Difference.
Irrigation. Irrigation.
.o 81-6 163-0 81-4
wsin 233-5 390-9 167-4
% 31-8 338-1 306-3
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