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FORECASTING AND ESTIMATION OF CROP YIELDS
By V. G. PANSE! anp R. J. KALAMEKAR®?

FORECASTS and estimates of yield of com-

mercial crops like cotton, jute or sugar-
cane are of considerable importance to the
trade and industry, because the availability of
raw materials during the season is the basis of
all calculations of manufacturing processes.
With the increasing emphasis on ' ‘planned’
‘production, a still greater value will come to
be attached to reliable estimates of yield, while
in an emergency, like the present, arising out
of war conditions, accurate forecosts and esti-
mates of production are a paramount need for
ensuring sufficiency of food grains and their
equitable distribution in different areas. In

India, where tax on agricultural land forms:

the principal source of Government revenue,
the Government administration is  specially
interested in forecasting and estimation of crop
yields.

Forecasts or estimates of most probalile pro-
duction are made while the crop is still stand-
ing in the field, whereas the actual production
is estimated at or soon after harvest. The
latter may be treated as a more accurate fore-
cast concerning the movement and airival of
the crop to the market during the season.
Estimation of preduction involves a knowledge
both of the average yield per acre and of the
total acreage sown with the crop. In England
and the United States of America crop fore-
casts are made by a large number of voluntary
reporters who are in close touch with the farm-
ing of their respective areas. In America,
crop reporters are required to estimate both
the yield per acre and the acreage under the
crop; but in England acreage figures are
obtainable precisely, since compulsory returns
for all holdings are made to vrop reporiers.
Except in permanently settled districts, an
elaborate Government organization extending fo
the remotest village looks after crop forceasting
in India. Each village has a patwari or an
accountant who is also the crop reporter. His
estimate of seasonal yield is usually expressed
as a fraction of the normal yield; a method
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similar to that adopted in Awmerica. -Acrcage
figures are recorded in the village register,
which contains a list of all fields in the vil-
lage, their dimensions and areas sown in cach
field with different crops each seasorn. Area
figures for different crops ure conscquently
known with a high degree of accuracy.

The chief defect of the present mcthods of
forecasting yield in India as well as in other
countries is that no objective procedurc is em-
ployed in arriving at the estimates which are
merely opinions of individuals as to what the
yield is. The normal yield, which forms the
basis, has no precise definition. - In America
it is understood to represent vield batier than
the average but less than the maximum. In
India, a certain number of crop cutting experi-
ments are conducted on selected plots of land;
but a straight average of thess expeviments is
not taken as the normal yicld. The Jigure
adopted is based on selected results coupled
with local information and opinions of revenue
officials.. In the absence of accurate estimates
of final yield it is usually impossible to judge
how closely the forecasts represent true vield.
For commercial crops, independent data relat-
ing to yield are available through records of
arrivals in markets or at factories; but these
are ordinarily far too incomplete to provide an
effective check on the forecast estimaies. For
grain crops even this information is lacking.
It is frequently argued that the judgment of
a skilled and experienced observer regarding
average yield cannot be much wrong; but this
contention has not been borne out whenever
it has been put to a test (VYates, 1936; Irwin,
1038). Yates (1936) has given interesting
examples of how forecasts based on a casual
inspection of the crop can go badly wrong,
and how hiased results are produced -either
by attempting to choose deliberately an average
sample or by omitting to follow an objective
procedure in sampling. Agreement between
different observers is no guarantee that the
estimate represents the frue average closely.
All_ or majority of them wmay systematically
under or over-estimate it. This bias can be
allowed for only if its magnitude and direction
can be shown to be fairly constant.
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To be of any real service, soth forecasts
and estimates of yield must be free from bias
and largely free from accidenial errors to
which all estimates are subject. The efficiency
of present methods of crop estimation in this
respect needs testing, and the employment of
objective procedures for this purpose, if not
for replacing present methods altogether, are
attracting increasing attention of Government
departments concerned everywhere. To secure
unbiased estimates, random sampling, which
gives every member of the population an
equal chance to contribute to the estimate, is
the only known method available, and if the
sampling is sufficiently exiensive, accidental
errors can be reduced to any desircd level.
Estimation of crop yield at harvest i‘all;‘. very
properly within the realm of application of
this kind of sampling. The problem of fore-
casting can be dealt with by the same method,
though estimation is rendered more difficult
here, because it must be based only on measur-
able characters of the standing crop. 'The
underlying statistical theory is simple and is
explained in considerable detail by Cochran
(1939) in relation to the present subject.

Recent attempts to determine the yield of
wheat in several districts of Great Britein and
in a portion of North Dacota State in the
United States by harvesting and weighing
small samples of the crop in rancdomly selected
fields are described by Cochran (1939) and by
King and Jebe (1940) respectively. Duc prob-
ably to the preliminary nature of the cxperi-
ment, farms were not scleced at random in
England, while in North Dacota, a perfectly
random selection of ficlds was considered im-
practicable and route sampling was adopled as
a substitute. The unbiased character of 1ihe
resulting estimate of yicld and the validity of
its sampling crrors thus become suspect due
to these deviations from strict randomization
in both the cases; but nonctheless these surveys
provide excellent illustrations of the applica~
tion of the principle to the commereial crop.

In India, difficulties of adopting full random-
ization, whatever their nature and extient in
America and England, are not insuperable,
thanks chicfly 1o the existence of the Govern-
ment land revenue machinery. A reeent note-
worthy atlempt to employ this proceduwre in a
large-scale agricullural survey is due to Maha-
lanobis (1939, 1942), who apnlicd it to the
problem of cslimatling the annual area under
jute in Bengal, where due to lhe Permanent
Settlement no  village stalf is  available 1o
carry aut complete enumeration of area under
different crops, a practice which prevails in
other provinces. In devising a suitable sampl-
ing technique, Mahalanobis is primarily con-
cerned with the cvaluation of the relationship
between the size of sampling unit and variance
between samples, and through field as well as
laboratory sampling he devises an empirical
function which he terms the varianee function
analogous to onc shown by Fairiicld Smith
(1938) from uniformity trials. A second simi-
lar relationship, the cost function, is further
worked out between cost on the one hand and
variance and size and densily of samples on
the other. Hec proposes to employ the same
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approach to the problem of estimating yield,
though actual resulits of any such project do
not appear to have been published yet.

This method, though inleresting ‘mathemati-
cally, appears to be of limited utility in con-
nection with the practical problem of sampling
for estimation of yield. Exploratory surveys
are needed to ascertain the form of the cost
and variance functions and to find the numeri-
ral values of the statistical' constants of these
functions. This creates an impression in the
minds of administrators and other laymen that
complex, time-consuming and expensive re-
search is necessary before practical recom-
mendations can be made about the sampling
procedure to be followed. TInin the jute area
survey, preliminary work covering an area of
some 2,300 sq. miles, or rather less than the
size of one revenue district, involved an ex-
penditure of 155 thousand rupees in a period
of three years and an actual survey of all
districts growing jute, with a total area of
59,000 5q. miles, cost the same amount of
money In one scason. The cost in cither case
was cqually divided between field work and
statistical analysis. Since the level and varia-
bility of crop yields change from season to
season and from tract to tract owing to the
influence of various environmental factors, it
cannot be expected that the variince and cost
functions determined from sarnple data over a
restricted area will prediet with any great
cxactness the optimum type of sampling for
different tracts and in different seasons (H.0.H.,
1941). Estimates of cost based on these Tune-
tions are not likely to be realized even approxi-
mately in practice, when it is considered that
the field work on the recommended plan will
ultimately be in the hands of the permanently
employed revenue and agricultural stafl. This
condition also implies that a simple and uni-
form procedure will be highly advantageous.
The ulility of these functions in providing
guidance in sampling for yield cstimation will
thus not be commensurate with the time and
money spent in investigating them.

“In fact, il objective methods of crop estima-
tion are to be introduced in India without
further delay, we must not place an undue
emphasis on the matter of “technique’.  For
adopling random selection of sample plots,
which is the main (eature of such methods, no
investigation is required. It is really a ques-
tion of convineing the Government departments
concerned that replacement of the present per-
sonal selection of plots by a random sclection
is both essential and feasible,  The oplimum
intensity and  distribution of the sample plots
in relation to {the particular standard of accu-
racy desired for the final costimates of vield
will, however, have 1o be  determined by
experiment.  The effeet of size and pattern of
ithe sampling unit on the accuracy of the
final cstimate is of a secondary importance, as
the sampling error from this cource is only one
of the components of error to which the esti-
mate is subject. Commonsense consideration
and past oxperience indicale that the magni-
tude of this sampling crror will be small com-
pared to variation from other causes. Crop
estimating surveys can be planned in such a
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manner that while the primary objective qf
estimating: yield in the region surveyed 1is
achieved with a known degree of precision,
information calculated to increase the efficiency
of future surveys both with regard to statisti-
cal accuracy and cost is also secured simul-
taneously. The aim should, of course, be to
obtain estimates of yield with the requisite
level - of accuracy at minimurn cost, but pro-
gress in this direction will be ensured on the
basis of extensive observations made through
successive surveys, rather than as a result of
special preliminary inquiries in restricted areas.

The principle is illustrated below by a brief .

description of the survey carried out in the
year 1942-43 for estimating the yield of cotton
in Akola District in Central Provinces. The
experiment cost a moderate sum of Rs. 6,000.
- The District has an area of 4,092 sqg. miles
and contains 1,734 villages. It is divided into
six administrative subdivisions (tahsils). The
total area of some 600,000 acres under cotton
is distributed among the six tahsils, ranging
between 69,000 and 137,006 acres per tahsil.
The number of villages in one tahsil ranges
from 186 to 348. Cofton is grown in all wvil-
lages and it is ordinary Oomra {(G. arboreum
var. mneglectum . forma bengaiensis) or its
superior strains, Verum 434 and Jarilla. The
crop is sown in June on the commencement. of
the monsoon and is harvested from November
to February in five or six pickings. The plan
of the experiment was as follows.

In each tahsil ten random villages were
selected- and from a list containing survey
numbers of all fields growing cotton in the
selected villages in 1942-43, two random ftields
were selected in each village. In each of these
two fields, two plots, measuring 81 ft. x 162 ft.
=3/,, dcre were randomly located. Random
selection of villages, fields and location of plots
was. made with the help of Tippet’s random
numbers (1927). For harvesting, each plot
was subdivided into six longitudinal sections
of 1/,, acre size. Yield data of 240 subplots
in each tahsil or 1,440 plots in ihe whole Dis-
trict were thus obtained. PBesides the kapas
(seed-cotton) yield of the individual sub-plots,
the number of plants, the number of bolls per
plant and boll weight were also recorded in
small sample units in one of the two experi-
‘mental fields 'in each village. The analysis of
variance of plot yields (sum of six 1/,, acre
sections) in each tahSil pooled over the whole
District is shown below.

Analysis of wvariance of plot yields

Degrees of
Due to freedom Mean sq.
Villages .. . 54 1595
Fields . . 60 1150
Plots . 120 154

While the magnitude of variation differed in
the individual tahsils, the relative magnitude
of variation from.the three sources was more
cr less similar in most tahsils. It should be
noted that the mean squares for the fields and
villages in the analysis of variance include,
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besides the real variation due to these items,
the sampling variation, since the yields of
fields were measured only by sample plot
yields, and village yields were based on those
of a few randomly selected fields in each wvil-
lage. The real variation between villages is
represented by the excess of the mean square
for villages over that for fields, and the differ-
ence between the mean squares for fields and
plots provides an estimate of the real varia-
tion due to fields. We thus see thal variation
from field to field is clearly the most dominant
factor affecting the mean yield of a taheil
There is a certain amount of additional varia-
tion due to differences between villages; but
compared to these two factors, variation be-
tween plots in the’ same field is wvery small.
This relationship between the three variances
forms the basis for devising a sampling tech-
nique capable of giving yield estimates with a
desired degree of accuracy. It is clear from
the analysis of wvariance that the precision of
mean yield will depend most on the number
of fields: sampled and least on the number of
plots laid out in each field. Statistically the
standard error of the mean yield is related to
the variances from the three sources by the
formula,

A% -+ F n P

n nk = Nnk’

where Vm 1is the desired variance of square
of the standard error of the mean yield, V, F
and P the true variances due to villages, fields
and plots and n, k and N the number of wvil-
lages, fields and plots respectively. The esti-
mates of true wvariances obtained from the
present data are

Vm =

1595 — 1150

Due to villages (V) ==
== 111 per village.

Due to fields (F) = LLS.,O;_EE%
' 498 per field.
Due to plots (P) == 154 per plot.

By substituting these wvalues in the formula
above, the amount of sampling and its optimum
distribution for securing a given degree of
precision for the mean yield can be determined.
To illustrate this on the basis of the present
results, the average yield wiil have a standard
error of 5 per cent., i.e., this average will be
subject to a maximum chance fluctuation of
10 per cent. on either side of the estimated
value, if the following sampling is adopted.

Number of willages (n) required to give
5 per cent. s.e. of mean

No. of plots per field (N)
No. of fields per village (Z)
1 2
1 194 175
2 111 101
4 70 65
8 49 47.
10- 45 43
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The relative importance of the number of
plots per field and of the number of felds per
village in determining the number of villages
is clearly brought out in this table. The num-
ber of villages shown above refers to the
whole region whose mean yield is required to
be determined with a standard error of 5 per
cent. It may be a single district or all cotton-
growing districts in the proviunce taken toge-
ther. In the latter case, the accuracy of mean
yields in the individual districts will be natu-
rally much less. Subdivision of the area sam-
pled into smaller units such as tahsils of a dis-
trict is important both for administrative con-
venience and for securing increased accuracy
of the final mean since errors are usually of
different magnitudes in the different subdivi-
sions.

The subdivision of plots into 1/,, acre sec-
tions was intended to provide information on
the ' relative merits- of plots of different sizes.
Three plot sizes 1/,,, 1/,, and 3/,, acre could
be compared as in a uniformity trial and the
coefficients of variation were found to be 24-1,
20-0 and 18-1 respectively. While there is
thus a gradual reduction in error as plot size
is increased its magnitude is not appreciable,
and when other factors which contribute to the
ultimate error of the mean vield are taken into
account, it does not appear tha: the choice of
a particular plot size in preference to another
is likely to be of any importance in increasing
the accuracy of mean yield. Questions of
practical convenience wiil then determine the
plot size to be adopted and 1/,, acre plots
which are at present in use appear cuite satis-
factory. By replacing 3/,, acré plots used in
calculating the number of viliages required to
give a 5 per cent. standard error of the
average yield shown in the table above by
1/,, acre plots, no material change was ob-
served in the figures.

The cost of field work may be divided into
two parts, one being the cost of harvesting
which will depend on the total area harvested,
i.e., on the total number of plots, and the
other would include the cost of travelling and
supervision. To save ftravelling from village
to village it is clearly advantageous to reduce
the number of villages and increas2 the num-
ber of fields per wvillage. The question of
minimum or optimum cost can be examined
thecretically; such examination, however, is
of little value unless the data on which it is
based refer to the routine adopted in practice
and not derived from a special inquiry. But
with the large-scale adoption of this method
for estimating yield relation bhetween cost und
statistical accuracy must receive increasing
attention with the aim of minimising costs
required to attain a prescribed degree ol accu-
racy in the estimates. '

The present survey was designed to fulfil the
twofold objective of giving an unbiased
estimate of the average yield of cotton in Akola
District in the year 1942-143 and providing
information essential for increasing the stat-
istical efficiency of future surveys. The aver-
age yield per acre for the whole district was
estimated from the survey at 136 1bs. of seed
cotton and this had a standard error of 63
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per cent. Taking info account the acreage
under cotton, the cstimated total produciion of
cotton in the distriel came to 72,652 hales
(1 bale = 392 Ibs. of lint). 1 is important to
note that the official estimate was over 41 per
cent. higher than this figure and well <‘\Ut:‘4l(!t,?
the range of chance fluctuation ol the expoeri-
mental estimate. There can be little doubt that
the former was a serious over-estimate of the
production. On the other hand, it is interest-
ing to record that the cuitivators whose fields
were sampled in the survey under-estimated
their yield by 26 per cent. With the help of
the technical information now available, it s
possible to raise the accutacy of the wvield
estimates, at the same time simplifying the
sampling procedure. For instance, without any

alteration in the numbor of villages or the
total area harvested, we may introdace the

modification that instead of having iwo plots
in each field and two ficlds per village only
one plot needed be located in cach ficld and
the number of fields peor village increased o
four. This is expected te reduce the standard
error considerably. A further simplilication
would result from adopling a uniform plol size
of 1/,, acre and not subdividing it into sce-
tions for harvesting. The yield suvvey for
Akola in 1943-44 was planned on these lines
and a more accurate cstimate of yield is anti-
cipated without any incrcose in cost.  For
verification of the technical resulls, the survey
was also repcated with the previews design in
another district.

Forecasting of yield from the standing crop
before it is harvested iz of considerable im-
portance to the trade and such forceasts based
on the inspection of the erop are issucd offi-
cially. The present suvvev  provides  some
useful information on the accuracy of forecasts
and the means of improvings thoan.  The fore-
cast estimales of yicld of the fields scleeloed
for the survey werce made by the inspeclor in
charge of the survey who wis accustomed 1o
making such cstimatles by eyve judgment,  Te
over-estimated average yicld by 31 per conl;
but apart from this biag his estimates showeid
a fairly high correlation (r::-8) with actual

yvields. Corrected  for bias, these  forecasts
would thqs provide tlolerable  oestimates  of
probable yield; bul il carnmotl be assumed that

either the magnitude or the direction of bias
would remain constant in fulire seasons or in
other districts. Experience clsewhere indicates
that the bias changes in an unpredictable
manner and it consequently appears impossible
to prescribe a correclion in  advance.  More
reliable forecasts of yicld should vesult from
the use of objective methods such us cquantita-
tive observations on the yield constituents of
the standing crop. Thiy is particularly feagi-
ble for cotton where it is casy 1o count the
number of plants in uuit avea, the numbor of
mature bolls per plant and, when picking
commences, the weight of scod collon per boll.
These observations were made in the present
survey but it is not intended to discuss them
here beyond mentioning that they did not
contrary to expectation, show a closer asso»:
ciation with actual yield than eye inspection
and frequently the latter proved superior. The
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most probable explanation is provided by the
fact that the observers were instructed to
count those bolls which in their judgment
would open during the harvesting season and
contribute to yield; but this led o considerable
variation in practice, some observers including
in their count quite smail bolls, others exclud-
ing considerably developed ones. More pre-
cise instructions are obviously needed on the
type of bolls to be counied. The investiga-
tion is being continued.

This brief account of the cotton survey is
presented to illustrate the application of the
random sampling method to commercial crops
as the most reliable means of estimating their
yield. It is satisfactory to note that rapid
progress is being made in the adoption of this
method and sufficient data wiil soon be awvail-
able for a more detailed discussion of its
various aspects. Besides the exiension of the
cotton survey to two districts in Central Fro-
vinces in the past season, an investigation on
similar lines was projected in two districts, one
in the Central Provinces and the other in the
Punjab, for estimating the yield of wheat.
Two large-scale surveys embracing the whoie
provincial area under wheat were also carried
out in the Punjab and the United ®rovineces last
year. Immediate expansion of such yield sur-
veys on a still wider scale can be recommended
without hesitation; because the design described
above has the advantage that besides giving
unbiased estimate of yield for the area sur-
veyed, it also provides data which form the
basis for introducing such modifications in tihe
plan of future surveys as are -calculated to
improve their efficiency. This improvement
can go on steadily without in any way affect-
ing the value of previous results. To achieve
this end, it is most important, however, that
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the procedure adoptad and the slatistieal
results obtained should be under continuous
review by a competent statisticlan charged
with this work and not merely called in to
give advice when difiiculties arise. At pre-
sent a number of crop cutting experiments are
carried out by the staff of the revenue and
agricultural departments and this perscnnel
may be organised and ulilized for field work
under the new plan.

Not only for estimating wvield, but for a
variety of other investigations such as the
effect of meteorological factors on crop, the
spread of diseases and pests, spread of improv-
ed varieties of seed and other -agricultural
improvements, social and economic inquiries
among the rural population, random sampling
surveys on the pattern described here provide
the most satisfactory means. A beginning in
this direction is urgenily necessary because
past surveys of this kind have been frequently
and justifiably criticized on the question of
their respective character and the accuracy of
their results.

The present survey was financed by the
Indian Central Cotton Commitfee.
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