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INDEX NUMBERS OF AGRICULTURAL PRODUCTION IN INDIA
V. G. Panse
and

V. S. Menon

The stoppage of imports from Burma during the Second World War and the
Bengal famine brought out forcefully the weaknesses of statistics of agricultural
production, particularly of foodgrains production, in the country. These weak-
nesses arose from large gaps in the coverage and faulty methods of estimating area
and yield. For instance, an estimated area of 13.7 million acres under cereals and
gram, that is about 8 to 9 per cent of the reporting area under these crops, was non-
reporting. Even among reporting areas, estimates of crop acreage were based on
reports of village chowkidars in the absence of proper land records and a village
revenue agency in the permanently settled areas, including West Bengal, Bihar,
Orissa and several Indian States. Estimates of yield were defective everywhere
as these were calculated from the concept of a normal yield and seasonal condition
factor and were highly subjective.

In order to remedy these defects, the Ministry of Food and Agriculture initia-
ted vigorous action to extend the coverage of reporting area as speedily as possible.
In 1945-46, ad hoc estimates of area and production were secured in respect of non-
reporting areas. From 1947-48 such ad hoc estimates were included regularly.
in all-India crop estimates. Efforts were also made year after year to improve
the reliability of these estimates by extending to non-reporting areas the method
of detailed enumeration of crop acreages through a primary reporting agency
similar to that employed in the reporting areas. As a consequence, complete
enumeration of area was started in Bihar in 1948-49, while sample surveys were
adopted for this purpose in West Bengal and Kerala by 1949-50. Non-reporting
pockets in several States, e.g., Bombay, Madhya Pradesh, Mysore,etc., were made
reporting also from 1949-50. Jammu and Kashmir State and other hilly areas
continued to supply ad hoc estimates, but a sample survey for enumerating crop
acreages in the hilly areas of Uttar Pradesh has been taken up recently.

Side by side, the Indian Council of Agricultural Research which had been
asked to develop a scientific method of estimating yield made rapid progress in its
investigations. The method evolved by the Council was entirely objective and
consisted of harvesting a representative sample of the crop by a random location
of plots for this purpose. Crop yields could be estimated through such random
sampling crop cutting surveys with the desired degree of precision. Moreover,
the large size of plot recommended for crop cutting and other operational features
of the method were such that it could be easily fitted into the administrative set-up
without much additional cost and was therefore highly acceptable to the States,
whose primary responsibility it is to collect agricultural statistics. After satisfying
themselves of the feasibility of the method on a large scale, the States have shifted
to it gradually, commencing from 1949-50, for providing official statistics of crop
yields in place of the traditional method. The Indian Statistical Institute, Calcutta
had also been experimenting independently ‘with objective -estimation of- crop
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yields with the help of very small plots marked by a special apparatus and crop
estimation surveys in West Bengal are being conducted according to the technique
developed by the Institute. Estimates of rice yield obtained by this method have
been adopted officially in West Bengal from the year 1947-48 and for other crops

from subsequent years.

The progress made in the adoption of the crop cutting sample survey for
providing official statistics of production for the principal crops in the country
can be seen from Table I.

TaBLE I—PROPORTION (%) OF OFFICIAL STATISTICS OF ALL-INDIA PRODUCTION OF INDIVIDUAL .
Crops BASED ON CROP-CUTTING SAMPLE SURVEYS BY 1958-59

Foodgrains Oilseeds ' Other Crops

Rice 90.5 Groundnut 46.9 Sugarcane ‘ 26.3

Jowar 99.9  Sesamum 39.7 Pepper 0.0

Bajra 99.4 Rapeseed and 29.7 Tobacco 19.5
Mustard

Maize 78.2 Linseed 39.4 Potatoes 27.1

Ragi 77.4 Castorseed 0.0 Ginger 0.0

Small Millets 16.9 All Oilseeds 42.5 Chillies 0.0

Wheat 98.9 Fibres ‘

Barley 98.7 Cotton - 64.1

Gram 99.3 Jute 94.0

Tur - 76.0 Mesta 0.0

Other Pulses 36.3

All Foodgrains 87.9

Except in small millets and other pulses the crop cutting method has almost
completely replaced the traditional method of estimating production in the food-
grains group, but in other groups considerable extension of this mathod is still
necessary in order to improve the reliability of yields. In plantation crops, tea,
coffee and rubber, the total production is known with a high degree of accuracy.

The steady progress with regard to improvement in coverage and methods
of collection of annual statistics of crop production has itself led to the complication
that these statistics have lost strict comparability from year to year. An extreme
example is provided by the tur crop (Cajanus Cajan). For the year 1949-50, the
all-India production estimate for this crop stood at 1.00 million tons. From the
year 1950-51, Orissa, Assam and Mysore States, which did not provide any. pro-
duction figures for this crop in the past, began to supply estimates. In Madhya
Pradesh and Uttar Pradesh States, which are large producers of tur, the crop samnl-
ing method replaced the traditional method of estimating yield from the same year.
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The result of these changes was that the all-India production estimate of fur shot
up to 1.69 million tons in 1950-51 and has maintained that approximate level since.
Such differences, which are statistical in nature, vitiate the annual production
series, as they stand, for any comparative studies. On the other hand, for planning,
for national income estimation and other purposes, strictly comparable production
series for crops, reflecting physical changes in production from year to year, are
a vital necessity. The Ministry of Food and Agriculture has recognised the pro-
blem created by the lack of comparability in the annual production data. It has
tried to deal with this problem by publishing each year, along with production
estimates of different crops for that year, a second set of estimates strictly compar-
able, both in coverage and in the method of collecting data, with the production
estimates of the preceding year. Continuing the example of the fur crop, side
by side with the official production figure of 1.69 million tons for 1950-51, the
Ministry of Food and Agriculture has given another estimate of 0.92 million tons
for the same year, which is strictly comparable with the production estimate of
1.00 million tons for the previous year, both in coverage that is, excluding produc-
tion from Orissa, Assam and Mysore States and in method, that is, incorporating
production estimates for Uttar Pradesh and Madhya Pradesh based on yield
determined by the traditional method and not by crop cutting. Such comparable
estimates for two successive years are generally available for all crops. Further,
the Ministry of Food and Agriculture has developed an annual index of agricultural
production which provides a strictly comparable series. It has been publishing
this index since 1954.1

In constructing an annual index of agricultural production, two problems have
to be solved. The first is to obtain a truly comparable series of annual production
estimates for individual crops by removing statistical discrepancies referred to
above from the annual figures and the second is to combine the production data for
different crops on a suitable common scale, which is the usual index numbers
problem. Even apart from the index of agricultural production, the first problem
has its own importance because of the need for providing a strictly comparable
time series for production of individual crops.

The fact that each year’s production estimate for a crop can be linked with
the preceding year’s estimate through a second estimate strictly comparable with
the latter, makes it possible to construct a time series of adjusted production esti-
mates comparable with one another over the entire series. The method of adjust-
ment, which is a chain method, is illustrated with two crops, rice and tur, in Tables
1T and III respectively.

In calculating adjusted production in row 3 of Table II, unadjusted figures
of production for the earlier years in the series have been brought in line with more
complete and more scientifically determined recent figures. For example, the un-

aqgjusted figure of 27,122 thousand tons for the year 1955-56 was adjusted to 27,106

thousand tons, through the relationship %ﬂz to represent the produc-

tion for the year 1955-56, had the coverage been as complete as and the method of

1. Agricultural Situation in India, Vol. 9, No. 4, July 1954, Vol. 10, No. 6, September 1955,
Vol. 11, No. 5, August 1956, Vol. 12, No. 5, August 1957, Vol. 13, No. 5, August 1958, Vol. 14,
No. 5, August 1959 and Vol. 15, No. 5, August 1960.
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collection of data identical with those employed in 1956-57.2 The difference bet-
ween the figures for the two years was that from 1956-57 Manipur started reporting
‘data both for valley and hill portions while upto 1955-56 data were available
for valley portions only. Again in Bombay 1956-57 data were entirely based on
the results of crop-cutting surveys while in 1955-56 data for pre-reorganised
Bombay State and Chanda and Bhandara districts of Vidharbha region only were
based on the results of these surveys. Similarly, the unadjusted figure of 24,821
thousand tons for the year 1954-55 was adjusted to 25,112 thousand tons, through
27,106 x 24,821

the relationship =g to represent the production for the year 1954-55

had the coverage been as complete as and methods of collection of data identical
with those employed in 1956-57. The difference between 1954-55 and 1955-56
was that Madhya Bharat and Madras States switched over to the crop sampling
method for estimating yield of rice in 1955-56 from the traditional method based
on normal yield and seasonal condition factor which had been followed in these
States upto 1954-55. With the help of the adjusted figure of 25,112 thousand tons

for 1954-55, the unadjusted production of 27,769 thousand tons for the year
1953-54 was adjusted through the relationship 2&12%%"%7_6? to 28,151 thousand

tons to bring it in line with the adjusted figures for 1954-55 and 1955-56. The
difference between 1953-54 and 1954-55 was that rice production estimates for
certain areas in Mysore State which had been non-reporting upto 1953-54 were
included in the all-India production figures for 1954-55 for the first time. In
this manner the adjustments were carried backward through all years, beginning
with the year 1956-57 for which fully revised figures were available. In normal
practice adjustment should be undertaken when all production figures in the series
are revised estimates, which should be possible within two years from the most
recent year of the series. This will avoid any necessity for further correction. It will
be observed that the adjusted production figures in Table II do not differ from
their unadjusted counterparts by any large amounts, since major improvements in
coverage and in the method of enumerating rice acreage had been implemented
before 1949-50. Improvements during the period covered by the table were con-
fined mostly to introduction of crop-cutting surveys for measuring yield in
several States. Orissa, an important rice growing State, continued to remain un-
affected by improvements of any kind.

These adjustments could also have been made forward, that is, figures for
later years could have been brought down in line with the earlier figures on the
assumption that the coverage and methods of data collection had remained un-
changed from what they had been in the earliest year of the series. For example,
the unadjusted production figure of 20,251 thousand tons. in 1950-51 could have
been replaced by 20,366 thousand tons as being strictly comparable with the pro-
duction in 1949-50 in coverage and method of collection of data. The unadjusted
figure of 20,964 thousand tons for 1951-52 could have been adjusted to 20,876

2. Symbolically, if yn and yn.1 are estimates of production for any’particular year, n, and the
preceding year, n-1, respectively, then if another production estimate y, for the year, n, is also
available for the same coverage and same methods of estimation as in the year, n-1, then .

y;l = Yna ?( Yn
Yn .
represents the adjusted estimate of production for the year, n-1, strictly comparable to the esti-
mate yn for the year, n, both in coverage and methods of estimation.
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thousand tons through the relationship, 20’752»—%%2—?@«6 to bring it on par with

1949-50. By similarly adjusting figures for subsequent years to scale them to the
level of 1949-50, a strictly comparable time series could have been formed. The
magnitude of production relatives would also be unaffected whether the annual
production figures are brought in line with the most recent year of the series, as
has been done in Table II, or whether they were scaled down to the level of the
earliest year, 1949-50. The latter procedure would, however, defeat an important
purpose of adjustment, namely, provision of a series of absolute production figure
with maximum reliability, as being based on maximum coverage and on most im-
proved methods of collection of area and yield data attained during the period of
the series. In spite of the convenience that the series once established by adjusting
production of each year to the level of the first year of the series would continue
undisturbed in future, this procedure must be rejected as resulting in absolute
production figures which are patently based on faulty methods and are unreliable.
The procedure adopted in Table II and recommended by us suffers from the draw-
back that the resulting series of absolute production figures is not permanent, since
apart from extension of coverage, improvement in techniques of collecting data is
a continuous process, and increase in reliability attained by future production esti-
mates must be incorporated in the whole series, which would require a revision of
the series periodically, may be every five or ten years. It is such revision, in
fact, that will guarantee that strict comparability of the series is maintained at
the highest level of accuracy attained during any period.

The last two rows of Table Il give production relatives calculated from un- -
adjusted and adjusted production estimates shown in rows 1 and 3 of the table.

Note that production figures in rows 1 and 2 of Table III are identical
for the years 1951-52 to 1957-58 as there was no change of coverage or method
of collecting data during those years. The result of adjustment is brought out
forcefully in the year 1949-50 when the adjusted production figure was over
80 per cent higher than the unadjusted figure, which as explained -earlier,
suffered from lesser coverage and traditional estimates of yield for large areas
under this crop. Once this adjustment is made, the entire series runs smoothly:
without any trend, the annual production fluctuating around the decennial average -
of 1,741 thousand tons.

Annual production figures adjusted by the chain method illustrated above for
rice and tur are shown for the period 1949-50 to 1958-59 in Table IV for. 28 crops -
which are components of the index numbers of agricultural production being
constructed by the Ministry of Food and Agriculture. The corresponding unadjus--
ted production figures as published by the Ministry are shown iri Table V for com-
parison. In Table VI are given production relatives calculated from adjusted
production figures, takmg 1956-57 as base year.

The most drastic change through adjustment occurred in respect of the tur
crop in the first year of the series.  Other noticeable cases of upward revision as
a result of adjustment are those of j jowar, bajra, maize, wheat, gram and linseed,
in the earlier two or three years of the series. But generally speaking, the adjust-
ment has not brought about any appreciable change-in the original unadjusted
data for most crops. It is obvious that improvements initiated in the late forties
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were not pursued with equal vigour during the decade under study. We need
not go into the reasons here. For these reasons reference may be made to
the article entitled “National Sample Survey, Agricultural Statistics and Plan-
ning in India” by V. G. Panse in Changing India, Asia Publishing House, 1961.

Tables IV and VI provide the most reliable series so far of annual production
estimates, both absolute and relative, for all principal crops. The data cover the
entire country including Jammu and Kashmir State and Andaman and Nicobar
Islands but possibly excluding some cultivated pockets in the North East Frontier
Administration area whose contribution to total production would be negligible.

It is from these data that the index number of agricultural production of the
Ministry of Food and Agriculture is compiled. This index number is a fixed base
quantity index of the Laspeyre’s type. It is based on the gross production of 28
crops shown in Table IV without any further allowances being made in these
figures for wastage, seed, feed, etc. The weights employed are farm harvest prices
prevalent during the year 1949-50. 1In a very few cases such as for rubber, ginger
and chillies, where these prices were not available, wholesale prices during the
harvest season of that year were used after appropriate deductions to make them
equivalent to farm prices. Weighting by prices converts production into money
value and these values are added over all commodities each year. The total
annual value of agricultural production at base year prices expressed as a per-
centage of value for a given (base) year shows the index number of agricultural
production.

The year 1949-50 was chosen as the base for the weights, as it was regarded an
agriculturally normal year. Although a change in the weighting system within
reasonable limits, that is as long as the weights refer to a recent period and the
relative production of major commodities included in the index had not been upset
by any abnormal circumstances during the period on which the weights are based,
is not likely to affect the index number perceptibly, the question of the most suit-
able period for the weights might be looked into. It is difficult to single out any
particular year as being normal for all commodities entering the index number,
and averages of prices prevailing in 3 to 5 consecutive years, omitting any year
characterised by gross abnormality before averaging, are to be preferred as repre-
senting the average price level to which these commodities are subject. The year
1949-50 has been taken by the Ministry of Food and Agriculture as the base period
for the index number of agricultural production; but since for calculating ad-
justed production relatives for individual commodities the base taken is 1956-57
(Table V1), it is logical to shift the base for the index number of agricultural pro-
duction also to that year. The index numbers calculated for the period 1949-50
to 1958-59 with 1949-50 as the base and also with 1956-57 as the ba<e are shown
in Table VII. The prices for 1949-50 used as weights in the calculation are shown
in Table VIII.

The present index is a very considerable improvement over an earlier series
of index numbers compiled for 19 crops and covering only a part of the
country, namely the previous British India and some of the Indian States to
which regular statistics of crop acreages and yields had been confined in the past.?

3. Agricultural Situation in India, Vol. 3, No. 10, January, 1949.
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Even so, the index numbers now prepared will need to be augmented by
inclusion of animal products like milk, eggs, meat, etc., before it can be
truly termed the index of agricultural production. This will need arrangements
for systematic collection of reliable statistics of animal products which the country
lacks today. Setting up these arrangements through appropriate departments
in the States will thus constitute a major contribution to the improvement of
agricultural statistics. In the meanwhile, it is suggested that the present index
may be called the index numbers of crop production to describe its scope correctly
and also to serve as a reminder of its limitation and need to enlarge its scope to
cover animal husbandry.

In an article entitled ‘India’s Elusive Agricultural Output Figures,” Dr.
Daniel Thorner stressed the need of adjustment of original production data crop
by crop, year by year and region by region, whenever subsequent results obtained
through improved methods of estimation showed that earlier figures stood in need
of correction. The series of adjusted annual production figures for individual
crops prepared by the Ministry of Food and Agriculture (Table IV) and the index
numbers of agricultural production based on these series (Table VII) represent
precisely such an attempt, although not region by region. Surprisingly enough,
Thorner criticises these adjusted production data and the production relatives
calculated from them, while arguing, in effect, in favour of the original unadjusted
annual figures! This is obviously due to a lack of appreciation of the position that
the production relatives, the so-called index numbers for individual crops, are
merely the adjusted production figures in a percentage form. It is hoped that the
explanation provided in the present paper of the technique of calculating the pro-
duction relatives will remove this misunderstanding.

While the present effort is in the right direction, much additional work is
needed in order to further increase the reliability of all-India series of production
figures for individual crops and of the index number of agricultural production.
The first step would be for the different States to adjust their production data and
construct index numbers of agricultural production by methods explained above,
so that these form the basis of the corresponding all-India series, instead of the
latter being calculated directly from all-India production data as at present,
The component series of adjusted area and yield per acre of individual crops
should also be established for each State and for India as a whole, the method of
adjustment being similar to that employed for adjusting production. Another
step required urgently is for the Ministry of Food and Agriculture to issue a coms
prehensive memorandum on each year’s production statistics, setting out clearly
the coverage and methodology in respect of each crop and bringing uptodate the
various series of adjusted production estimates and index numbers. Such a
memorandum will furnish the desired authoritative information on the quality
and limitations of annual production statistics and will lead to a wider and moré
scientific use of these data by various users. Lastly, the most important advance
needed is the improvement in the quality of primary data by making their
coverage complete and by speedy extension of scientific methods of measuring
area and yield and livestock products in the States, so that the necessity of
adjustment of production figures is reduced to a minimum in the future and a
comprehensive index of agricultural production becomes available. The quality

4. Economic Weekly, Annual Number, January, 1960.
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36 THE INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

- % TABLE VIII—PRICES FOR INDIVIDUAL CROPS IN 1949-50 USeED As WEIGHTS IN
CALCULATING INDEX NUMBERS OF AGRICULTURAL PRODUCTION

Foodgrains (Rs. per md.) Oilseeds (Rs. per md.) Plantation Crops (Rs. per Ib.)

Rice 17.86  Groundnut 19.91  Tea 1.80
Jowar 10.21 Sesamum 31.77  Coffee 1.45
Bajra 11.45 Ra;ﬁs:seg ;l(;ld 29.88 Rubber 0.83
Maize 12.06 Linseed 21.97

Ragi 9.38  Castorseed 17,84 Oer Crops (R permd

Small Millets 7.51 Fibre Crops (Rs. per bale) Sugarcane 20.69
Wheat 15.78  Cotton 336.09  Tobacco 86.59
Barley 10.63 Jute 143.87 Potato 7.98
Gram 11.85 Mesta 138.54  Pepper 436.62
Tur 13.31 Chillies 79.98
Other Pulses 13.23 Ginger 169.66

of the data depends almost entirely on the efficiency of the primary reporting and
supervising agencies in the States and far greater attention needs to be devoted to
the strengthening of these agencies than has been done during the past decade.

SUMMARY

As a result of gradual improvement in the coverage and in the methods of
collecting acreage and yield data for crops, the comparability of annual production
figures is lost. A chain method for adjusting annual production estimates in
order to restore comparability and bring the figures for earlier years on a level of
accuracy attained by more recent data is explained in the paper. Production
estimates adjusted by this method over the period 1949-50 to 1958-59 for 28 crops
which are components of the index number of agricultural production compiled
by the Ministry of Food and Agriculture are included in the paper. The index
number of agricultural production is briefly described and suggestions have been
made for its improvement and for the improvement of agricultural statistics
generally.



