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INTRODUCTION

Long-established theories in the field of economics are now being
subjected to the searching light of quantitative analysis. The
statistical approach is used to test theories derived by deductive
reasoning as well as to form the basis of new inductive generaliza-
tions. Only in recent years have sufficient data been available for
comprehensive statistical analysis. Practically all the publications
of a statistical nature in this country have dealt either with the
technic of analyzing quantitative data or with the results of such
analysis when applied to a particular problem. Too little attention
has been given to the problems involved in the collection and com-
pilation of data and the making of estimates. A careful appraisal
of the statistical data used in a given problem is fundamental if the
conclusions based on the analysis of the data are to have validity.
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The tables appearing each year in the Yearbook ofthe“Depart-
ment of culture contain two fundamentally different kinds of-
statistical data. 'First are those which result from enumeration of
all items under a given category, such as the number of hogs slaugh-
tered under Federal inspection, receipts of grain at primary markets,
exports and imports of agricultural products, and the Federal census
of agricultural production. Second, are estimates based on samples
drawn from designated populations, such as the annual estimates of
acreage, yield per acre, and production of various crops, number of
livestock on farms, most of the market-price quotations, farm prices,
farm wages, grain stocks on farms at specified dates, and agricultural
income. Although the source of the material is pointed out in foot-
notes to the tables, many research workers, even some within the
Department of Agriculture, fail to distinguish between the relia-
bility of the different sources when drawing conclusions from the
analysis of these statistics. '

Any user of this large assortment of statistics would prefer data
derived from enumerations rather than estimates based on sample
data, provided that count be absolutely complete, or at least contain
a uniform degree of incompleteness, throughout the entire series.
. It is conceivable that an estimate might be closer to the truth than
an incomplete count or enumeration. The reliability of an estimate

depends on several factors, including the homogeneity of the popu-

lation from which the sample is drawn, the representativeness of
the origilll]lal sample data, freedom from bias, size of the sample, and
the technical knowledge and common sense of the statistician making
the estimate.

The research worker who uses the statistics compiled by the Depart-
ment of Agriculture is entitled to know just how the data were
gathered, and he should be given some basis for appraising their
accuracy and reliability, whether they are results of enumeration or
estimates based on sample data. Progress in the field of economics
is being retarded at present because this type of essential information
is not always available.

Statistics on agricultural production generally antedate those cov-
ering manufacturing and industry. %‘he Sixth Federal Census,
taken in 1840, contained items relating to agricultural production,”
but it was not until the Tenth Federal Census, in 1880, that both
the acreage and the production of crops were enumerated. During
the forties and fifties various agencies, including the Patent Office,
trade journals, and newspapers, attempted to estimate production
of the more important crops, such as cotton, wheat, corn, and oats,
but the results were so unsatisfactory that when the office which
eventually became the MummmiAfﬂuﬂjmg_m\oggg_m;@dJn
1862 it. was charged with the collection and compilation of agricultural
statistics.

Official estimates of crop production must necessarily be both
accurate and timely if they are to measure the annual supply of a
given crop for the buyer and the seller, and thereby re(fl)lce the
speculative fluctuations of the market price. The greatest accuracy
could be obtained by means of a complete annual census or enumera-
tion of the acreage, yield per acre, and production of each of the
various crops. Such a census could not be taken until after the
harvest was practically completed, and then it would require from
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several months to a year or more to tabulate its returns and make
them available. It would also be very expensive in comparison
with the cost of developing a crop-reporting service.

Not only are accurate estimates of the production of crops required
immediately following the completion of harvest, but buyers and
sellers demand forecasts of production of the various crops prior to
harvest. ‘“They could not do without them. Private agencies will
supply them, and the government as a neutral crop reporting agency
can not avoid its responsibility by omitting them” (15, p. 320).!
Methods of forecasting are being steadily improved. With cotton,
for example, on which there is an accurate check on production, the
December estimate of production for 1928 was 99.3 per cent of the
final ginnings. In 1927 the December estimate was 98.7 per cent
of the final ginnings. The production forecasts of September, Octo- .
ber, and November, during 1929, were each within 1 per cent or less
of the December estimate, and the December estimate was 100.6
per cent of the final ginnings. ’

Forecasts and estimates of crop production are necessarily based
on sample data rather than on enumerations. During June each
year thousands of farmers report to the Department of Agriculture
the acreages of the various crops growing on their farms, both for the
current, season and the year previous. From this and other infor-
mation the percentage change in the acreage of each crop is estimated
by the Crop Reporting Board. This percentage change in acreage
is applied to the estimate of acreage for the previous year to produce
an estimate of the acreage for the current year for each of the various
crops. The decennial or quinquennial Federal agricultural census
enumeration, with some adjustments for incompleteness, furnishes
the base or starting point for estimates of acreage.

During the growing season forecasts of the probable yield per acre
are made on the basis of the “condition of the crop in per cent of
normal,” actually on appearance, as reported by the regular crop
correspondents. The relationship of condition to final yield per acre
as a basis of forecasting is supplemented by weather and yield rela-
tionships.

After the harvest of a given crop is completed in practica,llf7 all
States, estimates of production for tile crop are made by multiplying
the estimate of acreage of the crop remaining for harvest after aban-
donment is deducted by an estimate of yield per acre. Inlate Septem-
ber an extensive survey of the current year’s acreage of all crops is
made with the help of the rural mail carriers of the Post Office Depart-
ment. Results of this survey, with other information, form the basis
of the estimates of the acreage of the various crops remaining for
harvest. The crop correspondents, both regular and special, report
on the average yield per acre of the various crops in their locality, and
these returns are used as a basis for the crop estimate board’s esti-
mates of yield per acre. The forecast of production for a given crop
in a particular State is the product of the acreage estimate multiplied
by the forecast of probable yield per acre.

Accurate estimates of production require that methods of esti-
mating all component factors be accurate and reliable.?

1 Ttalic numbers in parentheses refer to Literature Cited, p. 137,
1 The reliability and adequacy of the farm price estimates of the department have been considered in
U. 8, Department of Agriculture Bulletin 1480 (14).
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In the field of crop estimating, as in any other specialized field- of
knowledge, it has been necessary to develop a technic:lgsplicable to
the problems involved. Many of these problems are similar to those
now being encountered in the more general field of quantitative
analysis of economic data. The general principles of statistics,
especially as related to samg ing, have been of material assistance . in
understanding the technic developed through many years of exgen-
ence in crop estimating and in suggesting improvements that have
already proven their worth. . o

The general problem of determining the reliability and adequac
of estimates of crop production must be considered from the stand-
point of two specific problems—the accuracy of estimates of acreage
and accuracy of estimates of crop yields per acre. The statistical
principles related to the methods of samplinﬁ used in estimating crop
yields per acre are much less complex and are of more universal
application in the general field of quantitative procedure than are
those related to the estimating of acreage. This study will be limited
to the specific problem of estimates of crop yields per acre. A study
similar to this has been made in connection with estimates of acreage,
and many of the improvements in method that were developed have
been incorporated in the procedure of estimating the acreage of crops.

PURPOSE AND PROCEDURE

The primary purpose of this bulletin is to report the results of a
critical investigation of the sources of current information, the
character of the information received, and the methods used in
preparing the official estimates of yield per acre of crops. This
investigation has been conducted over a period of several years, has
served as a basis for determining the reliability and adequacy.of
estimates of crop yields per acre, and has resulted in improvement
and refinement of methods used in preparing such estimates.

The procedure followed in the study was to examine the data
regularly available to the Department of Agriculture in the light of
statistical principles, related to sampling, that had been tried and

roven in other fields. In the course of this examination the data
ga.sic to many of the official estimates for principal crops in related
States were reworked, and accepted measures of reliability were
applied. Official estimates were compared with the yields indicated
by the reports received, considered alone without correction by the
~board. v o e
( The results are presented in the following order: (1) Description
! of the nature and sources of reports from farmers; (2) treatment of
_/ sample data to meet practical and theoretical requirements; (3) de-
\ tailed critical analysis of the data for typical States and years for
{ important crops; (4) comparison of yield estimates of the Department
! of Agriculture with yields derived from the census data; and (5) an
kap}i‘misal of the historical series.

he first part, which deals with a. description of the phenomena 4

and methods is treated in summary. fashion in view of available
materials on the general subject. . L
The second part of this studf', which adapts available sampling
rinciples to the immediate problem of estimating the yields of crops,
Eas resulted in a classification of the factors that cause samples to be
o deadine and ackimatee to bhe inaccurate These ceneralizations,
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which are ‘based on experience in the field of estimating crops and
livestock, have a definite aplplication in the general field of making
estimates and drawing conclusions from sample data. Every con-
structive worker in economics and related social sciences is forced

.eventually to utilize sample data, whether he collects them himself

or not. : :

The detailed analysis of the sample data for typical States and
{ea.rs for important crops has involved an immense amount of labor

oth in actual performance, and in checking the accuracy of the work.
A large part of this labor has been done by the staff of field statisticians
in the various States and other workers of the Division of Crop and
Livestock Estimates, in connection with courses of instruction in
sampling and generai statistics conducted by the author during the
last three years.

In the fourth phase of this study, the sample data and estimates

“of yield have been directly checked against the yields per acre derived

from census data. This is an entirely separdate approach to the
problem of the reliability of yield estimates. The conclusions of this
study are based, therefore, on the results obtained by using two
different methods of investigating the same general problem and are
considered more dependable than if either had been utilized alone.

The brief evaluation of the yield estimates as a historical series will
be helpful in explaining year-to-year variations in the yield of a
%iven crop in a certain State on the basis of the weather and economic
actors involved.

Scientific workers and students, especially those in the field of the
social sciences, who are making and interpreting surveys and samples
of social and natural phenomena will be particularly interested in
the principles and methods of sampling as they have been developed
by the United States Department of Agriculture over a period of
more than 60 years. To this group the first part of this bulletin to
and including the discussion of the reliability of the estimates for
winter wheat will have greater significance than the remainder.
Others, however, may be interested in the reliability of the yield-per-
acre estimates for one or more particular crop. It is suggested that
t.heK consider the section on winter wheat as a basis for comparison
with the particular crop of their interest. Those interested only in
the general reliability of yield estimates made by the department will
find most of their questions answered in the summary.

SOURCES AND KINDS OF INFORMATION
' * PHENOMENA OF CROP YIELDS

. The phenomenon that the Department of Agriculture is called
upon to measure and to estimate is the average yield per acre of a
given crop for the United States, for a State, and for some subdivision
of the State, such as a county or group of counties. The estimate of
yield per acre for a State is theoretically the total production of a
given crop in that State divided by the total number of acres of that
crop harvested.

. Although the term ‘‘average yield per acre’’ implies that the
actual production on an acre of ground is the unit of observation,
eﬁ'{)er_lence teaches that the smallest unit in actual practice undoubt-
edly is the average yield per acre for a field. If a farmer is asked
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how much corn he grows per acre on his farm, he is likely to say that
on his 40-acre field on the river flat he produced 60 bushels to the
acre and on his 20-acre field over on the hill, his average yield per
acre was only 40 bushels. The production of a crop on a given field,
divided by the area of that field, is about the smallest unit in which the
farmer thinks of yield per acre. It is the rate of production per acre
for any given area such as a field, several fields, or the locality. -
Yields per acre of any given crop differ as between fields, between
farms, between counties, between States, and between geographical
areas. These differences result from difference in soils, cultural prac-

tices, seed selection, weather, farm management, and other factors.

Since crop production is a natural phenomenon, it is reasonable to

expect a fairly normal distribution of the observations if the samples -

are drawn from a reasonably homogeneous area.

Differences in soil fertility, topography, and climate are the fun-
damental causes of the vanation in crop yields for the country as a
whole. The Delta counties of Mississippi have on an average, much
higher yields per acre of cotton than have the upland counties. The
areas of high production per acre for the country as a whole are
rather well determined amf tend to be fairly homogeneous; areas on
the margin of profitable production are less clearly defined geogra%lll-
ically. Yields per acre not only differ, but so also do the geographic
distribution and density of the acreage planted to a given crop.
With the approach to the geographic marFi.ns of profitable production
of a given crop, a smaller proportion of farm land is planted to that
crop. In sampling for yields per acre of a crop it 1s necessary to
consider not only geographic variations in yields but also geographic
distribution of the acreage.

A political unit such as a State or county is not necessarily, and
in fact is seldom, a homogeneous geographic district from the stand-
point of either yield per acre or acreage distribution. If an approach
to a normal distribution is to be secured in the observations of the
sample of crop yields, a State should be divided into districts having
natural conditions as nearly uniform as possible. In actual practice
a State is usually divided mt%m nine crop-reporting districts of about
equal extent, on the assumption that the variation both in yields per
acre and in the distribution of the acreage is greater over the entire
State than within one of these districts. To the extent that this
assumption holds true, the crop-reporting district is more homogene-
ous than the State as a whole. Homogeneity within the districts has
been materially increased, in the case o%several States, by giving more
careful attention to natural geographic and climatic factors and the
distribution of the acreage of the important crops when selecting the
counties that are to be included within each district. :

There are 41 State ofﬁ@_@fp_rgﬁgnt, There is one field office for
the New England States, one for Maryland and Delaware, and one
for Nevada and Utah. The two lists of crop correspondents, town-
ship and field aids, have now been merged in several States, including
the New England States, New York, Pennsylvania, New dJersey,
Maryland, Delaware, Virginia, West Virginia, Florida, and California.
The combined list of crop correspondents reports to the field offices
in these States. Generally speaking, these are States in which the
crops of general speculative interest, such as wheat, corn, oats, and
cotton, are relatively unimportant, or in which the agriculture is so
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highly specialized that a sample has little significance unless inter-

reted by one familiar with the agricultural details of the State.

t is deemed advisable, however, to continue this dual system of crop
correspondents, in most important agricultural States, especially
in those with highly speculative crops, as it insures that sample data
will be available for the Crop Reporting Board. Reports from the
State officers are sometimes lost or fail to reach the board by the
morning of the day the report is released.

In some of the important grain States the returns from the regular
crop correspondents of the department have been supplemented by
special questionnaires to country mill and elavator managers, each
of whom is asked to estimate the yield per acre for the more important
grain crops in his locality.

In many States an additional ‘“‘judgment inquiry” is sent out in
the late fall to farmers who are not regular crop correspondents of the
department. The returns from these inquiries, taken later in the
season, supplement the regular returns and are especially helpful
when estimates of yields are made on less than a State basis.

THE LISTS OF REPORTERS

The Department of Agriculture now maintains two lists of crop
correspondents. Both' lists are recruited from among farmers who
are willing to serve without compensation and who are selected with
the idea of having on each list at least one reporter from each agri-
cultural township in the United States. The township list, which
reports to Washington, has usually consisted of about 30,0
farmers. ere are at present about 46,000 correspondents on the.
field-aid list, w isticianai For
any regular monthly report about 50 per cent of the correspondents
return the questionnaires. The township list was first established in

1896 and the field-aid list in 1914, when the field force of the Bureau —

of Crop Estimates was reorganized. In 1925, the list of county
correspondents was merged with the township list. The county
correspondent was expected to provide himself with from three to five
assistants living in different parts of the county, who reported to him
the yields in their localities, while he in turn, made an estimate for
the entire county.

JUDGMENT INQUIRIES

From the beginning in 1862 to 1930 the official estimates of crop
yields per acre have been based primarily on what is called the judg-
ment inquiry, in which the unit of observation for a given crop is the
crop reporter’s estimate of the average yield per acre in his locality.
From 1862, when the county reporters were organized, until 1896,
when the township list of crop correspondents was begun, the unit of
observation was theoretically the average yield per acre for an entire
county. Itis obvious that, as a matter of fact, the average yield for
the locality with which the reporter is familiar has always been the
unit of observation.

In the generally used judgment inquiry of the department the crop

reporter 1s asked to make an estimate of the average yield for his

locality which, theoretically, would be the total production divided by
the total acreage therein. In actual practice the crop reporter pre-
sumably starts with the knowledge of the average yield per acre on

1.2 e P e aline dlwntimal crmdt e ndte wvrtdilh ~dtthaw farnrmarae ha Aahtoina
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information concerning the average yields on other farms in his local-
ity. Many reporters undoubtedly not only consider the yields ob-
tained on farms with which they are familiar, but go even further and
make an allowance for the poor appearance of some outlying farms
for which they do not have accurate information. No effort is made
to limit the locality that the crop reporter represents. It is possible
that the influence of the higher yields on the reporter’s own farm tends
to result, in years of very low yields, in an estimate that is above the
true situation. o

After conversations with many crop reporters in Iowa, the writer is
under the impression that most reporters do make an allowance for
the low yields as well as for the high yields obtained in their immediate
neighborhoods. Most of the reporters are better-than-average farmers
and although they generally obtain better-than-average yields on their
own farms, they do tend to discount their own yieﬁ 1
an estimate for their locality.

From 1883 to 1914, the returns from these voluntary crop corre-
spondents, who reported directly to the department in Washington,
were supplemented by the observations and estimates made by part-
time State statistical agents, each of whom had a small group of crop
correspondents. From about 1900 to 1914, full-time regional field
agents were employed to travel continuously during the growing

soason and immediately after harvest over a territory comprising

geveral States. They cbserved the condition and appearance.of the -

growing crops and estimated the average yield per acre for each of
Their States on the basis of their observations, reports from a limited
list of crop correspondents, and other information secured from opera~
tors of mills and elevators and informed persons with whom they came
in contact during travel. R

During the last-few days of the month both lists of reporters
receive a questionnaire which includes various items suchas the con-
dition in per cent of normal of the growing crop, yield per acre of
different crops shortly after harvest, and miscellaneous questions on
farm labor, farm wages, poultry and milk production, ete. The

“probable yield” as well as the condition of wheat and rye is included
on_the June questionnaire for reporters , in_the_Southern States. In

July the questionnaire asks for the harvested yield of wheat and rye
in the Southern States and the probable yield in the Northern States.

The_probable yield for the more import rops is requested_about
harve; ] “m s requested_sa month 1a :
allowance being made for the advancement of the season in the South-

ern and the Northern States. The October inquiry (fig. 1) includes
the harvested yield of the spring-sown grains and the probable yields
of corn and potatoes. i i © season
has been as of November 1; such late-harvested crops as corn, pota-
toes, and buckwheat were included. Beginning with 1928 in the
Northern States the yield inquiry for corn was repeated on December
1, and this practice will be continued in the future. Early each
year there is an announcement of the list of cro(f reporting dates for
the year," which shows what is to be published in connection with
each crop report throughout the year. ‘ -

» UNITED STATES DEPARTMENT OF AGRICULTURE, BUREAU OF AGRICULTURAL ECcONOMICS. - CROP BE-
PORTING DATES FOR 1931 ANNOUNCED, U, 8. Dept. Agr., Bur. Agr. Econ. Press Release. {1] p. January
at 1021 [Mimeographed.] .

s In arriving at
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REPORTS FOR INDIVIDUAL FARMS

In addition to these judgment inquiries, both regular crop reporters
and other farmers are asked to report on the acreage and production of
the crops on their own farms. From these reports a yield-per-acre

IC.E.2-2037) . UNITED STATES DEPARTMENT OF AGRICULTURE {OCTORER, 1929)

N BUREAL OF AGRICULTURAL DIV OF GROP AND L EITIMATED
WASHINGTON, D. O,
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USE BACK OP SCHEDULE FOR COMMENTS ON UNUBUAL CONDITIONS

FIGURE 1.~ ical monthly schedule or questionnaire. The monthly questionnaires sent to crop
reporters differ with the nature of the information sought as the season progresses. In October
the inquiry chiefly concerns the yields of crops. For thoee crops not harvested prior to
October B the reporter necessarily gives his idea of the ‘ probable yield.” In some of the
S‘tntes and for those crops the harvest of which has been virtuslly completed the report is on
“ yield per acre this year "’

% . estimate can be derived by dividing production by acreage. This is

known as an “individual farm”inquiry. Since the crop correspond-
ents are generally better-than-average farmers, the individual-farm
returns usually show a higher average yield per acre than do the judg-
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ment inquiries. These individual-farm inquiries are made usually in
the late fall after harvest is over for practically all crops except corn.

In years of generally good yields the spread between the yield per
acre on the farms of crop correspondents and the average for all farms
in the State is probably not as great as in years of low average yields
because the crop yields of the better farmers are not so likely to be
affected by adverse conditions as are the yields on either marginal
land or on the farms of less skillful farmers. The individual-farm
inquiry was first_developed and used as a check on the judgment

"

sample during the eighties, but it has not been in continuous use,

largely because of its obvious limitations.

e yields derived from the individual-farm sample may be used in
a relative sense, when their limitations are understood, as indicating
the relative change in yields from one year to the next; they are espe-
cially helpful with winter wheat in years of heavy acreage abandon-

ment, serving as a means of estimating production independently of

yield and acreage estimates. In 1928, for example, there was heavy
abandonment of winter wheat in the eastern Corn Belt States, and
considerable land on which winter wheat had -been destroyed was
allowed to remain unplowed because of the excellent stand of new
grass seeding. Many fields were allowed to remain without being
plowed up for some other crop, but were only partly harvested. This
situation made extremely difficult the determination of both the
actual acreage harvested and the yield per acre of harvested acreage.
The individual-farm production schedules were especially helpful in
supplementing the returns from the regular judgment inquiries.

CENSUS ENUMERATIONS

In the years for which a Federal census is taken, the census is
available as a third source of information concerning the yield per
acre of the various crops. These yields are derived from the census of
acreage and production through dividing the latter by the former.
Unfortunately the Federal census is not taken until so many months
after harvest that this information is sometimes not available for a
year or two after the specified harvest and can be used only as a basis
for revising the yield estimates of the crop year to which the census
applies. Should only the yields in the census year be revised on- the
basis of this information, which is available every 5 or 10 years, these
estimates for the census year would not be comparable with the esti-
mates for the intervening years.

It would appear on first thought that these yields as derived from .

the census data would serve as an excellent check on the accuracy of
the estimates of yields made by the Department of Agriculture, and
reveal the measure of the discrepancy between the results of an
enumeration and estimates based on sample data. Subsequent inves-
tigation will show that several circumstances concermng the enu-
meration of acreage and production must be taken into considera-
tion when closely comparing yields as derived from the census data
with either the estimates of yield per acre or the averages of original
sample data secured from the crop correspondents of the department.

“averages are computed by counties in the field offices, and by crop-
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COMMERCIAL CHECKS

The department has been obtaining commercial checks on produc-
tion, such as figures showing cotton ginnings, car-lot shipments of fruit
and vegetables, shipments and mill-door receipts of grain and flax in
the spring-wheat States, and auction sales, which are useful as indica-
tors of probable production during harvest and as a basis for estimat-
ing production after harvest. The field or State statistician gathers
his summer information concerning acreage changes, production,
yield per acre, and marketings, from farmers, county agents, elevator
men, bankers, and others, for both the current and previous year.

PREPARATION OF THE ESTIMATES

The returns from township correspondents are tabu ited
in_the central office in Washington. The returns from the field-aid
reporters, and_from_the combined list of correspondents in_those
States in_which the two lists have been merged, are tabulated and
edited in the respective State field offices.

“The returned questionnaires (ig. 1) are usually entered on large
sheets, by counties or by crop-reporting districts. This organization
of the observations on & county basis is of material assistance in
editing and checking and makes possible the computation of averages
by counties. After the returns have been listed and carefully edited,

reporting districts in the central office in Washington. These aver-
ages of crop-reporting-district data are then weighted by acreage
weights for the current year’s crop to secure a weighted average yield
per acre for the entire State. The unweighted or straight average
(arithmetic mean) of all reports for the State is also calculated.

At harvest time the field statistician in each State carefully sum-
marizes the sample data that he has received from his field-aid
reporters and from such special correspondents as mill and elevator
managers and cotton ginners. From observations and contacts made
during travel over his State, and in the light of many years of experi-
ence in that State, he considers the representativeness of the sample,
its size, and the possibility of bias, and arrives at an estimate of the
yield per acre of a given crop for the State. This estimate usually
does not differ materially from the weighted average of the returns
from the field aids. The estimates of the field statistician, and the
statement of the district and State averages from his crop correspond-
ents are mailed to the Crop Reporting Board in Washington. Com-
ments concerning the weatﬁer and other pertinent factors accompany
these data.

These reports from the field statisticians to the board are divided
into two classes, the A reports which deal with corn, wheat, and oats,
and the B reports which include all other crops except cotton.  The
reports on corn, wheat, and oats, Irom States in which thesecrops are
of very minor importance from a national standpoint, are included
with B reports. R‘he reports on cotton are handled separately from
all other reports and are released a day or two prior to the general
report, which by law must be issued not later tEan the 10th of the
month. The B reports are mailed directly to the board prior to the -
mailing of the A reports, which are sent directly in a specially marked
A envelope to the Secretary of Agriculture. The A envelopes are
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placed immediately in a safe where the{ ‘remain locked up until the‘b

morning of the day the crop report is released, when they. are opened
in the board room. S e .

The Crop Reporting Board mskes its estimates of the A-crops
behind locked doors and screened windows, and under guard, on the
day of the release of the general crop report. The cotton report is
handled in the same manner throughout as is the report on the A
crops. At a specified minute copies of the crop report are laid face
down beside telephone or telegraph instruments through which news-

aper reporters assembled for the gurpose may, at the stroke of a .

ell, transmit the details. Through relays, the report is available
almost instantaneously at any point in the world. In making this
report the Crop Reporting Board considers the sample data from
various sources, other information, and the estimates submitted by
the field statisticians, and arrives at an estimate of yield per acre by
States, which is apglied to the current estimates of acreage to obtain
an estimate of production by States and for the country as a whole.

In December, when the final estimates of acreage, yield, and pro-
duction for the current year are made, the Crop ﬂepong Board
reconsiders all information obtained since the harvesting of the various
crops, that concerns the gfield per acre. If a revision of the yield per
acre 18 apparently justified, such a revision may then be made in
connection with the final estimates for the year. The followi
in connection with the July report or the December report, further
revisions may be made if convincing evidence of need has appeared
in the meantime. The final check of car-lot shipments, mi ~-door
receipts, ginnings, etc., sometimes justifies these later revisions of
yield as well as of acreage.

. ADEQUACY OF SAMPLE DATA’
THE PROBLEM

iy

Present-day economists are making use of statistical information
to a greater extent than ever before in the history of economic thought.
Research workers are compelled to base generalizations upon sample
data of one kind or another. Even when statistical series that have
been completely enumerated over a period of years are used as a basis
for relationship studies or correlation analysis, the data for the years
included in the study are a sample of only a few years taken from a
universe of all years or an infinity of time. There are always the

questions as to whether the results secured for the limited period

under observation will continue to be applicable in future years, and
whether the generalizations that apply to the sample really apply to
cases not included in the sample. ’Fﬁe statistician’s basis for assuming
that a generalization concerning the average yield per acre of a crop
from sample data will apply to the cases not incluged in the sample
must be logically developed. '

The ordinary methods of inductive reasoning are used, basing the
logical processes upon statistical data. The whole practical proi)lem
of statistics centers on the validity of the reasoning process; on the
validity of the assumptions Upon Whi¢ i BsOn-
ing, known as statistical induction, is based. 'The fundamental a&
sumptions that underlie this type of inductive reasoning may be
briefly stated, but they must be held constantly in mind.

year, .

| i3

" tion of the theory is inductive.

- events which have not been observed.
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*(1) There is the general assumption of the orderliness and uni-
formity of nature, or that there is some finite degree of variation in
nature. (2) A random sample with all observations free from bias
is usually assumed. (3) The conclusions from sample data can not
be absolute and must consequently be expressed in terms of proba-
bility, which, however, can be given assignable limits. Any develop-
ment or adaptation of the general theory of sampling must center
about these fundamental premises to statistical inductive reasoning.
In actusl practice it is soon discovered that a random sample is very
difficult to obtain and may be actually quite misleading, and that the
observations in the sample are subject to both wide errors of observa-
tion and bias. :

Can 2 sample bé so drawn or so handled that it will reflect the situa-
tion of the large group or universe of inquiry from which it is drawn?
This is fundamentally a problem in “sampling” in its broadest and
most practical application. It involves a comprehensive statistical
description of the sample data upon which the estimates of yield per
acre primarily dependI,) and a careful consideration of the problem
of statistical induction which is involved when an estimate is made
largely on the basis of sample data. It is always difficult in practice
to differentiate sharply between these fundamental distinctions in-
herent in the theory of statistics. As Keynes says (9, p. 377):

The first function of the theory of statistics is purely descriptive. It devises
numerical and diagrammatic methods by which certain salient characteristics of
large groups of phenomena can be brjefly described. * * *  The second fune-
It seeks to extend its description of certain
characteristics of observed events to the cqrrespondin% characteristics of other

This part of the subject may be called
the '"Theory of Statistical Inference.

Later Keynes points out that the more complicated and technical
the preliminary statistical investigation becomes, the more inclined is
the statistician to mistake the statistical description for an inductive
generalization. Inductive reasoning tells us that on the basis of
certain evidence a certain construction is reasonable, not that it is
true. Induction depends upon experience for its validity.

Theoretically the making of an estimate of crop yields involves,
31) the collecting of sample data concerning yields per acre. These

ata are tabulated and edited, and an average (which is one of the
most important characteristics of a sample) 1s computed. (2) The
making of an estimate of a particular crop for a given State involves
statistical inference. The statistician must take the step from his
sample to the universe of inquiry, that is, in this case, from the average
yield per acre for a given crop as shown by his sample to an estimate
of yieFd for the State as a whole. The reliability of the estimate will
depend not only upon the reliability and adequacy of the basic sample
data, but also upon the statistician’s appreciation of the assumptions
involved and his interpretation of the indications from the sample.

The statistician does not willingly accept the average of the sample
and use it as an estimate of the yield per acre for the State unless he
is satisfied (1) that the universe from which the sample was drawn
is reasonably homogeneous, (2) that the sample is fully representative
of the State as a whole, (3) that the individual observations are free
from bias_or cumulative error.of any kind, and (4) that the sample
itself was sufficiently large to_insure a high degree of ‘‘precision’
o ctahilitv in Fha nvitaoa ahfained. He mav also be influenced by {
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such objective information as cotton

from the previous year and by his own observation and contacts
in evaluating the sample and in drawing inferences when generaliz-
ing from the sample to the estimate of the average yield for the
entire State. A great deal of the information and experience needed -
for the most intelligent interpretation of the sample can be obtained
from a careful statistical analysis of similar samples collected in the
same manner from much the same list of crop correspondents in
previous years. These samples can be tested for various kinds of
representativeness, for the influence of size of sample, and even for
bias, provided check data are available. This systematic analysis
of several previously obtained samples, in combination with a full
appreciation of the current situation, forms an excellent basis for
properly evaluating the sample data and consequently insures a high
degree of accuracy in the estimates themselves.

t is possible to select a sample that will reflect the situation of the

large group from which it was drawn. The requirements change
with the objectives or the purposes for which the results of the sample
are to be used. Consequently one of the first considerations in ob-

taining a sample of any kind 1s to determine the particular _0_51egt1ve )

that 1s sought. Of the four general objectives of sampling in_the
field of agriculfural economics, as outlined by the advisory committee
on research methods of the Social Science Research Council,* two

seem to apply most definitely to the gampling of crop yields per acre.

. The first is to obtain an accurate description of conditions exist-
ing In a given universe of inquiry. Ideally the sample should be a
miniature or replica of the universe being sampled.

The second objective is to obtain a measure of the change in con-
ditions taking place from time to time rathe xact measure
of conditions existing at any one time. The absolute level shown by
the average of a sample may be too high, but the change shown by
successive samples from month to month, or year to year, may
accurately represent the change taking place in the universe of in-
quiry. Constant bias or constant lack of representativeness is elim-
inated when data from two samples are used relatively. Obviously
a sample which would be a miniature of the whole, taken from time
to time would also reflect accurately the change taking place in the
universe of inquiry.

In sampling for orop yields, the purpose of all the judgment -

inquiries is to_realize the first objective—a miniature or replica of
the universe of inquiry. Each observation represents the reporter’s
judgment concerning yields in his locality. A sample is wanted that
will give the true average yield for the State as & whole. The esti-
mate of crop yield per acre is used in an absolute sense when it is
multiplied by the estimate of acreage to obtain an estimate of pro-
duction for a given crop. The requirements are much more rigid
when a sample is to be used in an absolute sense, than if the objec-
tive is only to measure change—the second objective. i
With the individual-farm sample, 'in which a derived yield per
acre is obtained by dividing the production of a crop by the acreage

§ BoCIAL SCIENCE RESEARCH COUNCIL, ADVISORY COMMITTEE ON SOCIAL AND ECONOMIC RESEARCH
ENM ﬁ:mm‘rlt:elall. RESEARCH METHOD AND PROCEDURE IN AGRICULTURAL ECONOMICS. V. 1,106 p. 1928,
eographed.

h ), Iniorn ginnings to:date and” car#li)t
shipments, which indicates to some extent the change in production :° %
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on'which it 18 grown for the farms in the sample, the purpose is pri-
marily to measure change in conditions, and an absolute replica of
the universe of inquiry is not required. Comparability between the
two successive samples is essential if they are to be used in a relative
sense. Complete comparability as to location and persons repre-
sented in the samples for two successive years, can be secured only
when the returns from identical farmers are compared. Not only
may higher yields be expected from the farms represented in the
sample than from all farms in the State, but it may be expected that
this spread will not be constant from one year to the next. This
spread probably is smaller in years of high yields than in years of
low yields. If it could be assumed that the necessary correction
factor, which is needed to convert the yields from the sample into
average yields for the State, would remain constant from one year
to the next, then the two samples could be used in a relative sense,
to indicate change. '

There is the tgurther difficulty of finding a ‘satisfactory base from
which to depart or to apply the indicated change, when the two
samples are used in a relative sense. When last year’s estimate of
final yields is the result of other and better samples or better check
data, then a relative indication of change in yield can be utilized with
greater confidence. The individual-farm sample is at _best only a
check on the judgment inquiry and serves as a second line of defense
when unusual conditions arise and the evideéince is Conilicting.

REPRESENTATIVENESS OF YIELD SAMPLES

In using the judgment-inquiry sample with the objective of obtain-
ing a replica of the universe of inquiry, so that the average obtained
from it may be used in an absolute sense, the sample must be thorough-
ly representative of the entire population from which it was drawn.

f the individual-farm sample is used, in a relative sense, with the
objective of measuring changes in the population by being applied to
gome base year and carried along from year to year, then the problem
is not so much one of obtaining fully representative samples as of
obtaining comparative representativeness as between the samples
that are to be compared. In this case what is wanted is successive
samples from year to year which, taken collectively, will be represen-
tative of the change taking place in the population of the universe
from which they are drawn.

How to obtain & representative sample in the reaim of living things
as of the yield per acre of various plants, is fundamentally a blologicni
problem. The individual observation in the judgment inquiry is
based on the crop reporter’s locality; in the individual farm-yield
inquiry it is based on his own farm. Evidently it is necessary that
the sample contain observations from the full range of possib(lﬁgields
either by localities or by farms for a given crop. All known differen-
tiations of the universe from which the sample is drawn should be given
consideration, and provision should be made for their inclusion within
the sample and in so far as possible in proportion to their occurrence
in that universe.

Some measure of the geographic representativeness of a sample can
be obtained from a map tﬁat shows in detail the local topography,
geography, soils, etc., of the points at which the observations were
obtained. On both the township and field-aid lists the reporters are
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distributed by townships, and it is possible to ascertain the towﬁships ‘

not represented in the sample. o -
The importance of geographic representativeness depends on the
extent of local differentiation in crop yields. If a county is made up
of townships that differ considerab_lly)r as to topography, soil fertility,
and distance to shipping points, it is extremely important to have a
report from each township in order to obtain a sample that will be
representative of the county. On the other hand, if there is as great
a range of yields within the township as over the county it is not neces-
sary to be so particular concernin, ti\e distribution of reports by town-
ships. The same reasoning would apply to counties within a crop-
reporting district or in the State as a whole. Unless there is geo-
graphic differentiation in the universe of inquiry, a sample from one
section is likely to show about the same yielg as that from another.
When a county comprises two distinct types of soil, varying greatly.
in fertility, as may happen in any State in which there are broad ric
bottom lands and less &rtile uplands, it is of the utmost importance
to have the sample include observations from localities on both types
of soil and to obtain the observations in about the same proportion as
the acreage of a given crop in these two localities. If a crop is grown
on both irn'gate§ and dry land in the same county or township it is
necessary to consider the low, dry-land yields separately from the
higher yields obtained on the irrigated lands.. This differentiation is

so extreme as actually to result in two different universes. If the .

observations from both dry-land and irrigated localities are handled
as one sample it will be found that the observations arrange them-
selves into two distinct modal groups. Consequently there is no
tendency toward & piling up of the observations at some central point
which is essential if the average, as computed, is to have statistical
significance. A weighted average for the State can be obtained by
using estimates of the acreage of the crop grown under irrigation and

of the acreage grown on dry land as weights. This method was used.

in all the far Western States for the first time in 1929,
The crop-reporting districts (fig. 2) do tend to group the counties

into districts that may differ considerably in the factors that influence

elds per acre of a given crop. A number of State statisticians,
have effected improvement in handling their sample data by regroup-

ing the counties into more homogeneous crop-reporting districts than,
were obtained under the original rigid system of nine districts per.

State.® .
It would be ideal if the sample could be selected in such a way that
the number of reports would be proportional to the acreage of the
crog,u:Jownshjp by township within the county, and county by county
witha
by townships tends to bring this about. The representativeness of
the sample is further improved by the method of weighting the average
yield obtained in each crop-reporting district by the acr

State. The closeness with which the unweighted or straight average

(arithmetic mean of all the reports) checks with the weighted average

fora State indicates whether or not the sample is distributed as between
crop-reporting districts in about the same proportion as thecrop. .

5 The orlginal system was adopted from the grouping of counties made by the Post Office Department‘
X

which divl State into nine districts—northwestern district, north-central, northeastern, west-central,

central, east-central, southwestern, south-central, and southeastern.

g

the State. The present system of distributing the reporters.

e of that.
crop in that district, thus obta.inin§l a weighted average yield for the

much lower yi
P irrigated a.ndy-l

i
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E. . Under some conditions this method of weighting effects marked

lmprovement in representativeness, as in the case of cotton yields in
Mississippi, where 1t is much more difficult to obtain reports from the

4]

especially
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With highly localized crops, especially with fruits, 'cox_nmercml
vegetables, and certain minor crops (such as potatoes, beans, peanuts,
or tobacco in certain States), it is necessary to average and weight by
counties; with a crop like beans it may be necessary to weight by
varieties or types as well as by counties, in order to obtain & sample
that is representative of the universe of inquiry. From the stand-
point of geographic representativeness it is of the utmost importgnce
that the State statistician be thoroughlg familiar with the agriculture
of his State in order that he may be 1n better position to evaluate the
representativeness of his sample data. His travel over his State fits
him to appraise reports that are not reasonable for a given locality.

Judgment inquiries require a sample selected in such a way that
the reporting localities will represent the county, district, or State.
So far as the representativeness of the crop reporters estimate for his
locality is concerned, there is little opportumty to test the sample.
Individual differences in yield exist as between fields on the same farm
and farms in the locality. With this type of inquiry 1t is necessary
to rely solely on the crop reporter’s judgment concerning his locality,
trusting that errors in all the judgment estimates may be compensat-
ing when the sample is of sufficient size. It is also ossible that what
is %ater designated in this study as “bias,” in the observations them-
selves, is in fact due in part to the inability of the crop reporter under
certain conditions to make an estimate that is truly representative of
his locality. .

With tl);e judgment samples of yield per acre it 1s necessary atlo
assume that (1) the reporter’s estimate is representative of his local-
ity, (2) the localities from which reports are received, are also (i'epreg
sentative, (3) the localities from which estimates are received (; nﬁ
overlap sufficiently to give undue weight to any one section % t 3
State, and (4) the observations in the sample asreported are distri lﬁﬁn
proportionately to the acreage of the crop being sampled both lv(zil
the county and in each crop-reporting district. Weighting yiels -pel;i
acre sample data of the major crops by counties changes the weighte
average for the State so little from what it is when weighted by t‘%1%01()1-
reporting districts that the additional labor usually is not justified.
With minor crops grown largely in certain counties (such as ryte) in
Wisconsin and potatoes in many States) weighting on a county basis
is necessary in order to obtain a representative sample.

With the individual-farm sample of yield the problem of reprei;
sentativeness applies to the farm as a unit and hence becomes a mu;:t8
more complicated problem than in the case of the judgment repo s
for whole localities. Not only is geographic representativeness 211351
as fundamental as with the judgment inquiry, but there is the &; th-
tional problem of selecting farms that are really representative of the
different farms and farmers found in a county, district, or State.

When the individual farm is taken as the unit of observation, p%cil_'
experience with agriculture suggests that there are many possi teg
sources of differentiation. Yields may be higher on owner-opera

than on tenant-operated farms, on small farms intensively _opel_'ah]
than on large extensive farms, on farms where livestock is h.lg1 dz
important than on farms where cash crops are grown. Bettgr yjl?lic—
might also be expected on the farms of the more intelligent an lpu
spirited farmers such as those who are willing to serve as vo untary

crop reporters.

If weighting the sample by counties or crop-reporting
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districts improves its geographic representativeness, it is egtllglly
logical to divide the sample on the basis of other well-known differ-
entiations (such as size of farms, method of farm operation, etc.) that
may be associated with yield per acre. Averages can be computed
for these subdivisions of the sample and weighted by the importance
of the crop in each subdivision to obtain a weighted average either
for the crop-reporting districts or for the State.

This division of the sample into subdistricts is called “stratifica-
tion.” To insure comparability between the averages ol two samples
made up of individual farms taken at different times and used as
relatives to indicate change in the universe of inquiry from one
inquiry to the other, it is important that the sample be stratified (on
the basis of any factor that may be related to the yield per acre, such
as size of farm,) and that the same weights be used in computing the
average for each of the two samples. If there is a relationship
between size of farm and yields per acre the sample should be weighted
on the basis of size of farm. ’Fhis is especially true with individual-
farm reports on acreage used in a relative sense. The use of a rela-
tive indication from two samples obtained from the same farmers for
both years insures comparability without the necessity of stratifica-
b tion. The interpretation of a relative indication of change from two
samples that are comparable depends on the statistician’s judgment
concerning how well the sample reflects the change that has actually
taken place for the State as a whole.

This is a somewhat different problem from the one presented by
a definite shift in the geographic distribution of the crop. In case of
such a shift it would %e necessary to use new weightings in order to

. obtain an accurate estimate of yield for the whole area under consider-
- ation.
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METHODS OF SELECTING A REPRESENTATIVE SAMPLE

The question of representativeness is of vital importance in sam-
pling. Pearl (12) in considering the geographic selection of observa-
tions in sampling says: (

.. 'The whole universe dealt with covers a certain area. To get a representative
-+ sample it will, therefore, be necessary to lay down over the whole area an imagi-
. ~nary network, in which all the meshes are of equal and not too large ares, and
W thendraw a sample relative to the other differentiations from within each mesh.

¢ The selection of a reporter from each township for the townshi
¥ list of crop correspondents and another for the field-aid list is practi-
cally what Pearl suggests doing. In most statements concerning the
selection of a sample that will be representative of the universe of
inquiry great emphasis is placed on obtaining a perfectly random
sample. In fact, any departure from random selection is presumed
to result in a sample that would be useless because it would not be
representative. If the sample is not representative it would be biased
and not trustworthy. " The term ‘“‘bias’’ is not used in this study to
indicate a sample that is not representative of universe of inquiry,
but it is reserved for the more specific use of referring to the non-
compensating errors of the indivifual observations themselves.
though random selection is the foundation of all sampling theory,
certain departures or improvements can be effected that will insure
& sample not only more representative, but more stable than one

selected purely on the basis of randomness. The limitations of
" random selection ara well illstrated in desline faiir heande of rarde 1
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auction bridge. Each hand of 13 cards is a random sample made u

of 25 per cent of the 52 cards and yet one player may get a hand wort.

several times as much as the hand of some other player from the
standpoint of taking tricks. The composition of this especially good
hand is not at all representative of the whole deck of cards. Bowley
(2) suggests four methods that may be used in selecting a representa-
tive sample, beginning of course with random selection. These

methods are: |
RANDOM SELECTION N

Random selection is usually known as ‘simple s_ax_ndphng:” A
sample is found in such a way that every one of the individuals in the
universe of inquiry has the same chance of being selected in the sample,
and that the selection of a particular individual does not influence the
chance of selecting some other individual. This corresponds to
selection on the basis of a lottery. There are various approaches to
random selection that do not completely fulfill the requirements,
such as every tenth farm along a road. Returns must be made
compulsory, otherwise the sample is from only those who are willing
to reply. With individual-farm returns from crop reporters the
sample is selective of the better type of farmers. :

STRATIFIED RANDOM SELECTION 24'

For stratified random selection the universe is subdivided into
districts, geographically as crop-reporting districts (or on the basis of
some variable as size of farm, tenancy, nativity of farmers), and a
number of observations are taken .at random in each district.
Bowley’s original concept of stratified random selection implied that
the same size of sample should be selected from each stratum or
district and that all strata or districts should be of equal importance.
When a sample is selected in this manner 1t is designated as a pro-
portionately stratified sample to distinguish it from _the samples
obtained by the method used in crop-estimating work, in which 1t is
impossible ordinarily to select in exact proportion to the acreage in
each district or to have the districts all of equal weight. In obtaining
a sample in crop estimating, the State is divided into districts, and the
average of each district is weighted by the acreage of that crop 1n the
district—a method which will y termed “weighted stratified

selection.”
PURPOSIVE BELECTION 9.‘

The term Purposive Selection denotes the method of selecting & number of
grou:s of units ir? such a way that the selected groups together yield as nearly as

possible the same averages or roportions as the totality with ree&osct to those

characteristics which are already a matter of statistical knowledge

When a sample is secured by the purposive method,” groups of’
observations are deliberately selected by the statistician, the principle
of randomness being entirely disregarded.. The judgment of the ]
statistician is substituted for impartial chance, or the mechanical =

rinciple, in the selection of the sample. The objective is to select a

sample that will have the same characteristics as the whole gpivqrse ;:

of inquiry.

In selecting these areas or groups of units for the sample the stat- 1
istician uses,gas far as possible, criteria or _controls which relate to the 1
feld of inquiry. Controls are factors which are known for both the

- e .3 a1
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unknown quantities that are being investigated. Such areas are
selected as will, in their aggregate, give the same results in respect to
these control factors as does the universe.

STRATIFIED PURPOBIVE SELECTION q'

Purlposive selection can be made on the basis of a stratified sample.
Take for example the partial or sample census of agriculture, which has
been proposed as a means of obtaining a reliable indication of change
in acreage of the various crops from one year to the next. The
selectivity of a voluntary sample, which covers only the farms operated
by farmers who are willing to report, would be entirely overcome by
a compulsory and complete enumeration, year by year, of all the
farms within a number of specified enumeration districts distributed
over the State. With the selectivity of the best farmers eliminated,
the remaining problem is to select districts geographically repre-
sentative of the differentiation existing over theentire State or county,
constituting the universe of inquiry.

The objective would be to obtain a sample made up of a number of -
enumeration districts, which would be a replica of the universe of
inquiry so far as important factors taken as controls are concerned.

he more nearly the sample is a replica of the universe of inquiry in
the year of the census, the more it would tend if enumerated each
year, to reflect the changes in acreage of the various crops from year
to year. A tabulationi enumeration districts of selected control

] - items from the census schedule would render these items available

for both the enumeration districts and the universe as a whole in the
year of the census. By a method of sorting and subsorting these
enumeration districts, it would be possible to select a sample made up
of such districts which would proportionately represent the differ-
entiation of these control items throughout the universe of inquiry,
and by the judicious use of “trial and error” in the selection of
individual districts, the averages of the sample for these control
items could be made to approatsl very closely to the averages for the
.universe of inquiry.

. In choosing the control items from the census schedule, as a basis for
rendering the sample a replica of the universe of inquiry in the year of
;the census, such factors as might have the highest correlation with
changes in acreage and the least intercorrelation between themselves
should be selected. This selection would be based on a priori reason-
ing until sample surveys for two or more years were available for
«determining just what factors in the farm organization are correlated
'with changes from year to year in acreages of various crops. The
individual farms secured by the sample census for two consecutive
years would be used as the units of observation in such a study of
relationshif)s. The factors, which might be determined tentatively,
ghould include the acreage in the farm and in each of the various
rops, as well as such factors as the number of milk cows and other
asses of livestock, proportion of tenants, nativity of farm operators,
Jvalue of land and buildings, and proportion of produce sold
cooperatively.

:A simple arithmetical test for representativeness may be apilied to
,0’11 r sample when the totals for the entire district or State are known.
The percentage relation of the sum of each of the items or control
tantore in the sambla to the total of each for the comvlete census
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enumeration is determined. That is, if the sample contains 5 per
cent of the land in farms in the State, does it also contain 5 per cent of
the acreage of corn, wheat, oats, hay, and other crops grown as well as
5 per cent of the milk cows, of the number of tenants, of the native-
born farm operators, and other factors? The more nearly all the
factors approach a given c};)ercenta.ge, the more nearly representative
is the sample, provided the frequency digtribution of these factors
within the sample also approaches the distribution within the universe
of inquiry. R

If qt,hils';yt,est is satisfactorily met by a sample of individual farms
selected at random, it is reasonable to assume that the frequency
distribution of the sample corresponds closely to that of the entire
universe. When applied to a sample of enumeration districts
obtained by purposive selection, it is important that enumeration
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districts be selected in proportion to the frequency distribution of the -

universe of inquiry. This simple test is especially helpful in checking
up on the rep?(lalson:ynta.tiveness of a sample regardless of the method of
selection used. . .

If the county, rather than the State, is used as the basis for crop
and livestock estimates, enumeration districts much smaller than
those used by the census would be necessary mn order to cover the
differentiation that exists within a county. In Alabama, where &
sample census has been taken for several years, several routes over
each county have been selected, and the farms along these roads are
enumerated each year. .

This method ofypurposive selection has been used in several of the
Scandinavian countries (6, 7, 8) for more than 20 years, with excel-
lent results, as a means of estimating crop acreage and production.
1t is much more reliable than any system based on voluntary crop
correspondents and much more timely and inexpensive than a
complete enumeration. . . . .

ith Bowley’s classification of methods in mind, the judgment
inquiry on crop yields may be designated a “stratified voluntary-
ju&gment sample of crop yields per acre.” The sample is not ran-
dom, nor does it fall under the heading of pu.r{)oswe selection, as
returns are only from those who are willing to r_eq dy The statement
applies equally well to the individual-farm yiel sample. On the
other hand, the samples may be considered as h}ghlj stratified, and
with major crops the returns are closely prosf)orthn to the import-
ance of the crop.” The breaking up of the State into crop-re orting
districts is & form of stratification. The use of the weighte State
averages is an excellent and practical substitute for ‘.‘&ri%portloqal
stratification.” Instead of having a random sample wi the .dls-
trict, the sample is further stratified because of the fact that the
reports received are distributed by townships. The use of county
or district weights helps to improve the geographic representativeness
by distributing the influence of the sample in proportion to the
acreage of the crop. The individual-farm sam le by contrast may
be designated a “stratified volyntary individual-farm sample of
acreage and production,” from which crop yields per acre may be

derived. . . .
Voluntary reporters may be influenced toward making high esti-
mates of yield per acre by the higher yields obtained on their own

e By Y ha frther accentuated by the fact that
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it is always easier to secure reporters in the better farming localities
than in the marginal localities of a county or crop-reporting district.

This limitation of lack of representativeness is serious with all the
sampling work of the department. In making estimates this factor
is considered and allowed for in so far as it is possible to do so with-
out adequate check information. The use of purposive selection as
a method of making a sample census would eliminate this kind of
selectivity which is due to the voluntary nature of the reports, as a
sample census of representative districts would include all of the
farmers in a given district. It then would be a problem of selecting
a sample that is geographically representative of the agriculture of a
State. A careful and intelligent application of the principles of
stratified purposive selection as suggested by Bowley and herein

. developed, would go a long way towards obtaining a really repre-
sentative sample o% American agriculture that would reflect changes
in the acreage of various crops and numbers, of livestock on farms
from year to year and serve as a partial check on the yield-per-acre
sa.Ilnples and furnish other valuable statistical data of high economic
value.

ERRORS ENCOUNTERED AND THEIR TREATMENT

From a statistical point of view there is a distinction between
mistakes and errors. Mistakes arise from carelessness or incom-
petency in transcribing and reading figures or from numerical mis-
takes In computation. The only safe assumption in regard to com-

utation is that mistakes are bound to occur and a system of check-
ing is always necessary. The general policy of the Division of Crop
and Livestock Estimates is to have all original computations of
sample data verified by a second computer and the corrections
" verified by the original computer. The calculations that are used
3 on the day of the issuance of the report, in computing production
B from acreage and yield indications, are always carefully reviewed
*. by one or more members of the Crop Reporting Board. Even with
v these precautions an occasional mistake is made; it is usually found
. soon after the release of the re&ort, and the corrected figure is given
wide distribution. In a field office there are times when the pressure
» of work for a crop report becomes so great that it is impossible to
. verify all computations. A comparison of county averages by the
statistician who is thoroughly familiar with the State serves as an
: effective preliminary check. When the vast number of the calcula-
¢ tions made under high pressure is considered it is surprising how few
¢l mistakes actually occur.
B A comparison of the weighted and unweighted averages serves to
<! show the presence of mistakes in computation. If the two check
closely then the probability of a mistake is not high. If they do not
. check closely either there is a rational explanation of the difference or
’ a mistake has been made. If the number of reports is not in propor-
] tion to the weights and there is considerable difference between dis-
§ trict averages then a high district average with a large weight will
;- tend to make the weighted average higher than the unweighted
g average; the opposite situation would result in a weighted average
. below the unweighted,
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1

PREVENTABLE ERRORS Cot e ety “5

Errors are encountered in sample data; some types'of error maglbe
prevented, but all must be corrected in so far as possible. is-
understanding of the question, or of the definition attached to the
question, is a frequent source of error, especially in the case of ques-
tionnaires handled by mail; such mistakes may be serious even when
a schedule is filled out by a paid but inadequately instructed enum-
erator. Carefully preparing the questionnaire and testing the inquiry
in a limited way will enable the statistician to avoid many of these
sources of misunderstanding. Frequently the condition or the quality
of the crop is reported when yield has been requested. If the condi-
tion or quality is between 50 and 100 and yields per acre are not
running over 25 to 40 bushels, it is comparatively easy to detect
these mistakes or errors on the part of the crop reporter and delete
the offending figures before the averages are calculated.

The yield of corn is measured and consequently reported in three
different units: (1) By the standard bushel, equivalent to 56 pounds of
shelled corn, in the Corn Belt States, (2) by the bushel basket of ear
corn, actually one-half a standard bushel, in parts of New York
Pennsylvania, and New England, and (3) by the barrel of 5 standar
bushels in sections of Maryland. The remedy for such a situation
is to ask for the yield per acre of corn in all three units of measure,
side by side on the same inquiry. Fundamentally the problem is to
know in what terms the farmer usually thinks and then ask the ques-
tion in those terms. Difficulty arises because the same questionnaire,
for reasons of economy, must be used in several States. -

When the yield of ““all tame hay’’ is included on the schedule as
one question, the average obtained 1n most States is likely to be lower
than when the yield is asked by varieties and the average for each
variety is weighted by the acreage of that variety. The farmer does
not always include the higher per acre yield of alfalfa in his estimate
for all tame hay. His definition of all tame hay is not the same as the
one used by the department. During recent years this situation has
been corrected by obtaining yields by varieties on a special question-
naire late in the fall after all the hay crops are harvested. »

Asking questions concerning facts upon which the informer has no
definite m(ilormation is not only useless work, but it tends to create

rejudice against the entire crop-reporting service. It is impossible,
?or example, to obtain accurate information in most States as to the
total quantity of milk produced, or total number of eggs laid, during
the previous year or of changes in acreafge of the various crops in the
locality from year to year. Unless the farmer has sold fluid milk and
has a statement of what he sold each month he is likely to be influenced
by the more recent production on his farm. It is better to repeat
the inquiry periodically and limit the estimate to a day or a week.

It is surprising to observe in how many ways different individuals
will reply to a question concerning their estimates of the yield per acre
for a hypothetical case that is fully described to them as a group. It
is small wonder that printed instructions are sometimes misread,
especially if a man is tired from a hard day’s work in the harvest
field. The statistician must be able to devise a questionnaire that is
direct, straightforward, and readily understood, and he must be on
the alert to detect reported figures that are apparently the result of

ot i st andinee tha ~A13a0f AT
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g2 COMPENSATING ERRORS

The worker in the physical laboratory knows that there is no such
thing as an absolutely exact measurement. When an object is meas-
ured repeatedly and with the greatest care the results are not identi-
cal. e most probable value may be obtained by averaging the
results of & number of observations provided the errors, or differences,
of the separate observations are accidental and tend to balance each
other. These compensating errors are spoken of as errors of observa-
tion. As Pearson (13) says: “In most cases our knowledge does not,
wait upon certainty, but is described in terms of probability which
may approach certainty.” . o

Chaddock (4, p. 212) describes the origin of the probable error
concept, as follows:

Gauss made repeated observations of the same phenomenon, as the diameter
of a heavenly body in order to-increase the accuracy of the observations by
averaging. e noted the distribution of these measurements to be in a symmet-
rical or bell-shaped form about the average or most probable value. Their dis-
tribution may be characterized as follows:

(1) Small deviations from the mean were more frequent than large.

-(2) Positive and negative deviations were about equally frequent.
. (3) Extremely large deviations did not occur.
He observed this arrangement to be in accord with the usual distribution of chance
events and described the resulting frequency curve by a mathematical equation.

. The standard error and probable error ® were developed originally

as measures of these accidental and compensating errors of observa-
tion. rd error measures the distance, plus and minug, from

Errors of observation are common in all scientific measurement.
They occur in all statistical data whether in a complete enumeration,
or a registration, or a sample from a universe of inquiry. Errors of
observation are of much greater magnitude in social-science data than
in data from the so-called exact sciences. It is difficult for a farmer
to estimate accurately the average yield per acre of a given crop in
his locality or the number of acres of corn or wheat harvested on his
own farm. The grain drill is about the only available measure of
acreage for many farmers. Established fields generally are assigned
a specified area which is reported from father to son, and never verified.
But mere lack of exactness on the part of different observers need not
destroy the results of an inquiry, since an estimate made too high by
one observer may be compensated for by an estimate made too low

by another, and the average from a large number may closely repre-

sent the true value.

The errors of observation in either the judgment or the individual
farm inquiry on yield per acre are undoubtedly large. Moreover
crop correspondents teng to report yields for their locality in rounded
numbers 7 that are divisible by 5, such as 5, 10, 15, 25, and 30 bushels.

¢ The terms, ‘“standard error” and ‘‘probable error’’ are nsed here with reference to the dispersion of
nctual ohservations or the several measurements of a given object or distance, such as the diameter of the
moon. ‘This is done in order to explain the origin of the concept that is now used in statistics as a measure
of the dispersion of the averages of a number of samples drawn from the same universe, each of which i3 made
up of a number of observations.

7 Bee Table 2, Number of reports at specified yields per acre recelved from township reporters, winter
wheat, August, 1928; and Table 3, Number of reports at specified yields per acre received from township
reporters, corn, November, 1928,
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C roximately two-thirds of the observa-.#

tions (measurements) fell; the probable error includes one-half of the-
_Eﬁéé%éiﬁgns.

’ -
! Jen
W

;



26 TECHNICAL BULLETIN 311, U. 8. DEPT. OF AGRICULTURR

It is not unusual, with the judgment inquiry to have from 50 to 80
per cent of the reported yields in numbers divisible by 5. Figures
divisible by 2 are also popular, but the figure 13 is avoided by most
reporters. The reporter i1s only estimating, and it is reasonable to
expect him to make his estimate in rounded numbers. Lack of
accurate knowledge concerning yields is also a factor in the situation.
These errors need not affect the accuracy of the average, provided the sam-
ple 1s large enough to enable them fully to compensate.

NONCOMPENSBATING ERRORS, OR ‘‘BIAS”

The consideration of noncompensating errors in the sample data,
commonly known as ‘bias,” must of necessity be abstract because
bias can be measured only when adequate check data for the universe
as a whole (from some other source than the sample) are available for
direct comparison, and no such information is available with crop
vields per acre. The reporters’ statements of yields are influenced by
the time of year when the inquiry is made, and there are limitations
to the use of census enumerations as checks on crop-yield information
collected at harvest time. These facts have been discussed.

Bias in its several phases is a form of error found in sample data as
well as in complete enumerations and registrations. Biased errors
differ from errors of observation in that they are cumulative rather
than compensating. They are constant and persistent. A very
short person may read the thermometer handgli.lng on the wall and
every observation will be above the true reading. No matter how
many observations are made by that person the average will never
approximate the most probable degree of temperature. It is like
using a short yardstick to measure a room. The prejudices, or
personal equation, of the informer may influence him to observe only
the phenomena that support his views. This personal bias may be
intentional or unintentional, but the error becomes cumulative when
any appreciable proportion of the observations are so affected.

The form of biased error most difficult to overcome or to make
allowance for in making estimates for a universe of inquiry from a
sample drawn from that universe is error, intentional or unintentional,
regulting from the prejudices or the personal equation of the observer
or informer. Such an error is the tendency to exaggerate that which
is the center of attention. In years of propaganda of any kind
concerning acreage changes or desirable kinds of crops, there is always
a distortion of the samples in the direction that the propaganda
suggests. Perhaps this is due to the reporters’ actually making the
suggested changes, while the man who expects to profit by his neigh-
bors’ adjustment is not likely to report at all—another example of
the possibility of lack of representativeness in the sampling process.

When reporters are asked to give estimates of the acrea?e of crops
harvested on their farms last year, along with the acreage for harvest
this year, it is discovered that, when a sufficient number of these
reports are compared with what was actually reported currently last
year, the acreage of pasture and more important feed crops (such as
corn, oats, and hay) check closely; thereby indicating that memory
bias was largely compensating and should be classed under errors of
observation. But with the minor crops the reporters seem to forget
some of the acreage, and the figures taken historically may under-
estimate the acreage of these minor crops from 5 to 25 per cent, or

" - to increase a3 the season advances from October to the following

i esting that t
g “after nearly all the crop has left the hands of the grower, whereas an
.- opposite tendency is shown with grain crops in most States. In the
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possibly more.: This is & form of memory bias that must be guarded
against. With livestock, the reporter tends to forget the calves and
other young stock rather than the adult animals. Although this type
of error is unintentional it is cumulative, and no increase in size of
sample will overcome it. It is really a form of unintentional psycho-
logical bias.
ional bias_is deliberate understatement or overstatement by

the observer. The usual example of this is the marked tendency of;
women to understate their ages. There is_a marked tendency to

derestimate the current year’s acreage of cash crops, among farmers
w%o report on acreage schedules. The same error exists in the reports
on yield per oduction of important cash crops such as cotton,
unfil_the crop has left the owner’s hands. Intentional bias undoubt- |
edly is prompted by motives of sell interest regarding the effect that |
supply estimates will have on prices that will be received for the crop, :
and the tendency is to be over conservative in reporting supply i
factors to the agency that makes the official Government% recasts
and estimates.

There is a pronounced tendency for the yield estimates of cotton

March. (Table 17.) This may be caused by the tendency to report
conserva,tivelﬂ prior to the final completion of harvest. It is inter-
e reported yields per acre of cotton tend to be higher

case of special cash crops intentional bias is always expected, and some
allowance is usually made for it.

¥ hoald be made and kept in mind 1 biss.d
errors in the data themselves and a discrepancy shown between the

| average of the sample and that for the universe because of the failure
eLIha_sxmpJ&_m_gﬂ_ﬁaﬂx_mpmsgntmuijh&,popdaﬁomoLthe

universe of inquiry. The statistician can do a great deal toward

improving the representativeness by stratification and weighting, but
<. when the individual observations are subject to biased or cumulative
" errors, no way of handling the sample will correct for it. The only

way to correct fully for bias is to compare the average of the sample
with the average for the State as a whole for previous years if check
data are available.

It is difficult in a given case to distinguish between lack of repre-
sentativeness due to the voluntary nature of the sample (that is, the
inclusion of the better farmers with the individual farm samples) and
bias as herein described. With lack of representativeness the errors
are not in the individual observations but appear in the average

I} because the composition of the sample is not the same as the compo-

sition of the State as a whole.

‘There is this similarity, however, in handling the results from a
sample that is not representative and a sample that is representative
but in which the data are biased. When either type of sample is

E. handled on & relative basis the change shown by the two samples

does indicate the change taking place in the universe provided the

L bias or lack of representativeness is constant with the two samples.

This was explained in the discussion of the representativeness of
samples.
The importance of developing adequate check-data information on

.
nrndiretian hy ahfainine on onntirota anccatint Af ror lat chinmaon o
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mill-door receipts, etc., can not be overemphasized. .Only by.develop:;
ing such check information will it be possible to allow adequately for,
bias in estimates of production. Unfortunately the bias so measured
must be allocated as between acreage samples and yield samples, and
there is no very satisfactory way of doing this; nevertheless, such a
knowledge is of first importance if the accuracy of official estimates of
crop production is to be increased. Already check information of
this kind is being used with the cash grains in the spring-wheat States,
with fruits and vegetables from commercial areas, and with cotton.
With feed crops no such checks are available, and the best possibility
for improvement lies in the use of the sample census. Tﬁe sample
census would not eliminate bias from the data, but would make it
possible to secure a representative sample. ‘ .
Through what is called statistician’s bias, data may be so edited
and ha.m%led by an unskilled or prejudiced statistician as to distort the
picture. All the very high yields per acre may be eliminated from the

sample as being improbable, when such a procedure would not be jus-

tified by facts. It is dangerous for the statistician to complete a
schedule that has not been entirely filled by the reporter, and this is
seldom if ever attempted by an experienced statistician. The State
statistician is continually under pressure from the public, especially
the agricultural public, and undoubtedly there is a tendency to be
conservative in estimating the production of a cash crop, as higher
estimates of production may cause lower prices and perhaps a storm
of protest from the public. It is the function of the Crop Reporting
Board to correct for this kind of bias in making estimates, and it is
in better position to do this than is the State statistician, because the
members are not so closely in touch with local agricultural affairs in a

given State.
MEASURES OF PRECISION OF AVERAGES

PROBABLE ERROR OF THE MEAN

Inevitably_the reliability of any conclusion is in some way a func-
i r of cases on whichit s based. — Therefore the sample
must be large enough to render the average significant within reason-
able limits. If the sample is small and if there is a wide range of
yields per acre over a given district, there will be a considerable fluc-
tuation in the averages of samples drawn from this district at random
and at the same time.
I A conventional measure of the reliability of results, which takes into

consideration both the variability in the sample and the number of
observations is known as the ‘‘probable error of the mean.” . Pearl
(12, p. 213) says: .

It is a constant so chosen that when its value is added to and subtracted from

the result obtained, or the numeric conclusion reached, it is exact;l{i an even chance
that the true result or conclusion lies either inside or outside the limits set by the

probable error [of the mean] in the plus and minus direction. * * * The -

significance of any result is to be judged by its relation to its probable error.

The words included in the brackets were added to Pearl’s statement
and need amplification. The term ‘“‘probable error”” has been used
both for the purpose of the statistical description of a frequency dis-
tribution of sample observations and for the purpose of indicating the
precision of some generalization, such as the average of a sample.

When used for describing the dispersion in a sample it is merely 0.6745

ADEQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES 29

aviation " on
obs ample and ,in fact, be called_‘‘ probable

deviation.” When used for the purpose of indicating the precision
of some generalization, such as an average, it should be designated as
the ‘“probable error of the mean,” in order to distinguish it from its
use as probable deviation. In this bulletin, for convenience, prob-
able error will be used for the ‘probable error of the mean,” and in no
case hereafter will it signify probable deviation.
| Kevnes (9,p.74) defines probable error  as thenamegiven * * *
| - to.an expression which arises when we consider the probability that a
%ven quantity is measured by one of anumberof different magnutudes.”

he average yield per acre from the sampleis the most probable meas-
ure of the yield for the State, assuming that the sample is fully repre-
sentative of the universe of inquiry and that the individual observa-
tions are free from bias. The amount that the difference between the
actual average yield for the entire State and the average yield for the
sample is as likely as not to exceed (chances of 1 to 1, or 50 out of 100)
is the probable error. The smaller the probable error the greater con-
fidence the statistician has in the average of a sample.

The probable-error concept is ordinarily used to compare the aver-
age of the sample with the average for the universe from which the
sample is drawn.

j.. ' * * * The standard error can be assumed to measure only the errors aris-
... ing from the fluctuations of simple sampling. * * * Fluctuations due to
/ bias, due to the absence of random selection in the sampling process, due to per-
. sistent errors of any sort, quite elude this method of determining probable stability.
., * * * Sosgerious are these limitations to the employment of the usual measures
of probable error in connection with economic-data that it would seem generally
advisable to subordinate such measures to actual statistical tests of stability. By
the study of successive samples, and by the testing of the subordinate elements in
a given sample when broken up into significant subgroups, much more may be
- }es.rped as to the reliability of a given measure and as to the possibility of apply-
> ing it generally than by unquestioning acceptance and uncritical employment of
the usual mathematical formulas for probable error (10, p. 660-561).
-/ A comparison of the samples of crop vields received from the field
i aids and township correspondents such as is made in connection with
I this study, is in fact a study of successive samples which Mills suggests.
- When the several assumptions underlying the ordinary usage of
probable error are tested in connection with many kinds of yield-per-
acre samples, it is obvious that the ordinary interpretation can not
be made with all samples, for all crops, in all States. Consequently
in this stu bable-error concept will be used for.com e
average of the sample with age which would have
been obtained from an infinitely I argo sample taken at the same time
and under the same conditions. (See Yule (18, p. 336, par. 2)7) " It;
so measiires the range plus or minus the average of the given sample,
within which the probability is 50 out of 100 that the average of a
. similar sample taken at the same time and under the same conditions
. 18 likely to fall. It is an inverse measure of the ‘‘precision” of the
. average as it measures the influence of the fluctuations of sampling.
.. - This somewhat restricted interpretation is a most useful expedient,
. as it furnishes information concerning a fundamental and universal
3 guestlon in sampling, namely, ‘‘is the sample of sufficient size to ren-
A I .
, der the average stable and reasonably free from the influence of the
g fluctuation of sampling?” When the statistician, through check
. information (such as cotton ginnings) for previous years, has knowl-
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edge of the universe from which the sample was drawn, and when he
knows that the underlying assumptions.will not hold universally for
all samples of crop-yield data, he is not justified in making the ordinary
interpretation of probable error. With the large amount of bias that
is usually present in the observations of the crop correspondents
concerning cotton yields per acre, the ordinary interpretation of
probable error is totally inadequate in dealing with estimates of the
yield of that crop.

The assumptions that underlie the ordinary use of the probable
error concept are as follows:

(1) There is a reasonable degree of homogeneity in the population from which
the sample is drawn.

(2)§The sample is representative.

(3) The observations in the sample are exact measurements of the phenomena,
that is, not subject to errors of observation or compensating errors.

(4) The observations are free from bias or noncompensating errors.

(5) The standard deviation of the sample measures the amount of dispersion
in the universe from which the sample is drawn.

Since samples of crop yields per acre are samples of natural phenom-
ena, the first assumption, that of-hmogen%y, may be conceded,
except in those cases in which a State is made up of a number of
homogeneous districts that show marked interares differentiations.
Homogeneity is often greatly improved by proper stratification of the
sample. - , '

T ﬂe second assumption, that owms, can be accepted
with crop-yield samples in most States when one takes into considera-
tion the methods of minute stratification by townships and crop-
reporting districts and the weighting of the returns by counties or
districts. In fact this departure from random selection tends to
improve the representativeness of the sample.

The third assumption, that the observations ar compen-
sating errors, never has held in any sample ever taken. Accuracy is
a matter of refinement of measurement. Fortunately, wide

errors of observation are not serious, provided the sample is sufficiently
large to enable the errors to compensate. The influence of these
errors is measured at the same time the influence-of the fluctuations
of sampling is measured, that is, by the probable error, when the

standard deviation of the sample is used to measure the dispersion |

of the universe.

The fourth assumption, that the individual observations are free
‘L:om_bia,?kqgg never be made. Freedom from bias must be estab-
lished as fact. A'complete census does not obviate the difficulty of bias.

‘The fifth assumption, that

i ,deviati_qy,gf_nha,smpl&sls :
‘equal to_the standard deviation of the universe, except as it may be

influenced by the fluctuation of sampling, is seldom valid with samples

collected by means of schedules or questionnaires, where the errors of |
observation are likely to be large and the measurements contain &
At best it can be equal only to the standard

large subjective element. nd
deviation of an infinitely large sample taken under similar conditions
and subject to the same
errors of observation.

Unless the statistician can use one of Bowley’s four methods of |

selecting a sample and can be sure that the observations are the result

of unbiased measurement, he is not justified in using the probable- {
When the probable error of

error concept in the ordinary manner.

general limitations as the sample, including
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i the -mean is used in this more precise manner the statistician using
the material is placed on guard against the possibility that the sample
may not be fully representative or that the observations may be
biased. The statistician can not afford to take anything for granted,
and the a,ssumgtions involved must be carefully tested in every way
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*)ossible. Is the universe reasonably homogeneous? Is the sample
fully representative? Are the observations free from noncompensat-
ing errors?

Is the sample large enough to render the average reasona-
bly stable and free from the Euctuatlons of sampling? The probable
error concept answers only the last of these questions.
That samples subject to as much bias as are cotton yields are of
considerable use is evidenced by the high degree of accuracy of the
cotton estimates of production during the last three years. When
check data are available, as with cotton, the bias of the samples for
past years can be determined with considerable accuracy. This bias
varies as the result of variations of such factors as the percentage of
the crop picked or sold by the time the inquiry is made, the price of
the crop, etc. _Fortunately bias is much more-likely to occur in- the
case of cash crops for which commercial checks can be obtained, than
of crops fed on the farm. Only on the basis of some measurement of
bias in past years is it possible to use such samples as cotton yields
per acre for estimating purposes. Otherwise it would be impossible
to bridge the gap between the average of the infinitely large sample
“which can be inferred from the current sample to the average ?or
the -universe from which the sample was drawn.

- This restricted interpretation of probable error eliminates all as-
sumptions concerning representativeness of the sample and of bias in
the individual observations, and permits the statistician to proceed
' on the practical assumption that the infinitely large sample would be
B2 subject to the same limitations as the one in hand. With crop-yield
++data it would continue to be a ‘“voluntary stratified sample” and not
- a-random sample. :
> The selection of a stratified sample results in greater precision of
the ‘average than does the selection of the sample at random.. The
- more homogeneous the districts or subdivisions of the universe, the
greater is the precision. Bowley (3, p. 12, 20) says:
b Thus increased accuracy is always attained by stratification, unless the attribute
[ I8 evenly distributed throughout the district, and in some cases the improvement
is considerable. * * * "If the averages of the districts differ considerably
from the general average, or if the standard deviations in the districts are con-
derably smaller than in the population as a whole, the gain in aceuracy by
stratification may be considerable.
"Not only is the State divided into crop-reporting districts that tend
to show less dispersion than does the State as a whole, but the data
within the districts are obtained from reporters distributed by town-
hips; this constitutes, in effect, further stratification of the sample.
The improvement in accuracy of the district average may be con-
iderable if there are actual differences between the counties and
' townships that comprise the crop-reporting district. In practice, the
- matter of increased precision in district averages depends on whether
-the dispersion of the error of observation of the individual reports is
ess than the dispersion in the district caused by actual differences in
rop yields between localities or townships. This could be tested on
‘the assumption that the extent of the correlation between two series
‘of judgment-vield estimates obtained at the same time from two
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correspondents each reporting for the same township would tend to
measure the amount of differentiation between townships; or the lack
of correlation would indicate that the dispersion due to errors of ob-
servation is larger than the dispersion caused by the differentiation
that might actually exist between townships.

This test is possible because of the two separate lists of crop cor-
respondents; it is a matter of bringing together two reports from the
same township. This test would assume that the loca! itly; and town-
ship are synonymous; this is not necessarily true, for the reporters
may live on opposite sides of a township and each be estimating for a
locality centered at his farm; neither of these two men would be esti-
mating for the same locality. In the few samples from a highly homo-
geneous area in the Corn gelt so analyzed, the correlations have been
generally low, about plus 0.40 or OjO,Jndiqatini that the errors of
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observation are large in comparison with the Sﬁg t differentiation in .

average yields Efr acre for townships. In distric at show greater
differentiation higher correlations would be expected.

Bowley (2, p. 337) has worked out a method which makes it possible
to calculate the effect of stratification on the probable error of the
average when the data are drawn in proportion to the importance of
the strata, ‘“proportional stratification.” Since in practice it is im-
possible to ogtam this type of sample, the system of weighting by
crop-reporting districts or %y counties is used as a substitute for pro-
portional stratification. :

Therefore Bowley’s formula for proportional stratification is not
fully applicable to crop-yield samples. He has also devised a formula
(2, p. 8316) for ascertaining the {)lrobable error of a weighted average
which allows the dispersion of ti
size of the probable error.

the probable error of an average secured from crop-yield samples,
especially as neither makes allowance for the incremsed1 precision due
to the distribution of the crop reporters by townships within the
districts. ' g -
The probable errors calculated in this study from the usual formul

will tend, therefore, to exceed the true probable errors that actually

exist, provided allowance could be made for the stratification of the
observations by townships and the handling of the sample so as to
secure a weighted average for the State. They will not always be
strictly comparable as between States or even between different years
in the same gtate because the effectiveness of stratification depends in
part on the extent to which the individual districts are more homo-
geneous than the State as a whole. But an analysis of sample data on
a district basis will throw light on the influence of stratification on the
precision of the average of the sample, )
concerning the instrument that is to be used in the analysis of yield-

per-acre samples, such an analysis will be valuable in helping to ap-

praise the reliability and adequacy of crop-yield sample data.

INTERPRETATION AND BIGNIFICANCE OF PROBABLE ERROR

The pr<()1l1)able er;cl)r hasf already li:aen deﬁlned's;ild its use hﬁutﬁd to
the immediate problem of testing the sample to determine whether it -
g oD A

is large enough to be useful as a basis for an est_im_gtg  of ¢

e weights to increase materially the !
This influence of the dispersion of weights
is difficult for the writer fully to rationalize in all cases. Neither of i
these formule seems to apply directly to the problem of measuring

Even with these reservations -
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This probable error-that is calculated tends to be larger than the true
probable error. The more homogeneous the crop-reporting districts
as compared with the whole State and the greater the difference be-
tween communities and localities within the district the greater will be
the effect of stratification and the smaller will be the probable error of
the weighted average as compared with the probable error of an
‘lunweighted average on the assumption of random selection.

.To go a step further, an attempt must be made to visualize the sig-
nificance of the term probable error or standard error when applied to
the average of a sample. Let it be assumed that a large number of
samples can be collected that are identical in size to the one already
available, and taken at the same time and under similar conditions,
from the same universe. All of the samples are to be subject to the
same general limitations of the sampling (such as bias, representa-
tiveness, selectivity, etc.) as the sample in hand. A sample from the
township reporters and another from the field aids constitute an
approach to this idea of more than one sample, from the same universe,
under similar conditions.

If the aver:fes of all these separate samples were calculated and
plotted, it would be found that these averages would form a frequency
distribution much more normal in form than that formed by the

- original observations in an ordinary yield-per-acre sample. If the
_standard deviation of this frequency distribution of all these means is
¥ . calculated and multiplied by 0.6745, it will be found that it approaches
i closely in value to the probable error of the original single sample
;. calculated by the formula

Probable error=

ADEQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES

—

0.67450
n—1

The combined average of all the many samples would be equivalent
to the average of an infinitely large sample.
" Another demonstration of this principYe of the influence of fluctua-
tion of sampling as related to the size of the sample is to draw a sample
from a universe, compute an average, draw another sample unger
ecisely the same conditions and observe the averages of the two
samples combined; add to these a third sample, and so on, until the
average approaches, not continuously, but with some fluctuations,
closer and closer to some stable figure. This stable average that
would be obtained in a very large sample is thought of as the average
of an infinitely large sample.

- Knowing the variation in the samples obtained and the number of
reports, the probable error can be calculated, and from this it can be
determined within what limits improvement in the stability of the
A averq.%;s may be expected by increasing the size of the sample.

£ With a probable error of 1 bushel with an average yield for the sam-
2. ple of 40 bushels it can be said that the chances are equal, or 50 out of
.- 100, that the, average of an infinitely large sample taken at the same
- time and under similar conditions would not differ by more than plus
“ or minus the probable error from the average of the sample—in this
. case 1 bushel—or that it would fall between 39 and 41 bushels. If,
. Instead, a range of plus or minus 2 bushels (twice the probable error)
e, 18 taken, the chances &re 4.64 to 1 or about 18 out of 100. With three
times the probable error the chances are 22.24 to 1 or 4.30 out of 100.

106756°—32—-3
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i ) to 1, or 7 out
i times the probable error the chances are 142.3 to 1,
Zgl?,lof)%lfr %lhen t-hIe) standard errorhof téhe (;neg.n 13011‘1?;% ::I;magﬁa:
range of plus or minus three times the s afnlOaBOOen or indicates that
the chances are about 370 to 1 or 27 out o ,000. -
i the normal frequency
ties are computed on the basis of the area (i the normal requercy
istribution. To approximate the reasonable t P
?xi?ltl;lelx)lléelglfl the ﬂuct?lfat.ions ofl sampling, elgherlii it{.'llllr;sct;l;g ﬁrg‘:gli}:
.6 times the standard error 1s used.
gggrtl(:;t? t?le chances are at least !219 f?ut gf 100 tha:h?,f gvger?lgﬁ e(;f :lﬁg
infini sample will not differ by more 3.
gﬁ?f:ﬁiz elx?rlt‘)greor 2.6ptimes the standard error plus or minus from the
he sample. .
av%rﬁg el:l);ttllle?nsaticgl assumptions underlying these statements are

clearly and concisely explained by Pearl (12, p. 214-216) as follows:’

. . o - ibly
nts a8 these derive whatever meaning they may possi
ha?eo‘;’r:xl;xc};hztafﬁllﬁ?ving simple magh%n?gtlé::é ::r?:;?;r?rflmb rdﬁ;sel;mv:rrilt%: tltxﬁ.:
: u ;

bhe enl'ors (éa{grslgg‘mcjg‘rlz?hng :fe *ls iz'.l is a simple matter to deter}mneofrom
nomza bi)er of the probability integral the precise portion of the ar%z.l.s Ot lﬁa n rmoba-l
eur a.] ing outside any original abscissal limits, or, in other :;vl;);n 1 o asgigned
glg:e o}fl the occurrence of a deviation as great as or great:ll;a an the assigned
d d tion. To say that a deviation as great as or greater than ree e

rob ll error is Xcertainl significant” means, strictly speaking, 1 o area.u_
protl)lab o en;i curve beyond 3 P. E. on either side of the central ordina tols neg
ofbti eslllx?;ijll As a matter of fact this is not true, unless one chgg:te:i nlyreg d
513 {)er cent as a negligible fraction of a quantity. There are man

common affairs of life in which it would mean disaster to ‘fneglec "’ a deviation -

ity i ived. . : e
f 4 per cent of the total quantity invo .
’ Table 1 (12, p. 218) ives the value of the probability and odds tfgcll.
different magr’ntudes relative to the probable error, an};i 1s_prgasel;n ed
here as an essential part of the above explanation Of. the signific
of the probable-error concept. oo

TasLe 1.—Value of probability and odds for different magnitudes relative to p.rob-

able error
Probable occur- 4
i Devia- - | Odds against the occur-
Devis- fergg: 3}3"35‘vi. Odds against the occur- | 4= relnoe l&f a detv!lxs mneeaogt nst the coour
ton + | geion ag great as| rence of a deviatiotli :sn prob- aotrog‘:ea t.g“ O o Zoater tm
l:t&l;- e Weageg;gmzne able | 4ogignated one [  the designated one
error | 4500 rials error | “in'100 trials ‘
n
37.43to 1
50.00 1.00to1 33 | 2.60 ¥.42t0l
e : 1 3.4 2.18
1 1.18 to s0tnl
Y R 1 3.5 1.82

83 1.39 to 583101
12 41.06 1.63t01 3.8 1.52 .8 to1
nd gi'so 1.90 to 1 3.7 128 - .5 tol
It 31.17 2.21t01 3.8 1.04 .28 t01
e 28,05 2.57to 1 3.9 .853 13 o1
R 5,15 2.98t01 4.0 .698 3.3 tol
e 4y 3.45t0 1 41 . 569 9 ol
19 %’3(7) £00to1 4.2 .46l 258 tol
20 17.73 4.64tol 4.3 .313 27.2 tol
£ 15.67 5.38to 1 4.4 ~300 .4 ol
Y 13.78 6.25t0 1 4.5 L 240 415.0 to1
73 .08 7.28t0 1 46 2192 8204 ol
23 ity 8.48 to 1 4.7 .152 5204 tol
X lg' ?g 9.90 to 1 4.8 121 L 5B.3 1ol
S 7.95 11,58 to 1 4.9 - 0050 1,062 tol

28 . 1 5.0 .0745 ,
6.86 13.58 to L tol
S .89 15,96 to 1 6.0 . 0052 . tol
i s A g'g * 00000 14,700,000, tol
1 ' 22.24 to : . 700,000, to1

34 S 1 9.0 . 00000013 730, 000,
g; g'gg 3?232%21 10.0 - 0000000015 | 86,000, 000,000. to 1
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- - - If the statistician wishes to set a limit at which he can say that the
robabilities of an occurrence of a deviation as great as the one in

and or greater, is 1 in 100, he will find, by reference to Table 1, that
about 3.8 times the probable error will establish this limit. If he

13 working with the standard error, about 2.6 times the standard
error will set this same limit.

CALCULATION OF PROBABLE ERROR AND BTANDARD ERROR

The standard error and the probable error are both used to meas-
Jure the precision of an average. The probable error is equal to
0.6745 times the standard error. Most formule are developed in
terms of the standard error, but the application of the theory of

' ' probability is frequently made in terms of probable error, because

the probabilities are 1 fo 1, instead of approximately 2 to 1 as with
the standard error. The standard error is converted into probable
.error by multiplying the standard error by 0.6745.

The standard error ¢ is calculated by dividing the standard devia-
«~ tion of the population of theuniverse being sampled by the square
.. - Toot of the number of observations in the sample less one, or

Standard deviation ]

Square root of number of +/n— 1
observations less one

Standard error=

'The probable-error formula is:
x 0.6745¢

n—1

Probable error=

‘These formule measure the errors that are likely to occur as a

result of the fluctuations of sampling with random selection. The

upper limit of this type of error in tie sample is set approximately

by a figure that is three times the standard error or about four times
e probable error.

;. As soon as a sample has 25 or 30 observations the (n—1) becomes,

ph.deviation of that part of the universe from which the sample was

.obtained (6). The more representative the sample the more closely
will the standard deviation calculated from the sample approximate
the true standard deviation of the universe of inquiry. This standard
“deviation also assumes that the observations are true observations,

3 The full formula also provides for the effect of having in the sample a larger or smaller proportion of the

total number of observations in the universe of inquiry, by adding the term VI=K where K is equal to the
snumber of observations in the sample divided by the number of observations in the universe. The com-
. Plete formula is therefore,

e

8. E. -JT’_‘—T Yy -

the sample included all the observations in the universe this last term would become zero, and conse-

*quently the standard error would 8lso be zero. In samples of crop-estimating data either the universe
s con&fdared 88 Infinity or the number of observations Is so small that K would be verv small indeed (10
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ich is impossible as all known observationsl ‘measurements -are
;?fect to S(I:me error of observation; observations of economic and
natural phenomena are likely to be subject to large errors of observa-
tion. Consequently the standard deviation used in calculating prob-
able or standard error includes (in addition to the dispersion caused by
actual differences in the universe of inquiry), dispersion due to errors
of observation. As a result the probable-error concept in practical
use really covers the matter of precision in the average of the sample
whether the instability is caused by large errors of observation or by
! differences existing in the universe of inquiry. Yule says (18, p. 211)
| “The effect of errors of observation is, conseq ently, to increase the
standard deviation above its true value.”  The probable-error
formula can be used to indicate how large a sample-is needed to give a
certain degree of precision when the combined dispersion due to dif-
ferences in the population of the universe and the errors of observaml)lnt
of the sample data is known approximately and expressed as t. o
standard deviation of the sample. :

STATISTICAL INDUCTION

The fundamental importance of the distinction between statistical
description and statistical induction has been mentioned. The

of statistical description can be applied only to events actually
gﬁ%llf:ed in the sample, blrl)t the statistician must go further; he must
make an estimate for the universe of inquiry. (11) says:
He seeks generalizations which will apply to a wider up, to events not
i in his sample. He seeks, that is, to employ the
g?g;e;;':d ,Ilt;zt(l:lsésde: gt? ii;nlgggtl;?:xi l?asing theplogical processes upon ,mater?a.ls of a
particular kind—statistical data. dodh tho individual
The premises are subject to considerable doubt, as the individu
observag;-ions are frequently only crude agprommatgong. . Comglelte
knowledge of all the observations in a sample of any size w:mposmbfe.
A multiplicity of causes operate to determine the yield per acre of a
given crop. Variation in yields per acre over & given locality, tgvin-
ship, county, district, or State is usually pronounced, and even WlitIi a
representative sample free from bias, an element of probability
attaches to every estimate. The calculation of the probable error is a
method of measuring the approximate degree of probability in & given
cﬂ’S’I‘ahe conclusions of all inductive reasoning must be expressed in
terms of probability. No average based ugon sample data, no matter
how numerous these data, is likely to be absolutely identical with the
average of the universe from which the sample was drawn. If %n
average of a sample is to fall within certain prescribed limits of the
true average of the universe of inquiry with any finite degree of prob-
ability, some assumption must be made about the nature of the uni-
verse from which the observations were drawn. The step from a par-
ticular sample to an estimate must proceed from some premise about
the orderliness of nature, in addition to that premise which takes
account of the instances studied. That there should be a reasonable
degree of probability in favor of ‘the accuracy of the estimate—the
in(%uctive conclusion—it is necessary to make an assumption con-
cerning the finite degree of variation in nature. This general premise
of the uniformity of nature in some form is essential 1n all statistical
induction.
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'+ 80 far as the yield per acre of any crop is concerned, there is a
limitation to the degree of independent variation possible in the
universe of inquiry. Only in exceptional cases does the yield of wheat
in Kansas exceed 40 bushels per acre, or the yield of corn in Iowa
exceed 80 or 90 bushels per acre. Experience in the field of agri-
culture justifies the statistician in assuming that the yield per acre for
a given crop falls within definite assignable limits. ~ It is extremely
important that the statistician have an understanding of the funda-
mental pattern of the phenomena of the yields per acre for a given
* crop in a particular State if any considerable weight is to be attached
1(;;) ;nductlons that he may make in the way of estimates. Mills
0) says:

" Quantitative inference of this type differs in no wise from the ordinary process
of induction, except in that one of the premises is in quantitative form, and that
the conclusion * * * extends an average value, which may or may not hold
in any given case. Both evidence and conclusion deal with only probable and
approximate relationships or average values, and in this 1espect accord more
closely with actual experience than do the premises and conclusions of universal
inductions.
«- The problem at issue in the discussion of the validity of this process relates to
. the reliability of the results, to the stability, when applied beyond the sample, of

. the averages, ratios, or equations computed. he whole practical problem of
statistics centers about the stability of such results, and the limits to such stability
" when the results are generalized in this way.
'When the average of a sample of ield-per-acre data is used beyond
- that sample as an estimate for a det{tlﬁte geographical area, some idei
f the limits within which the statistical measure is likely to fluctuat
1s a practical necessity. The problem involves the theory of inverse o
mpirical probabilities. “The_very foundation of .statistical induec
-tion, in so far as an attempt is made .to measure the stability of th
_conclusions, idi f_determining  probabiliti
g empirically ).
.” The validity of com uting probabilities from the results of experi-
‘ence is a controversiai) subject. Formule of probable errors have
‘been developed for computing, from the results obtained from s
“limited sample, the probability of securing similar results in a study
“of the larger groups from which the sample was drawn. The contro-
"versy centers about the question whether empirical evidence alone is
ufficient. Keynes (9, p. 384) maintains that the application of
mathematical methods to the general problem of statistical inference
invalid.

‘To apply these methods to material, unanalyzed in respect of the circumstances
and without reference to our general body of knowledge, merely on
arithmetic and of those of the characteristics of our material with

which the methods of descriptive statistics are competent to deal, can only lead to
error and delusion. .

. Most of the activities of life, however,

! are based on probsbilities
that are primarily empirical.

Decisions concerning business, engi-
B. neering operations, industry, life and fire insurance, farming opera-
- tions, etc., rest upon probabilities that are based on experience—

piricel. Pearson (13) states that this principle of inverse proba-
ilities rests on the foundation of common sense. In the actual

ication of statistical methods, empirical probabilities play a domi-
plication must necessarily be made in the light
of sound reason. The statistician can not place all of his trust in
mere mathematical computations of the averacsa nf the comimla ol
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' ic knowledge of
th bable error of the average. Unfortunately, basic know]
thg I;)Ii(l)erfomena that are being sampled is often Jimited. Men who
have worked extensively with crop yields and other f;amples can go
practically all the way with Keynes (9) when he says:

i ini i d frequencies
nly received opinions as to the bearing of the observe
in Riggglr;n cs?a,nvmple on the constitution of 'thf um\&erspt gg‘ﬁtoéu vi;ilzi%}rlx :X;gsg:g&lzg
is drawn, though generally stated too precisely and wi clont Insistence
rions they involve, our actual evidence not warraniing in g
;)r?o:(l; et}?:;m:r? ;(;)proxirzate resu’lt, are not, I think, fundam entally erroneous.

i ists i ightly what 1
1 error in modern method consists in treating too ligh
}El\?entleorsrtne‘:f ‘zlaat')ove the inductive problem, i. e., the problem of passin, from the

series Sy, Sy, ete., of which we have observed samples, to the series S of which we -

have not observed samples. .

ing the average of a sample of any kind as an absolute figure
toég;c)gg;en% the true gverage of the universe from which the samgle
was drawn, undoubtedly is not scientific procedure. Use of its prcl) a-
ble error as the sole basis for interpreting the average of a salmli €t5.h is
an important forward step in statistical technic, but appraisal o The
reliability and adequacy of the sample can not stop at this point. 1 18
statistician must assure himself that the sample in han gctlug is
meeting the assumptions involved in the concept of statlstlgzill | induc-
tion and in the application of the theorem of inverse proba dlt;esv'vill

Although an array or frequency distribution of the sample da t} iy
throw much needed light on the validity of the assumption .2 A e
uniformity of nature as applied to yield-per-acre henox_nez}s:,i i { caes
not settle the question. In all of the samples an yzedfm his study
a frequency distribution of the reported yields per acre of a ﬁ%;en crgg;
for the crop-reporting districts and for the State was ﬁm .
These distributions were reasonably symmetrical with a_ ten entﬁy
to skewness toward the upper limits. This skewness 1s dgehtqth 0
existence of a positive lower limit of yields per acre below w}'i‘lﬁ either
the crop is not harvested in gngnmanner or is & failure. e upper
ields have no such de 18 val

z?)lrllgiedgtf*a%ly over a State and in a few localities may be several tmtllclas
larger than the average for the State. The method of grogpﬁng ldg
reports by crop-reporting districts tended to isolate these high yie.

-Top, : . : the -
i districts, thereby decreasing the range and dispersion In ,
i'létn?a?nfier:‘é districts and regdering the digtrict sample somewhat more

homogeneous than the sample for the State as a whole.

In the far western group of States, where -there is & great variety -

of natural conditions even within parts of the same c:nu(lilt{ﬁ eth:om v

e yield samples on the |
s, 1':ilﬁt;i{;lted genelPally for the
o much to render the samples |

strengthens the assumption of
It suggests the desirability of 1mprovmgl the
homogeneity of the crop-reporting districts by a somewhat more logi- ]

ples showed the least tendency toward symme
curve. The regrouping and weighting of
basis of irrigated and nonirrigated acre
first time during 1929, will undoubmdlg
more homogeneous in these States an

uniformity 1n nature.

cal regrouping of the counties.

i i dom §
t that the obgervations were selected at rand '
m"ll;];eofaisol;rgg ll(:;l qualified in the field of voluntary crop reporting. f

The departure from randomness known as stratification, as practi

i i i lity increases §
by the department in selecting the sample data in real
tge st?xbiligy of the average of the sample and results in a probable

o amewhat smaller than that resulting from random selection.

ite limit, as the yields per acre vary B
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" The possibility of bias or noncompensating errors in the individual
observations makes it necessary to limit the application of the theo
of probability to a comparison of the average of a given sample wig
that of an infinitely large sample of observations similar to the data
in thesample. This suggests the imperative need of developing statis-
tical information concerning the universe as a basis for checking the
sample data in order that a reliable measure of bias may be deter-
mined, that can be used to true-up samples collected in the future.
With bias definitely measured, it next becomes & problem to deter-
mine the factors that cause bias to vary from year to year, as a basis
of ascertaining the most probable amount of bias under a given set of
circumstances.

The departure from the principle of pure random selections brings
to the foreground the irnﬁorta,nt question of the representativeness of
the sample—something that is usually taken for granted when random
selection is employed. Representativeness should be tested by the
statistician in all the ways his ingenuity can devise, even if he is so
situated that he can use random selection.

Years of experience in observing the close agreement of the averages
of reports on yields per acre for a given State from the two separate
lists of crop correspondents have justified a belief in the stability of
these yield-per-acre samples in important producing States. The
difficulties involved in attempting to make satisfactory estimates of
4 glelds per acre on the basis of available sample data in the far Western
- States and in some of the minor States and with highly localized crops
has led to the analytical work upon which this study is based.

RELIABILITY OF THE ESTIMATES FOR SELECTED CROPS

The analysis of the official estimates of cro
# undertaken for the purpose of appraising the reliability and adequac
+ - of these estimates and the methods employed in making them. Suc
an aplpraisal points out the limitations and the strength of these
official estimates for separate crops in various parts of the country.
- The resulting practical method ofp analysis can be readily adapted to
~other types of estimates based on sample data, and to the general
use of quantitative data as a basis for inductive generalization and
'inductive reasoning in the field of economics and related sciences.
- Many of the improvements that have been suggested in consequence
f this analysis have already been incorporated as a part of the
ethods now in use by the Department of Agriculture.
This part of the study will be confined to estimates of crop yield
8 per acre for recent years. Many are primarily interested in the
¥ reliability and adequacy of current estimates, and especially in the
B reliability of a comparison of the latest estimates with the yield the
I-previous year or with the 5-year or 10-year average. Others are
nterested in evaluating the yield-per-acre estimates as a continuous
historical series. Some research workers are using these estimates
Lfor correlation studies with weather factors as a basis of forecastin
p yields and in other connections. An ap;i)raisal of the historicagl
series of estimates of crop yields per acre has been included (p. 129).
L1t is necessarily largely qualitative because of the scarcity of material
band information. It consists of & brief résumé of the significant de-
 velopments in sources of data, methods used, and personnel as they

ields per acre was
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miﬁht be expected to %ffect the representativeness and size of samp}e
ossibility of bias. - . T
anlntilltlaepmore im);)ortant agricultural States, where agricultural con-
ditions are not extremely varied, the regular judgment sample as
obtained from the regular township and field-aid correspondents has
always been, and continues to be, the primary basis of the estlm;tgs
of crop yields per acre. The individual-farm samples are u::i 0
supplement the judgment samples and can be evaluated more o van}
tageously in connection with the estimates of acreage and numbers o
livestock, which are based almost entirely on individual-farm rletlarnts.
The judgment type of inquiry is used also in obtaining sample 't?‘ a
on crop yields per acre from business men in agricultural communities.
These ‘““special inquiries” as they are called, to distinquish them from
the regular monthly inquiries, are limited to the more l_mpﬁrtq,:ﬁ
cash crops, and their use in a particular State is largely optional wi d
the State statistician. Field observation on the part of tranlle
agricultural statisticians, special sar;ﬁ)les, individua -famll sa.mtpt%s,
and check data on productli)n have begn used to supplement the
j nt sample from regular crop reporters. = =~ =
Ju('1I‘gl§remobjectixI')e of sampligng with the judgment inquiry is to secure
a sample that can be used in an absolute rather than a relat}vE sgn%e.
Tt is to secure & yield-per-acre figure which, when multiplied by
acreage harvested, will give the total production of a crop for a given
State. When experience has shown bias to be present, the aver_b e
of the sample must be corrected for this bias in so far as possible
before it can be utilized as an estimate of yield per acre. .

PROCEDURE

i i i timates of
The presentation followed in the. analysis of the es
yields pgr acre for each of the several crops is as follows: .

i i le is

isal of the geographic representativeness of the sample i
mz%l ﬁrﬁg?;rgh at%g“tl;:sis of a comparison of the straight average (anthmettlc
mean of all the reports for the State) and thte welghte)d afvti)rgt %g?ttrgm' h:_:ou:ng
averages weighted by estimates of current acreage) of X ie town Jand

-ai les taken at the same time. A table for each erop is given.
?:ll)‘lie:’,l : ::sglxll)tie;g this comparison i(ér e)zagh cropt,l sl}o;vwgh; :X‘g tbypesy 2 tg.ftgsvealmgeon;
f crop reporters) for each o 5 X

ggi?hmtltleeogga']mg&ngates l())f yli)elds, and the estimates of acreage of the crop
harvested. . £ the original

v wheat and corn, the frequency distribution of the origin
obx(aZZ'vE&;rt: (f)rgfx?pt%e township samr;le are shown for several Stateg. . Tl{1ie dls;
tribution of the sample and_th;a _tfendexit.:y 1<l)f iﬁec;:g:rg nt; c;)lfexﬁf'y : h;g h y;)n;rgf
divisible by & or by 2 are typical of practically ps, consequantly this by o ot

material was not included for the others. These two b ate the po
ibili ors of observation, or errors that are largely compe: ) g-,
:lx?(lil lgxeo{ol:ll;%ecgrrlr.espondent’s makin’g estimates for his locality in figures divi
8ib(l;;)b')I"hseO:mii’.ter of bias (noncompensating errors) in the individual observa-

i h mple is given consideration. I 4

mlgfittse?f sf?xrrgshes g(l) reliable measure of the extent of bias. Bias can

i i ind i ilable for the State.

ly when check information of some kind is availab
I';‘lﬁg’s;i;exilin()gg gf cotton, for example, a8 ctl_:ter}mn%(;li Egti,tg“:fl ggg&; b]{) lt;léen(gesg?;‘ ;
Bureau, furnish a check on the estimates o aﬁzcating iy existing’ biaz betw;en‘
le data of yields per acre. n under- 3
sample data of acreage changes and samp o el e e el dnte |
statement bias is always expected, ti}ltt }r:é)t s:mpl}e,  found, “gef% inltan_ &bsolglntg !
- o ; p ma :
7ith the judgment samples of yields, this is a serious difficulty in i ;
i?:’éiiﬁg ‘;,;timate?s, bgut if the successive samples are to be used on s relative

satisfactory method has been developed for

concerning important cash crops.

Unfortunately an analysis of the E
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% bagis to indicate change as with individual-farm samples of yields or acreage,
‘- this difficulty .vanishes entirelfr, {)rovided there is & constant degree of bias and
& closely similar degree of selec ivity in the successive samples. Any shift in
the degree of bias or selectivity invalidates the use of sample data on a relative
basis unless adequate allowance can be made for the change in bias or the samples
can be stratified and weighted in such a way as to eliminate the shift in selectivity,
as is now done with individual-farm samples of acreage. The experience of the
Department of Agriculture in discovering the presence of bias with individual
crops is briefly stated in connection with each crop. Itis also possible to observe
to what extent the Crop Reporting Board has made allowance for bias and
selectivity by comparing the final estimates with the sample indications in the
tables mentioned above as appearing in connection with the first step of this
analytical procedure.

(4) Consideration is given to the experience of the department with the so-
called preventable errors, which are due to misunderstanding of the question-
naire, wherever this type of error has been found to have any material influence
on the reliability of the sample indications, Customary units of measure vary
in different sections of the country. Sf}ring-wheat farmers do not always include
durum wheat under the caption of “al spring wheat’’ on a questionnaire.

(5) The fifth step in this procedure deals with the-
sample or the precision of the averages of the sample
sample itself it is possible to gain some idea as to the homogeneity of the universe
from which it is drawn and to ascertain whether a given sample is of adequate
size and the observations sufficiently concentrated about some central value
to give significance to the average of the sample.

he matter of stability and precision is approached in two ways: (1), Some-
what empirically by a comparison of the averages of the two separate samples of
township and field-aid reports, taken at the same time and under similar con-
ditions, and (2), by the more technical method of probable error analysis.
tables, previously mentioned under the phase of analysis which treats of the
representativeness of the sample, make this comparison possible for both the
1927 and 1928 crops. These comparisons are for all States that grow 10,000 or
more acres of a given crop and where the two lists have not been combined. For
' each of the 14 é}ﬁ'erent crops, usually in several different States, yield-per-acre
- samples have been subjected to statistical ana’llysis and some of the results are
hown in one or more tables for each crop. hese tables give illustrations of
.8ize of sample, measures of dispersion, and probable error, by States; and in some
I the more important States by crop-reporting districts,

. A satisfactory distribution of crop reporters by agricultural town-
‘ships is maintained by eliminating those reporters who fail to report
;wit% reasonable regularity and by recruiting new Crop reporters
Rromptly to take the places of those who are eliminated. In Iowa,
walting list is maintained for farmers who wish to serve as crop
correspondents. It is extremely difficult to maintain a satisfactory
distribution of voluntary correspondents in States that have a scat-
tered agricultural population, as in many of the far Western and
ountain States, or where the farmers speak a foreign language or
eceive little schooling.
.- Reports concerning a given crop are received from those districts
: which that crop is commonly grown, and consequently with such
‘arops the reports tend to be distributed in about the same pattern as
‘ ht and weighted averages of a
2o en the returns are not distrib-
ted between districts in proportion to the acreage of the crop, the
eighting of the district samples by the acreage of the particular crop
glor the current year tends to improve the geographic representative-
fness of the sample and makes the weighted average more representa-
tive for the entire State than the unweighted or straight average.
eighting within the crop-reporting districts is considered unnecessary
pexcept for those crops the acreage of which is highly localized within
 limited areas, a8 is likely with fruit and vegetable crops. With the

. S
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yields per acre is usually much greater over a territory as extensive
gs a State than over a territory approximately only one-ninth of the
tate.

Even with generally distributed crops, however, in important
producing States the final estimates of yield per acre are frequently
derived from county estimates made at the close of the season on the
basis of a vast amount of supplementary information. That is, the
State statistician makes an estimate of acreage and yield per acre
and production of a crop for each county on the basis of all available
information. When the total production of all the counties for the
State is divided by the total acreage, a derived estimate of yield per
acre is obtained for the State. This method is feasible when an
assessor’s enumeration of the acreage devoted to each crop is made
each year, as in Kansas, Nebraska, Iowa, and Wisconsin, or where
an annusal sample census of a representative locality in each county
is made each year, as in Alabama. :

The tables for each crop by States, for 1927 and 1928, showing the
averages obtained from the separate samples from township and
field-aid correspondents permit a practical and nontechnical approach
to the problem of the stability of the sample and the precision of the
averages obtained from the samples of yields per acre. If, for a large
group of States in two different years, the weighted averages of the two
samples are in close agreement, the observer would be satisfied to
conclude that such samples are reasonably stable and that these
averages would not be materially altered by increasing the size of the
Statesamples, provided the larger samples were taken at thesame time
and under similar conditions. It is likely that when such samples are
analyzed it will be found that the probable errors are not excessive
and that the averages have a high degree of precision. .

Such conclusions are justified on the assumption that the two
samples for each State, one obtained from townslflg correspondents
and one from field aids, are two separate samples taken under practi-
cally similar conditions as to time, distribution of reporters, and the

system of stratification and weighting used. Some differences between §

%es do exist in particular States and in
certain years. The most important single cause of such differences 3
lies in the method of editing the returns after they are received (either §

the averages of two such samp

in the State office or in Washington). Generally speaking, the editi

of the township returns in the %Vashington office is a more mechanica.
and probably a ‘more uniform process as between States than is the
editing of the field-aid returns in the various State offices, where the
State statistician usually has some direct knowledge of the situation
existing in his State. '

Take, for example, the problem of editing the yields per acre of a
crop when a few correspondents report a zero yield. Zeros should be
retained or eliminated, depending on whether the abandonment of |
acreage has been allowed for in the estimates of acreage. If the .|

estimate of acreage includes only land that was actually harvested,

then the zeros should be eliminated before the calculation of the

averages for the districts or the State average. But if the estimate
of yield per acre is to be made prior to the final revision of the acreage

estimates, and there has been more abondonment than usual in a |
particular season, then some of the zeros should undoubtedly be

retained in the sample in order that the estimate of yield can be applied
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tion. In seasons in which abandonment and crop failure are greater
than usual, differences in editing are easily possible and differences
between the computed averages of the, reports from the two lists of
correspondents will tend to reflect greater differences than might be
expected merely from the fluctuations of sampling.

he statistical description of the individual sample used in this
analysis results in a reduction of the mass phenomenon of yields per
acre to several highly significant and important measurable character-
istics such as the number of observations, the average, the standard
deviation, coefficient of variation, probable error, and relative prob-
able error. Other characteristics of the sample, such as the type of
distribution of the observations and skewness, are not quantitatively
measured, but are evaluated graphically by inspection.

_The yield data for a given crop year and State were tallied by
districts so arranged as to form frequency distributions for crop-
reporting districts and for the State as a whole. From this tally of
the frequency distribution it was possible to determine in a general
way the homogeneity of the sample, type of distribution, and skewness,
both by districts and for the entire State. Typical frequency distri-
butions for selected States are shown in Tables 2 and 3. From the
frequency distribution the average of the sample, the standard
deviation and the coefficient of variation are computed by methods

¢ described in standard text books on statistical methods. The prob-

able error (of the mean) is computed by the usual formula for samples
exceeding 30 observations. The relative probable error is secured
by expressing the probable error as a percentage of the average yield.

TaBLE 2.—Number of reports, at specified yields per acre, of winler wheat, received
- from township reporters, August, 1928
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TaBLE 2—Number of reporis, at specified yields per acre, of winter wheat,
from township reporters, August, 1928.—Co

ntinued

received

Reported yield (bushels)

‘Wash-
Oregon | Kansas | nroyico| tngton

Colo-
rado

Pennsyl-
Utah ani

Mlinols

TaBLe 3.—Number of reporis, at specified yields per acre
township reporters, November, 1928
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. approximates the
. the sample is drawn, whether it be the State or the crop-reporting
" district. The dispersion of the districts is of special interest from the
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One purpose of comtputing the probable error is to determine
whether the sample is of sufficient size to Five a reasonable degree of
stability to the average yield as calculated for the State. Unless there
is reasonable stability .or precision in the average of the sample ob-

" tained from crop correspondents, there is no point from which to

mesasure the bias of the observations or the lack of representativeness
of the sample.

The sample anal§zed is usually either the township sample or the
field-aids sample. If the sample is a combinati®n of the returns from
both lists of correspondents or from a special list, it is so designated by
a footnote to the table in which it occurs. éonsequently, in con-
sidering the possible influence of the fluctuation of sampling on the
estimate of yield per acre for a given crop in a particular gtate, allow-
ance should be made for the fact that the basic sample data were
composed of two samples, the sample analyzed—perhaps the field
aids—and another similar one from the township correspondents of
about the same size. Doubling the size of the sample will reduce the
probable error nearly 30 per cent. Inmany States the supplementary
sample data on which the final estimate of yield is based are several

. times as numerous as either the township or field-aids data.

The standard .devia.tion and coefficient of variation both serve as

means of descributgsthe dispersion found in the sample, which in turn
ispersion in the universe of crop yields from which

standpoint of the possible influence of stratification of the sample into
crop-reporting districts. The smaller the dispersion of the sample

. within districts as compared with the sample on a State basis meas-

ured by the standard deviation, the more effective is the influence of
stratification in increasing the precision of the weighted State average

‘above that shown for the straight average.

"~ 'The probable error of the straight average may be considered as a
maximum measure of the influence of the fluctuation of sampling in
practically all samples of crop yields per acre. The extent to which
the true probable error of the weighted average of yield samples is

¥ actually smaller than the probable error of the straight average (as
2 calculated in this study) depends upon the dispersion pattern of yields
5 over a given State. If there is fully as much S

;- from a county or crop-reporting district as from the entire State, no
. decrease in probable error is to be expected when the sample is strati-
g fied by counties or districts and a weighted average is computed by
#t weighting the averages of these strata. The same reasoning would
& apply when the universe is stratified by townships and one or more

ispersion in the reports

reports are secured from each township. That is, if there is as great
dispersion in yields in the townships as for the entire State there is no

% possibility of reducini]the probable error by selecting the crop cor-
k' respondents by townships. The more homogeneous and uniform the
k> universe of inquiry, the smaller is the reduction in probable error
f. effected by stratification.

The influence of the stratification of the sample into crop-reporting

£ districts may be detected in either of two ways, (1) by comparing the

average dispersion of the observations in each district with the dis-
ersion of all the observations on a State basis, or (2) by computing the
ispersion of the district averages for the State, The larger this dis-
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ersion of these district averages, the greater the influence of strati-
gcation. This is true because the sum of these two measures of
dispersion expressed as variance ! is equal to the dispersion of all the
observations for the entire State when the districts all have equal
weights and the samples have the same number.of observations from
each district. When the weights of the strata are not equal, as.is the
case with crop-reporting districts, the improvement resulting from
stratification tends to be offset by any high degree of dispersion in the
weights themselves. ® . S
o analysis of the estimates of the yields per acre of winter wheat
are made in greater detail than for other crops and forms a standard
with which other ¢crops may be compared. ‘

WINTER WHEAT

REPRESENTATIVENESS

The acreage of the winter-wheat crop is generally well distributed
over a State geographically; consequently with a sample of the yields
per acre as large as that obtained in most States, it is not difficult to
obtain geographic representation. In only a few States of importance
in winter-wheat production east of the Rocky Mountains is there a
difference of more than 1 bushel between the straight t_werage (arith-
metic mean of all the reports for the State) and the weighted average
(district or county averages weighted by estimates of current acreage)
of yields per acre of winter wheat computed from the same sample of
reports of crop correspondents. (Table 4.) Rather wide differences
exist between the straight and weighted averages of the yield samples
in the Mountain and Pacific Coast States. It is difficult to obtain a
representative sample in these States. The reForts are frequently
concentrated in the areas of greatest agricultura population, usually
in irrigated sections farmed intensively and growing less wheat than
the dry-land areas of the State, from which it is difficilt to secure
crop reporters. Although weifhting county or district averages of
yield by acreage tends materially to improve the representativeness of
the Whes,t-yiaé%d samples in most States, it is necessary further to
stratify and weight the sample within each district on the basis of
irrigated and nonirrigated land. As the samples of crop yields in
these far Western States have been weighted on the basis of 1rrigated
and nonirrigated land in addition to weighting by crop-reporting
districts, since 1929 it is expected that the representativeness of the
yield-per-acre samples in these States will be improved.

10 This concept is used by R. A. Fisher in connection with the explanation of total dispersion in the de-
pendent variabrl)e due first to covariation in the independent variable, and second to other factors not asso-
ciated with tbe independent variable (5).
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TasBLE 4.—Winier wheat: Averages of yields per acre computed from reports of crop
: correspondenis, and the officral estimate, by States, 1927 and 1928

1927 1928

Reported by| Reported Reported by| Reported

the town- { by the field- the town- | bythefield-
ship list aid list ship list afd list

State : ey \ 2 s ! . . 2
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3 |&Fe [<F|E o 3 28| |29k o
1,000 |Bush-|Bush-|Bush-| Bush-|{Bush-| 1,000 |Bush-|Bush-|Bush-{Bush-lBush-

acres | els | els | els | els | els | acres | els els | els | els
280 (21.9{21.8]22021.5]21.0 306 117.6 |16.7 | 17.6 } 17.7 | 14.8
60 23.8123.2(23.8]22.5]23.0 .| 19.5 190 2.0
1,000 | 18.5{18.1{17.9}18.2|18.5] 1,101 | 16.0 | 15.6 | 15.1 | 15.2| 155
1,610 18.1118.6|17.2) 17.8 | 18.0 1.9 | 1L.6 ) 11.4 | 1220 | 10.8
1,782 16.0115.5 | 16.1 { 15.8 | 15.5 1.1 {11.1110.2{10.3 | 10.5
2,203 |13.9| 123 ]142113.213.6| 1,261 {156)16.3 | 14.4 [ 14.6| 14.0
891)20.9(21.3]2.3]|220/|2.5 16.816.1}16.1 (159 16.0
731225(222)123.7(24.1] 2.5 42119.2118.0|181]18.0] 185
156 21.221.6 ) 20.8(21.2}21.4 ¥ 17.3(16.7|16.3 {16.0{ 16.0
400 [ 20.1 §19.0 | 19.3 | 19.3 { 19.0 4111 19.5|19.4{19.5 [ 19.7 | 19.5
1,568 |1 10.2) 9.5110.1} 99100 1,496 | 13.4{13.0)13.1 125 127
1061 18.1{17.6 | 18.6| 18.2 ] 18.0 1 1404121 113.2| 1.7 120
3,467 120.1119.5|20.3}19.9)20.5| 3,492 )18.7}18.4)190.3|19.6 | 19.1
9,036 112.1110.7 [ 1.5 10.6 | 11.2| 10,433 { 17.4 | 16.7 | 17.6 | 17.3 | 17.0
88 110.3 |... 18.41 2.8 | 19.0 102 18.0 [._.__. 18.0
526 172 17.5 |1 17.6 530 |.____ 16.1 1 18.6 ; 16.5
687 1 11.6 | 12.0]112.0] 12.4 | 12.2 673 (140 14.1 14.2}14.8 | 14.5
136 [ 13.7 [ 13.6 | 13.6 | 13.1 | 13.3 122 112.7112.4113.6{13.56| 13.0
483 [ 10.7| 10.6 § 11.3 | 10.8 | 10.7 44116 (1141241222} 116
80| 11.2}11.1{11.0(10.8| 110 64123 (123¢13.1)12.6 12.5
125 971 9.7! 91| B.8| 9.2 94| 11.4 | 11,13 11.4]111.3} 110
206 {10.5110.0110.3| 9.5| 9.5 1261109 9.9} 9.2 9.4 8.0
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648 [ 18.4 1 18.8 [ 20.1 | 19.8 | 22.0 810 149128158160 15.0
501 125.5]23.4|26.9| 2401245 456 | 23.0 | 21.6 | 24.9 | 24.5 | 3.0
54 (21.716.1(229]225]|17.0 62 17.8 |._.._. 223179 150
1,086 1.20.5} 17.5 [ 18.2 | 14.4 { 13.0 9231221 )19.4)21.2]17.0| 120
261152(13.4{10.1) 3.1| 6.0 150 116.7) 7.2116.4] 9.9 10.0
68 120.0{20.0(23.0]22.5)|25.0 47 | 28.7 |- 25.821.91 27.0
162 | 21.3120.5 124.9| 22.5{ 19.0 1621 25.8124.6 249 24.4| 23.0
4127.6|27.6125.4)25.4]|24.0 412574 . 26.4 ... 26.0
1,228 126.6 | 25.4 | 28.4 1 27.6 | 20.56 ] 1,424 [ 246 23.3128.0| 26.2| 25.0
900 | 24.0 259 126.1| 28.6 | 26.0 837 (26.2)28.5]25.4|25.0f 24.0
812 |____ 18.1}16.8 | 16.8 780 |ooooo|oo. 21.6 | 2.0 | 21.0

1 Orop reporting district or county averages welghted by acreage welghts.
' ERRORS OF OBSERVATION

Errors of observation, due to an inaccurate knowledge of the pro-
duction of a given field, are undoubtedly smaller with a crop like
wheat that is threshed and sold than with a feed-grain crop like oats,
which is often fed to livestock without being threshed. The tendency
1o estimate yield per acre in rounded figures divisible by 5 also results
in errors of observation. In the group of States shown in Table 2,

. about 68 per cent of the reports were in figures divisible by 5. The

ﬁ?ures divisible by 2 were more popular than odd numbers. Errors
. of observation are not serious with large samples. Since they tend
to-Increase the standard deviation of the sample beyond that of the
; universe of inquiry, their influence is inseparable from that of the
fluctuation of sampling.
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Since winter wheat is an important cash crop in many areas, some
“cash-crop bias” or understatement in the crop reporter’s estimate of
yield per acre for his locality might be expected. In no winter-wheat
State have the shipments and mill-door receipts of wheat been suffi-
ciently complete to form a reliable check on the accuracy of the esti-
mate of wheat production; consequently no measure of bias is availa-
ble at present. Such a check is needed and will be obtained even-
tually when time and funds permit. It is difficult to eliminate dupli-
cation of shipments and receipts of out-of-State wheat when milling
has grown into an industry of considerable importance in a State
consequently, obtaining adequate check data involves more than a
mere tabulation of car-lot shipments from the railroads. )

In past years the estimates of total wheat production in the United
States have frequently been smaller than the supply of wheat that can
be accounted for on a national basis from reporte dings, exports
and imports of wheat, and estimates of wheat used for feed, see‘t‘i, and
wheat wasted. This fact, combined with the tendency for “cash-
crop bias” to appear with crops sold from the farm, leads the statisti-
cian to be on his guard against such a bias with winter wheat, espe-
cially in instances in which winter wheat is relatively important in
comparison with other sources of agricultural income.

There is, however, the long-established impression -that crop
reporters tend to report yields a{g)ove the true facts, either because of
local pride or because they may be unduly influenced by the higher-
than-average yields on their own farms or in their immediate neighbor-
hood. The yields on reporters’ farms, as shown by the individual-
farm survey, are generally considerably higher than the estimates
made by these same reporters for their locality. :

With such cash crops as cotton, potatoes, tobacco, peanuts, and

fruits and vegetables grown on a commercial scale, for which satis-
factory check data on production are obtained, there is a definite and
pronounced tendency for understatement on the p,art of the cro
reporter, at least until the crop has left the grower’s hands. Wit
winter wheat, however, there is a marked tendency for the yields to
be reported lower and lower the further the time of reporting is
removed from threshing time. There is no conclusive evidence that
cash-crop bias is present in winter wheat yield samples. The Crop
Reporting Board showed no appreciable leaning toward the higher of
the weighted averages from the two samples in either 1927 or 1928, as
might be expected if cash-crop bias were considered by them to be an
i rtant factor. .
" I? New York State the official estimate of 21 bushels in 1927 was
about 0.6 bushel less than the average of the two weighted averaghes
obtained from the field aids and township reporters. In 1928 the
official estimate of 14.8 bushels was 2.4 bushels smaller than were the
sample indications. The regular inquiry regarding wheat yield is
made the first of August each year. This is before harvest is well
under way and entire%y too early a date to secure reliable estimates of
yields of wheat in New York. The official estimates as they appear
in Table 4 were made in December on the basis of a later inquiry.

In New Mexico the official estimate in 1927 was 6 bushels, whereas
the township sample showed 15.2 bushels for the straight average and

13.4 bushels for tﬁe weighted. The field aids indicated 10.1 bushels

[
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g straight and 3.1 bushels weighted. The sample from New Mexico is
k. seldom very trustworthy except in an occasional year when yields are
. fairly uniform over the State. It is necessary to depend almost
entirely on the State statistician’s appraisal of the situation in his
State, based on meager sample data and direct personal observation
and information secured by field travel and correspondence. The
ordinary methods of sampling break down in a State like New Mexico.
Only 25,000 acres of winter wheat were harvested in 1927; this
acreage 18 scattered over one of the largest of the States. A very
small population of farmers, including a high proportion of foreigners
who do not read or write the English %angua,ge easily, makes it impos-
sible to secure an adequate an representative sample. Conditions
are so varied over the State, because of differences in topography,
elevation, rainfall, and irrigation that the fundamental assum tion of
uniformity in nature is not valid. It is only by careful stratification
of the State and direct personal observation and contact of the State
statistician that it is possible to make an estimate of yield per acre in
most of these far Western States.
The acreages of winter wheat are small in these States as compared
with those in the heavy producing States of Texas, Oklahoma, and in
- the Corn Belt. The combined acreage of winter wheat for the States
. of New Mexico, Arizona, Utah, Nevada, and Wyoming, where it is
. most difficult to secure reliable sample data, is usually less than for

such relatively unimportant wheat-producing States as North Caro-
.- lina and Tennessee.

PRECISION OF THE SAMPLE AVERAGES

i One rather practical test of the stability of the yield samples and
- the precision of the averages is obtained by com aring the weighted
| averages from the two samples—township and ﬁe{)d aids—obtained at
f the same time, under similar conditions and handled in much the same
p manner. In Table 4 it can be observed how closely these averages
b actually correspond in the case of the winter-wheat samples. In
} 1927 Wisconsin, Tennessee, and Arkansas were the only States east
& of the Rocky Mountains where the weighted averages of the two
§: samples differed by more than 1 bushel. Winter wheat is of minor

e importance in Wisconsin and of even less importance in Arkansas.
B8 In 1928 Illinois, Nebraska, and Arkansas showed a difference of more
¢ than 1 bushel. ' The closer deletion of the very low yields in the town-

;. 8hip list, due to heavy abandonment, was responsible for most of the
pudifference between the averages from the two samples for Illinois

% In the far Western States conditions are more diverse, and the size
I0f sample is necessarily small; the difference between the two samples,
Rexclusive of California, averaged about 3 bushels in 1927. In two of
pthese States, Montana and Idaho, the difference did not exceed
Bl bushel, and in five more it did not exceed 3 bushels. Only in
gWyoming and New Mexico did the difference exceed 5 bushels, and
fin these two States the actual dispersion in the universe of wheat
#yields is extremely wide and the samples unusually small. In 1928
fthe average difference between the two samples ranged from 0.2 bushel
Utah to as much as 3.2 bushels in Montana and 3.5 bushels in
gon. It is difficult to obtain a satisfactory sample of wheat yields

hese far Western States, and consequently the estimates of wheat
1ORTELO__ 96 ‘A
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yields per acre have less precision than they have elsewhere in the

country.

For most practical purposes this comparison of the weighted aver-
ages from the two samples for a large group of States is sufficient to
justify the assumption that in States east of the Rocky Mountains the
samples of winter-wheat yields are generally stable and have a high

degree of precision. But in the far Western States, considerable

improvement is needed in the sampling methods of the Department
of Agriculture if really dependable averages are to be reached from

sample data. :
Table 5 presents for comgarisons (1) the size of winter wheat
yield-per-acre sample, (2) the average yield, (3) the dispersion
(4) variation, and (5) the probable error of the average yield ol‘:)taine(i
for several different States and for crop-reporting districts in some
States. The dispersion of a winter-wheat Xield-per—acre sample for
an entire State, as measured by the standard deviation of the sample,
varies from 3 to 4 bushels in some of the Middle Western and South-

ern States, in certain years, to as much as 7 to 10 bushels in some of

the far Western States; but the average yield per acre is usually so
much larger in these far Western States that the coefficient of varia-
tion is sometimes no higher than in some of the Central States. In
Missouri in 1927 the standard deviation was 3.44 bushels and the
coefficient of variation about 35 per cent; in Washington in 1927 the
standard deviation was 9.03 bushels and the coefficient of variation
only 33 per cent, due to the fact that the average yield in Missouri
had been 9.94 bushels and in Washington 27.5 bushels.  The coefficient

of variation is sometimes more satisfactory as a basis for comparing

the dispersion in different samples than is the standard deviation, as
it takes into consideration both the standard deviation and the
average.
some of which are measured in bushels an

TaBLE 5.— Winter wheal: Yields per acre.
measures of dispersion, and probable error

others in tons or poun

Aver%me Standard| o.M Probable P
el deviation| .joni'of | erTOr of | Relative 7
State, year, and district Reports | (arith- of re- varia- the aver- | probable
metic ported tion | 2%° yield,| error
mean) yields or mean
Number | Bushels | Bushels | Per cent | Bushels | Per cent §
17. 22 443 25,7 0.18 0.9 §
18 16.64 4,10 24.6 .68 3.9
15,61 4,03 25,8 .37 2.4
51 19,51 3.7 19.2 .35 1.8
16 16.88 6,18 36.6 1,04 6.2
43 17.19 3,78 22.0 .87 2.2
40 20, 56 443 2L.5 A7 2.3}
17 16.76 5.35 319 .88 5.3
54 15,06 | 3,88 25.8 .38 o4
63 16, 04 %] 281 .36 2.4
646 14,70 6. 50 4.2 17 1.2
36 4,40 1.90 43.2 .21 4.8
100 7.50 4.30 57.0 .29 3.9
© 88 16.40 4,90 29.9 .38 2.2%
36 7.80 3.80 48.7 |- .43 5.5
15.00 3,50 23.3 .28 1.7
88 18. 60 450 24,2 .32 L7
51 17.60 8.10 M7 .58 3.3%
90 18,60 4,10 2.0 .29 L
76 19.60 4.50 2.0 .85
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TABLE 5.—Winter wheat: Vi
X : Yields per acre. Selected ill ? ¥
measures of dispersion, and probable e"oruihéaéz;ggggdsue of sample,

It also makes possible a comgarison of different crogs, ‘
8. .

Selected illustrations of size of sample,

Average | Standard P
‘ oras Coeffi- robable
Btate, year, and district Reports (le:- deaelon) cient of the aver- | proacie
metic | ported vgrla— age yield P grmr °
mean) | yields on | or mean |
Number | Bushels | Bushels | P
er cent
a4 13,90 5.67 40.8 Bm(;'.eﬁ Per N
0| 195 5,35 27.4
g 20 gg 5 % 25.8 Zgg g;
. , 30.2 50 )
72| 112 37 3.7 . 23
45| 1620 453 2.0 % %
86(3) {g% g.gg g.' 6 .'?13 f?l
. ) 2 )
% 8. 40 332 39.5 '% ig
9.10 3.00 33.0 ) 3.5
22| 1917 453 2.6 20 L0
5| 2280 4,05 17.8 .
, . 122
2: 58' 50 1.50 143 .51 23
2% .01 437 2.8 60 3.0
1 20,01 4.20 21,0 73 3.6
z {g 10 405 8.7 .57 33
33 19. 2; 3% 5:7,' g L7
32 16.71 3.30 19.7 g 23
2 20,22 3.77 186 Igg ?g
305 9.94 344 34.6 .12 1.2
51 13.02 3.05 23.4
2 111 2.33 210 Igg gg
x 11.33 2.69 23.7 .41 3.6
3 11.75 3,20 27.2 .30 2.6
8 9.41 3.52 37.4 .26 28
9.32 2.74 29.4 27 29
% 7.99 3.07 384 .35 44
8,77 2.36 2.9 22 2.
16 6.75 2. 44 36,1 41 &l
7| 21 5.77 2.
. .8 .1
iomla 16. 50 6.28 381 .211) 1'3
o1 14.70 5.27 35.9 7 1.2
iis 5.55 37.3 18 1.2
5.59 280 .16 '8
.................................. 882 2040 5.75 28,2
288 12.16 477 39.2 'ig 1.8
...... 19,14 6.60 34.4
_________ Boam i B b o
270 19.60 5.88 29.9 3 i: ;
128 17.62 5.98 33.9 .36 2.0
.................................. 19, 88 5.04 -
115 21. 95 5.70 ggﬁé ;;2 f’g
___________ 4 18. 93 454 24.0
.................... g ;; 5 493 29 Zg z 3
61 3.88 14.1 .51 1.8
3 16.8 468 2.7 .18 L1
12 18.8 5.30 2.2
2:;3 17.0 400 2.5 II (1)3 (15' ?
2 14,0 3.60 25,7 45 32
182 3.50 19.2 136 20
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Selected $llustrations of size of sample,

TABLE 5.—Winler wheat: Yields per me.probabl e error— Continued

measures of dispersion, and
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The coefficient of variation for winter-wheat yield samples is

Relative
probable
error

State, year, and district

frequently lower than 30 per cent in irlcf)ortant wheat States such as

Kansas, Nebraska, Oklahoma, Texas, Michigan, Ohio, Pennsylvania,

and Mar{l]and, and even in Montana in 1927. On the other hand, it
c

may reach 40 to 50 per cent in practically these same States in a year
when the aver

7
3%
*wg-
-

g

len_ rage yield per acre is low, as in Kansas in 1926, and
Illinois, Georgia, and Texas in 1927. Some of the highest coeflicients
of variation were 68 per cent in Texas in 1925, when the aver:

8
BIS
S IES

=33 344

age yield
was 6 bushels per acre; 64 per cent in Montana in 1926; andg 69 per
cent in Washington in 1924. Practically one-half of the samples of
wheat yield per acre, analyzed on a State basis, showed a coefficient of
variation between 30 and 40 per cent, and more than a quarter of them
were samples with less than 30 per cent dispersion.
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The standard deviation in the same State from year to year seems to
be more constant than the coefficient of variation because the latter is
affected by the variationin the average yield of-the sample from year to
year. The greatest dispersion in the samples of winter-wheat yields
per acre is found in the large Western States, such as Texas, Montana,
and Washington, where conditions are extremely varied.

3 The probable error of the average from the samples is less than
2 0.2 bushel in most important winter wheat States east of the Rocky
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;- Mountains. It is as high as 0.35 bushel in South Carolina, where the
.. sample is small. In the far Western States the probable error is
k.- seldom less than 0.4 bushel and in a few cases exceeded 0.8 bushel in
f. the States where the sample was analyzed. In such States as New
> Mexico and Arizona the dispersion is so large and the sample so small
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that computation of the probable error is not worth while.
+. The majority of the winter-wheat samples from the important
. winter-wheat States east of the Rocky Mountains have a relative
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: %obable error of from 1 to 1.5 per cent. The samples from far
‘Western States generally have a relative probable error as low as about

2'per cent in some years, and as lu'ﬁh as 4 or 5 per cent in years of low
o
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average yields. The small size of sample in South Carolina causes
e relative probable error to be as high as 2 or 3 per cent.
The results shown in Table 5 are from the township or field-aid
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:samples, except for Kansas in 1926, Washington, and alifornia, for
Which the reports from the two lists were combined for analysis. At
east two samples similar in size to most of those shown in the table

pagope
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are used as the basis for the Crop Reporting Board’s estimate of yields

er acre. This doubling of the size of the sample would of course
ecrease the probable error by nearly 30 per cent from that shown for

8 58|8
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the single sample for a State. Many of the States have returns on

o

elds from other lists of reporters which supplement the samples

eived from - the regular crop reporters. The individual-farm
ample of acreage and production on the reporter’s own farm is also
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ed on & relative basis to indicate the change in yields from one year
another in some States.
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If the crop-reporting districts in Table 5 show considérably less
lispersion than does the State as a whole, there is a reduction 1n_the
Pactual probable error or a gain in the precision of the average. The

pepaf oo
~aolonace

1 Reports from townshi

and field-aid lists combined to constitute the sample.
? Return from a special |

st of crop correspondents,

“greater the dispersion in the district averages, the greater the gain in
E'precision. Kansas wheat in 1926 is an example of wide dispersion in
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. NRETIT rhest
iation of 1.9 bushels, was in district 1, and the highes
igg?(ii a{g.g eb?lghe(is, with a standa}]‘ii d(%watl%x’; 7gff4.5 2&51?;2);, fwg:s t1111;
district 9. When Bowley’s formula (2, p. 337, formu b
tely stratified sample 18
standard error of the mean of a proportiona 1 2
i dard error of the straight average o
applied to these data the stan rror o e e e of tho
0.26 bushel is reduced to 0.16 bushel as ndard eor 0 the
i mple, a reduction of more than a third. ugh th
?gﬁg}:ddi:s got: strictly apply to the Welgfhg%gaiﬁzglggg s;.}r;:%le%ﬁg
to illustrate the importance o i
g;)(ffvi?gf districts are more homogeneous than is the State as a
whole, or when the district averages show marked dispersion. 1 s
In the same State in 1928 the gﬁ'eézjté tOf itratxﬁ:g:;o:ﬂv;:ﬁ %)I::ween
i i the rict aver
compared with that in 1926, for strict averages & 10 resaged
15 and 21 bushels and the standard devia 1onIs )
tis to be noted, however,
about the same as for the State as a whole. red, however
i i 1926 the standard deviation for the
in comparing the two years that n ] tandard dovln o, oricts,
State was 6.5 bushels because of the low yie n certain distriots,
ile i it was only 4.43 bushels. In 1926, when there
:lvil;;)lglgilo;gi‘?r? ;iems of w}lrleat per acr}(]a (l)ve(li' Itioan:aﬁilgt;attlﬁc:gg;ﬁf :11:3
-reporting districts helped to stabihz
fgxlfllglll%tl,)e}:igoggeagy increased the precision of 312?, r{:(zrt’er:ggl:ages from
In Illinois, in 1927, there was & ra.?ige.m_
tion for the State was
84 to 20.8 bushels. The standard deviatic o
ts with standard deviations
5.67 bushels, and yet there were five distric dard doviations
ine below 4 bushels. Stratification by crop-reporting
f'zgﬁlid :h(e); actual probable error matemq]f;r as the districts were all
more homogeneous than the State; that is,
standard deviation.
The two most important

standa
State as ahwholq.
bushels, whereas 1
it was 6.39 bushels. In 1927,

istri i nly 6.2 bushels and in district 6
Attt lttvl‘l’:ssgan{lard deviation for the State

was 9.03 bushels with 7.05 bushels as the standard deviation of f

district 5a and only 4.79 bushels in district 6.

i State for which district samples have been }
In practionl isggx?sl;{m in the crop-reporting district tends to be

analyzed the

considerably less than for the sample on & State basis.

E8
SIGNIFICANCE OF THE DIFFERENCE BETWEEN TWO AVERAG

it is 1 i field of economics and statistics to
Frege o o borting gletlgi(;nfﬁca%w of the dfifferencg between
i i ield per acre of & crop 1n a given §
two estimates, such a.s.productlon gll'n ycle 0011)1 clusion_s btli;se_d onthsaémtrl)ﬁe :
i { probabilities, it is obvious that the
Qe st o i t,ermﬁ;t;)eiwpireen the av’erages of two samples

draw conclusions concerning
State for two successive years.

significance of the difference
must be considered in the same manner.

’ ignifi ) h erages of samples is
If the problem of the significance oi) :Job?z b%:g T;a:gr e orence

les for successive years, it is found that
sgggegsa difference of one-half to 1 bushel, §

i igni t difference. The probable
or more, may be considered a significant difference. The probable 1

approached from the standpoint of the
between the averages of two
in most of the important

they each had a smaller ;

winter-wheat districts in the ,,‘.:‘,1'.,0.({,0t&f3 ]

i material difference in their averages, and. ‘
Wasm?cgltggvisa},lt?:nsafor the districts were much smaller than for Qtlllg 3
In 1926 the State standard deviation was 9.
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who do not report for each of the two years) is obtained by adding the
square of the two probable errors and extracting the square root.
But the two samples contain reports from fully 50 per cent of the
same reporters from one year to the next, and there is usually consider-
able correlation between these paired reports from identical reporters
which reduces the probable error of the difference materially. The
probable error of the difference in a State like Kansas on the basis of
unmatched samples would be about 0.3 bushel. On the basis of
reports for the two years that have been brought together or matched,
with a correlation of plus 0.60, the probable error of the difference
would be less than 0.2 bushel. ' The correlation of matched data on
yields has been, however, as high as plus 0.80 in some instances.
_When the proportion of identical reporters is considered, along
with other allowances for weighting and stratification of the sample,
the statement is well justiﬁeg that in important States east of the
Rock}y; Mountains a difference between the yield reported one year
and the next from the same list of reporters will usually be significant
if it exceeds one-half of a bushel. In the far Western States the
gro:bable error of the difference might easily reach 1 bushel on the
asis of an unmatched sample and probably not less than 0.5 bushel
even when allowance for identical farms in the sample is made. In
these States the difference between the aversge yield reported one
year and the next from the same list of crop reporters would have to
exceed 2 or 3 bushels before it could be assumed that the difference
was significant and not due merely to the fluctuation of sampling,

BUMMARY FOR WINTER WHEAT

. The probable error of the straight or unweighted average of reported
- winter-wheat yields in Central and Eastern States on the basis of
;. random selection is around 0.2 of a bushel, or 1 to 1.5 per cent of the
j. average. When allowance is made for the possible effect of the
- stratification of the sample, it is not likely that the average of a very
3 {ﬁge sample of wheat yields, taken under similar conditions, would
¢ differ from the average of the sample in these States by much more
. than a half bushel and certainly not by more than a bushel. In the
[ far Western States, where the dispersion in the universe of inquiry
- is much greater and samples are smaller than in the more populous
Central States, the probable error falls between 0.5 to 0.9 bushel, and
g consequently it is ighly probable that the average of a given sample
B, would not differ by more than 1.5 to 3 bushels or 5 to 10 per cent from
£ the average of a very large sample taken under similar conditions.
- 'The conclusions concerning the stability of the sample averages
i reached from a comparison of the averages from the two lists of crop
correspondents shown in Table 4 are practically the same as the
. conclusions obtained from the more detailed analysis of size of sample,
dispersion, and probable error. In the far Western States the yield-
per-acre estimates of winter-wheat yields are much less dependable
an in the Central and Eastern States, where more uniform con-
ditions prevail and larger and better-distributed samples are obtain-
i able. In these Central and Eastern States ‘‘check data” on the
P commercial movement and utilization of wheat are needed in order
¥ that the estimates of the crop reporter may be checked for bias. No
increase in the size of sample or change in the method of weighting
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. e . 5 ) the
cure a higher degree of representativeness would ‘change th
g.:feie es of }:;lhgese sargi)les nzatenally, perhaps not more ! an’ il-
der ordinary circumstances. . .
bu’i‘}ife ll'glliabiliby of ge estimates of the yields of winter wheat 11n t}:;?
far Western States could be improved somewhat by s'ecuxging::afrtghe
and better-distributed samples, by a more careful strauﬁga,h on Othese
State into districts as homogeneous as possible, and by weig tm% hese
more homogeneous districts to obtain more complete regi'epent 1? ive-
ness. The sample census would undoubtedly be helpf in esénb
Western States and would serve as a valuable check on' pre on
methods in all other States that grow any appreciable acreage ol Wl]:;e ¢
wheat. The method of voluntary samplin breaks dowl? c%llnp tmi
in some of these States. In practically all of the Rocky ltn oun bain
and Pacific Coast States, extensive field travel, ob_serv}t: t?nh’ ad
direct personal contacts with the growers and agencies tha gxgbl
the crop, are necessary if the State statistician 1s to make a reasonably
satisfactory estimate of yield per acre for winter wheqt.

SPRING WHEAT

'

REPRESENTATIVENESS o

i i ’ uniformly
h the acreage of spring wheat is not generally as I
disﬁl})lggegd over the States I1)11 which it is grown as is that of winter

i i i tly nearly
t, the yield-per-acre sample of spring wheat 1s apparen
et ol s s Vil purse sl o
i heat. Except In the 1mpor -whe f
vlzllc?rtflf S&lfc?ta, SouthpDakoSts., and L{lﬁxm(a_;sot:, tih%gs ts OI}I«llzeg I:v:ilt?h
i 11 acreage in the States on the Centra. . Even '
ng;:l?ll& sgfgm&x'%d acreage, the differences between strf, ht_ tahjig
weighted averages of the sam]? s:fmm{_‘)le (Tablef) Sﬁegg:::elg diﬁe‘:-gn bn
a range of 1 bushel or less. In fact, some o roatest difereneks
i i rtant States of South Dakota an inn .
(t)ﬁgu;a.lrn %:stuenrgosmtes the differlefnc}?s are n;ﬂch di%fﬁ%tﬁe:é l?:t v\;v;gl}i
i t. and in about one-half the cases the
legtse:r:i’gﬁg ;,I?(Ill weighted averages exceeds 1 bushel and reaches a
masimum of from 4 to 6 bushels in the State of Washington.

\
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ields per acre compuled from reports of
estimate, by Stales, 1927 and 1988

ADEQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES

TABLE 6.—Spring wheat: Averages of
crop correspondents, and the offici

1927 1928
Reported by Regottbd Reported by, Regorted
the town- | by the field-, the town- | by the field-|
ship list aid lst ship list aid list
- State - - - 2 : ; . . 2
£ 1s |8s|% | 8 Szlt jas18 g
AL (IE NI I D I
HEHEHERIEREHE R
$19% |65 (8%| 5| £ |53 (5585|882
3 gle | =g BE(® [®8I=® | @
<H|B |<F|EBE | S| < |<F|B |<®(E o
Bush-{ Bush-| Bush-| Bush-| Bush-| 1,000 | Bush-| Bush-| Bush-| Bush-| Bush-
els | els | els | els | els |acres | els | els | els | els | els
220{2..2|20.3|20.1]1858 10]16.5117.020.2|21.3 17.3
16911831178 11881180 302|181 ]|19.0)17.7|17.6 ] 17.5
20.4119.7119.919.6 ] 19.8 62122.2121.4|21.4 2.1} 220
11.9110.7 1119 10.8 1 10.5 11,086 | 15.7 | 14.9 | 15.5 | 14.6 | 145
16.5116.2 | 156 | 15.7 | 16.5 41117.2117.1 | 17.6 | 17.6 | 17.3
149 13.3 {12.7 12.0 151 15.4 | 15.5 | 12.0 13.0
120]1221124 | 11.8 | 11.8 | 5,301 | 13.4 | 13.1 | 13.3 | 13.4| 13.2
1441 1411150] 149|140 1,875 |11.3] 9.5 11.5|10.6 | 10.8
15,61 16.2 | 16.4 | 16,2 | 17.1 180 | 16.7|17.3 | 17.8 | 19.9 | 17.9
1.8 125] 4.6 51| 4.4 40113,7 154 | 11.4 | 10.9 11.8
20,3|19.9)20.7|20.4|20.6)3410]|18.3]|185/182|188) 19.0
27.5|27.1]34.8]| 32.6]30.0 704 127.5]|27.9326)30.3] 2.0
21,9 |18.7}123.3|21.9]19.0 181 21,2189 21.1 (20,4 17.5
2282171220 21.0]18.0 416 | 22.1 | 20,6 | 21.6 § 21.2 | 18.0
10.9] 9.9 |21.0]|17.1] 4.0 36116.9)153)]|18.0| 16.8| 154
3.6 33.0|326|34.2]31.0 95131.8133.51325]33.1) 320
30.1]27.3(29.3]25.2({26.0 141207 (321|2.119.5] 27.0
24.7]110.4 1250 20.5( 21.5 847 120.1}13.8]20.8] 16.3 15.4
21.4123.5|20.7119.7 1205 200 | 20.4 | 21.3 | 19.8 | 18.9 17.0

! Crop-reporting district or county averages weighted by acreage.
? Exclusive of durum wheat.

BIAS

" In the important spring-wheat States of Minnesota, North Dakota,
South Dakota, and Montana railroad shipments and mill-door
receipts have been used as a check on the production of all wheat.
If there were any evidence of cash-crop bias, this check information
would have made it possible to detect it as present in either the acre-
age or the yield-per-acre reports of the correspondents. But since
. acreage is involved also, no exact measure can be obtained separately
F for either yield bias or acreage bias. Apparently there was no justi-

fication in either 1927 or 1928 for assuming cash-crop bias in the
sample, as the final estimates are below the mean of the two weighted
averages in Minnesota and North Dakota for both years, and below
for one year in South Dakota. It is possible, however, that the esti-
mates of acreage are on too high a level and that consequently the
estimates of yield are held low in order that total production may be
in line with utilization estimates based primarily on check informa-
on. Apparently some bias was allowed for in Montana as the
timates are above either the field-aid or township weighted average
Montana for both years.

PREVENTABLE ERRORS

‘Only since 1927 have the yields of durum wheat been obtained

:from the crop reporters separately from ‘“other spring wheat” or
;\‘,})read wheat” in Minnesota, North Dakota, South akota, and

ontana. The differences between the straight and weighted aver-
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from 0.2 bushel with both wheats in North 'Dakota to
bread wheat in both Minnesota and South Dakota.

There is a tendency on the part of the crop reporter to consider

only bread wheat and not the durum wheat when asked to report on
spring-wheat yields. Since durum wheat usually yields more per
acre, the estimates of yield per acre for all spring wheat in past years
have been lower than they would have been had the yields of the
two kinds of wheat been ascertained separately in the three States of
Minnesota, North Dakota, and South Dakota. In Montana the
acreage of durum is such a small part of the total of all spring wheat
that the results could not be appreciably affected. ’

The two kinds of wheat are now being handled as separate crops,
desionated as ‘‘durum wheat” and “other spring wheat.” Anyone
combining the two estimates of yield per acre to secure the average
yield of all spring wheat in any of these three States should appreciate
the lack of comparability between the estimates of the last year or
two, and those for previous years. This reporting for bread wheat
only is an excellent illustration of what has been designated as a
“‘preventable error’’—one that can be avoided by the proper construc-
tion of the questionnaire in line with the manner in which the corre-

spondents are most likely to interpret it in answering.
PRECISION OF THE SAMPLE AVERAGES

The spring-wheat yield samples are surprisingly stable when the
relativély small acreage in many of the States is taken into con-
sideration. When & comparison is made between the weighted aver-
ages of the township an field-aid correspondents, (Table 6) about
80 per cent of the two samples check within a bushel or less in the

Central and Eastern States, whereas in the far Western States only
ples check as closely as that. The

about 40 per cént of the sam : .
extreme differences are about as large as with sample yields of winter

wheat.
Table 7 presents for comparisons (1) the size of spring-wheat
% varia-

yield-per-acre sample, (2) the average yield, (3) dispersion, (4
tion, and (5) probable error of the average yield obtained for several
States. The dispersion of a State spring-wheat yield-per-acre sample,
as measured by the standard deviation of the sample, varies from as
low as 2.42 bushels in North Dakota in 1920 and 1923, to more than
12 bushels in some of the far Western States such as Idaho and
Washington. \

The coefficient of variation differs greatly from one year to another,
partly because the standard deviation varies
in the average yield. In North Dskota, the coefficient of variation
was 26 per cent in 1920, and 28 per cent in 1927, whereas in 1926 it
was 57 per cent. In Montana it was as low as 33 per cent in 1927
and reached 68
in the State of &ashingbon, when in 1924 it was 77 per cent, a year

when the yield per acre was unusually low.

in 1928, range
0.8 bushel for

and because of differences 1

er cent in 1925. The greatest variation was found
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TABLE 7.—Spring wheat: Yields per acre. S !
: . Selected illusirali )
measures of dﬁpersion, and probtzb}tea :rr;:m o size of sample,

Average | Standard Probabl
yleld |deviation| Coeff- ° i
State, year, and district Reports | (arith | of ro- clent of | S%er. | probablg
po
yields tion ﬁegie:]g 1o
Bushels | Per cent | Bushels | Per ce:
nt
3.48 21| o012 1.0
3.05 240 .24
294 221 ‘31 5 g
‘ 273 25.5 21 2.0
2,89 20,0 .32 2.2
2.30 2.2 28 2.9
3.01 2.5 .38 3.7
3.46 2.8 -39 2.9
2,90 19.3 .34 23
269 25.1 2% 24
4:86 56.9 18
242 33.7 11 s
2.42 26.0 09 1.0
3.98 33.6 .13
4.80 36.4 15 n
5.40 248 7 .8
, 6.84 33.0 .M 16
, 5.74 2.1 .73
g 6.28 34.4 .70 28
508 317 .68 3.6
3.98 212 15 30
o 522 28 7 41
108 e 223 1292 7.98 6l.
_____________________________ 237 .97 8.13 67. S . ;g ;‘;‘ 3
Xdaho: .
......... 3] se0| 1270 36.4 81 2.3
32| 4.2 9.90 2.8
31 44.20 7.94 18.0 1: ég % g
80| 22 107 40.8
1311 341 1060 33.8 8 3 0
7] 20 5.82 2.5
0| 3510 897 2.6 ‘0 %3
33 70| 10.80 %5 127 31
22 2040| 1.3 46.4 a7 1.9
6| 18 07| ao|
2| 22070 6. 04 2.2 Ig 56
250 | 21,20 1144 540 .49 23
s5( 1270 414 2,6
.38
50 6.38 30.5 -6l 28
20 2000 1202 9 .57 26
| 1.0 4.2 35.7
- 42| 19.60 592 . i‘;g R
................................... 176 | 1500] 1L50 76.7 .58 3.9
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In North Dakota and Minnesota the probable error of the averages
of samples is usually less than 0.2 bushel; in Montana it is slightly
higher or between 0.3 and 0.4 bushel, and in the State of Washington
the probable error was between 0.47 and 0.58 bushel in the four years
analyzed. In Idaho, with fully as large a standard deviation and
with a smaller sample, the probable error was about 0.8 bushel in
both 1926 and 1927.

The relative probable error of the averages of the samples ofl\?'ield
per acre of spring wheat in the important spring-wheat States of North
Dakota and Minnesota was between 1 and 2 per cent in the samples
analyzed, but in the far Western States it was usually between 2 and

samples are rather similar to winter-wheat
ility and geographic representa-
States the estimates of yield
per acre are based on nonrepresentative and inadequate sample data,
which must be supplemented by the field statistician. Larger and
better-distributed samples, careful stratification of the State, and
weighting on the basis of these more homogeneous districts in order
to secure & more nearly representative sample would be helﬁul.
The use of check data on the utilization of wheat has brought a high
degree of accuracy in the revised estimates of spring-wheat production
in the four most important spring-wheat States—Minnesots, North
Dakota, South Dakota, and Montana. Dividing the inquiry into
questions regarding durum wheat and other s
weighting of the sample by irrigated and dry-

forward steps now under way.
RYE

Rye is grown principally in the
south as North Carolina, Georgia, Texas,
a third of the rye acreage in the United States isin N
Minnesota had about
these States, rye is of minor importance in
produced and 1s much less generally grown in
than is either spring or winter wheat.
tance of rye and its use
it is difficult to maintain satisfactory acreage w
with the changes in acreage.
average of yield per acre oi ry
the weighted average.

and Oklahoma.

REPRESENTATIVENESS

A comparison of the straight and weighted
-aid reporters for

samples of township and fiel
in Table 8 brings out the interesting fact th
minor importance 8s
of averages differ by less than 1 bushel.

cases does this difference exceed 2 bushels.

ring wheat, and the
and acreage are both

Northern States, but also as far 1
More than
orth Dakota, and
400,000 acres in 1927 and 1928. Except in
the States in which it is
the far Western States }
As a result of the small impor- 3
for soil-building purposes and for pasture,
eights that keep up
Under these conditions the straight
e may be fully as representative as is

averages from the two §
1927 and 1928 as shown
at even with a crop of such

rye, in 75 per cent of the samples the two types 1
In only a few scattermgy
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acre computed from reports o
estimate, by Stales, 1927 and 195801'01? corre-
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TaABLE 8.~—~Rye: Avera
¢ ges of ytelds
spondents, and the offici

1927 1928
Rteg)oomgb tﬁo Reported by| Re
ks lluttl byaldellﬂs:ld the town- | by the field
e ship list ald list
PN , , 3 s s .

g3] (49]t | gals |4q]s | &
B8 (oo 58| .- 54| |53 ] .| 3

HINCAETIR 28135128 (53
§o Bs Z HELFEEIR
HERERERR AL L 1 E
. 1] <
< |<F|E |28k | S| 3 |28(E <H g g

1,000 | Bush-| Bush-| Bush-| Bush-| Bush
. 1,000 - -
ﬁ:w }'ork _____________ acr;; 1’7"8 le71a7 1¢7L'6 1e7ls7 167" a’crea B:LL:" B;gh Beul;h- B’JZ’" B:‘l:h
w York.. - . . . . .

New Jorsey - g 185|189 150|200]20] 4| %[ 10|15l iat
Inl:,‘f;; ________ 6 }g? }gg }g.; igg }7.0 108 1537 1571 15"5) igﬂg igg
- ) . 13| 160 3 ) )
Indiana. ... 19 %31 13.7|13.6 {139 13.6 % ﬁig H: ﬁ“ eI
Tlinots._- & 15.9 154|106 12]145] 62148 (158|140 x5 L2
Wﬁnsm _____ 178 17.:; ié; %gg igg %4.7 182133 | 133 14'3 i?g %g
m . 3 . 3 . , ) 1 .
it AEHEHEHES 1;3 167|153 139 (138|128 130
Town e 43(19.3110.1|17.7]{17.6] 15.0 . . ' 0| 180
T — 16[10.2]102f106|152]| 110 20
North Dakota.... 1,381 (162 (158 | 169|175/ 1687 o
South Dakota..._- 154 116.7 169101 {180 180 %0
Nebraska. ....._- 24| 16.3 | 155 | 16.1 | 14.8 | 150 £
. Kansss.. ... 45130128143 127] 128 169
, Moryland...__. 78 I A 150153 153 htd
Virglnig,_ - 42 | 1.3 11787 1.9 | 1.8 { 11.8 e
_____ o 94 [13.0[126)141{131]120 B
Kwentucky.. - 26{133|1.8}10.2] 85| 100 106
e — 14| 11.4]11.3]|10.6]{11.0] 110 100
Tenno esaeeom- ........ 26| 84 83| 82| 81| 80 2
klnx _ 2(157)13.6|156|108] 9.0 50
M’I‘mm . 4222012506 .. 7.0 0
M omtanam 134151154 ) 164 [16°2| 180 o
g 5411301090 13.7]|125 ) 125 1o
. Colorado. .. 76(121]1L7 |14 0.0 105 e
T R— 22156153179 180] 160 18
Oregon__.__.. .7 10197216171 154 | 16.0 185

1
! Crop reporting district or county averages weighted by acreage weights

BIAS

*In North Dakota, South D i

o I y Sou akota, Minnesota, and M

it st i Lo el o b o

] ) y sed as & check on r i

s e e s o ol O et o

AVOTH ples in making an est; i

jper :l(:ar:fl :{‘hﬁ; n(idxc_ates cash-crop bias in the sgamples (liltlmltzte O’f‘};yil: li%

B o n{rus :b ed evidence, however, because errors in acrea'ge as well

i b ca.she consi('lerqd when t;s:xsu:oduction check is utilized in this
. -crop bias is expected in States in which rye is a minor

Sy

PRECISION OF THE SAMPLE AVERAGES

; rye-yield sample is remarkably stable consideri
e:.'geq 1.’1(11 tchIOSt States, as in only about 35 per ccenlzsgfetrllll;gsglteesszir:)au
Borm the weighted srerags of the Selnatn camale Reet busl
= € ! e field-aid sample. Tabl
r c;lléigar(lgc)n:i (1) the size of rye yield-per-acre samplz (92;)1; fae::rl;f-s
, 1spersion, (4) variation, and (5) probablé error of th;
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ield obtained for several States. re-
;;reﬁl&?%i)rﬁecre sample for a Stat:, t:)S énsas}gfgligythtge standard devia
tion of the sample varies from flilisi s in
les were analyzed, while the coefhcie \
?‘:Lng%e:xtending from about 27 'pﬁll‘s cg?({, :ﬁeaiol;l
Only in yeurs o low’l?lrgr?fzggﬁt the same amount of variation as

exceed 45 per cent.

was shown for samples of wheat yield in these same States.

TasrLe 9.—Rye: Yields per acre.

The dispersion of a rye-

States where the
{ variation showed &
h as 56 per cent.
cient of variation

Selected illustrations of size of sample, measures

ADEQUACY AND RELIABILITY OF CROP-YIELD. ESTIMATES

63

The probable error of the averages did not exceed 0.4 bushel in
any of the States analyzed, and in 13 of the 17 samples it did not
exceed 0.3 bushel. The relative probable error was as low as 1 per
cent in three samples and exceeded 3 per cent in North Dakota in
1926 when the average yield was low. Since the estimates of
yields were based on at f

e
east two different samples of this size, :ﬁe
township and the field-aid samples,

the combined average from the
two samples would have a probable error about 30

11))t3r cent, smaller
than for either taken separately because of the dou ling of the size
of sample.

Although the rye acreage is scattered and the crop is of
e sion, and probable error minor 1mportance in most of the States in which it is grown, the sam-
of dispersion, ple indications are nearly as significant as with wheat, and the esti-
Agsrgo Standard o ftﬁgaté? Rative mates of yield are nearly as rehable.
State, year, and district Reports %ﬂeg: l?':r::d vt?;l:f %eél;lg, o coRN
mesn) | yields hCorn is gr?;irln ti)nlevery State, and in 'I(‘)l?lly OI;,?; State—ll)\{eva.da—does
hels | Per cent the acreage elow 10,000 acres. is makes possible a compari-
Bushels | Bushels | Per o B 13 son of samples between a large number of Sta.tes?o There are, gow—
ol 48 31.3 .43 28 ever, certain limitations to such comparisons.
| el B -8 38 Corn is used largely as forage in the northern tier of States. In
w0l ¥l B/ -4 28 the Southern States the early planted corn ripens in late summer or
WRl T o L 58 early fall, and, in many sections there is a second, late-planted crop,
| 4wl 9 AR that matures in late fall. When the inquiry regarding corn yield is
LRl %] me| um >. & made on November 1 the southern farmer tends to have the late-
T 4m| 505 .28 37 S planted crop in mind rather than the earlier crop. In 1928 the late
: s % 110 S gcl.‘oF yielded much better than the early; as a result the estimates of
el 2 4.2 -2 o J Yield per acre covering both crops was reduced below the November
el i 3 3 ¢ S ‘1 sample indications. In many sections of the Northern States corn
AT 3 -5 s.0 SR husking is not sufficiently advanced by November 1 to justify a final
Tel 2| o -6 % Ji estimate of yield at that time. Beginning with 1928 the corn-yield
64| 3a| 02} - = JI inquiry has been repeated on the ]%ecem er 1 schedule. The esti-
| 3wl il - 21 S mated yield of corn is not strictly for “grain only” in all States,
10.49 . ' . although the schedule specifies “corn for grain.” During the last
18.74 a| =3 1 194 three years an effort has been made to distinguish between the yield
LS A S A "% 1.0 _corn for grain and the yield for other purposes, and as a result,
10.48 - 1 pplement;a.rt;y7 estimates have been made of the yield for grain, that
ms| 4wl B - Lo} separate from the regular grain-equivalent basis.
4.4 g . g ’
i%?} ] 7e o 1k REPRESENTATIVENESS
17.63| 582| 30.3 2 Ll .The samples of corn yield usually come from points that are dis-
wl .2 buted over a State in about the same proportion as is the acreage
mel| aw| 48 : b corn, 8o a high degree of geographic representativeness is generally
ww| m| B3 - i tained, except in some of the far Western States, and some of the
sl ih| e Li2) 107 maller States where the small number of reports sometimes leads
wo| 44l 41l - .86 distortion when district averages are weighted. The straight and
Bal s 5.3 -8 4 eighted averages (Table 10) checked witiu'.n 1 bushel in over 80
smr R &7 i 12.9 cent of the samples for the States, exclusive of the far western
7.00| 248] 851 - ¥ roup where only about 20 per cent of the samples checked as closely
me| sw| 8 -2 3 B8 1 bushel. The acreage of corn is relatively very small in the
ULl m| 4| -8 z jlyestern States—7 of the 11 far Western States have less than 100,000
we| ew] 20| . 4 hcres of corn each.
I Return from a special list of crop correspondents. ? Reported i AUgst
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TasLe 10.—Corn: Averages of yields per acre com uted from reporis of crop cor-

whereas with corn 78 per cent of the reports in Indiana, 87 per cent
respondenis, and the official estimate, by States, 1927 and 1928

in Towa, and 82 per cent in Colorado were in figures divisible by 5.

This practice results in a relatively smaller error of observation on
corn than on wheat, because corn yields are generally much higher
1927 = than wheat yields.
: e
: S Ve BIAS
Reported Reported by) Re . " . . . .. .
oo | by the fled- the towrz- |y £ oo fed y Cash-crog bias with corn is ordinarily expected only in States that
shiplist | ~aidlist o sell corn, where some bias may be expected, especially in years when
State — T = 12 g s lasls the price is very low and there is much discussion in the newspapers
Ha | B A~ 8B = ) £~ a . . D
ceakl ‘gg 2. E £4|5- |52 |- | about the size of the corn crop and the relation of large and small crops
Stlvp|sHige| 8 818 H f: to the price. In Iowa, where the accessors’ annual enumeration
FHEUEAEE i 2185 3 : ion of
g 2218 éé 88| 2 §§ 3 KR taken from January to April, reports the acreage and production of
5 BE|E |58 (& 81 3 |2f| |<®|B | S corn for the preceding year, the average yield of corn can be derived
: et | Bush | Bush | Bush- and used as a check against the yield samples obtained in November.
1,000 |Bush-|Bush-|Bush, Bush- Bush- 100 Bush-Buh\Ders. | els s In 1925, which was a year of a large corn crop in this country with
40l466|8.0] 13 011898 9o prices much lower than for the previous year’s small crop, the asses-
wolaiEs sl 801471 50 sors’ enumeration showed an average yield of corn of 43.9 bushels
woldrd|ao) 4 @3 ]444 2.0 which was slightly higher than the weighted average of the township
480481380 85 |- v 8.5 4501 229 reports of 43.5 bushels and the 43 bushels reported by the field aids.
38.3]38.2|34.0 650 | 38.0 | 87.0 | 38.0 | 37.2 A ! b fp y : I
B3t |5s | woswol s |l SEA Rt This would seem to indicate the presence of some cash-crop bias in
301 f |1 400 B0 EAEHEAEOES: a.s that l)]'ety.r. "In 1926, although the Iowa crop was nearly 12 per cent
a5 |53.4 [33.6|338 318 AR HE v less than the year before, the farm price in November of 58 cents per
314181513171 3.7130.0} U0 335 308 |32 |334] 850 bushel was also lower than the price the year before—61 cents. The
5
28,6 |28.8 | 21.3| 27.8 | 2. , B e line |z 4o _ , y
82813401207 | 841 00| D0a | 345|357 345|847 &0 assessors found a yield of corn husked or snapped of 39.1 bushels,
357|364 | 303 32321 3.8 |41 EHEHEHET 5o while the welghteg avera.lge of the township reports was only 36.3
289|288 2.5 20.4; 20 97268 261 (257|256 245 ] bushels and that of the field-aid reports was 36.9 bushels, a difference
260280278271 | 250 26812511207 1202] 20 p ,
283\ 27| 0838|001 400\ e |1 |2 |24 s of more than 2 bushels. In both 1927 and 1928 the assessors reported
318|318 | 302 2.4 gg'g 664 | 07| 2.3) 20| 0 %0 BB yields of corn lower than the yields reported by the crop report-
3.8 3.0 35.0| 3. : a7.7 | 36.3 | 26.5 ~ers. The Iowa farm price in November, 1927, was 69 cents and in
... 43.3142.3 | 4.0 530 . o5 B °18. P , ,
Maryland.....- - BEIBY| 21120\ W) 168 ntmel %o M ‘November, 1928, was 66 cents. In 1927 the assessors showed 35.2
West Virginia. .. o |o7e 1| ma|2e| 200|078 w0|188)| 185 S }hyshels as compared with the 36.4 bushels reported by the township
North Carolina 1731164 |168|17.0] Lazz|131[12.9}128 121 ‘' _ OT'leC
South Carolina L5145 |142 {188 10| Se2 100|108 106|101} 10.5 S list and 36.7 bushels reported by the field-aid list. In 1928 the
..... 3.0 | O Lo 0 assessors’ report of yield of grain was 41.3 bushels, while the township-
"5 26.0 | 3,000 | 245 |23.8 | 26.2 | 3.6 | 220 S A8 .3 bi , F
o BT %7 | 20| Bois |28 n4 1021197 1% J list report was 42.9 bushels and the field-aid report was 42.4 bushels.
16111671170 11601 1001 P9 | 1o | 180|143 us| 20 S - In 1924, Jowa corn was soft, and only 5 per cent of the crop was
20\ N7 ol B8 a0 18 Bel s s o § reported as having been husked by November 1. Yield of corn for
30| 50|21 21|88 i %o |25\ 28| 27| 801 2D grain in that year as derived from the Federal census enumeration of
3 . o - 3 . s
B Ry Be|Belms| "o 22|08 |63 180 1.0 S acreage and production, was 28.3 bushels, whereas the assessors
20.0120.31423|48.0)\4.01 BI04 |02 500 an0| 10 enumeration for the same year resulted in an average of 28.2 bushels.
N lhelme|Ts|ins L4 222 100 211 110 1.0 ! In the November yleld-m%un'i 31.6 bushels was reported by the
BRIE\ B e B0l m|sa7|ats 25|09 %0 township reporters and 31.2 bushels by the field-aid reporters, whereas
3.6|329 47 |3L.0) 7.0 Ble\molRilas .0 on December 1 the field-aid correspondents reported 28.5 bushels.
41, A ). ) . . 3 1 :
. 8236.6 | 37.0 | 36.3 | 88.3 | In Towa there is apparently a tendency for the crop reporte
.?1-8 8.7 %:g ®.0 %0 75 | fommmnn 31.2 | 35.3 3101 PP y y 10 p Iép I8 t0

overestimate the crop in years of soft corn and to underestimate it
1 Crop reporting district or county averages weighted by acreage weights.

in years of well-matured corn. The greater shrinkage in years of
" soft corn may cause the farmers to report a lower figure late in the
jwinter to the assessor than they estimated on November 1. The
. present policy of having the yield inquiry repeated in December will

undoubtedly greatly improve the estimates of corn yields in the
*1mportant Corn Belt States.

106756°—32——5

ERRORS OF OBSERVATION

i for the]
le 3 shows the reports from the township reporters ‘
incrlrlfigy of November, 1928, grouped by specifi yle%(i)s per acrxl'gegf.
corn. The tendency to report 11 igures divisible by 5 1s pronou ed
even in Georgia where the average yield was yvery low, 57 perllcen0 1t
the yields were so reported. This tendency is common to & c;d plsl;
as explained in discussing winter wheat, and is more proncxlglc d o
samples of the yield of corn than is tihe case with wheat. out 68,

Y el Lviraa
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PREVENTABLE ERRORS: ;| 3 !ieid N TR R

In parts of New York, P@nnsylvania’, and'New: En, land, the fact
that farmers measure the yield of corn in ‘bushel' baskets which 'are
equivalent to about one-half a standard bushel hasled to the' action

reported on page 24. It is because of this diﬁicult%ithat the recent
estimates o pgland are not

f corn yields in New Yor and New
entirely comparable with estimates of former years.': In so far as
possible the estimates are now on'a standard-bushel basis. -
PRECISION OF THE sAqu"l\vi;A,Q]ié%@ /“ ' ",",‘,‘g .
The samples of corn yield are_remarkably stable. Averages of
the township and field-aid reports in States east of the Rocky Moun-
less in about 60 per cent of the States

tains checked within 1 bushel or
1928. ‘The averages from:the two

in 1927, and in 80 per cent 1
2 bushels in the reports from nearly 80 per cent

samples checked within ) ;
and in 97 per cent in.1928. Since corn yields

of the States in 1927
are so much higher than wheat or rye ields, the check of 2 bushels for
corn is comparable with 1 bushel for wheat or rye. : Even in four of the

nine far Western States for which the two samples are available, they
checked within a bushel. : R
In Table 11 are presented for comparisons, (1) the size of corn, yield-
per-acre sample, (2) the average yield, (3) dispersion,:(4) -variation,
and (5) probable error of the average yield obtained for several States.
The standard deviation of corn yields as re orted in samples from
individual States varies from as low as 5 or 6 bushels in Mississippi to
as high as nearly 12 bushels in certain years in Kentucky and Nebraska
In the important Corn Belt States it usually varies between 7 and 11

bushels. In Iowa, where conditions are probably more uniform than
in any other State of e ual size, the coefficient of variation was &s low

as 10 or 20 per cent in three out of four years and in the fourth year it
In Illinois and Missoun the co-

was slightly less than 25 per cent.

efficient of variation was slightly higher, or about 26 or 27 per cent in
the years included in Table 11.. In Nebraska it was as low as 24 per
cent in 1923 and 27 per cent in 1927, years of high average yields for
that State, while in 1926, a year of low yields, the standard deviation
was high, and consequently the coefficient of var

cent. The highest coefficient of variation, 73 per ce
the 1926 sample for Montana, when the average yield for the State
in 1927, with an average yiel

it was only 34 per cent. ,
low as 37 per cent in 1926 and as high as 7

low yields.

1 per cent in 1925, a year of

iation reached 67 per 1
er cent, was found In

was only 12 bushels; but In d of 22 bushels, ]
In Texas, the coefficient of variation was a8 ;

AD |
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TasLE 11.—Corn: Yields pe
. : per acre.  Selected illustrati 1
ures of dispersion, and pngaTl?oeﬁrsogf 126 of sample, meas-

Average | Standard
e Torage |2 Coefli- | Frobable
, year, and district Reports | (arith- |t oa| elent of the aver- | Frabeng
metic | ported | V2iA- g0 ;mﬁ probable
mean) | ylelds ton | o hean | error
Tows: :
5. Number.| Bushels | B
» 4902 415 mgeol; Per Y Bu'g eég Per “&u 8
53| 4.8 6.2
, 15.3
i L0 4z 10.3 8 1o
af am 8.66 19.8 75 1.7
& 4L 5.67 13.8 49 12
| s 5.96 131 48 11
0 480 7.7 15.8 74 L5
ol we 879 26 87 21
G| 4 828 19.5 83 2.0
5 7.88 18.0 7 16
91| 35.42 8.63 244 19 5
107 3660 7.10 1 :
. 9.4
gg g% 00 6.04 18.9 ﬁ }g
B8 50 8,82 27.1 .60 18
116 . 00 6.94 17.8 .43 1
15 5’8 6.94 17.7 .44 1. }
88 % %0 8 40 21.8 .60 1.6
u 7.78 2.2 55 .
o[ 270 804 7.1 53 14
3140 9.54 304 .70 5
784  37.40 7.33 19.6 .18 5
03| 3570 7.88 2 :
. 11 .55
973:4; %. a .52 15.4 .41 i g
1| s 8.06 21.3 .63 17
% a. 1 7.64 20.5 .53 14
»nl 4« 8 5.12 125 35 .
2| fe 7. 49 18.0 153 3
= u 7(11 5.48 16.1 .42 12
& 87 6.56 19.5 47 1.4
.83 7.19 185 .54 1.4
885 | 45.70 9. 26 2.3 .2 5
107]  36.50 8.74 2. :
ol i) 7 e 49 ]
g3l sis0) w0 9.8 12 e
notl 4 2 8.74 19.4 .56 1.3
12| 4 17)8 6.12 12.8 .39 K
% 529 9.04 17.1 .62 12
AR I I
87| 4520 8.87 198 T4 N i
463] 356 8. 14 2.8 .2 8
67| 3381 8.2 A '
, 4
g; gg. 65 811 2.5 "7*4; % :
gl = 33 8 14 2.8 .76 R
& 8| 150 33.4 94 29
s 33 50 6.69 2.0 L60 i
ul 2o 6.61 20.6 61 e
AR I T I
| =50 679 38 o84 EH
33| 352 9.49 2.9 .31 9
46| .81 8.02 ‘
, 2.7
g =7 8.06 2.8 . gg 2l
= ol = (1,g 8' g(l) 15.5 .56 i é
. %7 )
g 30.30 7.75 19.7 . % % o
0| dox 610 152 .58 p
s| 328 9.70 2.8 .88 37
4| 78l 124 45.7 126 i
30.68 7.07 2.0 .78 28
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ield aver seldom' ‘exceeds
tall & ::igt(;snt and frequently
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TasL 12.-—'0a£a:~Averages of yields per acre compuied from reports of crop corre-
: apondents, and the official estimate, by gtatce, 1927 and 1928

ADEQUACY 'AND RELIABILITY OF CROP-YIELD ESTIMATES

| in & State in w : i
0.5 bushe s as low as 0.2 or 0.3 bushel in States like Towa,
the probable oo 8 A Miscissippi, The relative probable rror for - i
Illinois, Missouri, an : analyzed; it does
corn yiélds is lower than the error for any ot,hel('1 crop e 1 fwer cent Reported by Reported Reported by| Reported
d 0.5 or 0.6 per cent in Tows, and seldom exc Onl the town-" | by the field the town-" | by the field-
B i Missours, Mississippi, and some of the other States. Y o il | e
in Illmms,f tﬁzs(f)ar Western States such as Montana, or i ‘;Pflaxgs gll, a-1s lae | % a-1s [a=Ts | 8
T som:f 01ow yields, does the relative probable error excee ;)rtll)n 84| (84| .| 2 B8 o.|59)°.1 £
zgﬁf In Towa the relative probable errors of th? 102‘1)_1’2'1;5 P ntg' g,g §§ vg 25 ; s |8 3? gﬁ 28| &
. . *thi arange 0 ’ ] X 218 8 w8 2
F all almost entirely within £% 2 ol 2 | & %% | §
ghstlr@toaizersigteﬁi much smaller sample, they usually fall between 3|ER(E (2R | €| 5 |E818 |2E|E | &
m 1lin ’ )
2 aWndhgnp:ﬁgva;zce is made for the effect of stratification a';dt,ft(:: (1;1!11(; wtres (Cels| e el | Cat| Pl 0% | Buah Buhe Buaho Buah-{ Bush-
e e i tionl, ssmplo of a sizo similar fo the ont s o TR ) i
fact thas lso included as a basis for the estimate of corn yields, @y 8 20/35|300( 7 wolss| 5o
analyzed was also inc o of le is sufficient to give 1 W — 40326320/ 15 Cmol%mel oo
-+ o wuident that in most States the size ol samp : enta- 1,000 [35°97)°3570°| 36:1 | 35.7 [ 36.0 | 1,020 olz7|mz2| B0
it is evl ) 1 f precision. Geographic repres 49136.0|352139.0(3%.0]380] 50 310300/ 300
average with a.hlgh degreeo precis! . f th 1o ash- 1,100 1 34.1 | 340357 (357 (36.0) 1,067 | 325|325 (31.8{31.0| 325
an : 11 taken care of by the distribution of the sample. . 1,000 | 31.3 (328 31.2|31.6]| 3202413 )36.0|37.6|353 366 370
e e ?’k ]v to be a serious factor except In & few States In. A EHE PP B R E RS R4
i N R y 3 3 3 . .6137.4) 37.5
crop bias 1s_not,11 eyd then onlyinyefﬂ's of low prices for corn. 1% 320328133.5)|30.4/33.5]/1,633/36.3356(35.836.1/| 358
which corn is sold, nd then only In years o/ 2% PRl o, “making A I HEHE PR E R
Repesting the Hoverbl  om for grain only” and allowing for  J§ e RAr AR AR S
supplementary estlmae&ch ear in the uth are helplng.to 1mprove 2125 | 30| 2.6 20|24 205 | 1 034 3123 §Z§ :ﬁig ﬁg :?1&.8
the two orops gEOWR o8e” ¥ e The fact that corn is harvested AP EH BRI EHE A R4
the acouracy o' b iﬁ::n ain and that different units of gnea.sux;emgilt i el hed - EH B R Rl B 00/:e) mo
for other Purpci)fsfes ; rgr’ons makes estimating the yield difficult. 186 ' BTIAO| 17| 18 (A R0 24257 | Bk
are used I differen theglmal’(ing of the estimates 18 undoubtedly A IR A HEAEDES 20
Experimentation in £ the last few years are undoubtedly 449117.917.8 ) 16,8 16,4 [ 2. 0| 337|212 211|107 |23 =0
meroving their basis, and those o the last few yoors aro uncoubiecty I Geaes - il ihe 031 G B B e )
. han those of previous years. "SR Kentucky I TTT_T77 7 216 {10.3 10,7 19.9 | 19.3 | 100 | 305 [ 3437 2467 = 5| 27, ;
more reliable ¢ - R R H P
» ouTs . only raE e I S
lik rn, are widely grown over the entire country. bl 13; j 35| 17.5 | 160|138 124|175 | 4401|195 | 22|23 o p
Onts, like oo v States have loss then 10,000 acres. Table 12 ; EHEHEHEHE R e HE &
four of the s, o ht and weighted averages check closely and that 506 | a8.2 | 373 | 300 400|400 | oot |3a5 (355|364 |307 | %08
shows that the straight an 1 the far Western States with Mafas1|41)siol489 40| 137|463 423(80|s00f a0
R ferances tend to ocour in : 2 to 36,7293 (209|360 132)357 330)422{363( 310
the greatest di diti As with other crops, there is the tendency b HEHEE HEHERAEHEHES 23] %0
their vax:led (;_onﬁltlons-di ~isible by 5, but gince 0at yields_a.l'e generally : 17/408|30.6/ 4234111300 141500 500|420 40| 30
reportﬂi‘elds “h e oheat yields, this tendency is not likely to be & I ol 183 | 523 40.0 60,0 | 408 | no| 200 |369|oxs|ors|ts] 20
much higher than wb with wheat samples. Since oats are pri- 7 okl R S ey %Y jse3(3s3l08i369) 300
source of error as large as d be expected. For Sum- el e o il Rl

marily a feed crop,
the same reason 8 U
mill-door receipts, is not conc

little if any cash-crop bias nee

tilization che
lusive.

ck, based upon car-lot shipments an

PRECISION OF THE SAMPLE AVERAGES
The .samples of oats

lelds are nearly as stabl th
m yields, with onl ) y as stable as the samples of

a few States showing a difference of more than

bushels1 bet,w’f‘gn the Welgléit%d averages of the township and field-

l samples. e greatest differences exist in the samples f

pouth Central and gr Waestern States. ples from the
' presents for comparison: (1) the size of oats yield-per-

Lre Bamdple, (2) the average yield, (3) standard deviation, (4) varia-
gion, and (5) probable error of the average yield obtained for several
ptates. In about one-half the State samples shown in Table 13 the

Baafficiont nf varmatinng ta lace tham 20 svam mood Lccd 24 oo ¥ 3 a8 0
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cent in Missouri in 1927, when the yield was only about 18 bushels
and it reached 44 per cent in Texas in 1928. In Idaho, the sta.ndar(i
deviation was almost double that of the other States, but the high
yield of over 50 bushels per acre resulted in & coefficient of variation
of less than 28 per cent. The probable error is less than a half bushel
in practically all but the far Western States, where the dispersion is
always large and the samples are small in size. The probable error
was largest in California, in 1927, when there were only 66 reports,
and in Idaho, in 1927, when there were only 91 reports. The relative
probable error was less than 1 per cent in many of the States but
exceeded 2 per cent in South Carolina, Texas, Idaho, and California.

TasLe 13.—Oats: Yields per acre. Selected illustrations of size of sample measures
of dispersion, and probable error

ADEQUACY '‘AND RELIABILITY OF CROP-YIELD ESTIMATES 73

District stratification resulted in distri i
ist, _Tes in districts with small
gzzlsa‘,g%g: It(l)xx: tIlﬁ?ng?;l:tlgnlgl fo{htllse kState in the thregritfltgonr%:ﬁ
: , and Nor akota. Thisis to b
ag oat yields are generally lower the f ° xpected,
. . . a.rth
The crop-reporting districts would tend to gfl:v?fu:l}lle t&eg)lrles;re Slds in

thgr If:?ﬁg;;g:?ﬁﬁﬂf% alnd t}lis was t{l(f case in Jowa andy i(lalli(lllsoil;1

[ : ples of oat yield are so stable th in-
crease in the size of sample or im i . steatifion.
orease In the izo of samplo or In lrovernent in method of stratifica-
Sion and w o?the o rially change the results in the larger

Yy Mountains. Even in the f

the sample seems to b s T et
the sample soems crop:. somewhat more stable than is the case with

g e wwew

TR ST

BARLEY
' ‘ Although barley i S .
Average | Btandard| oem. | Probable . . gh barley 18 now primarily a feed crop it is no i
state, yoar, and distriis Reports (ﬁfg% d";’,‘r%f::m clent of ‘m;rg:; gg‘é.ig,: Eﬂ:m%h(ggrst;hie country as corn or oats. Li&le barle; {‘: g:ggndlisx;
Doy | Yielas | Hom & Tean important ba.rlet;r Ssyi.;at;rshe %i‘xlllgo;tgnt spn;l %-Wlhemilsmms are also the
) . eage of barle i i
u | P | st | per et hep omn, ot 1o maimtain sdciunto mo fouror v yoars and 1
. - - - : adequate ac i :
685| 2.1 2 12 ;yr’:%g'pg‘a‘ge samples. The barlgy sampll.::gt?ol"w ?19g2h7t Safrﬁli' 1;382:1 211
il G111 [ Toble g shoved s upridnly o mement booon he st
. . e samples. It is not until the f
e9s| 81| .| 10 States are reached or T e far Western
6o0| 21 180 L5 y r Texas and Oklahoma ar id
6.00 20.7 .43 1.5 ﬂtl'&lg’ht and Weighted aver : e considered, that the
9.35| 3.0 .60 25 : es differ by more than 2 bush
1035] 452 ' 31 even in these States the diaiference exceed bushels, and
s 2 bushel
al me w1 ; gﬁg'lgglfdo:jsh:axgllglegh {hs W‘?iﬁill:fed averages frglg lalgntlgwi:}:})xlil;
- . : : - s checked within 1 or 2 bushels i
- States west of : ushels in most of the
87| 24 80 T | of the Rocky Mountains. In th
sl Bl 2 13 S great differences exi . In these Western States, where
7.88 18.5 ™ 2.0 / ! st and where the acreage of th
7.33| 188 K] 1s J quently of the samples obtained age of the crop and conse-
o 8 LN g"%ﬁﬁﬂ“ﬁdmr by several e very emall, the two averages
65| 193 R 24 TR presents for comparison (1) the size of barley yield-
6] B S| L e sl @ e oo 7t ) e, ) valon,
- : bl 7 < . X e yleld obtained f
2 el o "?.2 3 4 ;1:)'111}3 icx?(;%izc«ieg 5°1f variation ranged from a low of 22 Iferr :;?i;l ff ianmn: i
. el il w0 S per cent in Nebraska in 1926, exceedi .
BRI E oo
| low| sae| mel M 46 N rley yields seldom exceeds 8 or 1
Bl Bl TE 2al m| iR probable error was loss than 0.3 bushel in Towa, Nor(t);hblllggl?:éa, an
. . 1. 5; by I O o ushe on in Stat - .
Ohig: B8 1o wl mal enl 2 2l 3 that have & small acreage. The Lot robabls et o o v anaa
M ionestota: 1027, .-ommoeoooooammernmeen ne| 2.7 9,08 327 7| o, ; ,pm:_cent in Jowa g.nd innesota. For 1925 and 1926 it exceeded 2
Missourl: 1927 . so4| 16| &o1| 483 L2 1.4 ntin Nebraska, in Pennsylvania, where th ed < per
RS BloEE i B H i Cdiomis, whero the dipomon was g,
Pennsylvanis: 1027 s0| 39| 83| 26 | o ! persion was large.
Bouth Carolina: 1027 cccvmcenconnan 183 21,60 9.20 ) . ,42.0. _ .48 23
Toxas: 1928 _oocoooceenamamonneon 174 3. 00 10. 16 4.2 .52 238
Montana: 1927 . .ccooomenmacnnnn . 168 30.80 12 24 .-30.8 B 16
Washington: 1927 . oreoceemnommnrnnoo 218 53.80 18. 51 36.1 .85 , 82
California; 1927.. 68 3137 132. 20 3.9 ‘Lol
Tdsho: o B :
1027 o1 52.00 50 a9l nefdi
19250 12| 40| 10| 78 85,
6 ... . = | os0]| 1.8, mz2| 18]
S 2| sim| 1wl Wil L8|

s
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TaBLE 14.—Barley: Averages of yields per acre computed from reports of crop corre-

TABLE 15.— -V
spondenis, and the official estimate, by States, 1927 and 1928 g L B 15. ‘3‘,",’61{- Yields per acre. Selected illustrations

of dispersion, and probable error of size of sample, measures

1027 : S e .
Average | Standard Pr
¥ ; T : 1 Coeffi- obable
Reported by| Re . |Reported by, Regoned  Bate, year, and district Reports (ﬁ?tg. deviation| gien; of | &TOr Of | Relative
the town- | by the field- the town= by t! e fleld| ' - : metic varia- agg;r:ird probable
ship aid list . ship list oid list mean) yields tion e error
State : < 8 - n " 8
5ﬁ 'A 'A i .
glelgleld B £ ] B v ) B A
~ - | < M . g - 3" .
AR LR ual on Bl @ B
@ g .. 3.2 : . . 1.3
: Eled|e SHIE |8 2 [<F|E gAlE |8 370 | =8l B 17
: . 7.64 2.6 .52 X
1,000 | Bush| Bush-| Bush-| Bush-| Buah-| 1,000 | Bush- Bush-| Bush-| Bush-| Bush- N0l 73| 252 "85 s
acres | els | els | els | els els | acres | cls | els | 8- els: | els 2 50 FEY 2.3 8 21
New York 188 | 29.5 ] 30.0 | 30.6 30.7 | 20.0 160 | 27.3 | 27.8 | 2.7 %.2| 21.5 2%.70 78 31.4 .04 33
Pennsylvania. . 2|20 2.2|21.0 27.7128.0| - 2 29.4]80.8|27.1|27.4 2.0: . 3.7 1.37 5.5
Ohio....-- 155 | 26.9 | 28.7 | 21.6 7.4 21.0 333 | 27.7 | 27.6 | 28.7 2.6 2.6 31.00 87
Tndisna. 8128|007 |%b|ms|na| o|ze|we|BI|H) 2.0 awl en| B2 ) =
Tllinois. . 453 | 27.5 ] 80.0 | 28.3 20.8 | 20.8 680 | 27.5 | 20.3 | 8.6 2.7| 28.5. 25.0 .25 8
Mi 186 | 27.8 ] 21.2 | ™.4 2.0 | 28.5 270 | 20.5 | 29.6 | 30.7 30.7'| .30.0
‘Wisconsin 620 | 34.1] 848|342 34.5 | 4.5 725 | 36.2 | 36.4 | 37.1 37.5 ~87.%; 26. 80 .05
‘Minnesota. - 1,460 | 29.1 28,5 180.7]20.5 | 80.0 2,000} 30.2 | 28.5 3L0}29.7 30.0; 30.0 .27 1.0
Tows....--- 40 | 8| 3Le | o a0 |ad| "em)| BT 882|503 a1| 888’ Py
ssour.._.. 41308100 | %0 zo| o] w|iw7|iel|no)Zg 220, b I .80 21
North Dakota. 1,663 | 26.8 26.012.5|24.7]2558 9,170 | 26.4 | 26.8 2601258 255, 20. 80 5o 21.3 .84 30
South Dakota. %0 | 30,1 |20.0| 306|301 |80.1}0%64 1242150 @5 |30l 27 08| LAl B2 “30 29
Ne 201801128 300|313 |28 40307306153 87| 826 2| 9ez| 9| L3 38
W\ BT\ 71| 7| 166 126]| e:)|280|287 %3 25| 7Y nwl tz .3 .86 54
Maryland 9 30,7|205]205| 18 aL4 |8L6|.81,0: z%| &4 290 R e
- Slaotaa| w0 |ose mo| 1 8TIRI| 201505 29'0 Nw &= 3 1o 33
20 | 22.0 251 201 a:tas|...|264|m2| B0 aLio| oer| a4 R 21
......... 21183]17.6]2L0 19.0 21| 243 | B.6]1220) ... 20.0 - 4.7 .64 2.4
36|16.6]13.1]18.9 17.9 ] 18.6 2)23.0]|249]207 2.8 'R0
105 | 18.2 ] 14.6 | 18.0 16.0 | 16.0 156 | 21.6 | 18.4 | 20.2 20.6 ) 210 28. 00 8.26 %
1961821 100 |7 |ae|mo| awjm1):2]BnTig 308 BO| s3] 29 .48 17
120 | 40,3 | 40,7 | 49.5 | 4.6 | 4.0 | 144 26.4 | 36.4 | 49.0 | 47.0°] 43.0 28,30 7.92 28:9 .70 26
HAEHES S IER TSI AE SR+ 90153 0 JE T 210 1 =0 1.00 39
il hs % o |mo| o7 8127150957 P40 : 8} Lo 3
0| B2 28| %0 |z 80| 1222|240 210000 18,0,
20!33.8(34.0]359 36.4 | 35.0 17 1 40.0 | 40.0 | 88.0 39,0 | 38,0 29. 40 8.77 2.8
0|88 0 Bo a7 4ol 3|szejsnllsmOind 1490, nol m| B .32 11
01462140 |50 ssa|4n0| 1iaojdar)sndim; 0.0 ! nel sul o 27 136 s
58 |40.1|38.6]43.0 a.8|420) 55)87.2 a5.6|87.3] 858|808 j : g .30 1.7
.~ 91)|889]|3.9 35.5 | 35.4 | 35.0 106 | 34.4 | 84.5 1 36.0 |- 35.0 .
008 | oo |eem e 27,5 | 1,044 | 34304 305 | 30.70
i i I T % 8.31 27.1 2% 3
X - T — MG HR 32# g‘gg 3L.5 .25 10
lCropnportlngdistﬂctmmnntyavmwdghtedbywrmlewdshu: .::‘J::;'z'li ~::i - 2.4 -B .7
N T N S L i: Vit ‘i 1
. . - . . . . 174 31.
Stratification of the State into crop-x‘_eport.mg-dl.!stncts resufl d, ;1n, T onEl k| 23 o 14
district samples with standard deviations materially . smaller ;than 3 13| 210|070} L0 -5 L2
. { el b 1024 ) 30 2. 05 8. 60 37.3 ] 3.1
those for the State as & whole, in both Towa and North Dakota.. 1. S 11928 . 0 T w| me| e -3 -8 23
The samples of barley relds show less stability and the averages Jugs - 8@ ®3 R 18
have less precision than do those of either oats or corn. This is.t0 } w! zwl rel =
be expected as barley is a major crop in only a few States, such as w| mal s 2 40 15
Minnesota, North Dakota, and South Dakota. In some of the States SN 4. : 102|371 ‘@ 21
with small acreage and small samples some increase I £1z6 of sample T - I 5| Be| Su| B8 ¥ 51
would undoubtedly improve the precision of the sample averages, but L. »| =al | i LM 21

barley is of such minor importance as & crop in most of these States .
that it would hardly be worth while, considering the facilities available

at present, to enlarge the sample.

. Return from a special list of crop correspondents.

COTTON

REPRESENTATIVENESS

; 5{111: g%wns%ip and field-aid samples for 1927 and 1928 are shown in
el poun&s The straight and weighted averages checked within
o pound 0m mozt of the important cotton States. The greate ?‘.'
o e occurred in the Mississippi samples for 1928. In Mi i
e is a great difference between the yield per acre of cof:;i



76  TECHNICAL BULLETIN 311,.U. 8..DEPT. OF :AGRICULFURR..

in the so-called Delta gection of the Sta.t_e.-.(districts 1 and 4) and.-im

the highland sections. Difficulty in obtaining & ‘sufficient number o

reporters in this Delta section means that in years when the Delta

has a good crop of cotton, the weighted average is higher than the

straight average. Difficulty in obtaining fully representative samples
in New Mexico and Arizona means that the weighted average fre-
quently differs considerably from the straight average. In  these
States, as with other crops, sample-data on cotton yields must be,

supplemented by other check information.

5

Tapre 16.—Coilon: Averages of yields per acre computed from reports ‘of crop
correspondents, and the official estimale, by States, 1927 and 1928 )

1027 ‘ 1928
Reported by| R rted Reported by] Re o
n%) town- byiﬁ‘é field- the town- ‘| by tggrﬂeld- 2t
ship list | aid list ship list | sidlist |
State s . . \ 3 5 . 5 " ‘3.
a- & 18518 3 4=1% 18516 g
£ |5 8|5 8 ] 3 PR
D
! ?g‘%g?%igé ! ?ﬁé?é@égé
@ >
< <§ B RN o ] 48 B ZHlg | o
1,000 1,000 -
e | Lbe. | Lbs. | Lbs. | Lbs. | Lbs. | 6crty Lbs, | Zbe. | Lbe.
o1 | ‘1sa| 10| 168 | 164 188 o | agr | s7 | 189
si| 210| 2;0| 218 | 217| 20 | 264] 204 263°
1,78 | 21| 226 28| 1,880| 02| 193] 211
2356 | 1301 134) 148) 142 148 | 2361, 134 133, 145
343 163| 14| 162] 180 wa| 78| 18| 18] 140
ei| 114| 1131 130 120 | 18 es| 17| w07] 9
oo | 12| 162] 167 1887 1B} L wr| 17| 18| 18
3166 | 11| 67| 1761 177 80| 2,634 | 147 | 10| 148
3a0| 18| 06| 193} 1% 104 4,020 163 172 163
30| 160| 163 | 185) 146 157 | 3es1| 147 | 1611 144
Traz| 165| 163| 177 | 178 j70| 1000 150} 160| 160
seor| 08| 124 | 131} 131 138 | 4243| 10| 121] 177
e | 17| 19| 125 17 120 | 17,743 | 87| 183 131
95 | 816 o1 | 361 | ss2| u7| 23| 388 3
Ar 190 | 30| 35| 373 | 32| 318 200 | 388 349 | 436
California. ... ---c---=-- 18| 4| 48| 349 862| 340 218| 4181 4181 414

/______———
1 Crop-reporting district or county averages weighted by acreage. T

o

BIAS

: v

The greatest difficulty encountered in obtaining the average yield .
per acre of cotton is the presence of a large degree of cash-crop bias' }
With both the acreage and yield of cotton }

there is always a marked tendency for crop reporters and others to :
1 til after the crop :

in the individual reports.

underestimate acreage, jeld, or production, un r
leaves the farmers’ hands. Table 17 shows the comparson of

reported yields per acre of cotton lint from both the townshig ]::nd ,
al=

field-aid lists for three successive months during the season 0

vest—October, November, and December—and. the returns from an ’
March after a large proportion of the cotton has !

inquiry sent out in
left farmers’ hands.
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TasLn - 17.—Cotlon lini: Wei i
‘ g 3 ighted averages of yields acre {7
. correspondents.and the official estimale, by Stales andple;;/ montl::,m c:oepda ?# 105?7J

and 1928
Crop of 1927 as reported in— Crop of 1928 as reported in—
State and lst No- '
De-
ge?;l- w&?- o‘:em- N{g;gh Final ggr"o{ vlgg- olgg- March
T \
1927 | 1927 | 1927 wis | o5 | Bom | 7 o
Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
BT m— Tl | 1] M M| | | |
Feldald-.........--- 164 219 - 185 189] 104) 230|111
i T It IO SO IOt ot 210
Township_.___ - 199 20
B —— 210| 287 27| u8
Field 8id. .......-oooooo- 21| 27| 7| R/ | o % % """"
Nor;rh Csrdlllna =0 ) T
- Township._..ooemmimmmme- 180| 200
I , 226 | 251
E'lql’d A7, N 16| 208| 28| 268|..... 16| 04| 21 7] —
Bpu%! Carglins: B |- s
.. Township.......-. R m gg }:;.42 125 132 126| 133
167 [omeeeel 135 27
o ~ sl 1 143
127| 137| 14| 168 17
....... 17
Fleld aid. 135 461 16| 178 |._._... 15| 17 }g }ﬁ """"
mor'ilga: - el e - i
ownship.....____ 8 141 113 N
Township.....—.......-- 13 148 ..o so| 100} 107
Fleld gid ... 1231 145( 120 187 |-._... 91 95 88 lg """"
- s : U3 I JRRA SRR B 97
ownship... 131 151 5
Township 162 184{._.... 1381 146
E.ﬂmg - 135| 168| 18| 194 |._._.. 136 | 142 i;ﬁ }gg """""
Alal'nrama: h T 17 - “"iés
Township...cee.o-o 147 154
B ema— 167 | 101 14| 126} 140
lold pid.....ooooeoooo- 142 158 179 208 |......-| 125 1271| 142 }g{, """"
'I‘Ixaaippl}:1 ) N -r e Rt e st 10
ownship. .- eeoeneee- 153| 170| 198
Township....— 22| .. 44| 18] 172
Fleld aid.....—.- - 1650 174 190| 224 | ... 139 149 170 }gi """"
Ark%nsas: hic B e i o A N -
ownship_ . ceemmmmaaaaa- 135 146 152
Field aid_.__._-
Fleld o e 130 131| 145
Lou,lls‘lann:
P Township ... 132 149
Field aid..----ooooooos y 17
Fleld pid..._..oo—-—-- 48] 158| 178
Oklgrhoma;h .
ownship__ . coocoo- 97 113
Fleld aid. _J_- .00 11
Flold ald.......oooeoooo- 101 114] 131
'I‘ext’zra: nah -
- Township....c... 109 112
TOWBGhID. ..t minsoeeo- 19| 132 n7| 128
Fleld sid........ - 1mo| 14| 27| 139 ... 17| 128 ig? }fg """"
New Manrico: B el S R - .
288 | 323 470 240 385
336 ). |.n
382 | 361| @87 |..eo.- 350 | ae4| 362| 378
DO PO I, 3627 | 360
343| 316| 37 01| 320
....... 34
318 | 872 | 307 | 402 42? @
..... 315 I T4
358 | 4781 380
3781 352| 440 .0 % 2«253 33 gég """"
..... . U N7 ) S I S
United %tatfies: -------- =
PR T Y-\ 7 YO FURPPOIN AU N E, 1848 [ oo feeeeas PP 152.9
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One might expect a low probable yield to be reportedfon‘ithé first:

‘ . TanLe '18.—Cotlon: Yield 3 ] ; ]
of October, when the crop has not been harvested to any appreciable Pt res o dispersion. and provatis comen 120 o sample,

measgures of dispersion, and probable error

extent, as in most of the States there is always a possibility that bad
weather will prevent or retard the picking and maturing of cotton Average |Standard| o .. | Probable
after that date. In practically all States in which cotton is an 1m- Btate, year, and distriot Roports | oSl |deviation Soeffl- | error of | Relative
portant crop the reported yields were higher for each successive _ metic | ported | VAT o yiaid | Vamor”
inquiry, the highest being reported in March of the following year. mean) | yields or mean
Tt s possible that the crop reporter overestimates the yield in arch,
for that is the time of the year when farmers, obtaining credit for the Number | Pounds | Pounds | Per cent | Pounds | Per cent
next year’s crop, are inclined to be optimistic concerning their abilifi}; 75 64| 6020 31| 147 1o
to grow cotton. This optimism may result in reporting yiel 103 w1 40| 25| a5 2.0
somewhat above the facts. . & | Bl B3| i 21
Fortunately there is a better check on the production of cotton than it 13| | i 1w Y
of any other crop; the cotton ginnings are ascertained throu h periodic s 120 3ss0| 23| 386 20
personal visits to gins by special agents of the Bureau of the Census. 58 | swwm| Bi| 5% i
Although it is known that there is a large degree of bias in sample i 10] 6840) 5L5) 847 6.6
data on both cotton acreage and cotton yield, it is extremely diffi- 868 ml sl w2l 1w 1.1
cult to determine just how much of this bias occurs in the yield $s0) Mb] 17 L1
reports and how much in the acreage reports. Development of more » M| B0l Be| 3% 4
refined methods of determining acreage changes will make it possible & | s4nl 3zl 41 z9
to solve this problem. . el s ww 5431% gjg'% 28
. . .91 43
PRECISION OF THE SAMPLE AVERAGES oA “ ws| | ms| % -
The weighted averages from the township and the field-aid sam- i W] Bx| %] 18 L1
ples checked fully as well as in the case of other major crops in 1927 625 | | el 2w Lo
and 1928. The greatest differences between these two samples occur -1 w6 s 355 188 1.0
in the less important cotton States, Missouri, Virginia, and Florida, ‘ : L7 %3
and in the far Western States, where conditions are extremely varia- 376 nel ol szl zam 28
ble or the sample is very small. No increase in the number of reports » v Ty BT B
is likely to change materially the averages obtained from the present 39 6| 00| 53| 109 55
lists of crop reporters. The matter of bias can not be corrected by a8 1 oer B8 3% L2
increasing the size of sample. _ o ) w®| I b 2.5
Table 18 presents for comparison (1) the size of cotton yield-per- 26 57| 4110] 86| 6z 109
acre samples, (2) the average yield, (3) dispersion, (4) variation, and 202 72| 8560 40.7 3.37 2.0
(5) probable error of the average yield obtained for several States. " wl el sl on
Samples of cotton yield show greater dispersion than do most other - u a7 shoo| 304 o7 73
samples of yield per acre. The coefficient of variation is seldom less 59 | ewn| Ro| 'tk o
than 35 per cent, and in a State like Oklahoma, in 1927, the coefficient 2 o %Kl ol 8% 85
of variation was 80 per cent. The probable error of cotton-yield 8 16| 65d0| ol9| 618 o
samples was usually below 2 pounds in Mississippi, Georgia, and : 8| 40 &7) 9 8.2
Texas for the years studied. The probable error exceeded 3 pounds S e -1 o sesr a1y 278 18
in South Carolina, where the sample is smaller than in most States. ’ ' '
The relative probable error was about 1 per cent in Geo ia, but was 257 w2f meo| 4| 310 2.0
more than 2 per cent in some of the other States, depenlﬁli.ng largely S 102511 IIIIIIIIIIIIIIIIIIIIIIIIT o o] pa) gl 4% 29
on the size of the sample. : C o 132 11| eLlo| 380] 3 23
The crop reporting district méthod of stratifying cotton yields ma~
terially reduced the probable error of the r%dtmfllweigh averages. ot ms| oro| | 2 T3
The district samples showed, on an average, smaller standard devia-: : .
tions than did the sample for the State as a whole. In QOklahoma, for 1,245 ue| eroe| 451 L2 9
example, the standard deviation for the State in 1927 was 93 pounds, 3 = e | x| Bo| Id L2
whereas four of the district samples showed a standard deviation of S ™ oo 540 06 67| 6.3] 176 L7

Jess than 50 pounds. t As reported in December. 1 Ag reported in October.

* As reported in November. 4 As reported in March, 1928.



TR e e

80  TECHNICAL BULLETIN 311, U. 8. DEPT.,OF. AGRICULTURE.

re is probably no crop on which more inquiries are sent: outbire-
ga;lzlligg thepyleld Izar acre than on cotton. _Igot' only a.rebyltelﬁdss ts()b}
tained from the regular township and .ﬁeld;ald reporters, bu 1 _;)h
ginners and bankers, and other special lists, are cucgla(xl'lzf vao
cotton-yield questionnd ires. '{he ﬁﬁla.l %S:;{:%tfe t?lfet};ge delp eg 5 c(; 3 aI;
is determined in part on the cTe,
gg‘i::fieby dividing the production of cotton shown by the ginming
reports, by the estimate of acreage harvested in each %ta}.a; i larg
degree of cash crop bias makes it almost impossible until after the or };
has left the farmer’s hands, to secure & sample on yield per iai,cre a
can be used as an estimate of the actual yield. Not unt.d a lmo;'g
satisfactory method of estimating acreage changes has been t:;fe op od
will it be possible definitely to measure the bias of the cotton-yie

samples.

TOBACCO

is grown in rather limited areas. In any one year disper-
sio'floil;fc;i%ld %I(;r acre of tobacco in a State 18 due not only to gei(i-
graphic distribution of weather factors, but also to dlfferencefs t’1(1)11)430 8
on which the tobacco is grown and to the various types o aCCo
produced. In Kentucky, for example, six types of t?ba(:éo tix)re gr:})wx:3
in more or less sharply defined districts, usually re er;'h o a8 xpe
districts. As a result of this diversity in the factors a,ft etermm300 o

jeld per acre, farmers report tobacco yields that range irom

1,700 pounds or more per acre.

BEPBESENTATIVENESS

ws the State average ields per acre of tobacco as ob-~

tai'}‘lzglfr;zl St.}lll(e)s township and the elg-lm_d samples. Tlsle straight I?ilclzd

weighted averageés differed pons_nderably in some of the ta.tets inw ich

the production of tobacc({ 18 lngfh(li}7 topsi;hzvedi é liltlsf::i%h cgl‘ighyawﬁ;ghly

in place of district we

fggalfir:e ug:)%is%z%icco .p Although thedifference between the Stmllxght

and weighted averages i!ll }tlhe sarﬁe sam}()llse Iir;ag ;Ié::(:sl;l: r;,ro tgnmpeﬁ
o several hundred pounds, 4

g(i):(li ihizu&% 'Zrue average yield of tobacco on. & State \S),as?e mag B::

anywhere from 500 to 1,400 pounds, depending 011)1 the Sta ) E;so,ns L on

the type of tobacco grown. On the whole, the to dia,cco samp,

no larger differenges between straight and weighte Iavrl(‘arb  then Lo

the samples of most other crops of similar acreage. —in able

with acreages less than 10,000 have been included.

es than do

. and such a comparison is not particularly si
L of the stability of two samples drawn from the same universe, except
! in the States with the greatest acreage.
i averages from the separate samples were 693 and 708 pounds in
i North Carolina, 718 and 707 pounds in Kentucky, and 731 and 703
f pounds in Virginia.
:in North Carolina and 742 and 754 pounds in Kentucky. The two
f lists were merged in Virginia in 1928. These three States have about
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Tapup 19.—Tobacco:-Averages of yields per acre computed from reports of crop corre-
apondents, and the official estimate, by States, 1927 and 1928

1927 1928
S Reported by | Reported by Reported by | Reported b
R “the town- tgg field- the town- tho field-
ship list ald list ship list ald list
 Btate T 1= 1 2 PN E
AP BEIREIRE
. vg ';, Vg 'U; § <4 ’8; g 'g'é §
@ E =8| 8 % ° 2o | £ F’é‘ o | £ g
§§§§§%§=§§§%§»5§§§
0 b > B 2
. 2| <8 EB |« g8 g1six8 e |2l | O
: 000 1,000
3 acrés ] Lbs. | Lbs Lbs, | Lbs, | Lbe,
8 1,411 | 1,376 | 1,245
25 211,811 ] 1,205 § 1,190
111,080 |-_._... 1, 1,275
371,327} 1,335 | 1,305 | 1, 380 | 1,340
42 T44 869
14 627 826 820 812 820
371,281 |1,324 | 1,216} 1, 255 | 1,325
4 1,157 825 940 1 1,100
31 52| 730
72 [ 181 | 76| os0| 600
West Virginia..... s| 704] el smy sy TS| 7 1 ome| 2| w0
Rt Covolina. .| e e2| ea| 70| 78| 77| 78| 627| 628 6| 62| o8l
South Carclina | 104| 67| 6| 705| 76| 7T 18| B2} 545 53| M9, bo6
Goorgia. - meeenn-- g2] mo| el ma| 7| sl 12| e3] ee2| em| m2| o0
Kentuckyoceeen--- 728 718 705 707 697 388 737 742 6 754 75
Tennessee .omwv.--- 88 828 114 776 752 780 109 858 782 736 742 787
Louisiana. ... ) N POSR SOO 400 |._.._.. 400 ) 1 TP AU 405 | ... 405

" 1 Crop-reporting district or county averages welghted by acreage weights.

BIAS

- With -t.obaéco, a reliable check on production is obtained through
the records of sales and is of material assistance in rectifying not only

the estimates of production, but also those of acreage and yield per
acre. There is some tendency toward cash-crop bias in some States,

. Tobacco is such a highly localized crop that in all except the States of

largest production the official estimates are more likely to be based on

special information obtained by the State statistician from personal
contacts with the trade, than on sample data reported by the regular

i correspondents.

PRECISION OF THE SAMPLE AVERAGES

' The methods of handling the yield samples for tobacco vary con-

. siderably from one State to another, de ending on local conditions.
b Consequently the averages from the fiel

lists of crop correspondents
are not always comparable with the averages from the township lists,
ificant as an indication

In 1927 the two weighted

In 1928 these averages were 628 and 632 pounds

.70 per cent of the tobacco acreage of this country, whereas the remain-
fing 30 per cent is distributed among 14 other States.

106756°—32——6
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TanLe 20.—Tobacco: Yields per acre. Selected llustrations of - size of ‘sample,
measures of dispersion, and probable error -+ -

.. Table 20 presents for comparison (1) the siz i
I o of tobacco yield-per-
acre sample, (2) the average yield, (3) dispersion, (4) v:riast’;}gn, I;.;l;i

(5) probable error of the aver i
h f the average yield obtained for several States
Aversgo | Standard contt. Probable| 1 sive 3'1310 coefficient of variation in samples of tobacco yield seldom exceeds
State, year, district, and type Reports | (arith- | ofre- | %S00 | the aver. | probable per oent and in some cases is below 20 per T
mmetic | ported ageyield | error per cent. The probable
tean) | yields | HOP | ormean gl:or']m 8 St(:ia.te that has a large sample, like Kentucky, seldom exceeds
of Eo bPOIm gfl?il; the State as a whole, but in most States the sample
Ko Numer | Pounds | Pounds | Per g | Pourdy | Fer oy conseq?g;)tg’lzh - s;ng}l, frequently no more than 25 ebservations;
""""""""""""""""""" 3 3 : . 6 probable erro ’
BITR R R B CE | o Tt i o Tho lobps th e
mel ol mil 129 18 1p;’rob»,b I; elliror is undoubtedly the more significant basis for compar-
7| ieol aue| 197 2.7 on. entucky the relative probable error was usually less than
f mr| w0l ZE| ks 29 1 per cent, and even in some of the States with a small sample the
; it }g;% el wy 18 relative probable error seldom exceeded 3 per cent.
‘ % i%lt H g: ; 1 7 %% , BTRATIFICATION
’ 4| 187{ 2009| 1.2 2.6 " A compari L. .
o] Mio| w4l 198 29 omparison of the standard deviation obtained f
@ sl i i) 13 roporiing distriots and tho siandard doviation obiained o e, prop-
875 | 2062| 2.6 6.5 R districts shows that there i : : 6 type-
g0| 40| =3 57 7 e o d9l'0 is somewhat less dispersion when the sample
wo| zma| 44| 188 18 tricts. Wit.hya ﬂ%ymmiﬁzgaagrgy the }I;Bglﬂﬂ-l' crop-reporting dis-
| w4l B ARl ik from ono to seversl types in o given State, th tobacco, made up of
os| amez| 10| 116 13 X ypes in a given State, there is no question but
g 68 a2| 140] 19.0| %6 llg that a special system of stratification should be used, which would
" o s| M3 oo 154 s :allif i:ll: tﬁ c(fmslde!.&mm'l types as well as geographic location. Such
: ” o mi| ks = ethod of stratification would tend to improve the precision of the
! & Bl }%é 189::15 % i average yield and result in estimates not only more reliable, but far
OB G oE @ i g oo pemensiieied i o, ’
i 338 ge| 207.8| 241 7.6 .9
280 78| 1mol Bmoy 7e| 10 POTATOES
o kgﬁ. el 188l e L2 . , REPRESENTATIVENESS
o) LB E1 zil B4 38 'SNE ' Potatoes are grown in practicall S
d 4 : ractically every State, but i
13 m| 1980 25.3 12.4 1.6 f the acreage is small. The straight mdrzveighte’d ;Ve;.n r(raxsan%r Stg. tes
pa| 88| meo| 34| 208 2.8 - samples, as shown in Table 21, checked withi ages of potato
% 4| meo| 43 B 2.9 ., , checked within 10 bushels in a sur-
B ew| 60| Wb} 160 Zs M. prisingly large number of States. Only in an occasional sample of
al | ms| e 7| 22 W Eota.to yields per acre did these two averages differ by mo thp 2
#| em| wrs| sl W1 28 . bushels; most of these occurred in the far Western Stzt re than 20
138 0| 2.0 2.9 12.8 17 ©8.
2 74| ie0] LBl 30 29 §
62 kedd 167.0 217 14.3 L9
25 | ol -ws| 25l '3
18 wr| ool 23| .02l L
76 9| wwo| a4l usl 28




84  TECHNICAL BULLETIN 311, T.8. DEPT. OF<AGRICULTURE' ] ADEQUACY:AND RELIABILITY OF CROP-YIELD ESTIMATES 85
Tapun 21.—Polaloes: Averages of yields per acre computed from refM“"Of”“"P geams 6 be less evidence of cash-crop bias in reports from the far
corres “and the ofiicial estimate, by Statet, 1927 and 1928 . - Western States or from the Central States of Michigan, Wisconsin,

i : - and Minnesota.
1027 i . 1028 PRECISION OF SAMPLE AVERAGES

. reortodbo|Reporteabs| 'The weighted averages from the two samﬁnles, township and field-

hravise it thefield- | aid, checked within 10 bushels in practically all States east of the
state S o Rocky Mountains. As might be expected, some rather wide differ-
A b | § A% |4g|t | B ences were shown in the far Western States. Table 22 presents a
23 %” 18 3 Eg 5 1% a 2| % comparison of (1) the size of yield-per-acre sample, (2) the average
Eg 3% g §§, 8| ¢ és %§ E 2 §§ yield, (3) dispersion, (4) variation, and (5) probable error of the
52 |2° | &% 2 g E|Ba|3 B2 | % : average yield obtained for several States. The coefficient of variation
RE B B |81 3|8l |« |F 1O for potato yields was higher than for the yield samples of most other
e | st | Bush | Bush crops. Invery few cases did the sample have a dispersion of less than
o s 40 per cent, and fre%}lent_ly the dispersion reached 50 and 60 per cent,
Malng T 161 173 - » and in the State of Washington in 1924 the coefficient of variation was
o ot 1z 81 per cent. The probable error in the important potato States was
Messachuselis - 130 not far from 1 bushel, while in the far Western States Idaho and
New York .- 10 .W'a.Shlngton,'lt was from 6 to 8 bushels. The relative probable error
N e oonnia. 120 is & more satisfactory basis for comparison because of the wide differ-
100 ence in yields as between States. The relative probable error of
e samples of potato yield was not far from 1 per cent in New York,
s Michigan, and Minnesota, whereas in North Dakota the relative
186 progmble error W%; slﬁhtly more than 2 per cent and reached as much
as 6 per cent in Washington 1n 1924.
108
1% ‘ A .
'123 TasLe 22.—Potatoes: Yields per acre. Selected illustrations of size of sample,
12 f}g . : measures of dispersion, and probable error
152 i
113 130 125
102 o 84| 111 A Standard Probabl
Bl 8l Hl s %l B| Al R e o sttt com | B! s
7| s| B} 6| M} 7 68 82 |.--o. 7 State, year, and district - Reports | (arith- | ofre- | Soii? | theaver.| probable
52 89 90 89 g2 91 101 0| 104 | 108 108 I metic ported tion ageyleld,| error
AHER R s ) | S i
Bl w| »| o 7| B | | w| e e
oa| 78| 71| es| 6L} 68 . 71| 78} 64} 61 «.;«;3 s Bushels | Per cent | Bushels | Per cent
41 65 45 68| 61 65| 41 .88 61 a7 63 150 b 54.40 53.6 .86 0.8
;g %g gg g gg gg ; glg~ 2"45 ;‘f ) g ”’;%3 - 41.60 52.7 .86 11
36! 18| 151| 136| 138) 138 37! u2 | n3| 08| u2p 3 38.00 5.7 3.06 4.3
1151 188 | 214 218 | 211 212 116 | 147 | 174 1167 | . 168 ‘-;“lm 38,20 53.8 470 6.6
17| 1511 144 142 142 1 1137 91| 107 110 113 | 17 i gg 34,60 a1 1.48 1.9
96| 128 | 145 136 167 | 150 |- 110 102| 134] 1 120 ,»_-sl 45.10 60.9 2.00 2.7
21 I 1M 157 1 135 162 | 165] 185 197 20.10 49.2 1.85 3.1
79| 152 168 165 | 198 | 170 67| 126 | 149 112 13 37.40 42.6 2.08 2.4
Oregon... - 52| 135 128 116 116 | 120 2| 122] 110 }g% 142 30, 60 379 188 2.3
Californis.- - -3 IO B 124 183 | 183 5O fo-oeorfoeoer .2 5.0 304 38
1 Crop reporting district or county averages welghted by acreage. 55. 50 40.2 1.37 1.0
BIAS 59. 30 3.1 2.75 18
. N . . 3 -1 2. f 2. 70 49.0 518 4.8
In some of the strictly commercial areas there 18 definite evidence of? & 8 1| ws43| 6rio| 25| 428 34
) . - old t potatoes injg 83| 16340 49 30.2 3.65 2.2
cash-crop bias. The final estimates of yields per acre o po f th ; 1026 o1 Jae| 6L40| 425| 310 2.1
Maine are generally many bushels higher than the _a.vem%es 0 y ,: 3 m-memeene o
combined field-aid and township samples. In Maine, the car- ﬁ 4 - 2l e nel 3 s 4
shipments of potatoes furnish & valuable basis for determint t uﬁ : B 42| ex20| 48| 8B 37
total production of potatoes In that State. In Virginia, the ofnc 9 om0l sos| 4.7 L3 11
estimates of yield per acre run much higher than do the samplog el 08| B4l 1 b
averages. Aﬂrge part of the potatoes of “tg‘mﬂ- are grown in cOD L | x| 5| L&) L3
centrated commercial districts on each side o _Chesa.peake | ee| 21| 43 a4
h A L AL A T aduction estimates. 90.84 | 29.90 23.0 L7 13
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TasLE 22.— Potatoes: Yields per acre. Selected illustrations of size ‘of - sample, Cohen o STRATIFICATION
measures of dispersion, and probable error—Continued - + . N : , o ] .
—_— _Only about one-half of the districts in the three States for which
Average |Standard | Goafh- Probable) .\ ive district data are available—New York, North Dakota, and Iowa—
State, year, and district Roparts | (uith- e | clent of the aver- | probable showed smaller standard deviations than the State as a whole. A
metie ported | “tion sgovleld,| emor separation of commercial districts from noncommercial districts
' 1 L would be the most important step toward the stratification of a State
Per cont | Bushels | Per cent into more homogeneous districts, as commercial districts usually
s2.10| 38| 871 28" have higher yields per acre than do noncommercial districts. To
®eo| 27| 1.8 3.5 arrange special districts for potatoes would undoubtedly materially
u| 20| 79 27 improve the homogeneity of the districts, render the sample more
75.85| 98.4| 6.8 .0 representative, and increase the precision of the weighted average for
85. 60 42.4 612 3.0 the Stﬁtes
70. 3.9 ‘9,01 4,1 ES
: wel wa| we| &b SWEETPOTATOES
| mes| €7 6.48 ‘3.8 Sweetpotatoes are primarily a southern crop, for in only three
| BRI wrl T 54 northern States—New Jersey, ois, and Missouri—are 10,000 acres
g 0e.60| 80.8) 7.0 6.0 or more grown. In only & few scattered cases (Table 23) did the
‘ s115| 08| 402] 100 13 straight average of the samples differ from the weighted average by
| ws| 7| a3l 260 TS more than 10 bushels, and seldom did the weighted average from the
sl x| BN a4l 281 N separate samples show a difference of more than 10 or 15 bushels.
ga| meo| sl &Il 2% 34 Throughout the South sweetpotatoes are grown primarily for home
127 s usl e 3.06 40 use, although there are important commercial districts in such States
n| w®l 8% mol A} R0 as New Jersey, Virginia, and Maryland. Generally speaking, how-
! 24| ssu| - s28( 34 48 ever, sweetpotato acreage 1s fully as well distributed in the Southern
w0 7610| 3680 4.0 .98 1.3 States as is the potato acreage in the Northern States.
664 ] 56.08 3101 .58.3] .. ¢ -8 1.4 - . ‘
w| 1moo| ' 4675 4.2 1.40 13 TabLe 23.—Sweetpotatoes: Averages of yields per acre computed from reports of
T I .0 a8 2.9 ' erop correspondents, and the official estimate, by Stales, 1927 and 1928
3| 1250w| 4500 36.0 4.38 3.5
94| 92.00) 3280 35.8 2.26 2.5 1027 1928
47] 119.00 5076 | o420 ) okl 42 N
Gl Cwb| 3|78l is) 4
% 1%.(0% 55.75 48.5 5.56 4.6 Reported by Reported by Reported by|Reported by
491 114.00 51.25 45.0 " 4.94 4.3 the town- | the fleld- the town- | the field-
53| 118,00 38.78 R4 3.59 31 ship list aid list ship list ald list
moo| 42.25| b6e3| 176 3.3 State — T T | & —17 | £
P mw| me 467 Lo Y 28 g~ 5 ¢ |3 2al8 |ég|B ﬁ
EEEER! AR
or.o0| 48.20] 480 235 L% ] % T s s
W Em| Bkl ay im0 43 8|38 8|2% 2 | B (60150 B\E|
199 ) o 2 @
| 6| 3bso| e 16 ad <<§BE§BoEZBQB§
118 L1+
2l s vel &1 12 L 1,000 | Bush- Bush Bush. Bush- Bush 100 BushBush- Bush Bush- Bush-
es| ¢ & els | acres [
@) oms) el na| @l 1 il | | | | | T |
188 87,00 41,10 47.2
2.02 a 12| 1101 100 114} ... 112 11| uz| 1ol 1 105
m| w0 e as| w| 1 b | | AR
5| =8| BR| 8 &) ¢ HEEE R R R R
3 02
s | joroo| 4L} B 1%81%75%3(8311985863%%3
1 A8 roportad in November. MBI IR
78 93 o4] 100 98 70| 109} 111| 100] 100 93
eo| 11| us| 10| 12| 12 s6{ 10| nsj} 1w08| 107 110
38| 16| 17| 14| 15 116 28| 104) 100 84 83 90
91 101 102 74| 104 91 923 90 20
22| 16| 100] 108 | 106 106 20 89 90 20 89 89
m| e 102 se| e0f 00| 8| s 7| B 7
12 121 99 920 12 128 96 96
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Table 24 presents for comparison (1) the size of sweetpotato
yield-per-acre sample, (2) the average yield, (3) dispersion, (4), vari-
ation, and (5) probable error of the average yl_eld obfmned for ‘thlef
sweetpotato sample for Georgia for four years.  The coefficient o
variation was high, ranging from 49 to 89 per cent. .The relatnce
probable error varied from 1.4 to 2.3 per cent. Georgia s probablyd:?
typical Southern State so far as sweetpotato production 1s concernec.

Ceopde

TABLE 24 —Sweetpolatoes: Yields per acre. Selected illustrations of size gf’-"‘*.
A sample, measures of dispersion, and probable error ChR

N :

Standard| Probable |- ey
ST el S50 | S B
- o~ 3
State, and year Reports (m e%lo e vm e B arror
mean) yields or mean
: mber hels Bmﬂeh _Per cent | Bushels | Per cgnd
Geo‘i%lz%'l ....... e 538 Bu"ru 36.1 48.5 1.08 1.3
1996, IITIIIIIIIIITTT . 378 8.2 ;&: gtlig '1.32- ‘ ka
oA = % &5 341 wo7h el
: » : e
1 As reported in November. : | B
" TAME HAY R TRCE B SRR A
REPRESENTATIVENESS = = ' OIS A ENERRNR REAR DU Y

Tame hay of some kind is grown in every State . even-Rhode Tsland -

i 00 acres,
has over 40,000 acres in tame hay and Delaware about 80,000 acres
Tsé.sbl(c)a 25 shows a comparison of the averages from the two sources of

sample data—yields of tame hay, and illustrates the small differences :

that exist between straight and weighted averages for a crop grown
go uniformly over a State. .

1 i eports of ;
25— All tame hay: Averages of yields per acre computed from reporis
Tawie crop correspondents, and the official estimates, by Statga, 1927 and 1928

1927 . us
: - ) -
Reported by Retgort.ed Reported by g e
the town- | by the field- . the town- | by
ship list ¥ qid list ' ship list ald list
te ) i e .
o g1t |da ] 4-15 |8z &
CIERT 3 % i T
L] o
PlEE LB
3 ERIE 43 £ |8 | 4 |<F | |<"|F
1,000 1,000 K
;'"‘;Tm“"%’,‘";;m%mmw%
Y5 2 R . . . , .
New Hampshire....| 463 | ... 130 138|127 450 - 1.44; {.g -t
Vermont 922 1.85) 1.56|1.58 914 1.8 1ot
Massachuset 466 Tl 1| 1.59|1.45] 460 [ 1.31 1821.1
S AR e e e 1R
ggrgmycgi“t' """ 4,850 | UB5 |0 86| 16| L51|1.51|4507| 146|145 }g }'33 t‘
New Jersey ... or7 173|172 Le1| 168|170 7 L. gl 1| Lo b
Pennsylvania__ .- 3,076 1.22; {.249 }.gg -}.% {.&5 i% }.gs; }'27 1o} 1e8] 1
3139 | 1. . . . . y . . 121 L
. ‘i) 150) Leo|re7 |8l 128 128) 120 1
A }ﬁﬁ i.m 150 1.:6 1.;2 :;gg; }g 1'32 }.g}s }g_} ‘112
44| 144 146 147 1L ) . . . .
1.33 1871 Too| Lol |2031820| 148|148 168 }.g t
rss|rss| L7zl 176i20r| 23661 Ls6) 1621 1871 L
e e e o eneamng wwalrhted DY acreage.

SpINRUBUSARRBERS

ADEQUACY:. AND: RELIABILITY OF CROP-YIELD ESTIMATES 89

TaBLe. 26.—+~Al tame hay: Averages of yields ger acre compuled from reports of
|, erop correspondents, and the official estimate, by States, 1927 and 1928—Con.

1827 1928
Reported byl Re ¥]  Re
the town- | by the fleld- the town- | by the fleld-
i ship list aid list ship lis¢ ald list
- Btate 1 V B 2 3 . B . g
. ‘ lazls | 8518 =% | 55| % g
¥ 55! 51|20 |20 |5s | 4
15|50 | 38 HEAETIR
~ §lBs\85 B2 8% | 3| F|Bs|sF 85|55 |2
" 188 |3 s | g g |3 |Bg | @
- EUEHIE |EE(E | 8|3 |E5|E |E8|2 |8
) 1,000
Tons | Tons| Tons | Tons | Tons| acres | Tons | Tons| Tons | Tons | Tons
L43 | L42] 1.4 1.43)1166|2,85| 1.32}1.31| L38| 1.35( 1.51
1.33]11.31] 131 | 1.30)1.46 3,209 | 117109 | 112 107} .27
1.6611.64] 1.60] 1,61 L8711,003] 1.51)1.451 1.49| 147 | 1.87
1.66 |1.65| 1.65| 1.68 |2 061,086 1.2211.16| 1.10| 1.08 .52
1.68|1.68| ,1.79{ 1.80| 240 | 1,560 | 1.43 | 1.40 | 1.41| 1.38| 2.16
1.87 |1.87] 1.990| 1,00 | 2563 | 1,406 | 175|177 | 1.90{| 1.90) 2.37
1.90)1.67) 17| 173|178 81 |.- L6l {...__. 170
............ 1.60| 1.58|1.685 430 |- 1.68 | 167 1.78
1.62]1.60| 1.44| 1.43|1.37|1,063| 1.44 | 1.44| 1.36| 1.36]| 1.37
1.61{1.62] L61| 1.49| 162 814 | 1.571.56| 1,49 | 1.47} L 45
.93 I 1 . .94 752 |*1, 958 11,896 |..___.. .98
.72 .70 .80 434 21,363 [....__ 11,430 |21, 245 .87
.78 .82 .81 .70 792 1,674 .6 .62 .64
- | 2] 61| 88| ]e.... 31,425 11,424 | .73
141} L39} 1.37| 1.3711.4211,253| 1.35|1.30} 12 1,21 L31
1.34 133} 1.27] 1.22711.30}1,310( 1.37| 137 | 1.34| 1.40| 136
1.35| .82 11,490 11,500 .84 615 111,600 |._.._. 11, 558 |71, 600 77
1.06 |- 1L10| L20¢{1L21 451 12,135 1 1.101 1.25
12,067)1.03| 1.04| 1.06| 114 625 112,108 22,331 132,467 { 1.09
L27 [aeo. 94| 1.49]128 297 22,062 |__.._. 12,554 |23,180 1 1.43
136 [--.... 1.26| 121|159 576 32,612 |___.__ 22,193 22,285 | 1.46
L2 ... 1.15] .20} 119 637 122,356 |.._._. 12,300 (12,400 | 1.15
1.7711.83| L84 1.83|212|1,204| 1.565)1.62] 1.64| 1.65| 1.98
261|281 280 3.24|3.11 (1,047 | 240 2.65| 2.65| 2.08| 2.583
165|162} 1.76] 2001178 651 | 1.44f 145| 1.56 | 1.59| 1.80
1.81 | 1.83| 1.83| 1.89|21711,207| L7174} L90| L96{ 207
148 ) 1471 1,92} 2091221 186} 1.82]11.76] 1.83| 1L94| 2.19
3.25(332| 300 410]3.50 185 3.03|3.60( 3.30) 3.60| 3.77
2,73 | 277} 2.85( 2.80 | 2.60 570 | 2.49249] 200 2.40| 2.46
2.19[238F 224 2,20} 238 208 | 231|244 3.00} 3.00] 260
2.36|255{ 2.36| 233|249 906 | 207|200} 216 217 236
2351247 204 211228 95| 215(213] 202 1.96| 226
- PO SR . 313 1,654 || feemoo]eiaae 3.09
‘;!,"Poundz per acre, ) .
4 B . BIAS

¥ {There is no particular reason to expect a cash-crop bias in the case
of a crop like tame hay that is largely fed. But there is considerable

g

in' tons to the quantity harveste

¥ ghrinkage in hay; as a result, the quantity used or sold is never equal
3 q

Shrinkage and wastage due to

¢ fleld stacking are undoubtedly more serious with hay than with

grain crops.
I .

'( “The final estimate of the yield per acre of all tame hay was in many
. cases somewhat different from the indication shown by the sample.
. This difference is due to the fact that the department’s definition of

PREVENTABLE ERRORS

E what constitutes tame hay differs in many cases from the definition
¢ that the farmer has in mind. Consequently the estimates of the
. yield of tame hay are derived figures obtained by first building up
! the estimates of the yield of hay by varieties and then dividing the
¢ total production by the total acreage. When an Iowa farmer is
£ asked to report on the average yield of all tame hay in his locality



90 TECHNICAL BULLETIN 311; U.'S. ‘DEPT. OF ! AGRICULIURE-

he seldom includes the high-yielding alfalfa or” sweetclover ‘hay,

Sudan grass, millet, or other special hay crops in his estimate of the
average yield for all tame hay. S w

PRECISION OF THE SAMPLE AVERAGES

'

The difference between the weighted averages from the two samplés "

seldom exceeded one-tenth of a ton except in some of the far Western
States. The yield samples for several varieties of tame hay, such as
timothy and alfalfa, show practically the same degree of stability as
was shown for all tame hay in Table 25. : :

Table 26 presents for comparison (1) the size of tame-hay yield-
per-acre sample, (2) the average yield, (3) dispersion, (4) variation,
and (5) probable error of the average yield obtained for several States.
Few yield-per-acre samples of tame hay had a coefficient of variation
much below 30 per cent or above 40 or 50 per cent. The relative
probable errors for most of the State samples analyzed fall between
1 and 2 per cent, with a few less than 1 per cent. e

TasLE 26.—Tame hay and alfalfa: Yields per acre. Selected illustrations of qizd
of sample, measures of dispersion, and probable error S

T

TAME HAY [
Av Standard}| ¢ oam- Probable| "
yleld |[deviation| o 'or | erTOT of { Relative,
Btate, year, and district Reports | (arith- of Te- varis-' the aver- | probable
metic | ported tion age yleld,| error. .
mean) ylelds ” or mean -
1.51 0.45 28 0.01 0.7
1.53 .4 30.7 .04 286
1,67 .54 34.4 07 4.5
1.556 .41 28.5 .01 .6
1.63 .55 a7 .03 . 1.8
1.31 .38 2.0 N 3.1
1,48 .48 32.4 .08 .20
1.33 .87 27.8 .03 2.8
148 .50 33.8 N 27
1,36 .40 2.4 .02 "LS.
.27 4 34.6 .02 L6
L2 .43 33.9 .04 31
1,37 .46 33.6 .06 3.6
L2l -39 32.2 04| ;338
1,32 .41 ‘3L1 04 ' 8.0
1.3 .45 33.8 .04 - 30
L2 .59 47.2 07 5.6
110 .34 30.9 - 04 8.6
1.34 34 25.4 4] . 20
1.19 .3 7.1 ]| T34
1.60 .57 35.6 .02 L
1. 60 .65 40.6 .08
1.48 .48 32.4 .08
L5 .50 3268 .04
1.39 .48 .5 07,
1.56 .62] - 40.0 .00
1.76 .57 32.4 | 0B,
1,63 .50 30.7 0717
1.81 .56 30.4 .08
1.8 4 30.8 00
.93 .48]. 616 c.02] .
' IEE RS T
147 .48 32.7 » 02
1.12 471 ¢ 420 02
1.61 48] 3.8 . .02
1.08 .47 4.3 .02
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TasLr 26.—Tame hay and alfa;fa: Yields per acre. Selected illustrations of size
P .of sample, measures of ispersion, and probable error—Continued

P TAME HAY~—Continued

i e Average | Siandeea| Coot | Famorof | Relats
N eviation error of elative
1y Btate, yeor, and district Reports | (urith- | ofre clent of | the aver- | probable
Yo L metic port: tion | 8° yield,| error
mean) yields or mean
Missouri: Number | Tons Tons | Percent| Tons | Per cent
£ 1927 e e e aecemcammmcaeae—mmo—meenn 541 1,32 0.45 34.1 0.01 0.8
1028 o mmcammmmam—eans 391 1.06 40 38.1 .01 1.0
Pennsylvania; B
1927 ggg } 622’ . :; g 2 .02 1.2
. . L1 .02 1.6
1925 o eccdccmm—acemmmmm——meea 384 1,31 .41 3.3 .01 .8
Ohio: 1928_ .. . e 436 127 42 3.1 01 .8
Michigan:
1927 remmmmemcemm e 607 1,47 .43 2.3 .01 .7
P17, S U 477 .91 .46 50.5 .01 1.1
1923 e emamm e 479 119 .38 3.9 .01 .8
450 1,80 .52 28.9 .02 1.1
460 115 .87 49.6 .02 1.7
507 1,65 .68 41.2 .02 1.2
ALFALFA
217 4.77 1,67 35.0 0.07 1.6
uleal el @ ok
. . 6 .15 2.8
101 5.08 1.58 3L1 11 2.2
47 528 1.82 34.5 .18 3.4
283 4,68 2.00 42,7 .08 L7
190 4.48 2.03 45.3 .10 2.2
267 2,10 i 36.7 a3 14
mlorEl omlomsl 8
. . . .6
257 211 .81 38.3 [13] 1.4
274 2.22 .93 41.9 04 18
380 2.59 .71 27.4 02 0.8
. v Asreported in October.
STRATIFICATION

" Yo none of the three States shown by districts in Table 26 were the
standard deviations of districts materially smaller than that of the

entire sample. It is doubtful if & more refined method of geographic

stratification would materially help the precision of tame-hay averages
except perhaps in some of the far Western States. Stratification b
varities, however, has greatly improved the representativeness and,
consequently, the accuracy of the yield samples.
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. ) FLf\XSEED s e ‘ '.‘-""5 st ] « “TABLD 28.—Flazseed: Yield per acre. Selected illustrations of size of sample,
Flaxseed is an important crop in North Dakota, South'Dakota, and ' measures of dispersion, and probable error
Minnesota, but it is of very minor importance in the few other States
in which it is grown. Table 27 shows that in no case did the straight Average |Standard| (oem. | Probable
and weighted averages of yield-per-acre reports of flaxseed differ by | . . Btate, year, and district Reports | Cutithe e cient of e . | probable
more than 1 bushel, and the weighted averages of the township and , S metle | parted Ytlon |38e yield, | " error
field-aid samples were within 1 bushel or less of each other in all ean
cases. Records of car-lot shipments of flaxseed are available in North Minn
. innesota: Number | Busheis | Bushels | Per cent | Buahels | Per cent
Dakota, South Dakota, Minnesota, and Montana as & check on the loar. .. wn | oo | a0 ) 5N R
production of flaxseed. There is apparently little evidence of cash- 1094 B o2 % 12 h
crop bias in flaxseed yield samples. Montana:
) : o 1027, inws : 63 10.06 2.53 25.1 .21 2.1
TaBLE 27.—Flazseed: Averages of yields per acre computed from reportz of erop 3
correspondents, and the official estimate, by States, 1 927 and 1928 Srommsmmmem e 3 o u e 18 +8
' 1026 - . ,
o o8 61 5.13 3.2 63.0 .28 5.5
3 - 31 6.10 3.56 58.4 .43 7.0
o oe] Feorted o] Revored | 6. ' " 3.24 1.38 42.0 .22 6.8
@ 0] epor >4 L) H . *
e town- | by the fleld- e towne. |by the fleld- North Dalkota:
ship list | i lst | - shiplist | sidlist | i . 1920 | oo| 32| 353 .10 L1
State ——tT7 | 8 —— 7.2 1- Y EY: 27| s .20 2.1
4215 |4g0% | & 455 |2g|%6| ] 3 g aloo2 0 2| Bi| B 52
B9l - 153| - 3 58| - Eg | v : g2| 100 250 | 250 ‘3 20
o | B38| 2B |3 8% 3 5... 8| 15 2241 2.9 30 40
#2158 g3 gg c| éa §° §§ 3 a— o| eo| z2m| mo| m 3s
g HE HEME: bt % >§ C, 7 8| 104 260| 258 .2 2.6
Bik8le |ZF|B |6 | < |47 |B [« B 8. o 8 1;.{ %7 A '322 3o
Bush-| Bush-|Bush-| 1,000 |Bush-{Bush-|Bush-| Bush-| Bush- ot7 | bses| 330 681 13 2.3
els | els | els |acres| els | eis | ela | ¢ els
00| 95| 9.7 643| 821 7.7 7.81 7.4 7.6 45 5.2 2.40 46.2 24 4.6
11.6 | 12.0 | 12.0 191104 |120.6|10.2}10.2| 10.4 24 5.3 2.76 52.1 .38 7.2
85| 80| 821,143} 73| 7.2 .11 7.1 7.1 49 7.6 2.82 37.1 2 3.6
9.9110.1]100| 5881 58] 54 8.2] 60 58 2 2.9 1.56 53.8 .20 6.9
62| 661 65 2% | 66| 6.7) 7.2| 7.2 6.9 26 5.4 186 4.4 .25 4.6
101 9.8|10.2| 196| 87} 87} 8 6] 81 8.5 33 6.5 2.74 42.2 .32 4.9
o % 3.7 1.50 40.5 21 5.7
. 20 2.1 1.02 48.6 .16 7.1
1 Crop-reporting district or county averages weighted by acreage. X : } - 28 4,3 2.00 46.5 .26 6.0
) : . R . 1. lem — 106 8.28 2.84 3.3 Y 1.7
Table 28 presents for comparison (1) the size of flaxseed yield-per- § 1620, 181 588| 2906( 503 Bt 2.6
acre sample, (2) the average yield, (3) dlspers_lonci (4) variation, and -3
(5) probable error of the average yield, obtained for several States, - BUCKWHEAT

The coefficient of variation showed a range from as Jow as 28 pér cent
in Minnesota in 1924, when the yield was about 11 bushels per acre, -
to 63 per cent in Montana in 1926, when the average yield per acre j
was only 5 bushels. Relative probable error varied from 1.1.per -
cent to as high as 5.5 per cent. On the whole, stratification of the j
sample by crop-reporting districts seemed materislly to improve. the -
precision of the average for the State, as the district standard devia-
tionsi in North Dakota were generally smaller than for the State as a
whole. ) . ST S R e

3 Buckwheat is a crop of minor importance in all of the States in
" which it is grown. Only in New York and Pennsylvania were as
E  much as 200,000 acres grown in 1927. Remarkably little difference
 exists between the straight and weighted averages computed from
b reports of crop correspondents (Table 29) for a crop no more important
than buckwheat. The weighted averages from the two samples

, checked closely considering the scattered acreage of the crop.

13
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TapLE 29.—Buckwheat: Averages of yields per acre computed from reports of crop TasLE 30.—Buckwheat, field beans, and peanuts: Yields per acre. Selected illustra-
correspondents, and the OM estimate, by States, 1987 and 1928 tions of size of sample, measures of dispersion, and probable error
BUCKWHEAT
1927 1928
ported b ] AThie® | Seviation| Soeft: Frot of | Relatt
b; Re] Re od b; : eviation error of elative
R:he townlfy R: 0 ﬁeld-y the town-y the fleld- State and year Reports | (arith- | of re- ci%l:'i;a?t the aver- | probable
ship list aid list ship aid list metic | ported tion |88 Yleld,|  error
State mean) yields or mean
T Tz | 2 —T T | &
S~ |S518 S 8 _
.Eg & EE 5 _a § g gg E E New York: Number | Buah Buahels | Per cent | Bushels | Per cent
%% |58 8: % $H |3 |88 | Bt ¥ 19271 27 20.6 4.90 2.8 0.21 10
2|8 §§ §' § -3 Eg. 027 m 20.8 5.90 28.4 .4 .7
215 g lgd| § 2 |8 313
§§27’>§%9 E%EE" b v/ w0| 40
, N . .2 8. 2.4 .20 .8
<4TiE < |F S|<i<"|F |<"|F °© 1907 e 216 22.5 5.78 25.7 .7 1.2
10980 193 204 a1l 30.0 ) 15
1,000 | Bush-| Bush-| Bush-| Bush-| Bush-| 1,000 | Bush-| Bush-| Bush-| Bush-| Bush- S 219 2.5 7.99 34.0 L% 1.5
acres | els | e els | cis | els Vacres| ela | els | els | cls | els
Maine. ... T30 IR I, 24.0)271.9| 2.0 hT 30 FR I, 28.5 0| B.0 Michigan:
New York. . -oooooooomnns oot 3173273 20,6 | 2000 | 21,0 1902 180178179 17.8 | 18.1 1927 168 7.69 56.7 .40 2.9
Ponnsylvania. ... | 20028528 226227 25| 195]19.2]10.0{20.0|10.9] 10.5 T 177 15.3 610 w1 31 20
Ohlonemmoommons 2| 206 |20.1)21.8| 210|210} 35|183|185 |222}220| 2.0 192500000 176 615 4.0 ‘a1 22
Indiana. . ... B5l174y1761160} . 170] 1B|im1|171j138]|14.3]| 150
M 15 d\ i wa|ie| & \Wewn el i) A
Wisconsi . . ) . . .
Minmesots e ligoline]ee)es]1do] s8{usa|2s|1a1f _.. 122 FIELD BEANS
oWa_.____ 15! 14.3] 140/ 16.0 | 15.6 | 13.0 15.7] 160|154 140 148
e r— WU FHEH S EH R E ks
South Dakota . 8 .6 : )
rginia. oo “limal197 29| 26]210] W7 10.5]19.2] 10.2 3% }%} %% %g O-‘ﬁ ﬂ
Waest Virginia._ 39| 20|25(2n0{21|20]| 40 19.5|20.0] 200 s 131 5% ns -1
North Carolina 10 2.0] 10}..... }9.8 160 %o g - - %g
Kentucky..--...- oG ali 3170|168 60| 14182186 17.3]16.2| 17. 1 1o 5.0 w1 d L9
1 Crop-reporting district or county averages weighted by acreage. _ ) o : 1 B 86 8.6 2.67 3.4 10 13
. . : . b 1925 = 381 13.6 12 31,0 15 11
Table 30 presents for comparisons (1) the size of buckwheat‘.ylpld- 3 9. ... - 106 mwi| 38 uy .19 L7
per-acre sample, (2) the average yield, (3) dispersion, (4) variation, » :
and (5) probable error of the average yield obtained for several States. R PEANUTS
The coefficient of variation for New York and Pennsylvania ranged —
from 24 to 34 per cent, whereas in Michigan it was 40 to 56 per cent. Virgiola: - 8.9 Les 22 0.3 26
The relative probable error in New York State was 1 per cent or less 1926 8| 11| 28| 22 .28 23
in Pennsylvania less than 2 per cent, and in Michigan between 2 an Georgla: 1 sounds | Pounds I
. . oUu
3 per cent. 1027 27| 725.0]| 3280 45,2 | 14.38 2.0
| 1926 : us| s20| 2600 39| s 25
19280 z4| 4mo0| 280 60.3| 1174 25
LIRS T I, il 230 634.0 21.0 29.6 10,95 L7
. RTTIEO el
T o 1 As reported in November.
! - {. 3 Return from a special list of crop wrresrondenta.
[ 1 Return from a al 1ist of commercial correspondents.
vy . .¢ As reported in October. .
N LS s Asreported in January.
2 i ~ FIELD BEANS

“n R SO o :

The estimates of bean production, acreage, and yield per acre, are
based primarily on sample data from the field aids and from observa-
b tions made by the field statisticians; consequently there is no oppor-
I tunity to compare the samples from the two sources as was done with
L other crops. Table 31 shows both straight and weighted averages
¢ from . the field-aid sample. The straight and weighted averages
checked as closely as in the case of most other seed or grain crops. In
most States car-lot shipments of beans are available as a check on the
_production, There is a possibility of cash-crop bias in the estimates
¢ of farmers concerning the yield of beans per acre, but in the two years
E under consideration there is little evidence that cash-crop bias was
% allowed for in the making of the estimates of yield per acre.
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TaBLE 31.—Field beans: Averages of yields per acre compuled from veporls of erop - TapLE 32.—P : . : o
. 1 _ — uls: Averages of yield '
correspondents, and the oﬂictail estimate, by States, 1027 and 1988 ean yields per acre computed from reports of cro
p : ) 0Y » 19 e correspondents, and the official estimate, by States, 1927 and }988 / erop
1927 1928 ‘ 1927 1928
Reported by the ‘ Re by th SR “{' 1| néported by | Re
flld-aid list A L] e | MR Reported by | R
State oficlal ofelal T ship list ald list ship list a?d l?st
i e - :
Acreage | 4 yerage estimate | ACT°38° | Average estimate N 9"1““ N B T . X - - - 2
(arith- |Weighted (arith- |Welghted| . = . ) . . 89l & = ¥ P ~| &
metic |average? . metic |average?| o i AT : Eg e 'ﬁ - '5 « g a _a
2 | s . Rt R 13 I
i S . ] CH - o .::%
1,000 acres| Bushels Bushels | Bushels |1,000 acres; Bushels | Bushels | Bushels e E g ?E g g g ?E % §§ % g
75 13.6 3.2 13.0 80 4.7 5] 145 IR S |58 |28 g | |<|<4" B |<F|B |o
566 8.5 8.8 8.5 538 126 10.8) 2. 110
32 18.2 17.5 2.0 3 NS TN 1,000 1 000
g g-; '%; %;I] gﬁ gg-; 18.4 }%‘8 Virglals acres Lbs. | Lbs. | Lbs. | Lba. | Lba. |acres| Lbs. | Lbs. | Lbs. | Lbs. | Lbs
281 6.8 6.0 5.5 209 a7 47 45 North Carolina. . ... 211 | "ood | 1,011 | 1 ML) o - 80 910
195 7.0 6.6 5.0 214 5.7 6.6 40 South Oarolina_______ 1171 s | "7sr) Coee | esa| 78| 1 ,023 | 903 | 1,014 | 1,087 | 950
aa| 7ol ws| 1183 | s3] 17| 18 | Gl S8) T WOl SRl Tl sl o7 sy WL se) oo
4 654 | 6411 640 44 _____|.-.... 68| 8090 575
1 Reports received only from fleld aids. g()) Y g &5 850 | 18 756 800
3 Orop-reporting district or county averages weighited by acreage. 9| 714 692 756 747 % 2}8 % gg; (&1}2 %2 %
n| ms| 73| oo1] sss| sw| 12| ems]| 12| W6
. . . 1 740 720
Table 30 presents for comparison (1) the size of field beans yield- | o en| e @) ab) 12} ) o) SR SR %
per-acre sample, (2) the average yield, (3{ dispersion, (4) vanation, 17| es [“8ia’| 708| 7i9| eco| 120| 767y 780| 47| 62| 650

and (5) probable error of the average yield obtained for New 'York
and Michigan. The coefficient of variation fell within a range of 24
to 42 per cent, and the relative probable error was between 1.and:2

per cent in practically all cases.

, I.le-op-reportipg district or county averages weighted by acreage.

- . c : RICE

» - Rice is a highly specialized and localized crop; it is grown in quan-
tity only in Arkansas, Louisiana, Texas, and sfliformg;. Speciqa.l in-
quiries addressed to rice mills, and field travel by the State statisti-
cian, are necessary to obtain an adequate estimate of the yield per
acre of such a specialized crop as rice. (Table 33.) The differences
‘between straight and weighted averages in the same sample are likely
to be somewhat large because of the extreme localization of the crop,
and small samples must necessarily be supplemented by the first-hand
: hnfotl".matlon Olf) ttl}e Sdtt;te sta{llstllrcl:;ﬁn. Fairly adequate checks on pro-
" duction are obtained from the mills and cooperat: iati

1 handle the bulk of the rice crop. perative associations that

TaBLE 33.—Rice: Averages of yields per acre computed from reports of crop corre-

PEANUTS : o
Concentration of the peanut acreage in limited areas of commercial -

production necessitates careful weighting of district or county averages
if a Tepresentative average for the State is to be obtained. There is
considerable difference between the strai%ht and weighted averages
from the same sample as well as between the weighted averages of the
two samples, largely because of the localization of the crop. (Table 3
32.) Since peanuts are 8 cash crop in the commercisl districts, & cash-
crop bias must be guarded against by the statistician. A later inquiry 3

than that on November 1 is frequently necessary if the yield per acre }

of peanuts is to be accurately determined. Peanuts are such a spe- spondents, and the official estimate, b
ciaYized and highly localized crop that special inquiries and field trayel. ; y States, 1927 and 15%8
léyldthedStage stati;tician are necessary to supplement’ the ‘regular QNN : , 1}:27 1028
eld-aid and township returns. - » , ' ® R  |Reported by|Reported by Re by|Reported
Table 30 presents for comparison (1) the size of peanut yield-per- S ' A IR - e tﬁ%ﬂﬂg- t::%-y cge; “,‘,’;‘t’bﬂ
acre sample, (2) the average yield, (3) dispersion, (4) variation, and +§ Btate - — —
(5) probable error of the average yield obtained for samples from two “JE ' £508% %A B g 22|88 [25]8
important States——Vir%inin and Georgia.  The coefficient of variation . SN - - vg ¢T Vg §- 3 Eg §~ 5 g a
in Virginis was only about 22 per cent, wheross in Georgis it varied & | Bs £2 B2 g% g § gs £8 B R
from 40 to 60 per cent. The relative probable error was between'2 3 & £ g 5% 2 3|3 | &% 218
and 3 per cent in both States for most years. The large dispersiofl i < S|« |<"|B |<"|F |0
in Georgia was prmticaﬂy offset by samples several times larger thand :4 Bush Bush| Bush| Bush 1,000 | Bush-| Bush-| Buah-| Bush-| Bush-
those obtained in Virginia. ! C T e iy Sl its| s 2% | s 2 on | a% y
HEHEHEHE A HEHE RS
" '”::; 3 | molsas]| ol 83 70| 8022 &7

: 1 Crop reporting district or county averages weighted by acreage.

e . o~ e~ -
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OTHER MINOR CROPS .. . .~ ...~ & ir - Sugar-beet yields in Michigan had a small degree of dispersion as

rison with respect to Danish cabbage the coefficients of variation were 26 per cent one year and 31 per cent
in’%:ée%ﬁrﬁre:gwsezrigogo%%h Carolina, snll)gar beets in Michigan, the other, and the relative probable error was between 2 and 3 per
and sorghum sirup in three States (1) the size of sample (2) the aver- cent. The yield per acre of sugar beets is ascertained from reports
age yield (3) dispersion, (4) variation and (5) probable error of the from the sugar-beet factories as well as from crop correspondents.
average for yield samples. The samples of cabbage yield in New . Yields of sorghum sirup show rather wide variability, but are sub-
York showed a coefficient of variation between 33 and 46 per cent and ject to only moderate errors whenever large samples can be obtained.

a relative probable error of 1 to 2 per cent. The cowpea samples in

South Carolina had rather wide dispersion, with coefficients of varia- DISPERSION OF YIELD SAMPLES

i aryin to r cent. With the small size of sample - The approximate ranges in dispersion of the observations in the
:ﬁ;lt zccursgmﬁzfglmflzl St£t5e ﬁke céouth Carolins, the relative probable eld samples for the more important crops in States east of the Rock
error was necessarily large in the case of crops that show such wide ountains are presented in summary form in Table 35. The mini-

mum limit of dispersion for these yield samples, as measured by the
coefficient of variation, was usually between 20 and 30 per cent. In
tobacco samples, however, it was as low as 15 per cent and in potato
and cotton samples it exceeded 30 per cent. In samples of two crops

dispersion in yields as do cowpeas.

4. —Danish cabbage, sugar beets, cowpeas and sorghum siryp:,Yield per
TA:;‘:. 3Select:; zlustratio‘n; of size of sample, measures of dispersion, and prob-

able error DANISH OABBAGE —flaxseed and tame hay—it was 30 per cent. The modal minimum
variation for these crops was 25 per cent. Winter wheat, spring
Average | Standard| oem. |Probable g wheat, rye, buckwheat, and field beans were included in the %-oup
Jield " |devlation| cient, of or of | Reatine with & minimum coefficient of variation of about 25 per cent. Corn,
State, year, and district Reports | (hetic | ported | "al™ |agevield, | error oats, and barley had less dispersion than the modal group.
mean) | Yields or mean The maximum limit of dispersion was usually between 45 and 55
" Por cont per cent. The lowest was 40 per cent, for tobacco, and the highest
New York: Number | Tome | Tonde Pereent | T 12 was 80 ]ier cent, for cotton. In the modal group which included
o : Mo| 108 Lol B B 14 spring wheat, rye, flaxseed, potatoes, and buckwheat, it was 55 per
% ' ‘ . cent; in corn, oats, and field bean samples, which were below the
COWPEAS , e modal group, it was about 45 per cent. 'The maximum variation for
- winter wheat, barley, and tame hay was 50 per cent.
South Carolina: 2 B‘“m Bushels 50.8 Bushels 11 ' TasLE 35.—Comparison? of the dispersion and probable errors for the yield estimales
---------------------------- 64 93 433 4.1 .87 . of several crops
20 58| bssa| 953 X
© go| 416 ~en3| - .4 ;
- : Dispersion Probable er;?;lgts he average
SUGAR BEETS L ;
A o S ; Standsrd devi- | Coefficient of Relative Prob-
) 7 Coqomet ) Figome st ., Orop , ation varlation | Frobable error | “pig error
Michigan: S 60 79| 24| @3] o2t '
A w| oo| 3zm| 23| @ :
-------------------------- T Mini- | Maxi- | Mini- | Maxi- | Mini- | Maxi- | Mini- | Maxi-
LN ' mum | mum _mum mum mum mum mum mum
SORGHUM SIRUP! ;
) o Bushels | Bushels | Per cent|Per cent|Bushels| Bushels | Per cent]Per cent
Gallons | Gallons Gallons b Winter wheat. 3.5 6.0 25 0] 015] 020 0.8 15
A § e IO I |
wo| 1o03) 83 W i i T 6o| 1mo| | 45| 8| 45| 8| LS
T e HEHE IR
1. - Arley. ...-.. . . . . .
m| smol B R I 28 Flasseed 2177 TITIIIIITIIIIIT g0 «o| | &| wf o 11| 25
AR IR SIS T
339 8.7 7 2.0 POLARORS... .- -oieosooomoooo | 40.0 | 60.0 T 55{ 100| 200 8 25
4,45 5.0 : Pounds | Pounds  Pounds | Pounds
| B BB B i U@ e I T
7 96.6| 4296 “us | Tons | Tons Tons | Tona ’
: ; Y U 20| 6| | s| Lo leel .7| =20
1 As reported in November, 2 As reported in October, ca

" 1 These values are only approximations of the minimum and maximum limits which {nclude from 80 to
90 of the samples for a given crop; samples from the far Western States are not included.

- ?rom this study it might be possible to array or rank these crops in

o eY ey T e ey a0 ' 1.1 acrm)ae m,.,
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bacco samples could be given first place as having theleast dispersion
and cotton last as having the greatest. .Com»wouldubersgcon , oats,;
third, barley and field beans would rank in fourth place, winter wheat
fifth, spring wheat, rye, tame hai, and buckwheat would tie for sixth,
flaxseed seventh, potatoes eighth, and_cotton ninth or-last. Of the
crops not included in Table 35, for which only a vexg few samples were
studied, sweetpotatoes in Georgia showed greater dispersion then did
cotton, and cowpeas in South Carolina showed greater dispersion
than either cotton or sweetpotatoes. Yield samples of cabbage, sugar
beets, and peanuts had no more than the average degree of dispersion
indicated for the more important crops.

COMPARISON WITH OTHER SAMPLE DATA

The dispersion of crop-yield samples is from two to three times
large as is the dispersion of farm-price samples, which vary from as
low as 5 to 10 per cent with the farm prices for surplus farm products
of corn, hogs, wheat, and cotton, to as much as 30 to 40 per cent with
apples (14)- ) . : -

ga.mples of farm-wage data have a dispersion about equal to those
of some of the grain crops or from 25 to 40 per cent._ Samples of land
values vary from as low as 25 per cent dispersion in a homogeneous
State with few large cities, like lowa, to 90 per cent or more In States
that include large cities like New York or States in which there are

at differences in value between improved and unimproved land as
Th some of the far Western States. On the other hand, yield samples
usually have much less dispersion than have individual farm sam-
ples of either acreages or numbers of livestock, which seldom have a

coefficient, of variation of less then 60 or 70 per cent and frequently
exceed 200 per cent.! , o,

PROBABLE ERRORS OF THE AVERAGES OF YIELD SAMPLES

Table 35 also presents the approximate range in the probabls errors -} "

f the averages of yield samples for some of the more important cro
iOn States eggt of tﬂa Rocky Mountains. The samples of crop yxelg:
are so large for important and universally grown crops in the more
important producing States that the minimum relative probable
error seldom exceeded 1 per cent. Feor corn and oats it was 0.5 per

.cent, for tame hay, barley, buckwheat, and tobacco it was 0.7 per -

cent, and the highest minimum Wwas 1.1 per cent, for flaxseed and

field beans. The maximum relative probable error was about 1.5 ¢
per cent for corn, oats, and winter wheat, 2 per cent for spring wheaf,

cotton, and field beans, 2.5 per cent for barley, flaxseed, and potatoes,

about 3 per cent for tobacco and buckwheat, and 4 per cent for rye.

A comparison of the relative probable errors between different crops

is much less satisfactory than & comparison of the coefficients’ of

aristion. The relative probable error is necessarily large when only
; small acreage of a crop ?s wn in 8 State and the reports from crop

reporters are few In number. The relative probable error varies

directly s the size of the coefficients of variation and inversely a8
the sqgare root of the number of reports. Rye yields have about the
same dispersion as other grain crops in most States, but the sample 18

11 Thesé figures of coefficient of variation are from unpublished studies made by the author m.\d~ p?.lm‘ 9

_ W heso HgUTes O L of Crop and Livestock Estimates. See articie by A.J. Beyleveld (). . . i

3 estimates of acreage on too ¢
| estimates of production of cotton may check closely with cotton
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‘nsually so small that the relative probable error is likely to be very
large.  If arye yield sample for a given State has the minimum varia-
tion of sbout 25 per cent, then about 284 reports are sufficient to
result in a relative probable error of about 1 per cent. On the other
‘hand, if the maximum variation of 55 per cent occurs, a sample made
up of 1,376 reports would be required 1f the relative probable error is
not to exceed 1 per cent.

The relative probable errors of the official estimates are much
smaller than those for the individual samples that have been analyzed,
as two or more samples of about the same size as the one studied
usually form the basis of the official estimates. Stratification of the
sample also tends to reduce the size of the relative probable error
below that computed from these samples on the basis of a sample
gelected at random. There is always the possibility of bias in the
individual observations of highly commercialized cash crops, such as
cotton. Check data usually obtainable for these cash crops make it
possible to bridge the gap from the biased sample to a fairly close
approximation of the true average of the universe from which the
sample was drawn.

COMPARISON OF YIELD ESTIMATES OF THE DEPARTMENT OF
AGRICULTURE AND YIELDS DERIVED FROM CENSUS DATA

Thus far in this study the adequacy and reliability of the official
estimates of the yields per acre of crops have been considered primarily

. with regard to the application of the (frinciples of sampling. Yields of

important crops in the surplus-producing States, as reported by one
list of crop correspondents have been compared with those reported
by another list of correspondents of similar size, composition, and
geographic distribution. Differences between these indications of
yield are about what would be expected when the probable errors of
the samples are taken into account and when allowance is made for
differences in editing the two samples.

. Allowance must be made for such consistent and continued down-
ward bias in the sample as is found with cash crops like cotton. Such
allowance is made on the basis of past experience in which the sample
is compared with check data on yields derived from ginnings, car-lot
shipments, and other commercial movements. This method of
measuring bias is not entirely satisfactory because the bias of the
acreage sample that is also present when production is used as a basis
for checking, can not always be allowed for separately. The use of
the crop meter in the Southern States has been of great assistance in
obtaining an indication, free from bias, of acreage change. After all,
the essential thing is, of course, the reliability of the estimates of
production, and accurate estimates of yield per acre are only a means
to that end. The estimates of yields per acre of cotton, for example,
may be carried along from year to year on too low a level and the

{igh a level, while at the same time the

ginnings.

"It is possible, however, to derive a yield-per-acre figure for a State
from census data, which could be used as a basis for checking estimates
of yields, or the yields obtained by sampling. On first thought it
would seem that a yield-per-acre figure obtained by dividing the
production of a crop by acreage, as reported by the census, would

LIS 2 N
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from sample data. But experience has shown several rather serious
limitations to the use of census data as an indication of the yield per
acre of a given crop, or as an absolute check on the official estimates

of yield. :

'Fhere is the matter of the weight per bushel of small grains -and
corn. A bushel of specified weight over the entire country is desig-
nated on the questionnaires that are sent to crop correspondents,
whereas the legal weight of a bushel for a given crop varies as between
States. On the other hand the census enumerator obtains his data
in terms of bushels, without specification as to weight. A census is
usually taken several months to a year after the crop is harvested, and
consequently memory bias is & much more serious source of.error
with census data than with the samples taken soon after harvest.-

Memory bias is especially serious in areas of small farms with small
acreages where surplus crops are not grown for market. With the
lapse of any considerable period of time the farmer tends to report
an acreage greater than the acreage from which his production, as he
estimates it, was obtained. : ,

Where the reported production of a crop is actually from the acreage
of the crop as reported to the census enumerator, the yield per acre
derived by dividing the production of a crop by the acreage would be
a satisfactory indication of yield per acre for that crop, assuming, of
course, equal completeness of enumera ion over the -entire State.
There is always the possibility that the production as reported to the
census enumerator includes only that part of the grain crop that was
harvested and threshed. ' c e

The reported acreage, however, may include either the entire |

acreage planted to that crop (of which a part might have been aban-
doned prior to harvest), or some part of the total acreage reported

that was not harvested for grain. The longer the period from tame

of harvest to the time when the enumerator calls on-the farmer, the §
of a given '

more likely is the farmer to report as the acreage harves
crop the acreage of the field in which it was grown, without.deductions
for the parts of the field from which no crop was actually harvested.
His total production is more than likely to be reported as the quantity
actually threshed as shown by the number of bushels on: his bill for:
threshing. The part of the crop used for some other p is:
likely to be omitted because it has been forgotten. The sm -
acreage per farm, the more gerious is this source of error. g
In spite of the obvious limitations of census data, it is desirable
make & systematic comparison between yiel i
census, on the one hand, and, on the other, official estimates made
prior to the completion of the enumeration, or the averages of the
returns from sample inquiries to crop corres ndents.  Where. t!
several indications check closely, greater confidence will be warranted
in both the census yields and the yields obtained from sample data.
Such a comparison as this supplements the analysis of estimates
of crop yields made with regard to the general principles of samplings
It is an attack on the probﬁam of the adequacy and reliability
official estimates of crop yields per acre from an entirely different
angle, one which should not be omitted in a study of this kind.: It
would be desirable to have a much more detailed explanation of some

of the discrepancies which appear when these sample indications and
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The indications of yield per acre from the census are available for gix
years—1879, 1889, 1899, 1909, 1919, and 1924, The yields asreported
by the county list of crop reporters and also by the township list are
obtainable for only the four years—1899, 1909, 1919, and 1924, The
four indications concerning yield per acre (1) those derived from the
census, (2) those from the county reporters, (3) those from the town-
ship reé)orters, and (4) the official estimates, for wheat, corn, oats,
flaxseed, cotton, and tobacco are shown in Tables 36 to 41,
respectively. :

his analysis is designed primarily to answer two questions:

(1) How closely do the yields obtained by the methods of sampling
used by the department check in an absolute sense with the yields
derived from census data? That is, how closely do the yields per
acre obtained by the two methods compare when checka(f1 directly,
one ;vith the other, for a given crop, in a certain State, for a given
year :

(2) What degree of correlation is there between the yields per acre
derived from census data and the official estimates of yield, as well
as between census yields and the two indications from sample data?
Although the yield reports by States obtained by one method, might
be generally higher than the reports obtained by the other, because
of bias in the individual observations of the sample, or-to inherent s
limitations in the census material, either one indication or the other N
might reflect relative differences as between different States; or -as gk
between different years in the same State. The correlation coefficient 44
is used here in its generic sense of measuring the covariation between
two variables, both of which are measurements of the same physical 3
phenomens, agricultural yields per acre in given States. No causal 3%
relationship between the variables is involved. ~ ) -

This analysis will serve to show also how closely the small sa,m]%q‘
of county reports, weighted by county weights, compares with' the

larger sample of township reports, unweighted in 1899 and 1909 and &
weighted by districts in most cases in 1919 and 1924. The correlation
of these two separate indications from sample returns will be.of
assistance in evaluating the dependability of the count, samples of
crop yields per acre. This correlation bears directly on the reliability
of these estimates of yield made prior to 1896, when returns were
first obtained from the township list of crop correspondents, and
while the county sample was the chief source and basis of the official
estimates of all kinds. Prior to 1882 the samples of reports from
county correspondents were the basis of these estimates. Y

In making the comparisons of yields per acre on an absolute basis,
the States are divided into three mutually exclusive categories
(1) States where the yield data from any two sources check within
1 bushel for grain crops, 0.5 bushel for flaxseed, 10 pounds or less for
cotton and 50 {)ounds or less for tobacco, (2) States where the esti- }
mates or sample averages of yields are higher by more than these :
amounts than those derived from census data, and (3) States where
estimates or sample averages and of yields are lower by more than
these amounts than the census yields. The number of States falling -
within each of these three categories is then expressed as a percentage
of the total number of States involved in the comparison. The sum
of these three percentage figures would therefore be 100. A fo

T T T L M avealiiciva o far aa the Other thl‘ee are 0011
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cerned, includes the States for which the yield data from any two
sources check within 2 bushels or less for gra.m crops, 1 bushel for
flaxseed, 20. pounds or less for cotton, and 100 pounds or less for
tobacco. The number of cases falling in this fourth category 18
expressed as a percentage of the total number of cases included in the
comparison. . ) . .
This analysis shows the percentage of cases In which official esti-
mates of yields per acre and census yields check within 1 bushel for
wheat, corn a.n(f oats, the percentage of cases 1n which they check
within 2 bushels, and whether there is a tendency for estimates to be
higher or lower than the census yields. A similar comparison 18 made
between census yields and yields as reported by the county reporters,
and also between census yields and yields reported by reporters on
the township lists. ] .
In Table 42 these comparisons are made for all years by geographic
groups of States. This makes it possible to differentiate between
various sections of the country in drawing conclusions. In Table 43

all States are combined for eac given year, thereby making it possible

to study each census year sgepa.rately and to note any changes taking
place with the passage of time.
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TasLE 40.—Cotion: Yield of lint per acre, computed from census data of acreage and produciion, official esitmales of the United Slates Depart-

ok
ment of Agriculture, and averages of ywid per acre reported by crop correspondents on the county and township lists, by States, for stated years 8
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Q
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Taspre 41.—Tobacco: Yield‘ per acre ;:omputed from census data of acreage and production, official estimates of the United States Department

of Agricullure, and averages of yield per acre reported by crop correspondents on the counly and township lists, by States for stated years
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uBLR 42— Percentage of cases in which official estimates of yield lgerdacre, averages of yield reported by counly correspondenis, and averages
s

of yields reported by township correspo compared with yte erived from census data, by commodities, geographic groups of States,!
and stated years
Official astimates, 1879-1924 Official estimates, 1890-1924 County reports, 1800-1924 Township reports, 18091024
Crope and group of States Lower | Higher Within | Lower | Higher Lower | Higher Lower | Higher
* e o o oo o 1 M A A
8] (] e ushe ushe usne) ushe.
bushel | ;70 5! o more] PUSBEIS| or more| or more| or more bushels | bushel | ot orol or more(PUsEes bushel | 7777l or more Pushels
Winter wheat: Per WPauMPeramPercmPercmPerceﬂPerecﬂPﬂ cent| Per cent\Per cent| Per cent| Per cent| Per cent| Per centl Per cent| Per cent
Northern N DR 25 Bl 8 “ 19 17 9 45 40 15 2 53 28 19 8
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North Central. o cceooicecmmamancnnan 2 .19 % 56 56 25 15 @0 62 37 23 40 58 2 19 52 58
South Atlantle______: 4 1| S| - 88 13 9 7 % 9 19 72 31 9 3, 88 25
South Central. ... ..cocecccacnaaracan- o -16 ki sl 20 13 3 84 2 101 3 87 .16 3 3 o 13
Far We R Cag| cis| Leel .2 15 12 7 n 15 2% 6l 2 10 12 7 19
United States S8l 19| es} 41 18 13 0 35 18 21 61| v 3\ 15 14 n 3
. Lo e LT . o L.

’ : o Lower | Higher Lower | Higher Lower | Higher fev Lower | H

: Within | ¥5°05 | by0 (W00 WEER ) by 0.8 | by 03 Within WHRR | by 05 | by 08 Within [Within | by 05 | by 05 Within
; bashel . - . T el .

. .| bushel o miore] o more b‘“m bushnl or more) or more| bushel bushel | o*'morel or more} sbe! bushel } 57 morel or morel bushel,
- el !l sl &l =l ul e o
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Lower | Higher - . | Lower | Higher | Lower | Higber Lower | Higher
Withinl By 10 | by 10 Withint Within| uas‘ by 10 | Withtn) Within) by 10 | by 10 Withint Withial by 10 | by 10 Within

pounds! poun: pounds| pous pounds| poun poun:

md"rormonor poun poundsm.m“m pounds pounds or more] of pounds} pounds| o' orel or pounds

Cottat: - - - _

; South Atlantic 34 89 17 48 30 85 51 B8 10 5 20 5 25 35
South Central 42 32 26 d 52 29 19 93 39 8 45 29 16 ki

, United States. 36 43 21 65 45 43 12 78 67 6 3 20 61 19 61

)

Lower | Higher Lower | Higher Lower | Higher Lower | Higher
, W&hln by wds by 50 Vvli&)hh w‘&hln by wds by 5?’8 Wll&,h]n w&hﬂn by 50 | by 50 W;iglin Wl&.)hln by wds by wds w;i%in
poundst o more ormog{m pounds) 27 orel or more] POURGS| POUNAR o or pounds; pounds; o, or more|
Tobaeco:
Northern 40 47 19 57 54 39 7 68 30 40 30 27 46 27 62
thern 39 30 31 74 45 2 28 82 34 37 20 60 40 30 30 62
Northern and Southern.__...ccccooneeo 40 M 28 67 49 32 19 ¥i:] 32 3 29 57 35 36 2 62

1 The number of cases (States b yenrs)ineachmtegoryiaexprmeduaperm e of all cases included in the comparison.
:gm&m groups designlteXmshownlnTablmao—n. tog :

vabaavy

.
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" ABLE 43.— Percentage of cases in which official estimates of e‘snelc_i per acre, averages of yields, reported by county correspondents, and averages
of yields reported by township correspondents compar with yields derived from census data, by commodities and stated years ! ;
Official estimates County reports Township reports g
a
Crop and year Lower by|Higher b Lower by|Higher b Lower by|Higher b =
Within 1 er by| Y| within 2| Within 1| LO%er DY|EIEE 09| within 2; Within 1 wet 03| ef bYl withinz &
1 bushel | 1 bushel 1 bushel | 1 bush: 1 bushel | 1 bushel
bushel | or'more | or more | Pushels bushel | or'more | or more bushels | bus or more | or more | Dushels 'c;>
=
Winter wheat: Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent Per cent o
1879. 30| - 0 70 v PR R - N
1889. 35 65 . 70 [ I I S RN g
1809 I I o : 60 35 5 85 40 60 0 2 8 30 5 20
1909 57 14 2 2 4 % 33 86 33 19 48 5
1009 oo m e 7 0 2 20 52 19 2 20 53 1 3 81
1924 82 19 19 81 8 38 10 76 57 2 1 |
Corn; 'z
1879. 30 1 56 53
1889 ccecemmcccccvmmcenanaa 36 49 18 50 [t
T S —— 28 42 20 58 31 8 2 3 10 ® =
1900 i 2% 2 85 34 21 32 47 36 21 19 60 30 <
1019_- - 13 2 85 34 26 19 55 47 13 13 74 B 4
1024. - 3t 13 58 52 21 19 48] 12 65 2 ¢
Oats:
1879 1 17 72 25 »
1880 ... 2 r 30 7 i
1809 I - 2 3 42 51 22 33 i 2 2 i )
1000 15 8 bed 33 2 2 56 2 8 19 73 7 H
1010 1 [ 8 21 1 1 8 2 15 8 ' 2 :3
194 2 4 o 25 19 17 o 38 8 8 86 2 !
Within | Lower | Higher |ywinin 1 Within | Lower Within 1| Within Lower | Higher {ywithin1 ;
0.5 by 0.5 by 0.5 5 "by 0.5 by 0.5 - 0.8 by 0.5 by 0.5
. bushel she sbel 1 4 bushel bushel | pyshet | bushel | b bushel 2
— |
: t : - Q
1900 : : A 100 20 0 100 33 17 5 a 9.
1019 : 33 17 50 o7 17 17 8 50 33 17 50 3
194 =l owl ol sl wl i o) el ol &I | a

Wihin | Lower Higher | Within Within Lower | Higher vi'{%n Withia | Lower | Higher w%gm'
pounds | pounds | pounds | pounds pounds | pounds | pounds | pounds pounds | pounds | pounds | pounds

,

GI] SELVWILSE CIAIX-dO¥D 40 ALITIEVITEY -QNV - X0VAOEAY

36 87 - -
.- 14 43 2 -
z 85 12 5 35 41 ] 71 14 64 2 57
............... 47 35 18 (o] 4 31 25 56 27 5 2 67
- 85 12 88 25 37 38 56 41 12 47 53
50 18 o4 25 4“4 - 31 44 24 23 n

within | Tower | Higher | wuniy | within | Lower | Hisber | wunin | within | JOWRr | BEI | Within
0 | D710 2 20 10 20

ponnds by lgs 10 by lga . by 1\(‘1)3 by l(d)s by lg.s
unds | poun pounds | poun pounds | poun;
pounds | FPRUCS | Bmore | Pounds | pounds | or'morg | or more pounds | pounds | SPcre | or more | POURdS
Cotton (lint)
1879_. 10 50 30 - - -
1880___ 18 48 38 36 -
1800 ... B 33 42 25 67 17 75 8 25 0 83 17 50
1900 . eaen - ——- 69 23 8 s 39 48 15 46 31 54 15 69
1919 __ emmeme—caeee——— 48 48 8 77 39 81 39 31 38 31 69
L . U I 31 81 8 85 15 85 0 23 15 ] 15 54

1 The number of cases (States by years) in each category is expressed as a percentage of all cases included in the comparison. Figures are for States in groups shown in Tables 36-41.
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g o g gE2 & &8 353 33 888 5 3 §8Y ‘ j"I.n'agpro‘achip%the problem of a relative comparison of the different
':é' 5 |—= ' ‘ i indications (}f y.le1 él per acre, sunplel co;*rgégtll;m g(t)’et;ﬁgclefnts between the
82| & 3 | g Y @ * 9ng _ " two series of yield per acre are calcula y States, for a given geo-
§§ ] § 258 58 83 SRR E RRE gﬁtixp_hic divisﬁr} f(;r 930}1 ceﬂsu}s1 year. Addti)i.;im:ialf correlation ﬁo-
B 4 - Py - oo - - - efficients are calculated for all the years combined ior a geograp ic
=3 | & |2 ig'@ R% 358 25 988 € & §&S division; also other correlation coefficients for all States for any one
v | % — ‘ ‘ : year; and, finally, a single correlation coefficient for each crop in which
| s | & 258 | 35 333 58 %34 % § 328 . all States rf‘m:blall years are included. These correlation coefficients
sf | 8 hd : ‘ appear in Table 44.
QE| S |g| %32 | 8 833 8% 8383 | B 888 A comparison between the yields as reported by the county cor-
§§ = s e " respondents and the yields as reported by the township list was also
38 & 882 § 22 B3z £Y %83 3 £ 382 ma’l(‘i}? by mearlxstof mmpflﬁa correlation coefﬁclents ?ho:;v}rlx in f'{‘able 44%
N g | Z®= & W@ aRk ke W 4% %S ese correlation coefficients are not corrected for the influence o
38| § . g - - the size of sample, which is small for any one group of States in a
S g §a 8 §§§ L EE 25 3RS g 8 g8 gingle year, and some allowance should be made for this when inter-
gg é% - g3 | 8 5 5% 953 & § i preting the results of their comparison. .
=R _s_'g 5.-:' practs . % !;’ et 8 2 R9 B . e ‘ : WHEAT
°2 13 . I .
§'° 2k | g | %% | 9 283 8% £38 § § 8% ' For' comparative purposes the States that are almost entirely
s§; g a s S e e R e winter-wheat States are divided into two groups (1) Northern and
g8 | 8 2 gez | 5% 888 38 238 '8 §e% Great Plains States and (2) Southern States, whereas the States that
'_‘eé 2 E gas W% S8% 8% %R R A have grown ‘both spring and winter wheat, such as owa, Wiscon-
€3 4 SEE B 39 88 53 582 8§ & [ sin, Montana, and the far Western States, are excluded from the
SEls | &) 3% ¢ 83 583 §2 2% § & Red * comparison because of the possibility of confusion on the part of the
g"e % = - — — i farmer in reporting the two kinds of wheat separately either to the
gz | 5o | B £5§ : 3% 328 £§ 38 § § 383 - census enumerator or as & crop reporter. Separate comparisons are
.gga 58. e G mﬁde{;« fgr the Fli\rlee lexl%g.k impoxs'toamil alr)ldkalmostdeﬁ]usively sprgxslg-
38|82 | 2 938 | 83 38% 38 28% & § 883 * wheat States of Nort, ota, South Dakota, and Minnesota. ee
3° ﬂé‘ = S T oY 8 8 2k b Ta})ée 36 for the fStates inclﬁded in these :ﬁeﬁ different groups.) (’iI‘he
£3 ] g3 P ©® 20 Sed era N yield ‘per acre of winter wheat as repor y crop reporters and as
§-§ g g g3 5% 853 G %33 8 F 859 | officially estimated by the department in the winter-wheat States is
8|8 3 mgs | 23 533 @8 Ku8 | & 388 ; compared with the yield per acre of all wheat as reported by the
E 2 2 |3< S exe 3 census in these States, and spring wheat in the three spring-wheat
§ £ g — r— j States is compared with all wheat from the census.
ss | %18 k3 g B3 883 @3 683 5 § 383 | . g Official estimates of yield per acre of winter wheat check more
2| E | = ° : ; . o5 closely with yields derived from census data during the last four
§§ 2l 952 | B2 52 38 835 $ 5 288 (3 ¢ census years than when the two early census years, 1879 and 1889,
§ 2 g; - 8- T E - a.lf'e 1.nclude<ll1 in tli:'s clgm a};l;_ilslon.b ’{‘lhis ofﬁ};:ia}l1 estirlr(llates gf the i'Pelds
35| 8 |o 3 v 88g = of winter wheat check within 1 bushel with the yields as erived from
23|13 | ¢ §§;3 5 883 &8 588 3 ¢ 338 g : census data in 53 per cent of the cases, and within 2 bushels in 81 per
§§. 3 %% | &2 893 B3 588 2 cent of the cases, when all six census years are included in the compari-
35 2 g 23 3 83928 23 SR 2 “ son; but when the comparison is limited to the last four census years,
g §! 3 - e E these two indications check within 1 bushel in 63 per cent and within 2
v | 2|8 383 | §3 283 43 § 3 bushels in 88 per cent of the cases. (Table 42.) In 1879 the esti-
TR 2 A S —— g mates were based primarily on yield data as reported by county
3 3 Pig 1o g TR B 3 crop ctgr;'espon(lilents and weighted by county wleight,s. dB)}'1 1889 the
22 ] S EEEEE. RN i 2 reports from the part-time State agents supp emented the reports
‘%Q 3 SRR RRR R g g ¢ from the list of county reporters. By 1899 reports from the township
Sy & i g §§§ E 3 %gg 3 & list of reporters, unweighted, were included as an additional basis for
& g §idous 28433 ggg - 3. % the official estimhtes. ) )
I8 T E5tpgs “o<ige 20< F The yields from official estimates and from census check a little
88 e Egg% & §§‘53 o3 ggg 3 more closely on the basis of direct comparison in the Northern States
& & $agz Ze g'zz& R 4% - than in the Southern States during the last four census years. This
| B &0 8 slight difference in favor of the Northern States becomes even more
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significant when the higher average yields per acre in. the. Northern
States are taken into consideration, for a check within 1 bushel is a

closer check when yields generally are above 12 bushels per acre, as in '

the Northern States, than when yields are generally below 12 bushels
per acre, as in the Southern States.

The official estimates of yields check more closely with the yields
derived from the census than do the reports from the samples of
county or township correspondents. (Table 42.) The sample data
check just about as closely with the census data in the Southern States
as in the Northern States. There is not a great deal of difference,
however, between the yields as reported by the county correspondents
and the yields reported by the township correspondents in percentage
of cases which check within 1 or 2 bushels of the yields derived from

the census. A larger percentage of the Fields from the township *
a

reporters check within 1 bushel, whereas a
county list check within 2 bushels.

In the three spring-wheat States the several inaications of yield
per acre check much more closely on an absolute basis than in the
winter-wheat States. In over 90 per cent of the cases the official
estimates of yield and the yields derived from the census check within
1 bushel, and in all cases they check within 2 bushels. The yields as
reported by the township list check more closely with the census than
do those from the county reporters. .

The several indications check more closely with yields of spring

rger percentage from the

wheat than with winter wheat, in part because the comparison is 3

limited to the three most important spring-wheat producing States,
where the crop is grown in large fields and where the acreage as
reported by the farmers to the census enumerator corresponds closely
with the acreage from which the reported production is harvested.

In the Northern States, which include the important commercal
producing areas of winter wheat in the Great Plains region, therei is
only a very slight tendency for the official estimates to be less than
the yields as shown by the census. This slight tendency is apparent
for the six census years combined as well as for the four more recent
census years. (Table 42.) :

Although both the official estimates of spring-wheat yield and the

yields obtained from sample data check closel with the yields as ‘

derived from the census (Table 42), the general tendency is for both
the official estimates and the sample data to be higher than the yields
as derived from the census. This is probably due to the fact that
crop correspondents in the spring-wheat States tend to exclude the
yields of durum wheat from their estimate of spring-wheat yields. -

From the Southern States the yields reported by the township
correspondents as well as the official estimates tend to be above the

elds as derived from census data in a greater number of cases than
in the Northern States. This is probably accounted for by the fact.
that in the Southern States wheat fields are smaller and more irreg-
ular in shape than in the States of the North and of the Great Plains,
while harvesting methods and utilization of the crop are less uniform.

The yields derived from the census and the official estimates
check much more closely during each of the last four census years
than during 1879 and 1889. It is also interesting that in 1879,
1909, and 1919 there is a marked tendency for the official estimates

to be higher than the yields derived from the census, whereas, In-
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1889 and 1899, the tendency is in the opposite direction and, in 1924,

there is no marked tendency in either direction, In general, the yields
from the township list check more closely with the yields from the
census than do the yields from the county reporters. The sample
indications of yields tend to be lower than the yields from the cen-
sus years 1899 and 1924 and higher in 1909 and 1919; the two indi-
cations of yield from sample data are consistent in this tendency to
be above the census yields in certain years and below them in other
years. It is especially interesting that only in 1924 did the official
estimates fail to reflect the bias that apparently was shown by the
two indications from the sample data.

In Minnesota, North Dakota, and South Dakota the official
estimates of yield per acre of spring wheat and the yield as derived
from the census check within 1 bushel in 14 of 15 cases compared.
(Table 36.) The county samples and the census yields check within
1 bushel in 5 out of 12 cases, and the township sample checks within
1 bushel in 10 of the 12 available comparisons. -

Official estimates of wheat yields and yields as derived from the

‘census check within 1 bushel in 5 of the 6 census years in West Vir-

ia and Kentucky; in 4 of the 6 census years in Kansas, Illinois,
ndiana, Pennsylvania, New Jersey, Virginia, and Tennessee; in 3
out.of 6 years in New York, Missouri, Maryland, and North Caro-
lina; while the two indications have checked within 1 bushel in all
three census years since Oklahoma became & State. Although in
Ohio they check within a bushel in only 2 of the 6 years, they check
within 2 bushels in all 6 years. In all 6 years these two indications
also check within 2 bushels in Missouri, Nebraska, Kansas, and
Tennessee.
" The fact that the yields as derived from the census and the official
estimates check as closely as they do in the Northern and Great
Plains States and in the important spring-wheat States, as well as
in the South, justifies the conclusion that on an average both are
fairly close to the true yield per acre.

In any one year or, in any one State factors may be tending to
make one figure higher or lower than the other, and these must be
determined and allowed for, so far as is possible, in making an esti-
mate of yield per acre. In making estimates from samples obtained
from crop correspondents it is necessary to allow for the slight bias
toward understatement on the part of the correspondents 1n these
important wheat-producing States. In the less important wheat-
producing States of the South, yields as reported by crop corre-
spondents probably are closer to the actual yield than are those
derived from the census data.

As might be expected, when the several indications are compared
on the basis of the correlation between any two geries, as shown in
Table 44, it is again apparent that the yields from census data check
more closely w11§1 the official estimates for spring wheat in the three
important spring-wheat States, than with those for winter wheat
even in the Northern States. The correlation coefficient between
yields as derived from the census and the official estimates of yield
for spring wheat is +0.989 in the last four census years and +0.996

for all six of the census years, indicating about 98 to 99 per cent of

covariation between the two series of data (coefficient of determina-
tion or the percentage of covariation 18 taken as equal to the square
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OATS .
eooral dmdgaang

Official estimates as well as the sample indication of oat'yield:
check much more closely with yields as derived from the cgrzsﬁxﬁalz%:
in the North Central States, where the bulk of the crop is produced
than in other parts of the country. (Table 42.) In all sections of
the country and in all the census years thereis a pronounced tendenc;
for official estimates of oat yields and the indications of yield from
sample data to be higher than yields derived from the census. This
tendency is somewhat less in evidence in the North Central States
than elsewhere. Again it is undoubtedly the old difficulty of the
farmers reporting a larger acreage to the census enumerator than was
actually harvested and threshed as grain. Since oats are primarily a
feed crop and farmers utilize them on the farm in the most econom-
ical manner, the smaller the acreage per farm the less likely is the
falimer t.oteha;'vt?}?t and lz:c(tiuallydthresh his oats.

In spite of the marked tendency for the official estimates
yields to be higher than the yields shown by the census, thes(:af :v?(f
indications check within 2 bushels in all of the 6 of the census years
in Ohio and Illinois; in 5 of 6 years in Maine and Michigan; in 4 of
the 6 years in New York, Indiana, and Minnesota; in 2 of the 6 years
in Connecticut, Pennsylvania, North Dakota, Delaware, Maryland
VSVIOEI:,I}:] (zlall;ohnhal, lf‘log s%, tﬁlagama, Mississippi, and Colorado; and
ushels in 2 of the 4 census i i
Soxti{lhDak}:)t?l ls In 2 of the years for which estimates for
. ough the oat yields indicated oy the sample data are ge

higher than those shown by the cen§1)175, the co?relations (’Igall)llzriltli};
between census yields and township yields are fully as high, +0.89
as for corn yields. In the North Central States the correlations
between sample data yields and census data are higher with oats than
with either corn or wheat. The correlations between county and
township indications of yield (Table 44) are higher for oats, +0.89
than for corn, +0.85, but not so high as for wheat. The correlation
éot; tﬁiﬁ ;nnlfglt,gdbi? expgﬁbed to be higher, since the far Western
§ rom the comparis

included in those for oats and coxI')n. on for wheat, wherses they aze

FLAXSEED

Official estimates of flaxseed acreage, yield per acre, and pr iot
were not made until 1902, and consequz:mlyponly three celr)ls(:l(iu;gl:rg
are available for this comparison of crop-yield indications. Since the
average yield per acre of flaxseed for a State seldom exceeds 12 bushels
the absolute comparisons of the several indications of yield per acre
are placed on the basis of checking within 0.5 and 1 bushel instead of
1 and 2 bushels as with the other grain crops. There are at present
only four States—North Dakota, South Dakota, Minnesota and
Montana—where the growing of flaxseed is at all important. Tt is of
very minor importance in the other two States, Iowa and Kansas
included in this study. Wisconsin, Missouri and Nebraska have ‘pr‘o:
duced a little flax during the period covered by this study, but in
ergasﬁ %}Egtéeist ti,ge crog 1sli)f such m_igllor importance and the acreage so
s ractically im i i
cr(g)ﬁgqmiespond% rack y impossible to obtain reports on it from thp

cial estimates of flax yields check less closely with the yi indi-
cated by census data, In successive census yearz. (Tabley;glgs 1¥1I‘%Ie
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‘iumber ‘of | States in which these two indications check within 0.5
‘bushel'is 67 per cent, of the total number of States growing flax in 1909,
33 per cent 1n 1919, and only 17 per cent in 1924. The percentage of

~ States checking within 1 bushel declines from 100 per cent in 1909 to

67 per cent in 1919, and to only 33 per cent in 1924. No such trend
is apparent in the yields obtained from county or township reporters.

In practically all instances where the official estimates or sample
indications fail to check with the census yields within 0,5 bushel, they
are higher than the census yields. This would seem to indicate that
either there is a plus bias in the reports of the crop correspondents and
perhaps in the official estimates as well, or that the sample is not fully
representative of the lower-yielding areas of flax production. Flax is
considered primarily a new-land crop, and wilt-resistant varieties
that permit 1ts production on land that has been under cultivation for
gome time have been developed only in recent years. This may
account in part for the decreasing tendency of the official estimates and
census yields to check in successive census years. ’

Tntroduction of wilt-resistant varieties has tended to increase the
yield per acre in the older farming sections of the States from which
the bulk of the crop reports are received, while at the same time the
acreace of flax has also expanded westward into less humid areas,
especially in North Dakota and South Dakota. There is always some
lag in the adjustment of acreage weights where the acreage of a crop
is expanding and there is also difficulty in obtaining regular crop
correspondents in new farming sections. As & result, the lower-
yielding sections of expanding flax acreage would not be fully repre-

. sented, either in the reports of yield or in the system of Wei.§hts used;

the weighted averages of 1919 and 1924 would tend therefore to be
too high and might be expected to be higher than the yields calcu-
lated from census data. Census indications of yield per acre should be
highly reliable with the flax crop because it is not fed or used on the
farm in any way except for seeding purposes.

In these six States the yield as reported by the county reporters
check much more closely with yields as derived from the census
(Table 42) when considered on an absolute basis than do the official
estimates or the reports from the township list. In 1909, the yields
derived from the census data and those obtained from the county
reporters check within 0.5 bushel in 80 per cent of the States for which
county data are now available, w ile the two indications check within
1 bushel in all five States. In 1924 they check within 0.5 bushel in
the five States for which a report from the county list is now available
whereas in 1919 they check within 0.5 bushel in only one State, and
within 1 bushel in only one-half the number of States. In North
Dakota and South DaKota. the yields as reported by the county list
as well as those from the township list check within 1 bushel with
the yields derived from the census data in all three census years,

However, the correlation between official estimates and yields
derived from the census is somewhat higher than the correlations
between census yields and either of the sample indications. (Table
44.) Although the correlation between official estimates and census
yields is higher than that between yields reported by the two lists of
crop correspondents, the correlation between the latter is higher than

" that between yields derived from census data and either of the sample

indications. The census yields‘ and those reported by the county

e f 1 a002 in oana vasr 1094
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This comparison of yield data for flaxseed shows (1) that the several
indications of yield per acre check about as closely with this:crop. as
could be expected for any crop and (2) that in making estimates of
the yield per acre of flaxseed the statistician must be on his guard
against a sample that is not fully representative of the lower-yielding

sections of these States.
COTTON

Comparing official estimates of yields per acre of cotton and sample
data yields with those obtained from census data probably is less
satisfactory than making similar comparisons for any other crop.
Each year since 1902 the Census Bureau, through special agents, has
obtained the data on cotton ginning direct from the cotton gins. As
might be expected serious difficulties have been encountered in making
a farm-to-farm enumeration that will check exactly with ginning

. figures of cotton production. Consequently such adjustments must
be made in tabulating and summarizing the data that a reliable indi-
cation of yield per acre is not likely to be obtained by dividing the
production by the acreage.

The production of cotton as reported by the census is not necessarily
from the acreage as reported by the census. In 1900 difficulty and
confusion arose from the fact that production was reported both in
bales and pounds of lint. In 1909, the first census after ginning re-
ports had become well established, more cotton was enumerated than
was reported as ginned, because of a duplication of reports on the pro-
duction of cotton, when the same field of cotton was in some instances
reported to the enumerator twice, once by the landlord and again by

the tenant. This difficulty arose largely from the construction of the .

schedule on which data from cropper tenants and data for the whole
plantation became difficult to separate and distinguish. :
With the funds available it became necessary in many of the States
to base the yields per acre largely on the estimates of the Department
of Agriculture, and the acreage of cotton became a derived figure,
obtained by dividing the total production ginned by these estimates of
vield per acre. In this analysis cotton yields from census data in
1909 appear to check more closely with the official estimates than for
any other census year. In 1909, yields per acre derived from the
census and official estimates of yieid, check within 10 pounds in about
69 per cent of the States, and in other years such a close check as 10
pounds occurs in less than one-third of the States, except in 1919 when
they checked within 10 pounds in 46 per cent of the States. ' (Table
43.) The correlation between these two indications (Table 44) is very
high that year, +0.98, in comparison with about +0.73 in 1899 and
in 1019, and +0.91 in 1924. o
In 1924 the census enumeration showed less cotton that had been
accounted for by the ginning reports, and consequently adjustments
were made which tended to impair the reliability of the yield-per-acre
figure derived by dividing total production by the acreage enumerated.
The census of 1919 is apparently the most satisfactory of the last three
census years when cotton ginnings have been available to the Census
Bureau as a check on the accuracy of the enumeration of cotton acreage

and production. In 1919 the correlation between the census yields

and the yields from the county sample and between census yields and
yields from the township sample were both +0.95, as compared
with thoes in 19924 when the conntv-cenaiie corralation was +0.71 and

ADEQUACY . AND; RELIABILITY. OF CROP-YIELD ESTIMATES 125

he township-census: correlation was +0.66.  The county-township
;lilglg: showelc)ln-(:;.e correla.tioln of -I)-0.97 in 1919, the highest for any of the

ur census years. - (Table 44. . ) i )
fo The‘.furt}zar di{ﬁcSJIty encountered in comparing cotton yields is
that the unit of measure for the census is the bale, or fraction thereof,
whereas pounds of lint cotton are used for the official estimates and
yield questionnaries of the Department of Agriculture. The bales
per acre shown by the census were converted to pounds of lint on the
basis of bale weights, by States, as published by the census, with
allowance of 22 pounds for tare on each bale. Definite data on bale
weights were not available by States for 1879 and 1889, and conse-
quently it was necessary to interpolate for the separate States on the
basis of the usual deviations of the weight per bale for each State as
compared with the average for the United States.

Ithough because of the limitations of the data only very broad

eneralizations concerning cotton are justified, it 1s evident, from
ﬁ‘ables 42 and 43 that the official estimates of the yield per acre as
well as the yields reported by the crop correspondents, check with the
yields derived from the census more closely in the South Central
States than in the Atlantic Coast States. The indications derived
from census data are consistently higher than those from sg.mpl.e data,
indicating considerable bias on the part of crop reporters’ estimates,
a bias apparently more pronounced In the Atlantic Coast States than
in the States farther west. With the greater amount of bias it is not
surprising to find that the official estimates are apparently on a lower
level relative to the census indications of yield in the South Atlantic
States than in the South Central States.

The tendency toward & downward bias on the part of the sample
data and the official estimates: apparently has become much more
pronounced since the beginning of reports of the ginnings of cotton
during the decade from 1899 to 1909, although it 1s also apparent that
the official estimates and the yields derived from the census check
more closely during the last three or four census years than during thg .
first two, 1879 and 1889. In Texas the official estimates of yield an
the yield derived from the census check within 10 pounds in 5 of the 6
census years and within 20 pounds in all of them. In Mississippi the
two indications check within 10 pounds in the last 4 census years and
within 20 pounds in 1879 and 1889. In Alabama they check within
10 pounds in 3 years, and within 20 pounds in all of the last 5 census

years. ) ) 1 with
ne the Atlantic Coast States Georgia has the best record wi
thxée?ger%sus years, 1889, 1899, and 1909, when the official estimates
and .the census.yields check within 10 pounds, but the official esti-
mates are below the census yields in 1919 and 1924. In both of the
Carolinas the official estimates are below the census Xlelds in all six of
the census years, and in only one year in each State the indications
within 20 pounds. .
chﬁl-(making ofﬁlt):ial estimates of cotton, emﬁnasm has siways been
placed on making an estimate of production that would check closely
with the ginning figures of production; prior to the ginning reports
elaborate data were gathered on shipments by railroad and by boat
from each cotton State, to serve as a final check on the production
estimates. The current estimates of production are based in part on
an interpretation of the current ginning reports made public twice a
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month during the season of harvest. The later in the season:the fore-
cast of production is made, the greater is the dependence placed on the
Emmngs up to that date as an indication of final production. By the

rst of December, when the preliminary estimates of yield per acre are
made, that indication of production which consists of the acreage of
cotton multiplied by yield per acre, is not considered very significant
in comparison with the indication of production derived from' an
interpretation of ginning data.

The low correlation of +0.726 in 1899 (Table 44) between official
estimates of yield and yields derived from the census can be attributed
gnmanly to the low official estimates in Missouri and Virginia, both

tates of minor importance in cotton production, where the official
estimates are much lower than the indications from the township
and county samples as well as lower than the census. The same
situation occurred again in Missouri in 1919.

The low correlation +0.715 in 1924 between yields derived from
census data and yields from county reporters is due largely to low

elds reported by the county sample in Missouri and Arkansas.

hese same low reports explain the low correlation between the county
and township indications for that year. :

TOBACCO

In about one-half of the States in the census years 1899, 1909, 1919
1924, the yields of tobacco derived from the cels:\,sus data check within
50 pounds with the official estimates of yield; in three-fourths of the
States these two indications check within 100 pounds. = (Table 42.)

These two indications check within 50 pounds and 100 pounds
about as frequently in the Northern States as in the Southern States,
although yields per acre tend to run' somewhat higher in the North.
In 1919 the official estimates and the census yields checked within
50 pounds in all of the seven important Northern States growin;
tobacco, showing a correlation coefficient of +0.999. (Table 44.
- These two indications apparently show (Table 43) an increasing
tendency to check in successive census years, due in part to the increas-
ing importance of tobacco as a farm crop, to the development of
better methods of handling sample data, and to more effective use of
information concerning the quantity of this crop sold. The larg}gr
the acreage and the more igl_‘ﬁortant & crop becomes in a State, the
more accurate and reliable will be both the census enumerations and
the sample data concerning yields per acre. In the earlier census

years, 1879 and 1889, the official estimates of the yields of tobacco

and the yields derived from the census check within 50 pounds in
oan a few States—New York, Maryland, and Kentucky in 1879,
and Ohio and Virginia in 1889. On the other hand, in five States,
Kentucky, Tennessee, North Carolina, Indiana, and Wisconsin, these
indications check within 50 pounds in each of the last three census
years. O N 71 TN

In 1899 and 1909 the yield samples from the county correspondents
check more closely with the censuls) on the basis of a d}i’.rect comparison
(Table 43), whereas in 1919 and 1924 the yield samples -obtained
from the township list check more closely. It will be recalled that
the reports from the county list, although small in number in com-
parison with the township list, were weighted by counties. The
township samples were not weighted in 1899 or 1909, so far as can be
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determined now, but by 1919 the more important crops were being
weighted by crop-reporting districts. With the development of a
strong list of field correspondents and the appointment of full-time
field statisticians in practically all States in the decade from 1910 to
1920, it is reasonable to ex({)ect that the list of county correspondents
was not so well maintained nor were new recruits added so promptly
when old reporters dropped out. This apparent tendency is not in
evidence with crops such as corn, oats, wheat, and cotton, which are
produced more aﬁenerally. The problem of obtaining a representative
sample is usually much more difficult with a crop of localized pro-
duction, like tobacco, than with the more generally grown crops, and
it is possible that a small sample proper(l{y weighted would be more
accurate than a large sample not weighted.

In 1899 the official estimates did not check as closely with the
yields derived from census data as did the sample data from the county
reporters; by 1909 the estimates checked about as well as the county
sample; and in 1919 and 1924 the estimates checked much more
closely with the census on an absolute basis than the township
sample. Information concerning the sales of tobacco was probably
given greater consideration than in the earlier years.

In the Southern States the cases are equaYly divided into two
categories (1) those in which the official estimates are lower than the
yields as derived from the census, and (2) those in which the official
estimates ‘are higher. This situation also exists when the data for
the six census years are combined for comparison, as well as for the
last four census years, and for each individual year of the last four
census years. The deviations of the yields reported by the township
from the census yields also show an equal division for the four years
combined although in individual years there is considerable variation.
The apparent absence of any material bias in reporting yields of
tobacco may be due to the early maturity of the crop and early sales.
The crop is entirely marketed in several of the Southern States before
the yield inquiry is made in the fall. Consequently, farmers are
well ‘informed concerning their own yields and, with the crop rather
well out of their hands, there is little incentive to understate the
yield per acre when reporting to the department.

In the Northern States &wre is a ’oendenc{ for both the official
estimates and the samﬁle data to be higher than the yields derived
from the census data thereby indicating bias in the individual obser-
vations. The bias is more in evidence with the township sample of
yields than with the county sample.

Official estimates of tobacco and yields as derived from the census
show a higher correlation than do winter wheat, oats, corn, or cotton,
although the correlations between sample data of yield and the census
yield are about the same as with the other crops. (Table 44.) The
correlation between the county samples and the township reports
is lower for tobacco than for oats, winter wheat, spring wheat, or
flax, but higher than for cotton, and about equal to that for corn.

‘Although the yields as derived from the census and the official
estimates of yield tend to check with greater absolute accuracy with
the passage of time, the correlation coefficients between county and
township reports shows no tendency to become larger in the later
census years. The official estimates of yield are more highly cor-
related with yields derived from the census, +0.962, than is the case
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of the county sagnrle, +0.885, or the township sample; +0.918;
Although the official estimates and sample data sgow less'indication
of bias in the Southern States than in the Northern States, less cor-
relation is shown in the North between official estimates and census
yields, and between county data and census yields, and for yields
obtained from the township correspondents and the yields derived
from the census. The two sample indications of yield of tobacco
(Table 44) show very low correlations in the Southern States, whereas
in the North there is a substantial correlation between them. In

fact, with the six crops considered in this analysis, it is only in the -

case of tobacco in the South that the county samples and: township
samples show really low correlation. This would indicate that these
samples are small and, having considerable dispersion, are conse-
quently subject to high probagle errors and are not likely fully to
represent the important tobacco-producing areas. I SRR

In several of the Southern States in which the tobacco acreage is
small and highly localized, it is difficult to obtain an adequate sample
that is fully representative. Fortunately other samples as well as
::lheck data from sales are available as a basis for estimates of pro-

uction. ’ e e

by

GENERAL CONSIDERATIONS IN REGARD TO COMPARISONS OF YIELD
ESTIMATES R o

uwh FES SN

Official estimates of yields per acre check sufficiently well with: the -

ields derived from census data, when allowance is made for the
inherent limitations of such data, to justify the conclusion that,for
important crops in all but the smallest States and the far Western
States, these two entirely separate indications of d?l"ield undoubtedly
approximate closely the true yield per acre.” The differences between
them for a given crop are seldom more than might be expected from
the application of the principles of sampling as made earlier in this
study. Bias is likely to be present in the reported yields of import-
ant cash crops, especially when such crops are practically ‘the only
source of farm income, as with cotton. A small sample is to be
trusted only within rather wide limits, and lack of representativeness
is a constant source of error in the sample data of yield per acre, as
in the case of tobacco in States of small tobacco acreage. These
difficulties have apparently been recognized by the Crop Reportin,
Board for many years, for with most crops the official estimates chec
more closely with yields as derived from census data than do either
of the direct sample indications; and with all the crops studied, the
correlation between census yields and official estimates, is higher than
that between census yields and sample indications of yield per acre.

From this analysis it may be concluded that when reports are
received from a well-maintained and active list of county reporters
and these reports are weighted by the importance of the crop in each
county, the resulting weighted average of these reports is usually a
very satisfactory indication of the average yield per acre in a given
State. With generally grown crops such as corn, oats, and wheat,
reports for several counties could be.missing from any of the large
and more homogeneous States without seriously affecting the result-
ing average of yield per acre. But with crops of highly localized
acreage, such as tobacco or cotton in Missouri and Virginia (where
they can be grown in only a few counties) there is grave danger that
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reports on yield might not be received from one or two counties
which would represent from one-half to nine-tenths of the acreagein
that State. As a result, the reported yield from the county sample
would not be representative of the important producing areass, and
it might easily be in serious error. ) i
In the smaﬁer States having only a few counties, a sample contain-
ing reports from all the counties would be subject to a very l-u%h
probable error, and estimates based on such samples would not be
reliable. This difficulty is pronounced in the New England States
and in the far Western States, where conditions are extremely varied.

Fundamentally the method of estimating the yield per acre of a

‘crop primarily from sample data obtained from voluntary crop cor-

respondents 1s the same to-day as in 1879, when the acreage and
production of crops was first enumerated as a part of the Federal
census of agriculture. During the last 50 years the size of the yield
sample, however, has been greatly increased. L.
The development of the crop-reporting service along the lines 1t

has taken has been logical. Additional lists were developed to serve
as & check on each other; trained agriculturalists were appointed in
each State or group of small States, who could travel and observe
crop conditions and make reports which act as a further check on
the sample returns. But with the major crops in the important
producing States the old system of carefully selected county crop
reporters, with from one to five assistants in each county, was a
highly efficient method of obtaining a reliable indication of the yield
per acre of such crops. It was fully as reliable an indication as the
unweighted returns from the lmger list of township correspondents
started in 1896. In fact, the yield sample from the county hist, when
that list was well maintained and active, was a much more reliable
indication of yield per acre than might be inferred solely from the
number of observations. . . .

~ With generally grown crops, and in fact with practically all crops
except the most localized and those the yields of which per acre differ
greatly as between counties, the present method of weighting by
crop-reporting districts the returns from the township list and those
from the list of field-aid reporters is a logical outgrowth of the earlier
situation in which there were a small number of weighted reports
from the county list and the larger, unweighted sample from the town-
ship. Weighted and unweighted averages of the returns from two
geparate lists are a protection from errors In computation, which
must always be guarded against, as well as a means of greatly improv-
ing the representativeness of a sample that is not distributed in pro-
portion to its relative importance geographically in a State.

ESTIMATES OF YIELD PER ACRE, 1866 TO 1925
S1ZE OF SAMPLE

The vear 1866 marks the beginning of the present series of yield-
per-a,crz estimates for important crops by States. From 1866 to 1882
the reports from the county correspondents were practically the sole
basis of these yield estimates. Each county reporter was expected to
have assistants, not to exceed five, who reported directly to him each
month for that part of the county withm which each lived. The
Department of Agriculture undoubtedly endeavored to keep an active

nnnnnnn Pty o~
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county reporter in each agricultural county of the United States,:but:

it is not likely that returns were received from more than 60 to 75-
cent of all counties within a State for any one year. The Augups(:;l;

1881, report on cotton condition was based on returns from 56 per

cent of the counties in North Carolina and 70 per cent of the counties
in Georﬁm. ) : :

. For the more important crops in the larger States a sample of this
size stratified by counties would be fairly adequate in size, and differ-
ences in yield per acre for a given crop from year to year would be
reasonab (f significant from a statistical sta,mfpoint. If samples of
corn yields per acre in Jowa, in those early years, had had about the
same dispersion as in recent years (25 per cent or less), a sample of 46.
reporte would have resulted in a relative probable error of 2.5 per
cent, or with a sample of 71 reports the relative probable erorr would
have been 2 per cent, as compared with less than 0.5 per cent with the

larger samples now regularly obtained. Samples of cotton yields.
per acre with a 50-per cent coefficient of variation and 46 reports

would have had a relative probable error of about 5 per cent; 71

reports would have reduced it to 4 per cent. . T

It is probable, however, that greater effort was made to obtain
reports from each county when the yield-per-acre inquiries were made
than was the case with the monthly condition figures. At least as
early as 1872 the returns from the county reporters were weighted by
the importance of a given crop in each county. This would bring
about an improvement in representativeness, which would contribute
more to attalning an accurate indication of yield per acre than a mere
increase in size of the sample with crops of locahized acreage such as
tobacco, potatoes, etc. In the far Western States or in the small
States of the East and South the sample from county reporters has
been so very small that it would have been of value only as a general
indication of the trend of yields per acre over a period of years.

In 1882, State statistical agents were appointed on a part-time
basis in most States. Within a year or two these agents began to.
develop a small list of correspondents who reported directly to them
each month. The estimates of the agent were based primarily on the
returns he received from his correspondents; consequently the official
estimate of the yield per acre of crops for a given State made by the
chief statistician in Washington were based on two sources of infor-
mation (1) the returns from the county correspondents and (2) the
estimate of the State statistical agent. The additional reports ob-
tained by the State agents probably doubled the size of the sample
in most States. Many sources of information were increased and
made available by the State statistical agents. For instance,
threshers’ returns of bushels threshed and acreage harvested were
reported from Ohio. During the eighties, estimates of the yields on
a large number of individual farms were obtained for the first time
and were used as a check on the other sources of information. Since
these yields would be higher than the average for a locality, they were
used in a relative sense.’?

In 1896 the department inaugurated the township list; within a
few years this list included about 30,000 correspondents, or approxi-

11 B. W. Snow, in commenting orally to the writer on the general practice of handling the reports and
making estimates in vogue during the years from 1882 to 1892, when he lv)vasl connected wlit-f the de L ment,
stated that the returns of the county correspondents contintted to be the primary basis of the official esti-
mates and that the estimates of the State statistical agents were used merely a8 a check. :
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mately one crop reporter in each township, or the equivalent. The

‘addition of this large number of reporters increased the size of sample

several times and undoubtedly materially increased the precision of
the averages.

This increased number of reports was especially helpful in securing

a sample representative of the crops that had a localized acreage.
‘When there were only county reporters, if the acreage of rye, tobacco,
or beans was limited to only a few counties, it might frequently be
necessary to make an estimate of the average yield per acre for a
State when no reports would be avaliable from the counties in which
from 50 to 70 per cent of the crop was grown. '
" In the beginning the township returns weré also weighted by coun-
ties, but this required so much labor that for years only a simple
arithmetic average of the township returns was calculated. In
comparatively recent years the township returns of yield per acre
have been weighted by crop-reporting districts. The counties were
grouped into crop-reporting districts in the decade from 1900 to 1910,
and a system of district weighting was used by the State statistical
agents in handling their returns, although some continued to weight
by counties.

With the appointment of regional field agents and crop specialists
on full time during the period from 1900 to 1910 and the building of
lists of correspondents to report to these regional agents the size of
yield-per-acre samples was further increased. Weighting by districts
was practiced by most of these regional agents.

During the reorganization of the crop-reporting service, in 1914, the
positions of part-time and full-time reglonaf and statistical agents were
abolished, and a full-time position of State statistician, as it exists at
present, was created in practically all States. The appointment of the
State statistician was placed under the jurisdiction of the Civil
Service Commission, and the requirements were materially raised.
There was also & merging of the lists of correspondents who had
reported either to the State agent or to the regional agents into what
has since been known as the field-aid list, which reported directly to
the State statistician in each State. This list was greatly increased in
size until it contained more correspondents than did the township list.

The yield estimates during the last 30 years have been based on
samples of sufficient size to render the results highly stable except in
the far Western States and in some of the smaﬁest States. During
the last 15 years the yield estimates have been on practically the same
basis from the standpoint of size of sample as the estimates of recent
years that were analyzed earlier in this bulletin.

The period from 1866 to 1930 may be divided, on the basis of size of
sample, into about four periods as follows:

(1) 1866-1883. Returns were from county reporters only.

(2) 1884-1895. Returns from the county list were supplemented by returns
from field aids, who reported to part-time Btate statistical agents in each State.
Individual-farm acreage and production returns were used to some extent on a
relative basis as an indication of yield per acre of crops.

(3) 1896-1914. Returns from county correspondents and field aid= were supple-
mented by the addition of returns from the township list of crop correspondents.
Regional agents with limited lists of correspondents developed after about 1904.
Lists of ginners and other special lists were used in connection with cotton.

(4) 1915-1930. With the reorganization of the field service, the field-aid lists
were consolidated, and the size of lists was greatly increased by the State statis-
ticians. The county lists were merged with the township lists in 1925,
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_'The crop reporters of the department have'always'been distributed
either by counties or townships, and consequentrg this' method of
stratifying the sample has always not only aided the precision of the
average but also the representativeness of the sample. By 1872'the
county reports were being weighted by counties, and this improved
the representativeness of the average of the sample. The returns from
the field aids were usually weighted by the State statistical agents, by
counties, and after the development of crop-reporting districts be-
tween 1900 and 1910 these returns were generally weighted by dis-
tricts. The township returns were so numerous that weighting was
not deemed necessary even with important crops until within about
the last 10 years. Lack of geographic representativeness has prob-

REPRESENTATIVENESS , ,. .. . . . ./

ably not been a serious problem at any time in the case of the more -

generally grown crops in the States of major production.
’ BIAS

The understatement of yield per acre on the part of farmers has
been a somewhat difficult problem in the. case of such an important
cash crop as cotton. In the first years of these reports on crop yields
the inquiry was made as a percentaﬁe of the previous year, and in
actual bushels and pounds per acre during the decade from 1860 to
1870. In commenting on these returns the statistician suggests that
the yields themselves may be high, as they were obtained from better-
than-average farmers, but that the crop reporters were well qualified
to estimate the change in yield per acre on a percentage basis. From
1896 to 1925 the averages from samples obtained from county report-
ers show no tendency to be either higher or lower than those from the
township correspondents. Differences between the averages from
these two samples ¢ould easily be accounted for on the basis of the in-
fluence of the fluctuation of sampling or lack of representativeness.

There is apparently a break in the trend of the yield-per-acre series
for corn for the United States in the early eighties; this has led many
observers to conclude that some shift had been made in the method of
estimating corn yields, beginning in 1881. In the North Atlantic
States the break is abrupt, and in practically all sections the yields
were unusually low during the Feriod from 1881 to 1893. This break
in trend was so abrupt that it led Whitney (17 p. 60) in his study of
the trend of crop yields to conclude that “the only possible explana-
tion is that the department’s estimates were adjusted at that time in
conformity with the facts determined by the census.”

The census for the crop year 1879 made possible for the first time
the calculation of a derived yield-per-acre figure from the enumerated
production and acreage. In the North Atlantic States, where the
break was most in evidence, the differences between the official esti-
mates of corn yields per acre published in the year 1879, and the yields

derived from the census were not sufficient to justify any cha.n%g in .
ew

method. (Table 37.) In Maine, Vermont, Rhode Island, and
York the {wld figures from the two separate sources checked within a
bushel. In New Hampshire and Connecticut the census was about
4.5 bushels higher than the department’s estimates, and in only three
of these States, Massachusetts, New Jersey, and Pennsylvania did the
census yields run below the estimates of the department.

The late-season condition ficures for corn tend to show somewhat

,‘l'

ADEQUACY’ AND RELIABILITY OF CROP-YIELD ESTIMATES 133

réport, the chief statistician comments on the corn-yield situation

‘during this period as follows:

Seven 'years, 1881 to 1888, which were so0 lean that only one, 1885, made an
average of 26.5, one falling to 18.6 in 1881, made the remarkably low average of
92.9 bushels. The period of 10 years, including the present, will make an average
a little above 24 bushels, a reduction of fully 7 per cent from the average preceding
10 years. This 1s a difference so large, due evidently to meteorological causes and
assuredly not to the depletion of fertility or deficiency of cultivation, that a
periodic recurrence of such results might soon give some encouragement to the
cycle theory.

When the fundamental relationships between weather factors and
the yield per acre of corn are eventually worked out for several of these
States it will be possible to test this series of yields during the period
from 1870 to 1890 and to determine rather X;ﬁnitely whether there
was any-change in the method of estimating the yields of corn at that
time (16). ‘
CONCLUSIONS

The methods used by the Department of Agriculture in making
estimates of crop production may be classified under three headings
as follows: (1) oﬁection of sample data, (2) field travel and observa-
tion ‘by the State statistician, and (3) collection and utilization of
check data on quantity of the crop entering the channels of trade.

The present method of collecting sample data from voluntary
correspondents is generally successful as a basis for estimates of
yields per acre in the case of most crops of extensive acreage in impor-
tant producing States. The yield estimates for many crops in a
number of States could be improved by the further application of the
principle of stratification, especially in those States in which conditions
are extremely varied or in which crops tend to belocalized. The
stratification of the State into districts which have greater homo-
geneity than have the present districts would improve the representa-
tiveness of the weighted average for the State ang reduce the influence
of the fluctuations of sampling.

The township and field-aid lists of crop correspondents have been
combined into one list which reports directly to tﬁe State statistician
in each of several States (Pennsylvania, New York, New Jersey, the
New England States, Virginia, West Virginia, Maryland, Delaware,
Florida, %Ievada, Utah, and California). A similar arrangement in the
other Rocky Mountain and Pacific Coast States would tend to improve
the accuracy of the estimates in those States. In districts of extreme
variation and small samples, a comparison of the reports from the
same reporters for two consecutive years would be helpful as a basis
for estimating the change in yield from one year to the next.

Post-season inquiries of yields per acre for cash crops with a ten-
dency toward cash-crop bias, such as the present March inquiry on
cotton yields (Table 17), might well be extended to other crops such
as commercial potatoes, tobacco, peanuts. field beans, and fruit and
vegetable crops generally. -

A more detailed and critical comparison of official estimates and
the sample returns from crop correspondents with the yields derived
from census data would throw additional light on the limitations of
both the enumeration and the sampling method of obtaining crop
yields per acre. It is necessary to cfetermine the limitations of any
method before much progress can be made toward its improvement.
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A thorough and comprehensive study of yields as derived:from the
Federal census for the crop year 1929 as compared with the sample
returns from the crop correspondents would be highly desirable. The
mquiry concerning yields per acre made in -connection with the
regular April crop report and also an individual-farm inquiry o
acreage and production made in the same month, have placed all the
sources of yield-per-acre information on the same foo from . the
standpoint of memory bias.. Such a study of the indications of

elds per acre for the crops of 1929 might well be a joint study of the

ureau of the Census and the Division of Crop and Livestock Esti-
mates, since both organizations are undoubtedly interested in funda-
mental research of this kind, which will form the basis of a better
understanding of the available data and a starting point for further
mmprovement in methods for both agencies.

On the basis of a scientific analysis of all the information available
from both crop reporters and the census, it would be possible to
establish yield-per-acre estimates for the crops of 1929 that could be
used as a base for annual estimates for subsequent years until the
next agricultural census is made. :

The suggested annual sample census is needed primarily as a means
of estimating changes in acreage and number of livestock on farms
from year to year, but it would also serve as an extremely valuable
check on estimates of yield per acre, which, with most crops, must
be made earlier in the season. In cases in which reliable estimates
of yields per acre of crops on a county basis are desired, the suggested
sample census would supply the necessary data. The sample census
would be especially helpful in those States in which it is now difficult
to obtain an adequate and representative sample. '

Extensive field travel and observation by the State statistician is
essential, especially in States in which conditions are extremely varied
and crops are highly localized. The greater the differentiation in a
given universe of inquiry, or the smaller the sample, the more impor-
tant does it become for the statistician to have full, detailed, and up-
to-date knowledge of the universe of inquiry. o

. The importance of obtaining data that can be used as a check on
the accuracy of the estimates of crop production can not be over-
emphasized. Additional facilities are needed for securing this type
of information from all classes of common carriers for all agricultural
commodities that are sold from the farm.

The results of this study, in common with other economic and
statistical generalizations, can not be stated with the precision that
is possible in the field of the more exact sciences, but they justify
certain general conclusions concerning the adequacy and reliability
of the official estimates of crop yields per acre. The relationships
involved are complex, and when any factor is mentioned individually
the conclusions should be qualified with the statement “provide«i
other things are equal.”

Estimates of crop yields per acre for the 12 North Central or Corn
Belt States are not only more reliable than those for any other part
of the country, but are about as aocurate as such estimates can
possibly be when made on the basis of sample data obtained from
voluntary crop correspondents. The estimates are least reliable in
the Rocky Mountain and Pacific Coast States, and in some of the

smaller Eastern and Southern States.
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.- Estimates for such generally grown crops-as corn, oats, wheat, and
hay which have rather uniformly distributed acreage in the State

where they are grown, are usually more reliable than crops of highly

localized production such as commercial potatoes, beans, peanuts,
and tobacco. The -estimates for crops of relative little importance
in a given State are much less reliable than are the estimates for the
major crops.

stimates for important and somewhat specialized cash crops, such
as cotton, tobacco, commercial potatoes, peanuts, and beans, are
likely to be less reliable than are the estimates of crops largely con-
sumed on the farm or in the locality in which they are produced.
Fortunately, this situation is not so serious as it might at first appear,
as check data of the commercial movement of the crop are obtained
for many of the crops that are sold. These check data available over
a period of years make it possible for the statistician to correct for
bias which may exist in the original sample material.

The explanation of these conclusions is found in the application of
the fundamental principles of sampling and of statistical induction
under given circumstances and congitions as well as on a direct com-
parison with yields derived from census data. The estimates for the
major crops in the important North Central States are more reliable
than elsewhere, as the universe Trom which the sample is drawn is
more homogeneous and there is less dispersion in the yields per acre
over a given State than generally revaif)s in other sections. The size
of sample is fully adequate to reduce to a minimum the influence of
the compensating errors of observation and the fluctuations of sam-
pling. ost of the important crops in this area are generally distrib-
uted over a given State, thereby insuring geographic representative-
ness of a sample stratified by townships. Cash-crop bias and other
forms of noncompensating errors in the individual observations are
apparently much less serious than in most other sections of the
country. Many of the crops are utilized on the farm, and even with
the cash crops, such as wheat, flaxseed, and commercial potatoes,
there seems to be little evidence of cash-crop bias. The reliability of
the yield estimates from this large agricultural area is of tremendous
importance in its effect on the reliability of the estimates of total
production of such staple crops as wheat, corn, oats, barley, rye, flax-
seed, potatoes, and hay.

The estimates of 'e{d in small States are not so reliable, primarily
because it is difficult to obtain a sample of adequate size. Sample
data in several of the Rocky Mountain and Pacific Coast States are

ractically worthless as a basis for estimates of yield without careful
Interpretation and analysis by a statistician thoroughly conversant
with the current situation.

With crops of highly localized production it is usually difficult to
obtain a sample that is adequate in size and fully representative.
Weighting by counties rather than by crop-reporting districts greatly
improves the representativeness, provided there are a sufficient num-
ber of reports by counties to prevent possible distortion.

Understatement of the yielg per acre on the part of the crop corres-
pondent, found in the yield inquiries made prior to the selling of &
cash crop like cotton, can never be eliminated from the sample data
and must be allowed for by the statistician in making the estimate.
Check data on prodgctqu or on tht‘a_ quqnti}y of a crop sold, such as

. Y S T
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being used to indicate the presence of this cash-crop biss. .-At present,
it is extremely difficult to measure the extent to which this bias existed
during past years, because it can not be accuratel
tween the acreage and the yield-per-acre sample
problem in joint costs in accounting. The measurement of bias:in
yield-per-acre data is contingent on the development of more accurate
methods of sampling acreage. Until a fairly accurate measure of
cash-crop bias can be developed on the basis of previous experience,
this allowance for bias that the statistician is compelled to make is
largely a matter of personal judgment and must be made in connection
with any statisticaf) inference based upon the type of sample data.
It is difficult to obtain a sample of adequate size in focalities in
which the farmers are foreigners who do not read and write English
readily, in localities in which the general level of education is low, and

allocated as-be~
ata. . It is like a -

in communities in which the farms are somewhat isolated. In some

States the standard bushel is not the customary unit of measure, and
consequently special schedules are used to prevent misunderstanding
of the questionnaire. : ‘

During the last 20, or perhaps 30 years the estimates of crop yields
I)er acre of most crops have been nearly as satisfactory as during the

ast 5 years. Prior to 1896 the estimates for minor crops were much
less dependable than during the period since then, and they were least
reliable during the period prior to 1882.

Estimates of yield per acre for the more generally grown crops could
be made with a fair degree of reliability by crop-reporting districts in
the important Corn Belt States. To make estimates of yield for
minor crops by districts, or for any crop by counties, is not feasible
on the basis of the present system of voluntary crop correspondents
except in some of the Corn Belt States. Such estimates are neces-
sarily so unreliable that they are beirig discontinued until such time
as the suggested anhual sample census becomes an established method
of sampling acreage, production, and number of livestock on farms.

The official estimates of yields per acre for generally grown crops
in important producing States check sufficiently closely with yield
derived from census data, when allowance is made for the inherent
limitations of data obtained by the enumeration method, to justify
the conclusion that these two entirely separate indications o} yield
approximate closely the true yield per acre. The difference between
these two indications of yielcf per acre are seldom more than might
be expected from the application of the principles of sampling. The
statistician must be on his guard against bias in the sample data when
making an estimate of yield per acre for cash crops, which are th
principal source of income in the localities where produced. .

The reliability of the estimates of crop yields per acre is only one
aspect of the larger problem of the reliability of the official forecasts
and estimates of crop production. This bulletin is in: the nature of
a progress report; it deals with a phase of sampling that probably has
a broader application in the general field of sampli
nomena than has any other work being done by the Department of
Agriculture. Further work of this kind, now under way, should
eventually make available (1) the results of similsr studies concernin
* the sampling of acreage, of livestock numbers, and of retail prices pai§
by farmers, (2) the results of much more detailed studies relative to
the ’prqblem of sampling in a given State, and (3) an appraisal of

economic phe- -
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