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INTRODUCTION

Long-established theories in the field of economics aré now being -
subjected to the searching light of quantitative analysis. ‘The
statistical approach is used to tesi theories derived by deductive
reasoning as well as to form the basis of new inductive generaliza-
tions. Only in recent years have sufficient datn been available for
comprehensive statistical analysis. Practically all the publications
of a statistical nature in this country have dealt either with the
technie¢ of analyzing quantitative datae or with the results of such
analysis when applied to a particular problam. Too little attention
hag been given to the problems involved in the collection and com-
pilation of date 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 date are to have validity.

106754%—]32——1 . .
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The tables appearing each year in the Yearbook of the Depart-
ment of Agriculture nontain 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, recsipts 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 #cre, 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 tab%es, many research workers, even some within ths
Department of Agriculture, fail to distinguish between the relia-
bility of the different sources when drawing conclusions from the
annlysis of these statistics.

Any user of this large assortment of statistics would prefer data
derived from «rumerations rather than estimates based on sample
data, provided that count be absolutely complete, or at least contain
o uniform degree of incompleteness, throughout the entire series,
It 1s conceivable that an estimate might be closer to the truth than
&n 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 original saumple data, freedom from biss, size of the sample, and
the technical knowledge and commeon 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 jusi how the dats were
gathered, and ho 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 manufscturing and industry. The Sixth Federal Census,
taken in 1840, contained items relafing 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 Department of Agriculture was organized in
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 reduce the
speculative fluetuations of the market price. The greatest accuracy
could be obtained by mneans of a complete annual censns 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 8 year or more to tabulate its returns and make
them avsilable. It would also be very expensive in comparison
- with the cost of developing a crop-reporting service. _

Not only are accurate estimates of the groduction of eropsrequirad
immediately following the completion of hervest, but buyers and
‘sellers demand forecasts of produetion of the various crops prior to
harvest. “They could not do without them. Private agencies will
supply them, and the government as & neutral crop reporting agency
can not avold its responsibility by omitting them” (15, p. 3200}
Methods of forecasting are being steedily improved. With cotton,
for example, on which there is an sccurate 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 eent or less
of the Decomber ~stin:ate, 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 enuwmerations. During June each
year thousands of farmers report to the Department of Agriculture
the acreages of tiie various crops growing on their farms, both for the
current season and the year previous. From this and other infor-
metion the percentage change in the acreage of each crop is estimated
by the Cirop Reporiing 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 Yederal. agricultural census
enumeration, with some adjustinents for incompleteness, furnishes
the base or sterting point for estimates of acreage.

Dui ag the growing season forecasis of the probable yield per acre -
are made on the basis of the “condition of the crop in per cent of
pnormal,” sctually on appearance, as reported by the regular crop
correspondents. The relationship of congition to final yield per acre
as a 1ll)lasis of forecasting is supplemented by wenther and yield rela-
tionships.

After the harvest of a given crop is completed in practically all
States, estimates of production for the ¢rop sre made by multiplying
the estimate of acreage of the crop remaining for harvest after aban-
donment is deducted by an estimate of vield per acre. In late Septem-
ber an extensive survey of the current year’s acreage of ail crops is
made with the help of the rural mail carmers of the Post Office Depart-
ment. Results of this survey, with other information, form the basis
of the éstimates of the acreage of the various crops remaining for
harvest. The crop correspondents, both regular end special, report
on the aversge yield per acre of the various crops in their locality, and
these returng are used as a basis for the crop estimate bosrd’s esti-
mates of yield per acre. 'The forecast of production for & given cro
in a particular State is the product of the acreage estimate multiplie
by the forecast of probable yield per acre,

Accurate estimates of preduction require that imethods of esti-
mating &ll component factors be accurste and reliable?

1 Ttalle numbers in parentheses refer to Literaturs Cited, p. 137,
* The relinbility and adeguacy of the farm price estimates of the department have besn considered In
U, 8, Department of Apriouiture Bulletin 1480 {14).
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In the field of crop estimating, as in any other specialized field of
knowledge, 1t has been necessary to develop & technic applicable to
the prob%ems involved. Manljl' of these problems ars _sim.ﬁar‘ tn those
now being encountered in the more general field -of quantitative
-anelysis of economic date. The general principles of statistics,
especially as related to sampling, have been of material sssistance in
understanding the fechnic developed through many years of experi-
ence in erop estimsting and In suggesting improvements that have
already proven their worth.

The general problem of determining the reliability and adequac
of estimates of crop production must be considered from the stand-
point of two specific prohlems—the accuracy of estimates of screage
and accuracy of estimates of crop yields per acre. The statistical

. pringiples related to the methods of a&mpling used in estimating rrop
yields per scre are much less complex and are of more universal
applieation in tho general fisld of quantitative procedure then ere
‘those related to the estimating of acreage. This study will be limited
to the speeific problem of estimates of crop yields per acre. A study
similer to this has been made in connection with estimates of acreage,
and msany of the improvements in method that were developed have
been incorporated in the procedurs of estimating the acresge of crops.

PURPOSE AND PROCEDURE )

The primary purpose of this bulletin is to report the rvesults of a
critical investigation of the sources of current information, the
character of the information received, and the methods used in
prepering the official estimates of yield per acre of crops. This
Investigation has been conducted over a period of seversl years, has
served as a basis for determining the reliability and adequacy of
estimetes of crop vislds per scre, 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 svailable to the Departiment of Agriculture in the Hght of
statistical principles, related to sampling, that had been tried and
proven in other fields. In the course of this examination the data
basic o many of the official estimates for principal erops in related
States were reworked, and sccepted measures of reliability wers
applied. Official estimates were compared with the ylelds indicated
gy agdxe reports received, considered alone without correction by the

o

The results are presented in the following order: (1) Description
of the nature and sources of reports from farmers; (2) tvestment of
sample date to meot practicel and theoretical requirements; (3) de-
tailed critical anslysis of the data for typical States snd years for
importan$ crops; (4) comparison of yield estimates of the Department
of Agriculture with yields derived from the census date; and (5) an
appraisal of the historicel series.

The first part, which deals with & description of the phenomena
and methods is treated in summary fashion in view of available
materials on the general subject. '

The second part of this study, which adepis sveilable sampling
Erinciples to the immediate problem of estimating the yields of crops,

as resulted in a classification of the factors that cause semples to be
misleading and estimates to be imaccurate. These generslizations,
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Which are based on experience in the field of estimiating crops and
livestock, have a -iefinite application in the general feld of making

estimates and drawing conciusions from sample dsta. Every com: -

structive worker a1 sconomics and related social sciences is forced
* eventually to utilize sample dats, whether he collects them himself
ot not.

The detailed analysis of the sample dats for typical States and
years for important crops has involved an immense amount of labor
both in actual performance, and in checking the accuracy of the worg,
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 Estimsates, in connectlon with courses of imstrueiion in
sampling and general statistics conducted by the suthor during the
last three years.

In the fourth phase of this study, the sample dats and estimatea
of yield have been directly checked against the yields per acre derived
from census data, This'is an entirely separste approach fo 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. .

""" TThe brief svaluation of the yield estimates a.'a historical series wiil

be helpful in explaining year-to-year variations in the yield of a
given crop in a certain State on the basis of the'weather and economic
factors involved. '

Scientific workers and students, especially those in the field of the
social sciences, who are making and interpreting surveys and samples *
of sociel end natural phenomena will be particularly interestetf in
the principles and methods of sampling as they have been developed
by 519 United States Department of Agriculture over a periodp of
more than 60 vears. To this group the first part of this bulletin to
and including the discussion of the relisbility of the estimates for
winter whest will have grester significance than the remainder.
Others, however, may be interested in the reliability of the yield-per-
acre estimates for one or more parficular crop. It is suggested that
they consider the section on winter wheat as & basis for comparison
th 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 phenomencon that the Department of Agriculture is called
upon to measure and to estimate is the average yield per acre of a
given erop for the United States, for & State, and for some subdivision
of the State, such as a county or group of counties. The estimate of
vield 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 sn acre of ground is the unit of observation,
experience teaches that the smallest unit in actual praetice undoubt-
edly is the average yield per acre for a field. If & 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-scre field over on the hill, his average yield per
scre was only 40 bushels. The production of a crop on & given field,
divided by the ares of that field, is about the smallest unit in which the
farmer thinks of yield per acre. It is the xate of produciion per acre
for any given area such as g 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 erop production is a natural phenomenon, it iaressonable to
expect a fairly normal distribution of the observations if the samples
ars drawn from s ressonably homogensous area.

Differences in soil fertility, topography, and climate are the fun-
damental causes of the variation in crop yields for the country as a
whole. The Delts counties of Mississippi have on an average, much
higher yields per acre of cotton than have the uplend counties. The
areps of high production per sere for the country as a whole are
rather well determined ancf) tend to be fairly homogeneous; areas on
the margin of profitable production are less clearly defined geograph-
ically. Yields per scre not only differ, but so also do the geographic
distribution and density of the acreage planted to & given crop.
‘With the approach to the geographic margins 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 & crop it 1s neecessary to

- consider not only geographic variations in yields but also geographie
distribution of the acreage.

A political unit such as a State or county is not necessarily, and
i fact is seldom, a homogenecus geographic district from the stand-
point of either yvield per acre or acreage distribution. If an approach
10 & normal distribution is to be secured in the observations of the
sample of crop yields, a State should be divided into distriets having
natural conditions as nearly uniform as possible. In actual practice
8 State is usnally divided into nine crop-reporting districts of sbout
equal! extent, on the assumption that the varistion both in yields per
acre and In the distribution of the acreage is grester over the entire
State than within one of these districts. To the extent that this
sssumption helds trus, the crop-reporting district is more homogene-
ous than the Stete as 8 whole. Homogeneity within the districts has
been materially increased, in the case of several States, by giving more
careful attention fto 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 offices &t present. There is one field office for
the New England States, one for Maryland and Delaware, and one
for Nevada and Utsh. The two Lists of crop correspondents, town-
ship and field eids, have now been merged in several States, including
the New England States, New York, Pennsylvania, New .Jersey,
Maryland, Delaware, Virginia, West Virginis, Florida, and California.
The combined list of crop correspondents reports to the field offices
in these States. Generally speaking, these ere States in which the
crops of general speculstive interest, such ss wheat, corn, oats, and
cotton, ars relalively unimportant, or in which the sgricuiture is so
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highly specialized that a sample has little significance unless infer-
preted by one familiar with the agriculiural detsils of the State.
It is deemed advissble, however, to continue this dusl system of crop
_correspoadents, in most importent agricultural States, especially
in those with highly s;;leculativa crops, &s it insures that snmple 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 refurns from the regular
crop correspondents of the department have been supplemented b
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 sare not regular crop correspondents of the
department. The returns from these inquiries, taken later in the
season, supplement the regular retums and are especielly helpful
when estimates of yields are made on less than g State besis.

- THE LISTS OF REPORTERS

The Department of Agriculture now maintains two lists of erop
correspondents. Both lists are reeruited from among farmers who
are willing to serve without compensation and who are selected with
the idee of having on each list at least one reporter from each agri-
eultural township in the United States. The township list, which
reports to Washington, has usually consisted of ebout 30,000 or more
fermers. There are at present about 46,000 correspondents on the
field-aid list, which reports to the field statisticians in each State. For
any regular monthly report about 50 per cent of the correspondents
refurn the questionnaires. The township list was first established in
1866 and the field-aid list in 1914, when the fieid force of the Burean
of Crop Estimates was reorgamized. 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 “sported 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 & given erop 1s 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 tﬁeoretical}y 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
un%t og obsewatlilon. 1iud ¢ the d @

1 the generally used judgioent inquiry of the department the cro
reporter % a.skedyt-o msake an estimate of the averege yield for big
locality which, theoretically, would be the total production divided by
the total acresge therein. In actual practice the crop reporter pre- -
sumably starts with the knowledge of the average yield per acre on
his own farm; then through contacts with other farmers, he obtains
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information concerning the average yields on other farms in his local-
ity. Many reporters 1mdoubte§y 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 erop 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 stbustion.

After conversations witl many crop reporters in Tows, 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-nverage farmers
and although they generally obtain better-than-average yiela‘s on their
own farms, they do tend to discount their own yields in arriving at
an estimate for their locality.

From 1883 to 1914, the returns from these voluntary erop corre-
spondents, who re(rorted divectly to the department in Washington,
were supplemented by the observations and esiimates made by part-
time State statistical agents, each of whom had a small group of crop
correspondents. . From about 1960 to 1614, full-time regionsl field
agents were employed to travel continuously during the growing
season and iminediately after harvest over a territory comprising
soveral States. They observed 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,

During the last few days of the month both lists of reporters
receive & questionneire which includes various items such as tho 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 Scuthern States. In
July the questionnaire asks for the harvested yield of wheat and rye
in the Southeérn Stafes and the probable yield in the Northern States.
The probable yield for the more important crops is raquested about
harvest time, and harvested yield is requested & month later, some
allowance being made for the advandement of the sesson 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. The last inquiry on yield per acre for the 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, end this practice will be continued in the future. Early each
year there is an announcement of the list of crop reporting dates for
the year,® which shows what iz to be published in connection with
each crop report throughout the year.

PUNTER STATES DEPARTMENT OF AGRICULIURE, BUREAU OF AGRICULTURAL ECONOMICA, CROP RE-
PORTING DATES FOL 1931 ANKOUNKCEDR, TJ, . Dapt. .&gr.. Bur. Agr. Econ. Pross Relcase. (1] p. Janezry
31, 1931, [Mimeceraphed.] )
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'In addition to these judgment inquiries, both regular crop reporters
and other farmers are asked to report on the acreage and produetion of
the crops on their own farms. From these reports & yield-per-acte
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USE BACK OF SCHEDULE FOR COMMENTS ON DNUSUAL CONDITIONS

3 ™ - -

FIGURE },—Typlesl monthly schedale or guestionnalre, ‘The monthly questionnalres sant tocrob
reportira dliter with the nature of thoe Informetion soughbt ns the season progresses. In Octobar
the [oquiry chiefly toncerns the ylelds of crz()ips. for thoss crol:s not harvested prior to
Ogtober 1, the reparter peceseprily gives his {dea of the. “probable yield.” In serme of the
States aud for those oropa the harvest of which has betn virtnaliy completed the report Is on
“ yiald per sope this year '

estimate can be derived by dividing production by acreage. This is
known 88 an “‘individusl farm” inquiry. Since the crop correspond-
ents are generally better-then-average farmers, the individuel-farm
returns usually show 2 higher average yield per acre than do the judg-
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ment inquiries. 'These individual-farm inquiries are made vsually 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
m the State is probably not as great as in years of low average yields
because the erop yields of the better farmers are not so likely to he
affected by adverse conditions as are the yields on either marginal
land or on tha 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.

The yields derived from the individual-farm sample may be used in
& 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 2s a means of eslimating 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 wers only partly harvested. This
sttuation 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
ncreage 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 czn be used only as s basis
for revising the yield estimates of the crop year to which the censua
applies. Should only the yields in the census year be revised on the
bagis of this information, which is available every 5 or 10 years, these
astimates for the census year would not be comparable with the esti-
mates for the intervening years.

It would appear on first thought that thase vields as derived from
the census dats would serve ag an excellent check on the accuracy of
the estimates of yields made by the Department of Agriculture, and
reveal the measure of the diserepancy between the results of an
enumeration and estimates based on sample data. Subsequent inves-
tigation will show that several circumstances concerning the enu-
meration of acreage and production must be taken into considera-
tion when closely comparing yields as derived from the census dats
with either the estimates of yield per acre or the averages of original
sample data secured from the crop correspondents of the departmert,
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COMMERCIAL CHECKS

The department has been cbtaining commercial checks on produe-

" tion, such as figures showing cotton ginnirgs, car-lot shipments of fruit
and vegetables, shipments and mili-door receipts of grain and flax in
the spring-wheat States, and auction sales, which are useful ag indica~
tors of probable production during harvest and as & basis for estimat-
ing production after harvest. The field or State statistician gathers
his summer information ¢oncerning acreage chenges, production,
yield per acre, and marketings, fiom farmers, county agents, elevator

men, Ea.nkers, and others, for both the current and previous year.

PREPARATION OF THE ESTIMATES -

The returns from township correspondents are tabulated and edited
in the eentral office in Washington. The returns from the field-aid
reporters, and from the combined list of correspondents in *'ose
States in which the two lists have been merged, are tabulatzy and
edited in the respective State field offices. I

The retwrned questionnaires (fig. 1) are usually entered on large
sheets, by counties or by crop-reporting distriets. This ergenization
of the observations on & courty bagis is of material sssistance in
editing and checking and makes possible the computation of averages
by counties. After the returns have been listed and carefully edited,
averages are computed by counties in the field offices, and by crop-
reporfing districts in the central office in Washington. These aver-
ages of crop-reporting-district data are then weighted by acreage
weights for the cuirent year’s crop to secure & weighted average yie%d

per acre for the entire State. The unweighted or strai];glht average

(arithmetic mean) of all reports for the State is also caleulated.

At harvest time the field statistician in each State corefully sum-
marizes the sample data that he has received from his feld-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 bies, and arrives at an estimate of the
yield per acre of & given crop for the Btate, This estimate usually
does not differ materially from the weighted average of the returns
from the field sids. The estimates of the field stefistician, and the
statement of the district and State averages from his erop correspond-
ents are mailed to the Crop Reporting Board in Washington. Com-
ments concerning the weather and other pertinent factors accompany
these data.

Fhese 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, from States in which thesecrops are
of very minor importance from & national standpoint, are included
with B reports. The reports on cotton are bandled 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 than 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 & specially marked
A envelops to the Secretary of Agricufture. The A envelopes are




"
-~ 12 TECEHNICAL BULLETIN 311, U. 8. DEPT. OF AGRICULTURE

placed immediataly in a safe where they remain locked up until the
morning of the day the crop report is released, when they are opened
in the board room. : A .

The Crop Reporting Board makes its estimaies of the A erops
behind locked deors and screened windows, and under guard, on the
day of the releass of the general crop report. The cotton report is
handled in the same manner throughout as is the report on the A
crops. At s specified minute copies of the crop report are laid face
down besids telephone or telegraph instruments through which news-
E&ﬁar reporters assemblad for the ﬁurpose may, ab the stroke of a

ell, transmit the deteils. Through relays, the rsport is available
elmost instantaneously st any point in the world. In making this
roport 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 applied to the current estimates of acresge to obtain
an estimate of production by Stetes and for the country as a whole.
" In IDecember, when the final estimates of screage, yield, and pré-
duction for the current year are made, the Crop Reporting Board
reconsiders all information obtained since the harvesting of the various
crops, thet concerns the gieﬁd per acre. If a revision of the yield per
acre 18 appar&ntlﬁ justified, such a revision may then be made in
connection with the final estimates for the year. The following year,
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, mill-door
receipts, ginnings, eto., sometimes justifies thesegater revisions of
yield as well as of acreage.

ADEQUACY OF SAMPLE DATA
THE PROBLEM

Present-day economists are making use of statistical information
to & greater extent than ever before in the history of economte thought.
Research workers are compelled to base peneralizations npon sample
data of one kind or another. Even when statistical series that have
been completely enumeratsd over a period of years are used as s basis
for relationship studies or correlation anslysis, the data for the years
included in the study are & sample of only a few years taken from a
universe of all years or an infinity of time. There are always the
quesiions as to whether the resuits secured for the limited period
under observation will continue to be applicable in futurs years, and
whether the generalizations that apply to the sample reslly apply to
" cages notincluded in the sample. ’Fﬁe statistician’s basis for sssurning
" that a generslization concerning the average yield per acre of & crop
from sample data will apply to the cases not included in the semple
must be logically developed.

The ordinary methods of inductive ressoning are used, basin% the
logical processes upon statistical data. The whole practica] problem
of statistics centers on the validity of the reasoning process; on thse
validity of the assumptions upon which this type of inductive reason-
ing, known ss statistical induetion, is based. The fundamental as-
sumptions that underlie this type of induective ressoning msy be
briegy stated, but they must be held constantly in mind,
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(1) Thate is the general assumption of the orderliness and uni-
formity of nature, or that there is some finite degree of varigtion in
nature. (2) A rasdom sample with all observations free from bias

is usueally sssumed. (3) The conclusions from saraple data can mot
be absolute xnd must consequently be expressed in terms of proba-

bility, which, however, can be given assignsble limits. Any develop-
ment or adaptation of the general theory of sampling must center
about these fundamental premises to statistical inductive reasoning.

In actual practice it is soon discovered that a random sample is very

difficult to obtain and may be actuslly quite misleading, and that the

observations in the sample are subject to both wide errors of observe-
tion and bias. ' : :

. Can a sample be so drawn or go handled that it will reflect the situa-
tion of the large group or universe of inquiry from which it is drawn?

This is fundementally & 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 depend, and & careful comsideration of the problem
of statistical induction which is involved when an estimate 1s made
largely on the basis of sample date. It is always difficult in practice
to differentiate sherply between these fundamental distinctions in-

herent in the theory of statistics. As Keynes says (9, p. 877):

The first function of the theory of statistics is purely descriptive. It devises
numerieal and disgrammatic methods by which eertain salient characteristics of
Iarge groups of phenomensa can be briefly described. * * ¥ Thesecond fune-
tion of the theory is induciive. It seeks to exbend its deseription of certsin
characteristics of observed events to the cqrrespondin% characteristics of other
events which have not been obgerved. ‘This part of the subject may be called
the Theory of Statistical Inference.

Later Keynes points ou$ that the more eomnplicated and technical
the preliminsry statistical investigation becomes, the more inclined is
the statistician to mistake the statisticel description for an inductive
generslization. Inductive reasoning tells us that on the basis of
certain evidence a certain comstruchion is ressonsble, not that it is
true. Induction depends upon experience for its va,liéiby. :

Theoretically the making of an estimste of crop yields involves,
(1) the collecting of sample dets concerning yields per acre. These
dats are tabulated end edited, and an average (which is one of the
most important characteristics of a semple) 1s computed. (2) The
making of an estimate of & particular crep for a given State involves

 statisticsl inference. The statistician must take the‘step from his

.sample to the universe of inquiry, that is, in this case, from the average

yiel(f ar acre for & given crop as shown by his sample to an estimete
of yieFd for the State as & 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 gample.

The statistician does not willingly accept the average of the sample

and usé it as an estimate of the yield per scre for the State unless he
is satisfied {1) that the universe from which t.e sgmple was drawn
is reasonably homogeneous, (2) that the sample is fully e yresentative
of the State as a whole, (3) that the individual observations are free
from bias or cumulative error of eny kind, and (4) that the sgmple
itself wes sufficiently large to insure a high degree of “precision”’
or stability in the average obtained. He may also be influenced by
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such objective information as cotton ginnings to ddte snd ear-lot °
shipments, which indicates to some extent the change in production .
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 vyield.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
reprasentativeness, 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 g full
appreciation of the current situstion, forms an excellent basis for
properly evaluating the sample date and consequently insures a high
degree of accuracy in the estimates themselves. :

1t 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 samples of anquind 1s to determine the particular objective
that is sought. Of the four general objectives of sampling m the
field of agricultural economies, as outlined by the advisory committee
on research methods of the Social Science Research ouncil,* two
seem to apply most definitely to the sampling of crop yields per acre,

The first is to obtain an accurate description of conditions exist.
ing in & 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 rather than an exact measurs
of conditions existing at any one time. The absolute lovel 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. Constunt bias or constant lack of representativeness is elim-
inated when date from two samples are use 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 crop yields, the purpese of all the judgment
inquiries is to realize the first objective—a miniature or rephica 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 a 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 mors rigid
when & sample is to be used in an absolute sense, than if the objec-
tive is only to mneasure change—the second objective.

With the individual-farm sample, in which a derived yield per
acre is obtained by dividing the production of a crop by the acreage

# S0CIAL ECIENCE RESEARSH COUKCIL, ADVISORY COMMITTEE ON SOCIAL AND ECONOMIC RESEARCE
IN AURICULTURE. RESEARCE METIOD AND FROCEDURE IN AGEIGULTURAL ECONOMICE, ¥, 1,188 p. 1428
[Mimeog:mphad.]
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on which it is grown for the farms in the sample, the purpose is pri-
marily to measure change in conditi 1s, 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 persoms repre-
sented in the samples ?or 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 consiant from one year to the next. This
spren: {)robably is smeller 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
gverage vields 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 further difficulty of finding a satisfactory base from-
which to depart or to apply the indicated change, when the two
smﬂn]ples are used in o relative sense. When last year’s estimate of
final yields is the result of other and better samples or better check
date, then & relative indication of change in yield can be ufilized 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 evidence is conflicting.

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 absolu’e sense, the sample must be thorough-
ly representative of the entire population from which it was drawn.
I the individual-farm ssmple is used, in a relative sense, with the
objective of measuring changes in the population by being applied to
soms base yesr and carried along from year to year, then the problem
is mot so much one of obtaining fully representative samples as of
obtaining comparative representativeness ss_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 a representative sample in the reaim of living things,
as of the yield per acre of various plants, is fundamentally a biological
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 possible yields
cither by localities or by farms for a given erop. All known ifferen-
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 thelr occurrence
in that universe.

Some measure of the geographic representativeness of a sample can
be obtained from s map that 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 townshipa
not represented in the sample.

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 considerably as to toefography, soil fertility,
and distance to shipping points, it is extremely important to have &
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 renge of yields within the township as over the county it is not neces-
sary to be so particular concerning the distribution of reports by town-
ships. The same reasoning wou%d spply to counties within a erop-
roporting district or in the Stats as & whole, Unless there is geo-
grophic differentiation in the universe of inguiry, a sample from one
section is likely to show about the same yielg s that from another.

When a county comprises two distinet types of soil, varying greatl
in fertility, as may happen in any State in which there are broad ricﬁ
‘bottom lands and less fextile uplands, it is of the utmost importance
to have the sample include observations from localities on both tynes
of soil and to obtain the observations in about the same proportion as
the acreage of a Eiven crop in these two localities. If a crop is grown
on both irrigated 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
s0 extreme &s actually to result in two different universes. If the
observations from both dry-land end irrigated localities are handled
as one sample it will be found that the observations arrange thiem-
selves into two_distinct modal groups. Consequently there is no
tendency toward a piling up of the observations at some central poing
which is essential if the average, as computed, is to have statistical
significance. A weighted sverage for the State can be obtained by
using estimates of the acreage of the erop 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 tEat. mgy differ constderably in the factors that influence

lelds per acre of a given crop. A number of State statisticians,

ave effected improvement in handling their sample data by regroup-
ing the counties into more homogeneous crop-reporting districts than
gere gbtained under the original rigid system of nine districts per
tete. :

It would be ideal if the sample could be selected in such a way that
the number of reports would be proportionsl to the acreage of the
crop, township by township within the county, and county by county
within fthe State. The present system of distributing the reporters
by townships tends to bring this about. The representativeness of
the sampie is further improved by the method of weighting the average
yield obtained in each crop-reporting district by the acreage of that
crop in that district, thus o!:ﬂ;a'min%I & weighted average yield for the
State. The closeness with which the unweighted or straight average
(arithmetic meun of all the reports) checks with the weighted average
fora State indicates whether or not the sampleis distributed as between
crop-reporting districts in about the same proportion as thecrop.

* The original system was sdopted from the grouping of counties mnde by the Poit Office Department
which dlvides a State into nlie districts—northwestern diseriee, north-central, northeastern, west-centrod,
central, east-central, scuthwistern, south-centrsl, and sontheastern.
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. Under 'sqma-éonditioné this méthod:_ of wmgh ing e&ects marked
improvement in representativeness, as in the case of cotton yields in’
Mississippi, whers 1t is much more difficult to obtain reports from the
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With highly localized erops, especially with fruits, commercial
vegetables, and certain minor crops (such as potatoes, beans, pesnuts,
or tobacco in certain States), it is necess 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 a sample .
that is representative of the universe of inquiry. From the stand-
point of geographic representativeness it is of the utmost importance
that the State statistician be thoroughly familiar with the agriculture
of his State in order that he may be in better position to evaluate the
representativeness of his sample date. His vravel over his State fits
him to appraise reports that are not reasonable for a given loculity.

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 opportunity 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 it is necessary
to rely solely on the crop reporter’s judgment concerning his locality,
trusting thitt errors in afl the judgment estimates may be compensat-
in%' when the sampls is of sufficient size. It is also possible that what
is later designated in this study as “bins,” in the observations them-
selves, is in faet due in part to the inability of the erop reporter under
ce~tain conditions to make an estimate that is truly representative of
his locality.

With the judgment samples of yield per aecre it 15 necessary to
assume that (1) the reporter’s estimate is representative of his Jocal-
ity, (2) the localities from which reports ave received, gre also repre-
sentative, (3) the localities from which estimates are received do not
overlap sufficiently to give undue weight to any one section of the
State, and (4) the observations in the sample asreported are distributed
proportionately to the acreage of the crop being sampled both within
the county and in each crop-reporting district. Weighting yield-per-
acre sample data of the major crops by counties changes the weighted
average for the State so little from what it is when weighted by crop-
reporting districts that the additional labor usually is not justified.
With minor crops grown largely in certain counties (such as rye in
Wisconsin and potatoes in many States) weighting on 8 county basis
is necessary in order to obtain a representative sample.

With the individual-farm sample of yield the problem of repre-
sentativeness applies to the farm as a unit and hence becomes a much
more complicuted problem than in the case of the judgment reports
for whole localities. Not only is geographic representativeness just
as fundamental as with the judgment inquiry, but there is the addi-
tional problem of selecting farms that are really representative of the
different ferms and farmers found in & county, district, or State.

When the individual farm is taken as the unit of observation, prior
experience with agriculture suggests that there are many possible
sources of differentiation. Yields may be higher on owner-operated
than on tenant-operated farms, on smalil farms intensively operated
then on large extemsive farms, on farms where livestock is highly .
important than on farms where cash crops are grown. Better yields
might also be expected on the farms of the more intelligent and publie-
spirited farmers such s those who are willing to serve as voluntary
crop reporters. If weighting the sample by counties or crop-reporting
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districts improves its geographic representativeness, it is equally
logical to divide the sample on the basis of other well-known differ-
entiations (such as size of farms, method of farm operation, ete.) that
may be associated with yleld 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 of two samples
made up of individual farms taken nt different times and used as
relatives to indicate chenge 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 ncre the sample should be weighted
on the basis of size of farm. This is especially true with individual-
form reports on acreage used in a relative sense. The use of 2 rela-
tive indication from two samples obtained from the same farmers for
both years insures comparability without the necessity of stratifica-
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 & 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 be necessary to use new weightings in order to
obtain an accurate estimate of yield for the whole area under consider-

ation.
METHODS OF SELECTING A REPRESENTATIVE SAMFPLE

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 ccalt with covels a cortain area. To get a representative
eample it will, thercfore, be necessary to lay down over the whole area an imagi-
nury network, in which all the ineshes are of equal and not too large area, and
then draw & sample relutive to the other differentiations from within each mesh.

The selection of a reporter from each township for the township
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 o 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 individual observations themselves.

Although random selection is the foundation of all sampling theory,
certain departures or improvements can be eflected that will insure
a sample not only more representative, but more stable than one
gelected purely on the basis of randomness. The limitations of
random selection are well illustrated in dealing four hands of cards in
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auction bridge. FEach hand of 13 eardg is a random sample made u
of 25 per cent of the 52 cards and yet one player may get 2 hand wor
several times as much as the hand of some other player from the
standpoint of taking tricks. The composition of this especially good
hand 18 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 courss with random selection. These
methods are: '
RANDOM EBELECTION

Random selection is usually known as “simple sampling.” A
gample 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 o 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 selecticn 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 Teply. With individual-farm returns from crop reporters the
sample is selective of the better type of farmers.

ETRATIFIED RANDOM GELECTION

For stratified random selection the universe is subdivided into
districts, geographically as erop-reporting districts (or on the basis of
gsome vanable as size of farm, tenancy, nativity of farmers), and a
number of observations are taken at random in eash distriet.
Bowley’s original concept of stratified random selection implied that
the same size of sample should be selected from each stratum ox
district and thot all strate or districts should be of equal irnportance.
When & sample is seleeted in this manner it 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 proporfion to the acreage in
each distriet or to have the districts all of equal weight. In obtaming
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 in the
district—a method which will be termed “weighted stratified

gelection.”
PURPOSIVE SELECTION

The term Purposive Selection denotes the method of selecting s number of
groups of units in such & way that the selected groups together yield as nearly 2a
possible the same averages or proportions as the totaiity with respect to those
characteristics which are already a matter of statistical knowledge (3).’

When a sample is secured by the “purposive method,” groups of
obgervations are deliberately selected by the statistician, the principle
of re~Jomness being entirely disregarded. The judgment of the
stoustician is substituted for impartial chance, or the mechanical
principle, in the selection of the sample. The objective is fo select a
sample that will have the same characteristics as the whole universe
of inquiry.

In selecting these areas or groups of units for the sample the stat~
istician uses, ag far as possible, criteria or controls which relate to the
field of inquiry. Controls are factors which are known for both the
sample and the universe of inquiry, and are correlated with the
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unknown quantities that are being investigated. Such aveas are
selocted es will, in their aggregate, give the same results in respect to
_these control factors as does the umverse-: =~

o ' ETRATIFIED PURPOBIVE: SELECTION .

‘Purposive selection can be-made o1 the basis of a stratified sample.
Pake for example the partial or sample census of agricniture, which has
been proposed as . meermsof obtaining & reliable indication of change
in acreage of ¢ie various crops from one year t¢ the next. ﬁ"J.'[aﬁe
selectivity of & voluntary sample, which covars only the farms operated
by farmers who are willing to:report, would be entirely overcome by
& compulsory and complete enumeration, year by year, of all the
farins within s number of specified enumeration distriets distrtbuted
~oyer the State. With the selectivity of the best {armers eliminated,

tha remaining Rlxgblem iz to select districts geographically repre-
gentative of the differentiation existing over the entire State or county,
constituting the universe of inquury.

The objective would be to obtaim s sample made up of a number of
enun:wiation distriets, which would be a replica of the universe of
mquiry so far as importanst factors taken as controls are concerned.

e more nearly the sample is 2 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 tabulation %y enumeration districts of selected control
items from the census schedule would render these items availabls
for both the enumeration districts and the universs as a wholtin 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 inguiry,
and by the judicious use of “trial and error” in ‘the selection of
individual districts, the averagés of the sample for these contrel
items could be made to approach very closely to the averages for the
universe of inquiry. . .

In choosing the control items from the census schedule, s a basis for
rendering the sample & replica of the universe of inquiry in the year of
the census, sucl, factors as might have the highest correlation with
chenges in acreage and the least intercorrelation between themselves
should be selectz%. This selection would be based on & 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 ebservation in such a study of
relationships. The factors, which might be determined tentatively,
should include the acreage in the farm and in each of the various
crops, as well as such factors as the number of milk cows and other
classes of livestock, proportion of tensnts, nativity of farm operators, °
value of land and buildings, and proportion of produce sold
cooperatively.

A simple arithmeticel test for representativeness may be applied to
any 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
factors in the sample to the total of each for the complete census
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enumeration is determined. That is, if the sample contains 5 per-
cent of the land in {arms 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 percentage, the more nearly representative
is the sample, provided the frequency distribution of these factors
within the sample also approaches the distribution within the universe
of inquiry. '

If this test is satisfactorily met by a sample of individual farms
selected at random, it is reasonable to assume that the frequency
distnibution of the sample corresponds closely to that of the entire
unmiverse. When applied to a sample of enumeration districts
obtained by purposive selection, it is important that enumeration
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 representativeness of a sample regardless of the method of
gelection 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 in 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 beon selected, and the farms along these roads are
enumerated each year,

This method of purposive selection has been used in several of the
Scandingvian countries (6, 7, 8) for more than 20 years, with excel-
lent results, ss a means of estimating crop acreage and production.
It 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
ingui.ry on crop yields may be designated a ‘“stratified voluntary-
judgment sample of crop yields per acre.” The sample is not ran-
dom, nor does it fall under the heading of pur?osive selection, as
returns are only from those who are willing to reply. The statement
applies equally well to the individuai-farm yield sample. On the
other hand, the samples mey be considered as highly stratified, and
with major crops the returns are closely proportioaﬁ to the import-
snee of the crop. The breaking up of the State into erop-reporting
districts is a form of stratification. The use of the waighteg State
avcrages is an excellent and practical substitute for ‘‘proportional
stratification.” Instead of having a random sample within the dis-
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 sample by contrast may
be desicnated & ‘‘stratified voluntary individusl-farm sample of
scrgagéa and production,” from which crop yields per acre may bo

erived.

Voluntary reporters may be influenced toward making high esti-
mates of yield per acre by the higher yields obtained on their own
farms. ’l};llls tendency may be further 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 a.lloweff 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 & 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 agricnlture 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 of 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
samples and furnish other valuable statistical data of high economic

value.
ERRORS ENCOUNTERED AND THEIE 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-
putation is that mistakes are bound to occur and a system of check-
ing is always necessary. The genersl policy of the ivision of Crop
and Livestock Kstimates 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
on the day of the issuance of the report, in computing production
from acreage and yield indications, are always carefully reviewed
hy one or more members of the Crop Reporting Board. Even with
these precautions an occasional mistake is made; it is usually found
soon after the release of the report, and the corrected figure 1s given
wide distribution. In a field o%ce there are times when the pressure
of work for a erop report becomes so great that it is impossible to
verify sll computations. A comparison of county averages by the
statistician who is thoroughly femiliar 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
‘mistakes actually occur, _

A comperison 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 o 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
average; the opposite situation would result in a weighted avorage
below the unweighted.,
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PREVENTAELE ERRORS

Errors are encountered in sample data; some types of error may be
prevented, but all must be corrected in so far as possible. I{Iis-
understending of the guestion, or of the definition attached to the
question, 18 a frequent source of error, espscially in the case of ques-
tionnaires-haridled by mail; such mistakes may be serious even when
2 schedulie is filled out by a paid but inadequately instructed enum-~ .
erator. Carefully preparing the questicnnaire and testing the inquiry -
in » limited way will enable the statistician to avoid many of these
soarces of misundarstanding, Frequently the condition or the quality
of the crop is reporte¢ 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 erop reporter and delete -
the offending figures before the averages are caloulated.

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 s standard bushel, in parts of New York,
Pennsylvania, and New England, and (3) by the barrel of 5 standard
bushels in sections of Maryland. The remedy for such s 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 m what terms the farmer usually thinks and then ask the ques-
tion in those terms. Difliculty arises because the same questionnaire,
{for rensons of econotny, must be used in several States. .

When the yield of “all tame hay’’ is included on the schedule ag
one question, the average obtained in most States is likely to be lower
than when the yield is asked by varieties and the average for each
vaviety 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 tho 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 Inte in the fall after a%l the hay crops are harvested. :

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

rejudice against the entire erop-reporting service. It is imposaible,
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 acreage of the various crops in the
locality from year to year. %nless the farmer has sold fluid milk and
has a statement of what he sold each month heis 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 & 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
ﬁell)d. The statistician must be able to devise a questionneire that is
direct, straightforward, and readily understood, and he must be on
the alert to detect reported figures that ere apparently the result of
misunderstanding the question.
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COMPENSATING ERRORS.

The worker in the physicaldaboratery knows that ﬁhere s no such
thing as an absolutely exact measurement. When an object 18 meas~- .
ured I‘e]]J]&ﬁ-f-Ed]y and with the greatest care the.results arc not identi- ~ =~
-eal. T e’x‘\most probable_value, may be obtained by avtl:!rfgmg the -~ =
results of a'number of obsérvations provided the errors, or dilferences, - '
of the separite observations are accidsntal dud‘tend to balance each *
othér. ‘Thésé compensating errors sréspolien,ofas ervorg of observa-s ;7 -
tion. As Pearson (18) says: “In most cases cur knowledge doedmot - -
.wait upon certainty, but is described in terms of probability which..
mag_ approach certeinty.” . . o :
- Chaddock (4, p. 212) deseribes the origin of the probable error
- concept, as follows: ) o .
. Gauss made repested cbservations of the same phenomenon, 28 the dismeter
of a heavenly hody in order to increase the accuracy of the observations by
averaging. e noted the distribution of these measurementa to bein. a symmet~ -
ricel 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 wers about equally frequent.
(3) Extremely large deviations did not oceur.

He observed this arrangement to be in accord with the usual distribution of chance:
events and described the resulting frequency eurve by a mathematical equation.

The standard error and probable error ¢ were developed originally
as measures of these acciderital and eompensatjn.% errorg of obrerva- -
tion. Thestandard error measures the distance, plus and minus,from
the average, within which approximately two-thirds of the observa-
tions (measurements) foll; the probable error includes one-half of ‘the
observations. '

Errors of observation are common in all scientific medsurement.
"They occur in all statistieal data whether in a complete enumerstion,
or a registration, or & sample from & universe of inquiry. Errors of -
observation are of much grester magnitude in social-science data than
in data from the so-called exact sviences. 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 aren which is reported from father to'son, and never verified.
But mere lack of exactness on the part of different observets need not
destroy the results of an inquiry, since an estimate mada too high by
one observer may bc compensated for by an estimate made too low
by another, and the average from 2 large number may closely repre-
sent the trne value. ' ' -

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

© The terris, *'standard ervor™ and "probable error!’ are ussd here with rafarence to the dispersion of
Attual ohsarvotions or the several messurements of o plven oblect or distance, such us the diamater of the
moon.  This is done in erder to explain the origin of the concept that is now used in statistics as g messnre
of the dispersion of the averapges of a number of samples drawn frotn the same miverse, each of which Is made-
up of a sumber of observations,

7 §pq Tubls 2, Number of reports at specified ylelds per acte received from township reporters, winter
wheat, Angnst, 1928; and Tabla 3, Numbar of reports at specified yielda per acre recelved from township
reporters, earn, November, 1928,
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AP

‘Tt is not unuéual, with the judgment inquify 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 figurs 13 is avoided by miost
reporters, The reporter is only estimating, and it is reasonable to
expect him to make his estimate in rounded numbers. Lack of
accurats knowledge concerning yields is also g factor in the situation.
These errors need not affect the aceuracy of the average, provided the sam-
ple is large enough. to enable them Fully to componsate. : '

NONCOMPENSATING SRRORSy OR “Bras™

The consideration of iioncompensating errors in the sample data,
commonly known as “‘bias,’”” must of necessity be abstract hecauss
bias can be measured only when adequate check dats for the universe
as a whole (from some other source than the sample) are availsble for
direct comparison, and no such information is available with crop
yields 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 uss 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 ssmple data as
well a5 in complete enumerations and repistrations. Binsed errors
differ from errors of observation in that they are cumulative rather
then compensating. They are constant and persistent. A very
short person may read the thermometer hanging 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
approsimate the most probable degree of temperature. It is like
using & short yardstick to mensure a room. The prejudices, or
personal equation, of the informer may influence him to observe only
the phenomena that sypport 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 meaking estimates for & universe of inquiry from a
sample drewn from that universe is errvor, intentionsl or unintentional,
resulting from the prejudices or the personsal 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 slways
a distortion of the samples in the direction that the propsgande
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 1s not likely to report et all--ancther example of
the possibility of lack of representativeness in the sempling process,

When reporters are asked to give estimates of the acreage of crops
harvested on their farms Iast year, along with the acreageﬂﬁjr harvest
this yeer, it is discovered that, when s 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, vats, 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 mey under-
estimate the scresge of these minor crops from 5 to 25 per eent, or
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possibly more. This is a form of memory bias that must be guarded
against. With lvestock, the reporter tends to forget. the calves and
other young stock rather than the adult animels. Although this type
of error is unintentional it is cumulative, and no increase in size of

i . sample will overcome it. It is really & form of unintentional psycho-

.. onyiel

B Io%'sall biss. - . S _

- TIntentional biss is deliberate understatement or overststement by

" the observer. The usual example of this is the marked tendency of
women to understate their ages. There is & marked tendency to
underestimate the current year’s acreage of cash crops, among farmers

‘who regurt. on acreage schedules. The seme error exis’s in the reports -
per acre or production of important cash crops such as cotton,

_until the crop has left the owner’'s hands. Intentional bias undoubt-
edly is prompted by motives of self interest regarding the effect that

supply estimates will have on prices thet will be recetved for the erop,

_and the tendency is to be over conservative in reporting supply

‘factors to the ageney that mskes the official Government forecasts

and estimates. :

There is a pronounced tendency for the yield estimates of cotton
to. increase as the season advances from October fo the following
March. (Table 17.) This may be caused by the tendency to report
conservetively prior ti» the final completion of harvest. If is inter-
esting that the reported yields per scre of cotton tend to be higher
after nearly all the crop has left the hands of the grower, whereas en

" opposite tendeney is shown with grain erops in most States. In the
case of special cash crops intentional bias is always expected, and some
allowance is usually made for it. :

A distinetion should be made snd kept in mind between bias due to
errors in the dats themselves and s discrepancy shown between the

* average of the sample and that for the universe because of the failure

of the sample to be fully representative of the population of the.
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 bissed or cury ative
exrors, 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
“dats are available. :

Tt is diffeult 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 appesr in the sverage
because the composition of the sample is not the same as the compo-
sition of the State as & whole.

There is this similarity, however, in handling the results from a
semple that is not representative and » sample that is representative
but in which the dats are biased. When either typs of sample is
handled on o relative basis the change shown by the two samples
does indicate the change taking plece in the universe provided the
bias or lack of representativeness is constant with the two samples.
This 1was explained in the discussion of the representativeness of
Samples,

The importance of developing adequste check-data information on
production by obteining an accurate account of car-iot shipments,
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mill-door receipts, ete., 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 kand is being used with. the cash grains in the spring-wheat States,:
with fruits and vegetables from commercial areas, and with eotton.
With feed crops no such checks are avsailable, and the best possibility
for improvement lies in the use of the sample census. The sample
census would not eliminate bias from the data, but would make it
possible to secure & representative sample. :

Through whet is called statistician’s bias, data may be so edited.
and han(ﬁ_ed 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 & procedure would not be jus-
tified by facts. Tt 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
stetistician is continually under pressure from the public, especially
the agricultural public, and undoubtediy 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. Tt is the function of the Crop Reporting
Bosard to correct for this kind of biss 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, :

MEASYURES OF FRECISION OF AVERAG S

PROEBAEBLE ERROR OF THE MEAN

Inevitably the reliability of any conclusion is in some way & fune-
tion of the number of cases on whichitis 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 a2 wide rangs 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. o :

A conventional measure of the reliability of results, which takes into

- consideration both the variability in the sample and the number of
observations is knowu as the “probable error of the mean.” Pearl
(12, p. 213) says: > . _

Tt is a constant so chosen that when its value is added to and sultracted from
the result obtained, or the numeric conciusion reached, it is exactlﬂ an even chance
that the true result or conclusion lies either inside or outside the limits set by the
probable error [of the medr] in the plus and minus direction. * * *  The
signifieance of any result is to be judged by its relation to its probable error.

The words included in the brackets were added to Pear!’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
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..~ times.the staridard deviation of the frequency distribution formed by
" the observations of the sample and should, in fact, be called *probable
7o devigtion.”. 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.
Keynes (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 oneof anumberof different magnitudes.”
. » The average yield per acre from the sampls is the most probable meas-
- ure of the yield for the State, assuming that the sample is fully repre-
- gentative of the universe of inquiry and that the.imi)ividua.l observa-
.tions are free from bias. ' 'The amount that the difference between the
~ actual averaﬁe.yield for the entire State and the average yield for the
- - sample is 85 hkely as not to éxceed (chances of 1 to 1, or 50 out of 100}
ig the probable error. - The smaller the probable error the greater con-
. fidence the statistician has in the average of asample. =~
.. "The probable-error <ncept is ordinarily used fo compere the aver-
. age of the sample with the average for ﬂ‘;e universe from wkich the
sammple is drawn. - ' o .
#. x * The standard error can be assumed to measure only the errore aris-
ing from the fluctuations of simple sampling. * ¥ * Fluctuations due to
" bias, due {o the absence of random selection in the sampling process, due to per-
sistent errors of any sort, quite elude this method of determining probeble stability .
* ¥ ¥ Bngerious are thede limitations {o the employment of the usual megaurea
of probable error in connection with economie data that it would seem generally -
advisghle to-subordinate such measures to actual statistical tests of stability. By
the study of succeasive samples, and by the testing of the subordinate elements in
a given sample when broken up into significant subgrou&:s,'mu‘c_h more may be -
learned a8 to the reliability of a given measure’'and as to the posgibility of apply-
ing it generally than by unguestioning acceptance and uncritical empioyment of
- the usial mathematical formulas for probable error {10, p. 680-661).
- A comparison of the samples of crop yields received from the field
_ aids and township: correspondents such ss is ‘nade in connection with -
this study, is in fact & 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 ordinery interpretetion can hot
be made with all samples, for all crops, in all States. Consequently
in this study the probable-error concept will be used for comparing the
average of tha sample with the more stable average which would have
- been obtained from an infinitely large sample taken at the same time
and under the same conditions, (Ses Yule (18, p. 336, per. 2).) It
alsc measures the range plus or minus the average of the given sample,
within which the prebability is 50 out of 100 that the average of 2
similar sample taken at the same time and under the same conditions
is likely to fall. It is an inverse measure of the * precision’ of the.
average as it measures the influenee of the fluctuations of sampling.
This somewhat restricted interpretation is & most useful expedient,
as it furnishes information concerning a fundamental and universal
uestion in sampling, namely, ““is the'sample of sufficient size to ren-
o 331" the average stable and reasonably free from the influence of the
fluctuation of sampling?” When the statistician, through check
“information ' (such as cofton ginnings) for previous years, has knowl-

7.
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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 desling with estimates of the
yield of that crop. .
. The sssumptions that underlie the ordinary use of the probable

error concept are as follows:

(1) There iz a reasonable degree of homogeneity in the popul-iion from which
the sample is drawn.

(2) §The sample is representative.

{3) The observations in the sample are exact messurements of the phenomena,
that is, not subject to errors of observation or eompensating errors.

(1} The observations are free from bias or noncompenssating 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 homogeneity, may be conceded,
except in those cases in which & State is made up of a number of
homogeneous districts that show marked interarea differentistions.
Hom?geneity is often greatly improved by proper stratification of the
sample.

The second assumption, that of representativeness, 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 selecfion tends to
improve the representativeness of the sample.

The third assumption, that the observations are free from. compen-
sating errors, never has held in any sample ever taken. Accuracy is
a matter of refinement of measurement, Fortunately, even 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 devintion of the sample is used to measure the dispersion
of the universe.

The fourth assumption, that the individual observations sre free
from bias, can 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, thet the standard deviation of the sample is
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 2
large subjective element. At best it can be equal only to the standard
deviation of an infinitely large sample taken under similar conditions
and subject to the same general limitations as the sample, including
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 sre the result
of unbiased measurement, he is not justified in using the probable-
error concept in the ordinary manner. When the probable error of
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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 assumptions involved must be carelilly tested in every way
possible, Is the universe reasonably homegeneous? Is the sample
fully representative? Are the ebservations free from noncompensat-
ing errors? TIs the sample large enough to render the average reasona-
bly stable and free from the fluctuations of sampling? The probable.
error concept answers only the last of these questions.

That samples subject to as much biss as are cotton yields are of
considerable use is evidenced by the high degree of aceuracy of the
cotton estimates of preduction during the last three years. When
check data are available, as with cotton, the bias of the samples for
past yeors 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 cccur in the
case of cash crops for whicﬁ 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 gnp between the average of the infinitely large sample
which can be inferred from the current sample to the average for
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 bies in
the individual observations, and permits the statistician to proceed

on the practical assumption that the infinitely lal;%e sample would bs

subject to the same limitations as the one in hand. With crop-yield
dats 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:

Thus increased accurncy is always attained by stratification, unless the attribute
is evenly distributed throughout the district, and in some cases the improvement
is considerable. * * * Jf the zweraages of the districts differ considerably
from the general average, or if the standard deviations in the districts are con-
siderably emaller than in the population as 2 whole, the gain in accuracy by
stratification may be considerable.

Not only is the State divided into crop-reporting districts that tend
to show less dispersion thar, does the State as a whole, but the data
within the districts are obtained from reporters distributed by town-
ships; this constitutes, in effect, further stratification of the sample.
The improvement in accuracy of the district average may be con-
siderable if there are actusl 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
less than the dispersion in the district caused by actual differences in
crop yields between localities or townships. This could be tested on
the assumption that the extent of the correlation between two series
of judgment-yield estimates obtained at the same fime from two
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correspondents each reporting for the same township would tend to
measure the ameunt 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 csused by the differentiation
that might actually exist between townships.

This test is possible because of the two separats lists of crop cor-
respondents; it is & matter of bringing together two reports from the
same township, This test would assume that the locality and town-
ship are synonymous; this is not necesssrily true, for the reporters
may live on opposite sides of & 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 fromn a highly homo-
genoous area in the Corn Belt so analyzed, the correlations have been
generally low, about plus 0.40 or 0.50, indicaisil:l%l that the errors of
observation are large in comparison with the slight differentiation in
average yields per acre for townships. In districts that show greater
differentiation higher correlations would be expected. '

Bowley (2, g 837} has worked out a method which makes it possible
te 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 sfratification.” Since in practice it is im-
possible to obtamn this type of sample, tne system of weighting by
crop-reporting districts oﬁy counties is used as a substitute for pro-
portional stratification. :

Therefore Bowlay’s formula for proportionsl stratification is not
fully applieable to crop-yield samples. He has also devised a formula

(2, p. 316) for ascertaining the probable error of a weighted average .

which allows the dispersion of the weights to increase materially the
size of the probable error. This influence of the dispersion of weights
is difficult for the writer fully to rationalize in all cases. Neither of
these formule seems to apply directly to the problem of measuring
the probable error of an average secured from crop&y'ield samples,
especially as neither makes allowance for the increased precision due
to the distribution of the crop reporters by townships within the
districts.

'The probable errors calculated in this study from the usual formula
will tend, therefore, to excesd 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 s0 as to
secure & weighted average for the State, They will not always be
strictly comparsble as between States or even between different years
in the same State 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 dats on
& district basis will throw light on the influence of stratification on the
precision of the average of the sample. Even with these reservations
concerning the instrument that is to ba used in the analysis of yield-
per-gcre samples, such an analysis will be valuable in helping to ap-
praise the reliability and adequacy of crop-yield sample data.

INTERFRETATION AND BIGNIFICANCE OF PROBAHLE ERROR

The probabie error has already been defined and its use limited to
the immediate problem of testing the sample to determine whether it
is large enough to be useful as a basis for an estimate of crop yields,



http:immedia.te

ADEQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES 33

This probable error that is caleulated tends to be larger than the trie
probable error. The more homogensous 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
unweighted aversge 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 ssmple. 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, represents-
tiveness, selectivity, etc.) as the sample in hand. A sample from the
township reporters and another from the field aids constitute an
approacﬁ to thisidea of more than one sample, from the same universe,
under similar conditions.

If the averages 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. l:fr 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
closely in value to the probable error of the original single sample
calculated by the formula

0.6745¢

Probable error= Ja=1

The combined average of all the many samples would be equivalent
to the average of an infinitely large sample. _

_inother demonstration of this ri.ncipll)e of the influence of fuctua-
tiun of sampling as related to the size of the sample is to draw a sample
from & universe, compute an average, draw another sample nnder
precisely 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 en infinitely large sa.mp?;.

Knowing the variation in the samples obtained and the number of
reports, the probabla error can be calculated, and from this it can be
determimed within what limits improvement in the stability of the
average may be expected by increasing the size of the sample.

With a probable error of 1 bushel with an average yield for the sam-
ple of 40 bushels it can be said that the chances are equal, or 50:0ut 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 ercor 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)
is taken, the chances are 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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With four times the probable error the chances are 142.3 to 1, or 7 out
of 1,000, When the standard error of the mean is uged instend, a
range of plus or minus three times the standard error indicates that
the chances are about 370 fo 1 or 27 out of 10,000. These probabili-
ties are computed on the basis of the area of the normal {requency
distribution. To approximate the reascnable limits of the possible
influence of the fluctuations of sumpling, either 3.8 times the probable
error or 2.6 times the standard error is used. In either case1i can be
said that the chances are at least 99 out of 100 that the average of the
infinitely large sample will not differ by more than 3.8 times the
probable error or 2.6 times the standard error plus or minus from the
average of the sample. )

The mathematical assumptions underlying these statements are
clearly and concisely explrined by Pearl (12, p. 214215} as follows:

Neow such statements as these derive whatever meaning they may possibly
have from the following simple mathematieal considerations. Assuming that
the errors of random sampling are distributed strietly in accordance with the
norinal or Gaussian curve, * * * it is a simple matter to determine from
any table of the probability integral the precise portion of the arca of a normal
curve lying outside any original abscissa! limits, or, in other words, the proba-
bility of the oceurrence of a deviation as preat as or greater than the assigned
deviation. To say that a deviation as great as or greater than three times the
probable error is “certainly significant” means, strictly speaking, that the area
of the normal eurve beyond 3 P. E. on eitker sida of the central ordinate is negli-

ibly small, As a matter of fact this is not trus, unless one chooses to regard

.3 per cent as g, negligible fraction of a quantity. There are certainly many
common affairs of life in which it would mean disaster to “neglect” a deviation
of 4 per cent of the total quantity invelved.

Table 1 (12, p. 218) gives the value of the probability and odds for
different magnitudes relative to the probable error, and is presented
here as an essential part of the above explanation of the signifiennce
of the probable-error concepf,. ’ :

TasLE 1.— Value of prebability and odds for different magnitudes relative lo prob-

able error
Probable ocenr- . Frobabls oceur-
Il)'“'h?' Tones of a dovi- | Oudds agninst the peeur- {?:‘ 18-1 renco of o devi- | Odds agninst the oceur-
tp'igh'f tion ag preat ns| ronco of o davistion us pt:nlb: atlon as great ag| rence ofa devistion as
o Lo itfr | s oot an | D5G-| orgrer e st gt oo
Rl | g i) trials T | in 100 trlals
] 50, Ltol A 2.4 f
1 J11] 1 3.3 4] n.d2tol
1.1 45,81 1.18tn 1 5.4 2,18 44.80ta
1.2 41. 83 1.08tol LS 1.82 53,82tol
13 38, 06 LGdtol 3.6 1.52 ¢.80tel
i1 3450 1.0 tol 37 1. 26 76,53 tol
1.5 3517 22lt0l 3.8 1L 92.38 to 1
. iy i KR N . 3

1.B 28.05 Z.57tol 3.8 853 16,3 tol
1.7 25, 16 2.08tol 4.0 . GO8 142.3 ot
1.8 247 3.45101 4.1 . 502 174.9 Lot
1.9 0, 00 4,000 1 4.2 461 215.8 ol
2.0 17. 73 4.64tol 4.3 ) 7.2 tal
2.1 15. 67 5. 35to 1 4.4 . 300 A4 tol
2.2 13.78 G20tol 4.5 240 415.0 o1l
2.3 12,48 TR0l 4.0 142 20,4 tol
2.4 10.55 343101 4.7 152 620.4 tol
2.5 418 4,00 to 1 4.8 120 828,31 tol
2.6 T.05 1158101 1.0 0950 1,052. tal
7 G.50 13,68 to ) 5.0 G745 LML tol
.8 5. 8% 1506 to 1 6.0 , 0052 19,300, tol
.9 5. 05 18,8210 1 A 003 427,000, tol
3.0 4,30 222410l 8.4 . 0000063 14,700,000 tol
3.1 3.85 2G.37 10 1 8.0 , 00000013 ‘730, 60, £00, tol
3.2 3.00 Lol 10.9 . 0000000015 65, 000,000,000, ¢o1l
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If the statistician wishes to set & limit at which he can sa.% that the
robabilities of an occurrence of a deviation as great as the one in
'Ea.nd 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
is working with the standard error, about 2.6 times the standard
errer will set. this same lmit. : '

CALCDLATION OF PROBABLE ERRCE ANT BTANDARD ERROR™

The standard error and the probable error are both used to meas-
ure the precizion of an average. The probable error is equal to
0.6745 times the stendard 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 to 1, instead of approximately 2 to 1 as with
the standard error. The standard error 1s converted into probable
error by multiplying the standard error by 0.6745.

The standard error & is celculaled by dividing the standard devia-
tion of the population of theuniverse being sampled by the square
root of the number of observations in the sample ?ess one, or

Standard deviation o

Squere root of number of /n— T
observations less one

Standard err§r=

The probable-error formula is:
0.674560

yn-1

These formulz measure the errors that are likely to occur ss a
result of the fluctuations of sampling with randem selection. The
upper limit of this type of error in the sample is set approximately
by a figure that is three times the standard error or sbout four times
the probable error.

As soon as & sample has 25 or 30 observations the (n—1) becomes,
for all practical purposes, the same as » hence the minus one is disre-
garded as most of the semples analyzed contain more than 25 observa-
tions. Since it is impossilgala to obtain the standard deviation of the
universe we must be content with an approximation of it from the
sample. The standard deviation which is caleulated from the sample
with 25 or more observetions will fend to approximate the standard
deviation of that part of the universe from which the sample was
obtained (5). 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,

Probable error=

4 Tha full formnls also provides for the effect of having in the samploe o targer or smaller proportion 6f the

tatal number of observations in the universe of inquiry, by ndding tho term +/T—i& where K is equal to the
number of gbservations in the sample divided by the number of observations ia the universs, ‘The cotne
pleta formila is therefore, : *

8. E. e TR

If the sample inchided all the observations in the unlverse this lnst term would become sero, and cons-
quenlgr the atandard error would also be tere. In samples of crop-estimating date eiter the universe
13 gonzldered as infinlty or the number of abservations Is so smafl that K would be very small Indeed [{[OH
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which is impossible as all known observational measurements are
subject to some error of observation; observations of economie and
netural phenomena are likely to be subject to large errors of observa-
tion, Consequently the standard deviation used in caleulating prob-
able or standard error includes (in addition to the dispersion caused by
actusl differences in the universe of inquiry), dispersion dus to errors
of observation. As a result the probable-error concept in practical
use really covers the mafter of precision in the average of the sample
whether the instability is caused by large errors of observation orrl})
differences existing in the universe of inquiry. Yule says {78, p. 211)
““The effect of errors of observation is, consequently, to increase the
standard deviation above its true value.” The probable-error
formule can be used to indicate how large a sample is needed to give
certain degrée of precision when the combined dispersion due to dif-
ferences in the population of the universe and the errors of observation
of the sample data is known epproximately and expressed as the
standard deviation of the sample.

STATISTHCAL INDUCTION

The fundamental importance of the distinction between statistical
description and statistical induction has been mentioned. The
results of statistical description can be applied only to events actuslly
observed in the sample, but the statistician must go further; he must
make an estimate for the universe of inquiry. Mﬁ?s (11) says:

He seeks generslizations which will apply to a wider up, to events not
chserved, to cases not included in his sample. He seeks, that is, to employ the
ordinary methods of induection, basing the logieal processes upon materials of a
particular kind-—siatistical data.

The premises are subject to considerable doubt, as the individual
observations are frequently only crude approximations. Complete
knowledge of all the observations in a sample of any size is imposaible,
A multiplicity of causes operate io determine the yield per acre of &
given crop. Variation in yields per acre over & given loeslity, town-
ship, county, district, or State is ususlly pronounced, and even with a
representative sample free from bias, an element of prebability
attaches to every estimate. The calculation of the probable errorisa
method of messuring the aporoximate degree of probability in a given
case.

The conclusions of all inductive ressoning must be expressed in
terms of probability. No average based upon sample date, 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 an
average of a sarple is to fall within certain preseribed 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 & par-
ticular sample to an estimate must proceed from some premise about
the orderliness of nature, in addition to that premise which takes
sccount of the instences studied. That there should be a ressonable
degree of probability in favor of the accuracy of the estimate—the
induetive conclusion—it is mecessary to make an assumption con-
cerning the finiie degree of variation In nature. This general prernise
ofdt,he uniformity of nature in some form is essential in all statistical
induction.
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. So far as the yield per acre of any crop is concerned, there is a
limitation to the degree of independent varintion 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 acve for
a given cro& falls within definite assignable limits, It is extremely
mportant 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
to mnductions thet he may make in the way of estimates, Mills
(10) says: ) _

Quantitative inference of this type differs in no wise from the ordinary process
of induction, except in that one of the premizes is in quantitative form, and that
the conclusion * * * extends an average value, whieh may or may not hold
in any given case. Both evidence and eonclusion deal with only probable and
approximate relationships or average valnes, and in this respect aecord more
closely with actual experience than do the premises and eonclusions of universal
inductions.

The problem at issue in the disgussion of the validity of this procesa relates to
the relizbility of the results, to the stabilit%;, when applied beyond the sample, of
the averages, ratios, or equations computed. The whole practical problem of
statistica centers about the stability of such resuits, and the limits to such stability
when the results are generalized in this way.

When the averaze of a sample of yield-per-acre data is used beyond
that sample as an estimate for a deg}ﬁte geographical area, soms ides
of the limits within which the statistical measure is likely to fluetuate
is 0 practical necessity. The problem involves the theory of inverse or
empirical probabilities. ““The very foundation of statistical indue-
tion, in so far as an atfempt is made to measure the stability of the
conclusions, rests upon t]]::'le validity of determining probabilities
empirically”’ (10). :

The vahdity of computing probabilities from the results of experi-
ence is a controversial subject. Formule of probable errors have
been developed for computing, from the results obtained from a
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
sufficient. Keynes (9, p. 584) maintains that the application of
mathematical methods to the general problem of statistical inference
is invalid.

To apply these methods to material, unanalyzed in respect of the cireumstances
of its otigin, and without reference to our general body of knowledge, merely on
the basis of 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 probabilities
that are primerily empirical. Decisions concerning business, engi-
neering operations, industry, life and fire insurance, farming opera-
tions, ete., rest upon probabilities that are based on experience—
empirical. Pearson (73) states that this principle of inverse proba-
bilities. rests on the foundation of common sense. In the actual
application of statistical methods, empirical probabilities play a domi-
nant part, but this application must necessarily be made in the light
of sound reason. The statistician can nof place all of his trust in
mere mathematical computations of the average of the sample and
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the probable error of the average. Unfortunately, basic knowledge of
the phenomensa that are being sampled is often limited. Men who
have worked extensively with crop yields and other samples can go
practically all the way with Keynes (9) when he says:

The commenly received opinions as to the bearing of the observed frequencies
ir a random sample on the constitution of the universe out of which the sample
is drawm, though generally stated foo precisely and without sufficient insistence
on the assumpiions they involve, cur actual evidence not warranting in general
more than an approximste resulf, are mot, I think, fundamentally erroneous.
The most nsual error in modern method consists in freating foo lightly what I
have termed above the induective problem, i. e., the problem of passing from the
series 8y, 84, ete., of which we have observed samples, to the series 8 of which we
have not observed samples.

Acecepting the average of a sample of any kind as an sbsolute figure
to re(frresent. the true sverage of the univeise from which the sample
was drawn, undoubtedly is not scientific procedure. Use of its proba-
ble error as the sole basis for interpreting the average of a semple is .
#n important forward step in statistics] technic, but appraisal of the
reliability and adequacy of the sample can not stop &t this point. The
statistician musé assure himself that the sample in hamf gctually is
meeting the assumptions involved in the concept of statistical induc-
tion and in the application of the theorem of inverse probabilities.

Although an array or frequency distribution of the sample dats will
throw much needed light on the validity of the assumption of the
uniformity of nature as applied to yield-per-acre phenomens it doea
not getile the question. In all of the sa.m]l)les analyzed in this study
a frequency distribution of the reported yields per acre of & given crop
for the crop-reporting districts and for the State was first made.
These distributions were reasonably symmetrical with a tendency
to skewness toward the upper limits. This skewness is due to the
existence of a positive lower limit of yields per acre below which either
the crop is not harvested in any menner or is a failure. The upper
rangs of yields have no such definite limif, as the yields per acre vary
considerably over a State and in a few localities may be several fimes
lorger than the average for the State.. The method of grouping the
reports by crop-reporting districts tended to isolate these high yields
into a few districts, thereby decreasing the range and dispersion i the
remaining districts and rendering the district sample somewhat more
homogeneous then 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 county, the sam-
ples showed the least tendency toward symmetry and the normal
curve. The regrouping and weighting of the yield samples on the
basis of irrigated and nonirrigated acreages, initiated generally for the
first time during 1929, will undoubtedly do much to render the semples
moore homogeneous in these States and strengthens the assumption of
uniformity m pature. If suggests the desirability of improving the
homogeneity of the crop-reporting districts by a somewhat more logi-
cal regrouping of the counties,

The assumption that the observations were selected at random
must of course be qualified in the field of voluntary crop reporting.
The departure from randomness known ss stratification, as practiced
by the department in selecting the sample date in reality Increases
the stability of the average of the sample and results in & probable
orror somewhat smaller than thet resulfing from rendom selection.,
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'.j ‘The poasibiﬁg of bias or ndncqmyeneint.ing.:erifors in the iﬁdividual- .
- ‘ohservations. mi

8 it necessary to limitithe application of the .theog

. . of probability to a comparison of the average of 8.given sample wi

" . that of an infinitely large M£le- of observations similar to-&e. data

* inthesample. This suggests the imperativeneed of developing statis-

. tical informiation concerning the nmverse as & basis for -jcheckinf the
e

sampla data in order that a reliable measure of bias may be deter-

N mined, that can be used to true-up-samples collected in the future.

With bias definitely measured, it next becomes a problem to deter-
mine the factors that cause bias to vary from year to year, as & basis
of ascertaining the most probable amount of bias under:a given set of

" ¢circumstances.

.'The depsrture from the principle of pure random selections brings.
to the foreground the important 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%is 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 se:Bsrate
lists of cmcF correspondents have justified & belief in the stability of
these yield-per-acre samples in important producing States. The
difficulties involved in attempiing to make satisfuctory estimates of

ields per acre on the basis of available sample data in the far Western
tates and in some of the minor States and with highly localized orops
has led to the analytical werk upon which this study is based.

RELIABILITY OF THE ESTIMATES FOR SELECTED CROPS

The ensalysis of the official estimates of crop yields per acre was
underteken for the purpose of dppraising the reﬁa ility and adequac;
of these estimates and the methods employed in making them. Suc
an appraisal’ 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 daia, and to the general
use of quantitative date as a basis for inductive generalization and
inductive reasoning in the field of economics and related sciences.

Many of the improvements that have been supgested in consequence
of this analysisv ll:a.ve already been incorporated as a pert of the

- methods now in use by the Department of Agriculture.

This part of the study will be confined to estimates of crop yield
per acre for recent yovars. Many are primarily interested in the
Teliability and adequacy of current estimates, end especially in the
reliability of a comparison of the latest estimates with the yield the
previous yesr or with the 5-year or 10-year aversge. Others are
Intereésted in evaluating the yleld-per-acre estimates as a continuous
historicel series. Somo resesrch workers are using these estimates
for correlation studies with weather factors as a basis of -fort_acs.st_inﬁ
crop yields and in other connections, An ap%rals'a_l of the historie
serjes of estimates of crop yields per acre has been included (p. 129),
It is necessarily largely qualitative because of the scarcity of material
and information. It comsists of a hrief résumé of the significant de-
velopments in sources of data, methods used, and personnel as they
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'mjght be expected to affect the representativeness and size_ofiaa.niﬁla .

the possibility of bias. - . o -
In the more important agricultural States, where agricultural con-

ditions are not extremely varied, the regular gudgmentr sample ‘a8

obtained from the regular township and field-aid. correspondents has - .

always. been, and continues to be, the primary basis of the estimates - - :‘.

of crop yields per acre. The individual-farm samples are used to
supplement the judgment samples and can be evaluated more advaii-
tageously in connection with the estimates of acreage and numbets of
livestock, which are based almost entirely on individual-farm returhs:
The judgmont type of inquiry is used also in obtaining sample date
on crop yields per acre from business men in agricultural communities.
These “special inquiries’’ as they are called, fo distinquish them from

the regulsr monthly inquiries, are limited to the more important =~

cach crops, and their use in a particular State is largely optional with
the State statistician. Field observation on the part of trained .
agricultural statisticians, special samples, individual-farm samples,
and check data on production have all been used to supplement the
judgment sample from regular crop reporters. T
The cbjective of sampling with the judgment induiry.is to secure
a sample that can be used in an absolute rather than a relative sense.
It is to secure & yield-per-acre e which, when multiplied by
acresge harvested, will give the total production of a crop for 4 given
State. ' When experience has shown bias to be present, the average
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. T

PROCEDURE

The presentation followed in the analysis of the estimates of
yields per acre for each of the seversl’ crops is as follows; -

(1) A general appraisal of the geographic representativeness of the sample is -
made largely on the basis of 8 comparison of the straight average (arithmetic
mean of all the reports for the State) and the weighted average (district or county
averages weighted by estimates of current acresge) of both the fownship and
field-aid samples taken at the same time, A table for each crop is giver, These
iables, presenting this comparison for each crop, show the two types of averages
(from the two corps of erop reporters) for each of two years, by States, along
xﬁu;h ts:doﬂ'icial estimates of yields, and the estimates of acréage of the crop

vested. .

{2} ¥or two erops, wheat and corn, the frequency disiribution of the original
obeervations from the township sample are shown for severel States. The dis-
tribution of the sample and the tendeney of the reports to be made in Hgures
divisible by 5 or by 2 are typical of practically all erops, consequently this fype of
material was not included Tor the others, These two tables indicate the pos-
sibility of large errors of observation, or errors that are Iargely compenssting,
and due to the correspondent’s making éstimates for his loeality in figures divi-
mible by &.or 2. )

(3) The matter of bias (moncompensating errora) in the individual observa-
tions of the sample is given consideration. Unfortunately an anzlysis of the
sample itself furnishes no relisble measure of the extent of bias. Bias ean be
measured only when check information of some kind is available for the Btate.
The ginnings of cotton, for example, as determined by actual eount by the Census
Buresu, furnish a check on the estimates of production of cotton, but no very
satisfactory method has been developed for allocating the existing bias between
sample dats of acreage chauges and sample dats of yields per acre; Axd under-
staternent biss is always expected, but not always found, with all eample date
concerning fmportant eash erops. If the sample is to be used in an absolute
semse, as with the judgment samples of yields, this is a serious difficuity in making
accurate estimates, but if the Successive samples are o be used on a relative
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hasis.unless sdequate slicwance ban be made for-the change in biag or the sampless -

an be atratified and weighted in such a way s fo eliminate the shift-in selectivity,
'is Now done with individual-farm samples of acreage. - The-experience of the’
epavtment’ of. Agricalture in discovering the ‘presence of. bias with individual’
crops is briefly stated in connection with eachiorop. - It is alag pogsible to obeerve.
to-what -extent: thé Crop 'Reggﬁingzsﬂngrd has, made sliowance for bias.and - -
:gelectivity’ by comparing the final estimates with the sample indications i the: .
‘#ables  mentionéd above sa appearing in conneetion with the firsh step. of this.

‘enalyteal'procedurs,

(4} -Consideration i glver to the experience, of the departrent. with the so<
called preventable: errors, which are: due {o-misunderstanding of the. quention- -

Daire, wherever this type of error-has been found. to have any material influence

dufnm whéat under the caption: of goring wheat ' on.a questionn

on the reliability. of the samiple indieations” Customary units of measure vary © -
in differént geations of the .t:buntry‘.’_‘-: ﬂfring-wheat farmery do riot "alw:{y:a ii:!.'é}!l;q_ﬁ""-i '

"{5). The fifth step in this procedure deals with: the problem of stability of the ~ -

_ sample orthe precigion ‘of the averages of the sample data. . Froni & study, of the -

“sample itself it is possible o gain some iden as to'the homogeneity of the universe: -

from’ whicl; it ia drgwn and to ‘ascértain whethen a_given samplé is of adequiate

‘gize - anid -the observations auﬁi'cienﬂ{ concentrated about ‘gome:-central-value:

Ao :%iya sighifieance {0.the average -of the sample. ..

The matter of stability gion. g ¢ o
-yhat empitieally by a comparison of the averagea of the two séparate samples of
‘township and field-aid reports, taken st the same time and-{nder: gitnilar con- -
- ditions, and (2), by the more technical method of pirobable error analysis, .- The ~

d precision.is approached in two ‘wayss (1), Some-. - :

tahles, previously mentioned under the phase of anslysis 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 10,000.0r. - L

“Inore deres of s.gederop ‘and where the two lists have not been-¢ombined. - Fo~ .
. aaech of the-I4 different crops, usually in severn! different States, yield-per-aere -
- pamplea have been subjecied to- statistieal ahalysis and some of:theé results are -

--.ghown in.one or more tables for each crop.. Thesé tables give Hlistyationg of = -

. size of sample, measures of digpersion, and probable exror, by States; snd in some .
. .of the more impoftant -Sts_.’ggﬁ?_,_ ¥ crop-_‘_i‘epo;ting-_distﬂ'ei;a; LR e
", A setisfactory distribution of crop reporters by agricultural town-

- with réasonable regularity ahd by.recruiting. new crop .Teporters
prompily to take the places of thoss who are eliminated. In Iowa,

ships is maintained by eliminating thase reporters who. fail:to report T

2 waiting list is maintained for farmers who wish to serve -as crop = .

o correspondents. . It is extremely-difficult to maintain a satisfactory

" ~distribution of voluntary correspondents in States thathave e seat- -
- tered sgricultural population, as.in many of the far- Western and: -

.'_._‘cro'ps the reports tend to be distri

. _given sample do not differ widely. When the retu ‘distrib-
" uted between districts in proportion to the acreage of the crop, the -

.- Mountain States, or where the farmers speak. a foreigh language or
" regeive little schooling. _ L TR
- ""Reports concerning & given crop are réceived from, those districts
" in ‘which that crep is 'commonly.-%‘own, and consequetitly with such :
the acréage of the erop, and the straight and weighted averages of a
; B W%mn the returns are not distrib-

. - weighting of the district samples by the acteage of the particular crop

- for the cuitent year tends to improve the geographic representative~
ness of the sample and makes the weighted average more representa~ -
tive for the entire State than the unweighted or straight average.

. Weighting within the crop-reporting districts is considered unnecegsary

except for those crops the acraange of which is highly localized within .
- imited areas, s#s-is likely with fruit and vegetable crops. , With the -
morg universally grown crops the differentiation a3 io acreage and

uted in about the samé pattern as . )
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" yields per-acre is vsually much greater over a territory as éxtensive - .

.- s’ @ State than over a territory approximately only one-ninth of the -

State. _ ‘ _ R
Even with generally distributed crops, - however, in . important = -
ﬁroducing States the final estimates of yield per acre are frequently . .

erived from county estimates made at the close of the sesson 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 sll available
infermation. When the total production of all the counties for the

. State is divided by the total acreage, s derived estimate of yield per |

acre is obtained for the State. This: method is feasible when an
assessor’s enumeration of the acreags devoted to each crop.is made
each year, as in Kansas, Nebraska, Iowa, and Wisconsin, or where
an annual sample census of a representative locality in each county
iz made each year, as in Alabzma. o o

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 sa,mPIe and the pracision 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 sizs of the
State samples, provided the larger samples were taken at thesame time

and under similar conditions, It islikely 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. ~ g
Such conclusions are justified on the sssumption that the two
samples for sach State, one obtained from township 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
the averages of two such samples do exist in particular States. and in

certain years. 'The most important single cause of such differences. -

fies in the method of editing the returns after they are received {either
in the State office or in Was%in%ou). Generally speaking, the editin
of the township returns in the Washington office is & mors mechanica
and probably a more uniform process as between States than is the
editing of the field-aid returns 1o the various State offices, where the
State statistician usually has some direct knowledge of the situation
existing in his State. o ' :
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 ususl in &
particular sesson, then some of the zeros should undoubtedly be
retained in the sample in order that the estimate of yield cdn be applisd
to the rirrent estimate of acreage in obtaining an estimate of produc-
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4ion,  Tn sessops in which abandonment and crop failure are greater
than usual, differences in editing are easily possible snd differences

. - between the computed averages of the reports from -the two lists of -
- correspondents will tend to reflect greater differences than might be

'explgcte_d merely from the fluctuations of sampling. :

The statistical description of the individual sample used in this
analysis results in & reduction of the mass phenomenon of yields per
acre to séveral highly significant and important measurable character-

Jistics such as the number of observations, the average, the standard
deviation, coefficient of -variation, probable error, and relative prob-
able error. Other cheracteristics of the sample, such as the type of
distribution of the observations and skewness, are not quantitatively
measured, but are evaluated graphically by ins%ection. :

The vield date for a given crop yeer and State were tallied by
districts so mrranged ss 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 distributien, 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
devistion and the coefficient of veriation are computed by methods
described in standard text books ou 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.

TasLE 2—Number of reports, al specified yields per ucre, of winter wheat, received
from township reporters, August, 1928
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: Tum: 2——-Number of Teparts, at s ecified yields per acre, of wiriter wk&a!, rccewed
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TarLe 3-—Numbar of reports, of specified yields per acre, of corn,
foumsh:p reporters, November, 1928
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One purpose of computing the probable error is to determine
whether the sample is of sufficient size to give a reascnable 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
measure the bias of the ohservations or the lack of representativeness
of the sample. .

The sample anal{%ed is usually either the township sample or the
field-gids sample. the sample is & combination of the returns from
both lists of correspondents or from s special list, it is so designated by
a footnote to the table in which it ocours. Consequently, in con-
sidering the possible influence of the fluctuation of sampling on the
estimate of y1eld per acre for a given crop in a particular State, allow-
ance should be made for the fact that the basic sample data were
composed of two samples, the sample anglyzed—perhaps the field

_aids—and enother similar one from the township correspondents of
about the same size. Doubling the size of the sample wﬂf reduce the
probable error nearly 30 per cent. In many States the supplementary
gample data on which the final estimate of yield is based ere several
times as numerous as either the township or field-aide duta.

The standard deviation and coefficient of variation both serve as
means of describing the dispersion found in the sample, which in turn
approximates the dispersion in the universe of erop jelds from which

the sample is drawn, whether it be the State or the crop-reporting
district. The dispersion of the districts is of special intersst from the
standpoint of the possible influence of stratification of the sample into
croE;re.porting districts. The smaller the dispersion of the sample
withi

n districts as compared with the sample on & 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 &
maximum measure of the influence of the fluctuation of sampling in
practically all samples of crop yields per acre. The extent to Wﬁich
the true probable error of the weighted average of yield samples is
actually smaller than the probable error of the straight average (as
calculated in this study) depends upon the dispersion pattern of yields
over a given State. If there is fully as much dispersion in the reports
from & county or crop-reportini district as from the entire State, no
decrease in probable error is to be expected when the sample is strati-
fied by counties or districts and a weighted average is computed by
wei%hting the averages of these strata. The same reasoning would
apply when the universe is stratified by townships and one or more
reports are secured from each township. That is, if there is as great
dispersion in yields in the townships as for the entire State thers 1s no
possibility of reducing the probable error by selecting the crop cor-
respondents by town ips. = The more homogeneous and uniform the
universe of inquiry, the smaller is the reduction in probable error
effected by stratification.

The infiuence of the stratification of the sample into crop-reporting
districts may be detected in either of two ways, (1) by comparmg the
average dispersion of the observations in each district with the dis-
persion of all the observations on a State basis, or {2) by computing the
dispersion of the district averages for the State, The larger this dis-
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ersion of these district sversges, the greater the influence of strati-
Ecation.’ This is true because the summ of these two messures ofi
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, = : _

¢ analsis 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
HEPRESENTATIVENEES

The acreage of the winter-wheat erop is generally well distributed »
over a State geographically; consequently with a saraple 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 &
difference of more than 1 bushel between the straight average (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 Fer acre of winter wheat comf)utred from the same sample of
reports of crop correspondents. (Table 4.) Rather wide differences
exist between the straight and weighted aversges of the yield samples
in the Mountain and Pacific Const States. It is difficult to obtsin &
representative sample in these States. The rel)orts are frequently
concentrated in the areas of greatest agricultural population, usually
in irrigated sections farmed intensively and growing less wheat than
the dry-land areas of the State, from which it is difficult to secure
crop reporters. Although weighting county or distriet averages of
yield by acreage tends materia.lfy to 1mprove the representativeness of
the wheat-yield samples in most States, it is necessary further to
stratify and weight t.phe 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 irrigated
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 concapt &= osed by R. A. Fisher in cannaction with the explanation of total dispersion in the de-
pendent varisble due fitst to covariation In the independant variable, end second to other faetors ot Bsso-
cinted with the independent variable {5),
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TanLp 4.—Winter wheat: Averages of yields per acre computed from reporls of crop
correspondents, and the offictal estimate, by States, 1987 and 1328
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1 Crop reporting district or county averages weighted by ucreage weights,
ERRORS OF OBSERVATION

Errors of observation, due to an inaccurate knowledge of the pro-
duction of & given field, are undoubtedly smaller with & crop-]iike
whest that is threshed and sold than with a feed-grain crop like oats,
which is often fed to livestock without being threshed. The tendency
to estimate yield per acre in rounded figures divisible by 5 also results
in errors of observation. In the group of States shown n Table 2,
about 68 per cent of the reports were in figures divisible by 5. The
figures divisible by 2 were more popular than odd mumbers. Hrrors
of observation are not serious with large samples. Sinece they tend
to imcrease 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 mAany areas, some
“‘cash-crop bias” or understatement in the cro(}i) reporter’s estimate of
ield per acre for his locality might be expected. In no winter-wheat
tate have the shipments and mill-door receipts of wheat been suffi-
ciently complste to form a reliable cheek on the accuracy of the esti-
mate of wheat production; consequently no measure of bias is availa-
ble at present. Such a cheek is needed and will be obtained oven-
tually when time and funds permit. It is difficult to eliminate dupli-
cetion of shipments and receipts of out-of-State wheat when milling
has grown into an industry of eonsiderable importance in a State
consequently, obtaining adequate check dats involves more than g
mers tabulation of car-lot shipments from the railroads.

In past years the estimatss 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 reportecf indings, exports
and imports of wheat, and estimates of wheat used for feed, seed, and
wheat wasted. This fact, combined with the tendency for “cash-
crop bias” to eppear with crops sold from the farm, leads the statisti-
cian fo be on his guard against such s bias with winter wheat, espe-
cially in instences in which winter wheat is relatively important in
comparison with other sources of agricultural inccme.

There is, however, the long-established impression that ecrop
reportars tend to report yields agova the true facts, either because of
local pride or because they may be unduly influenced by the higher-
than-yverage yields on their own farms or in their immedinte neighbor-
hood. The yields on reporters’ farms, as shown by the individual-

form survey, are generally cons.iu:ieral:al?P higher than the estimates
0

made by these same reporters for their cality,

With snch cash crops as cotton, potatoes, tobacco, peanuts, and
Iruits and vegetables grown on & commercial scale, for which satis-
factory check data on production are obtained, there is a definite and
pronounced tendency for understatement on the part of the crop
reporter, at least until the crop has left the grower’s hands. With
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 conelusive 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
important factor.

n New York State the official estimate of 21 bushels in 1927 was
about 0.6 bushel less than the average of the two weighted averages
obteined 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 entirely too early a date to secure relizhle estimates of
yields of wheat in New York. The official estimates as they appear
n Table 4 were made in December on the basis of g 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 the weighted. The field aids indicated 10.1 bushels
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straight and 3.1 bushéls weighted. The sample from New Mexico is
seldom very trustworthy except in an occasional year when yields are
fairly uniform over the State. It is necessary to. depsnd 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 ]if{e New Mexico.
Only 25,000 scres 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 language easily, makes it impos-
sible to secure an adequate and represeniative sample. Conditions
are so varied over the State, because of differences in fopography,
elevation, rainfall, and irrigation thet the fundamental assumption 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 ncreages of winter wheat are small in these States as compared
with those in the heavy producing States of Texas, Okiahoma, and in
the Corn Belt. The combined acreage of winter wheat for the States
of New Mexico, Arizona, Utsh, Nevada, and Wyoming, where it is
most difficult to secure reliable sample data, is usuallty less than for
such relatively unimportant wheat-producing States as North Caro-
lina and Tennessee.

PRECISION OF THE SAMPLE AVERAGES

One rather practical test of the siability of the yield samples and
the precision of the averages is obtained by comparing the weighted
averages from the two samples—township and field aids—obtained at
the same time, under similar conditions and handled in much the same
manner. In Table 4 it can be observed how closely these averages
actuslly correspond in the case of the winter-wheat samples. In
1927 V'gisconsin, 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 iz of minor
importance in Wisconsin and of even less importance in Arkansas,
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-
ship list, due to heavy abandonment, was responsible for most of the
difference between ge sverages from the two samples for Illinois
in 1928,

In the far Western States conditions are more diverse, and the size
of sample is necessarily small; the difference between the two samples,
exclusive of California, averaged about 3 bushels in 1927. In two of
these States, Montana and Idaho, the difference did not exceed
1 bushel, and in five more it did not exceed 3 bushels. Only in
Wyoming and New Mexico did the difference exceed 5 bushels, and
in these two States the nctual dispersion in the universe of wheat
yields is extremely wide and the samples unusually small. In 1928
the average difference between the two samples ranged from 0.2 bushel
in Utah to as much as 3.2 bushels in Montana and 3.5 bushels in
Oregon. It is difficult to obtain a satisfactory semple of wheat yields
in these far Western States, and consequently the estimates of wheat

106756°—32——4
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yields per acro have less precision than they have elsewhers in the
country.

For most practical purposes this comparison of the weighted aver-
nges from the two samples for & 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, consideraile
improvement is needed in the sampling methods of the Department

~of Agriculture if really dependable averapes are to be reached from
sampie data.

Table 5 presents for comparisons (1) the size of winter wheat
yield-per-acre sample, (2) t.Ee averags yield, (3) the dispersion
(4) variation, and (5) the probable error of the average yield obtaine
for several different States and for crop-reporiing districts in some
States. The dispersion of a winter-wheat yield-per-acre sample for
an entire State, as measured by the standard devistion of the sample,
vaties from 3 to 4 bushels in some of the Middle Westsrn and South-
ern States, in certain years, to as much as 7 to 10 bushels in soms 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 varis-
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 yariation about 35 per cent; in Washington in 1927 the
standard deviation was 9.03 bushels and the coeflicient of variation
onl{f 33 per cent, due to the fact that the average yield in Missouri
had heen 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
avergge, It also makes possible a comparison of different crops,
some of which are measured in bushels and others in tons or pounds.

TaeLy 5—Winter wheal: Yields per acre. Selecled illusiralions of size of sample,
measures of dispersion, and probable error

Average | Standard| - g | Proboble

yielil |deviatlon cent of | ETOT of | Relativa

State, yeur, and district Reparts | (arith- of re~ varia- the aver- | probabla
metlo ported tion | BEe yield,| error

mean) yields ar mean

Buskels | Buahels
17.22 443

14. 64 4,10
15, B1

g
g

Per cent

oy

—
P

wammupngopgg | 5 || ppaen e po
TooSBERLSE | o || Reshldzds
BRIEBRRLAS | L RREEEESRRE | B
=R g - L] ) (] HEEOSRES | -
rrmemppe | = o | o
IS0 | 13 || it rOtd M | 2

BERE
gzgeEsEs

| Reports fiom township and fleld-ald llsts combined to constitutg the sample.




51
f sa:_;:pls,

Nt g

k)

%
:
H
s
:
4
E
£
|
:
T
-
3

er acre. Selecled Hlualrais

nier wheat: Vields p.

3

TaprE 5.~Wi

1.4

43?73?455
edrdmloted et ted

LTy
S i efod mod ol i

U DS
eiedciedfedwledu

Busheh Per cent
aln

CEZRRERRY

ERIFBARBAT

N

0.8

O SN P D O D

sygrdaggs

00 00 e B ke e i
SRR EREE

D e T g 0

HARNEEARS

5.87

ARREAERAE
R

BREREBESR
e o o o

BRERIATERT
sl nigieied

RAZBERREER

R

BomRsERRkE
s e

Number | Bushels | Buthels | Per cini
13,90

414

RERNIIBA

OHERATEEY

GRRERGRAEL

hitov
1920

W .

New York: 1928,




DEPT. OF

-

o. 8

*BULLETIN, 311,

-y

;

SoRE ¢

_m

measures of d:‘apera:‘gg and ‘probable éror—Continued

nter wheqgt: Yields

Wi

| s 5~

?ﬁﬂmﬂﬁ;.

‘#IZ6 b,

A

%

L4
L1

e £33 vt W T

ileded it oided

"3 00 09 68 0w D |}

aicidoielaie,

Busheti. | Pereent

0.8
A7

EEREABIE

HERIRASS

B9
2.4

O e B

{rErras

" @0 v o Wi CA D

HEdgREND

Buahely | Pereent

3.00 11
- 4.38

|| BREEITIBR2
ddedndripicd

" Brshely
LB
14.00

to constitate the sampls,

N;m
0
.. 8

g

- Btate, year, ana dstrlet

-

Baca:

from townshi

t of crop correspondents,

and feld-ald Iists combined

ik

* Bamp!e taken in Angnst.

from 8

’ Ha

1




_to another in some States,

e

. ADEQUACY AND RELIABILITY OF CROP-YIELD NSTIMATES 53

S

- The coefficiént of variation for winter-wheat yield samples is

frequently lower than 30 per cent in important wheat States such as
Kansas, Nebraska, Oklahoma, Texas, Michigan, Ohio, F Ivania,
and Maryland, and even in Montana in 1927, On the other gand, it
may reach 40 to 50 per cent in practically these same States in & year
‘when the average yield per acre is low, as in Kansas in 1926, -and

Hlinois, Georgia, and Texas in 1927, Soms of the highest coefficients

of variation were 68 per cent in Tlexas in 1925, when the average yield -
was 6 bushels per acre; 64 per cent in Montana in 1926; and 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
ware samples with less than 30 per cent dispersion. '

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 variation in the average yiold of the sample from yesr to
year. The greatest dispersion in the samples of winter-wheat yields
per acre is found in the large Western States, siich as Texns, Monteana,
and Washington, where conditions are extremely varied.

The Erobable. error of the average from the samples is less than .
0.2 bushel in most important winter wheat States east of the Rocky
Mountsins. It is as high ss 0.35 bushel in South Carolina, where the
sample is small, In ths far Western States the probable error is
seldom less than 0.4 bushel and in s few cases exceeded 0.8 bushel in
the States where the sample was analyzed. In such States ss New
Mexico snd Arizona the dispersion is so'large and the sample so small
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

robable error of from 1 to 1.5 per cent. The samples from far
eatern States generally have a relative probable error as low as sbout
2 per cent in some years, and as high as 4 or 5 per cent in years of low
average yields. The small size of semple in South Carolina causes
the 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
samples, except for Kansas in 1926, Washington, ard California, for
which the reports from the two lists were combined for analysis. At
least two samples similar in size to most of those shown in the table
are used as the basis for the Crop Reporting Board’s estimate of yields
per acre. This doubling of the size of the sample would of course
decrease the probable error by nearly 30 per cent from that shown for

. the si.ngle sample for & State. Many of the States have returns on

yields from other lists of reporters which supplement the samples
received from the regular crop reporters. The individual-farm
sample of acresge and production on the reporter’s own farm is also
used on a relative basis to indicate the change in yields from one year

STRATIFICATION

If the erop-reporting districts in Table 5 show considerably less
dispersion than does the State as a whole, there is & reduction 1 the
actual probable error or & gain in the precision of the sverage. The
greater the dispersion in the district averages, the greater the gain in
pracision. Kansas wheat in 1926 is an example of wide dispersion in
yields over a State, as the lowest average yield, 4.4 bushels, with a
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- standard deviation of 1.5 bushels, was in district 1, and the highes_'t _
vield, 19.6 bushels, with s standard deviation of 4.5 bushels, was in
district 9. When Bowley’s formula (2, p. 337, formula 33) for the

standard error of the mean of a proportionately stratified sample is

applied to these datsa the standard error of the straight average of
0.26 bushel is reduced to 0.16 bushel as the standard error of the
stratified sample, & reduection of more thsen a third. Although the
* formula does not strietly apply to the weighted stratified sample, it
does serve fo illustrate the importance of stratification when the
individual districts are more homogeneous than is the State as a
whole, or when the district averages show marked dispersion.

In the same State in 1928 the effect of stratification was small as
compared with that in 1926, for the district averages all fall between
15 and 21 bushels and the standard devietions of the districts sveraged
ebout the same as for the State as a whole, Itis to be noted, however,
in comparing the two yvears that in 1926 the standard deviation for the
State was 6.5 bushels because of the low yields in certain districts,
while in 1928 it was only 4.43 bushels. In 1926, when there was wide
dispersion in yields of wheat per acre over Kansas, stratification of the
. sample by crop-reporting districts helped fo stabilize the sample and.
undoubtedly greatly increased the preeision of the average. :

In Illinois, in 1927, there was a range in district averages from
84 to 20.8 bushels, The standard deviation for the State was
5.67 bushels, and yet, there were five districts with standsard deviations
falling below 4 bushels. Stratification by crop-reporting districts
reduced the actual probable error materially as the districts were all
more homogeneous than the Staté; that is, they each had a smaller
standard deviation. )

The $wo most important winter-wheat distriets in the State of
Wash.g%bon show & material difference in their averages, and the
standard deviations for the districts were much smaller then for the
State as a whole. In 1926 the Siate standard devistion was 9.18
bushels, wherens in district 5a it was only 6.2 bushels and in district 6
it was 6.39 bushels. In 1927, the standard deviation for the State
was 9.03 bushels with 7.05 bushels as the standard deviation of
district 58 and only 4.79 bushels in distriet 6.

In practicslly every State for which district samples have been
anelyzed the dispersion in the crop-reporting district tends {o be
considerably less than for the sample on & State basis,

BIGNITICANCE COF THE DIFFERENCE BETWEEN TWO AVERAGES

Frequently it is important in the field of economics and statiatics to
draw conclusions concerning the significance of the difference befween
two estimates, such as production or yield per acre of a crop in a given
State for two successive years. Since conclusions besed on semple
data must always be in terms of probabilities, it is obvious that the
significance of the difference between the averages of two samples
must be considered in the same manner.

If the problem of the significance of the averages of samples is
approached from the standpoint of the probable error of the difference
between the averages of two samples for successive years, it is found that
in most$ of the important States a difference of one-half to 1 hushel,
or more, may be considered a significant difference. The probable
ertor of the differences with unmatched data {or data from reporters
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who do not report for esch of the two years) is obtained by adding the
square of the two probable exrTors and extracting the sguare root.
- But the two samples contain reports from fully 50 per cent of the
game reporters from one year to the next, and there is usuelly 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 s State like Kansas on the basis of
unmatched semples 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 es plus 0.80 in some instances.
When the proportion of identical reporters is considered; along
with other allowaneces for weighting and stratification of the sample,
the statement is well justified thet in important States east of the
Rocky Mountains a difference between the yield reported one year
d tﬁe next from the same list of reporters will usually be significant
if it exceeds one-half of a bushel. Tn the far Western States the
probable error of the difference might easily reach 1 bushel on the
basis of an unmatched sample and probably not less than 0.5 bushel
even when sllowance for identical farms in the sample is made. In
these States the difference between the average 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 fluetuation of sempling.

SUMMARY 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 & bushel, or 1 to 1.5 per cent of the
average. When allowance is made for the possible effect of the
stratification of the sample, if is not likely that the average of a very
lerze sample of wheat yields, taken under similar conditions, would

iffer from the average of the sample in these States by much more
than g kalf bushel and certainly not by more than g bushel. In the
far Western Ststes, where the dispersion in the universs 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
consequently it is highly probable that the average of a given sample
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
reached from a comparison of the averages from the two lists of crop
correspondents shown in Table 4 are practically the same 8s 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
than in the Central and Esstern States, where more uniform con-
ditions prevail and larger and better-distributed samples are obtain-
able. In these Centrzl and Eastern States ‘‘check data’ on the
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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%o secure @ higher degree-of representativeness would: change:the
-avera,%ea- of these.semples materially, perhaps not . more than 1 -
‘bushel under ordinary circumstances, ~ -~ .. .. . -

_ . The reliability of theestimates of the yields of 'winter whest in the -
far Western States could be improveil -somewhat- by securing larger

- .end better-distributed samples; by a more careful stratification.6f the. :

‘State into distriets as homogeneons as possible; and by weighting these
- ‘more homogeneous districts to obtain more complete. representative-

- ness, . The sample census would undoubtedly be helpful -in the far - T

Western States and would serve as 2 valuable check on _present .
methodsin all other States that grow any appreciable acreageof winteér

wheat. . The method of voluntery sampling breaks down completely L

In some of these States, In practicslly all of the Roeky Mountain
and Pacific Coast States, extensive field travel - observation, and
direct personal contact: with the growers snd ‘agencies that handle
the crop, are necessary if the Staté statistician is t¢ make & ressonably
satisfactory estimate of yield per acre for winter wheat, - o

. SPRING WHEAT
REPRESENTATIVENESS

Although the acreagn of spring wheat is not generslly es wniformly

stributed over the States In which it is grown as is that of winter _
wheat, the yield-per-acre sample of spring wheat is-epparently nearly
as representative geographically ss is the yield-per-acre semple-of
winter wheat. Kxcept In the importent spring-wheat States of
North Dskots, South Dakota, and Minnesota, there is only & rela-

tively small acreage in the States on the Central West, Lven with

this small scattered screage, the differences between straighy and
weighted averages of the same saraple (Table 6) generally fall within
a range of 1 bushel or less. In fact, some of the greatest differences
oceur in the important Stat<s of South Dakots snd Minnesota. In

the far Western States- the differences are much greafer, as with -
winter wheat, and in about ‘one-half the cases the difference bebween . - .
the straight and weighted averages exceeds 1 bushel and reaches s . = .

maximum of from 4 to 6 bushels'in, the State of Washington, -
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TABLE 6.—Spring wheat: Averages of yields per acre compuled from reporis of
erop correspondents, and the o_ﬁcia?gatima!e, by States, 1827 and 1928
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1 Crop-reporting district or county avernges welghted by acreaza.
¥ Excluslvs of durum wheat,

BIAS

In the important spring-wheat States of Minnesota, North Dakots, -
South Dakota, and M%ntana railroad shipments and mill-door
receipts have been used es a check on the production of all wheat.
1f there were any evidence of cash-crop bias, vhis check information
would have made it possible to detect it as present in either the acre-
age or the yield-per-ncre reports of the correspondents. But since
acreage is involved also, no exact meagure can be obtained separately
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 yigld are held low In order that total production meay be
in line with utilization estimates based primarily on check informa-
tion. Apparently some biss was allowed for in Montana as the
estimates arve above either the field-aid or township weighted average
in Montans for both years,

PREVENTAELE ERRORS

Only since 1927 have the yields of durum wheat been obtained
from the crop reporters separately from “other spring wheat” or
“hread wheat” in Minnesota, North Dakota, South Dakota, and
Montana. The differences between the straight and weighted aver-
ages of the yield samples for durum and bread wheat, taken separately
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in 1928, range from 0.2 bushel with both wheats in Nerth Dakota to
0.8 bushel for bread wheat in both Minnesota and South Dakata.

There is o tendercy on the part of the crop reporter to consider
only bread wheat and net the durum wheat when asked to reporé 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 Dakote. 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,
designated ss “dururn wheat’ and ‘‘other spring wheat.” Anyone
combining the two estimates of yield per acre to secure the average
yield of aﬁ spring wheat in any of these three States should appreciate
the lack of comparability between the estimates of the last vear or
two, and those for previous years. This reporting for bread wheat
only is an excellent illustration of what hes 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,

TPRECISION OF THE SAMPLE AVERAGES

The spring-wheat yield samples are surprisingly stable when the
relatively small acreage in many of the States is taken into con-
sideration. When a comparison is made between the weighted aver-
ages of the township ancF field-aid correspondents, (Tsble 6) sbout
80 per cent of the two samples check within a bushel or less in the
Ceantral and Eastern States, whereas in the {ar Western States only
about 40 per cent of the samples check as closcly as that. The
e:..'l:sreme dj}ferences are nbout as large as with sample yields of winter
wheat. :

Table 7 presents for comparisons (1) the size of spring-wheat
yield-per-acre sample, (2) the average yield, (3) dispersion, (4) varia-
tion, and (5) probable error of the average yield cobtained for several
States. The dispersion of & 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
i2 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 thestandard deviation varies and because of differences
m the average yield. In North Dakota, 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 Montans it was as low as 33 per cent in 1927
and reached 68 per cent in 1925. The greatest variation was found
in the Stete of Washington, when in 1924 it was 77 per cent, & year
when the yield per acre was unusually low. '
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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 Montans 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
anatyzed. In Idsho, with fully &s large a standard deviation and
with a smaller sample, the probsble error was about 0.8 bushel in
both 1926 and 1927.

The relative probable error of the averages of the samples of yield
Ber acre of spring wheat in the irportant spring-wheat States of North

akota 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
4 per cent. _

The spring-wheat vield samples are rather similar 4o winter-wheat
samples from the standpoint of stability and geographic represente-
tiveness and biss, In &a far Western 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 besis of these more homogencous districts in order
10 secure a more nearly representative sample would be helpful.
The uee of check data on the utilization of wheat hss brought a bigh
degree of accuracy in the revised estimates of spring-wheet production
in the four most important spring-whesat States—Minnesota, North
Dakota, Socuth Dakots, and Montana. Dividing the inquiry into
questions regarding durum wheat and other spring wheat, and the
weighting of the sample by irrigated and dry-lpand acreage are both
forweard steps now unger way.

RYE

Kye is grown principally in the Northern States, but also as far
south as North Carolina, Georgia, Texas, and Oklahoma. More than
a third of the rye acreage in the United States is in North Dakota, and
Mionesotd had ebout 400,000 acres in 1927 snd 1928. Except in
these States, rye is of minor importance in the States in which if is
produced and 1s much less generally grown in the far Western States
than is either spring or winter wheat. As a result of the smail impox-
tance of rye and 1its use for soil-building purposes and for East.ure,
it is diffieult to maintain satisfactory acreage weights that keep up
with the changes in acreage. Under these conditions the straight
aversge of vield per acre of rye may be fully as representative ag is
the weighted average.

REPREBENTATIVENESS

A comperison of the streight and weighted averages from the two
samples of township and field-aid reporters for 1927 and 1928 as shown
in Table 8 brings out the interesting fact that even with a crop of such
minor importance as rye, in 75 per cent of the samples the two types
of averages differ by less than I bushel. In only a few scattering
cases does this difference exceed 2 bushels,
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TanLE 8.—Rye: Avercges of yields acre compuled from reporis of crop corre-
spondents, and the oﬁdamﬁmate, by Slates, 1927 and 1928
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BIAB

In North Dakots, South Dakota, Minnesots, end Montana the
railroad shipments and mill-door receipts form the basis for estimates
of the utilization of rye that are used as a check on rye production,
Only in Montens has it been necessary for the Crop Reporting Board
to exceed the averages of the samples in making an estimate of yield
per acre. This indieates cash-crop bias in the sample data. This is
not clearly defined evidence, howaver, because errors in acreage as well
as yield must be considered when a Eroduction check is utilized in this
way. No cash-crop bias is expected in States in which rye is a minor
crop.

PRECISION OF THE BAMPLE AVERAGESB

The rye-yield sample is remarkably stable considering the small
acreage in most States, as in only about 35 per cent of the States does
the weighted average of the township differ by more than 1 bushel
from the weighted average of the field-aid sample. Table 9 presents
for comparison (1) the size of rye yield-per-acre sample, (2) the aver-
age vield, (3) dispersion, (4) variation, and (5) probable error of the
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average yield obtained for several States. The dispersion of a rye-
yield-per-acre sample for a State, as measured by the standard devia-
tion: of the sample varies from 4 to 6 bushels in the States where the
samples were analyzod, while tho coefficiont of variation showed &
range extending from about 27 per cent to as high as 56 per cent.
Only in years of low average yields did the coefficient of variation
exceod 45 per cent. This is about the same amount of variation as
was shown for samples of wheat yield in these same States.

TaBLE 9—Rye: Yields per acre. Selecled {liustrations of size of sample, meaaures
_ of dispersion, and probable errar

Average | Standard . | Probahble '
deviatlon c?eur:ﬂl error of | Relative.
Biate, year, and dlstrict Reports | (arith- of re- P tha aver-| probabls
metin ported tion |28 ylald,| wror
mean)- | ¥lelds 0r meann
North Dakatn: Number | Bushels | Bushels | Per cant | Fuahels | Per cent
1927 _— €9 1597 5878 31 0zt ‘L3
3 5 15, 50 485 .3 A B
2 3 14580 .85 o6 43 28
2 - 4h 1. 20 4.0 3r.2 .81 a.8
4 . H 16.30 3.87 .7 K3 8
5 ——- = 14,90 3.88 2.0 A2 28
6 I 19.680 7.35 375 LB 5 &
7 - o 13. 59 4.9 359 .05 47
g -] 15,70 .25 2.3 N1 4
| J— 13 20.90 8.05 3.9 1.13 54
1928 e ee jurg 7.5 4.0 5.5 .28 T
) W 13 .80 4,82 59,2 B 1.0
2 _— 12 5.00 2,16 2.2 42 B4
3.. 2 8.70 3. 00 414 .51 5.9
4 0 L L 47 35,9 L2l 7.8
5 .. 9 7.00 RY) 57.0 .00 129
. n 12.30 5.25 2.7 T4 6.0
7T J— 5 500 215 43.0 N 3.4
] - 12 840 L | 50.2 R .38
1923, - 187 7.2 . 3.96 5.3 .20 =T
1520, 199 0. 49 4.63 4.8 .2 21
Mipnesota. -. ) o
107 _— a4 18.74 5.31 2.3 W19 1.0
1928 wr 13.82 6. 4 4.4 2y 1.8
1824 . ur 48 537 a8 -] 1.0
Pennyylvanln:
] i 17.24 | 40| 28.6 A7 1.0
1927 - —— 178 16.33 442 L .22 L3
10285, 178 8.2 | 4.4 30.4 .25 L&
1[-\25.-,;nl 17 18. 97 4. 60 .8 ) L4
Ohip; 1929 174 17.64 | 6.32 0.2 -4 1.5
Hllgols:
1927, ——- 91 11,61 LR . 42.8 ] 30
| D 13 16. 00 .12 2.3 i) 4.4
18 16,60 a.5M 237 T8 4.6
4 __ P 12 1050 LTS 56 L12 07
40, ) 13 10, 00 4.41 4.1 52 a2
§ [ 10 16, 00 4,02 40.2 .08 948
| SR 7 11,43 .38 | 2.2 .53 0.4
Ba. . O I4 | 5.79 2.40 245 A3 4.4
7 - 1] 5 00 4.11 45.7 [- L13 | 146
B [} T 24 351 N %7
19279 o 13,80 | &) 3 3.4 a7 27
17 - 158 L4. €0 441 7L 20 a4
1251 47 13. 80 5.0¢8 4347 .83 4
24 . 1M 14. 52 410 420 38 2.7

[ Retwrn from o speciak list of crop cortespendents, 1 Raported in. Aagust.
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The probable error of the averages did not exceed 0.4 bushel in
any of the States aunalyzed, and in 13 of the 17 samples it did not
exceed 0.3 bushel. The rsfa.tiv:dpmbable 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 rye
yields were based on at least two different samples of this size, the
township and the field-aid samples, the combined average from the
two samples would have a probable error about 30 per cent smaller
than for either taken separstely because of the doubling of the size
of sample. Although the rye acreage is seattered and the crop is of
minor importance in most of the States in which it is grown, the sam-
ple indications are nearly as significant as with wheat, and the esti-
mates of yield are nearly as reliable.

CORN

Corn is grown in every State, and in only one State—Nevada-—does
the acreage fall below 10,000 acres. This makes possible a compari-
son of samples between a large number of States. There are, how-
ever, certain limitations to such comparisons,

Corn is used Iargel{ as forage in the northern tier of States, In
the Southern States the early planted corn ripens in late summer or
early fall, and, ip many sections there is a second, late-planted crop,
that matures in late fall. When the inquiry a.rdmi corn yield is
made on November 1 the southern farmer tegﬁs to have the late-
planted crop in mind rather than the earlier crop. In 1928 the late
crop yislded much better than the early; as & result the estimates of
yiald per acre covering both crops was reduced below the November
1 sample indications. In many sections of the Northern States corn
husking is not sufficiently advanced by November 1 to justify a final
estimate of yield at that time. Beginni %wit,h 1928 the corn-yield
inquiry hes been repeated on the %ecam er 1 schedule. The esti-
mated ﬁield of corn is not strictly for “grain only” in all States,
although the schedule specifies “corn for grain.” During the last
three years an effort has been made to distinguish between the yield
of corn for grain and the yield for other purposes, and ss e result,
aupplemental;y estimates have been mads of the yield for grain, that
are separate from the regular grain-equivalent basis.

REPREBENTATIVENEES

The samples of corn yield usually come from points that are dis-
tributed over a State in about the same proportion as is the acreage
of corn, so a high degree of geographic representativeness is generaliy
attained, except in some of the far Western States, and some of the
smaller States where the small number of reports sometimes leads
to distortion when district averages are weighted. The straight and
waighted averages (Table 10) checked w:lti.m 1 bushel in over 80
per cent of the samples for the States, exclusive of the far western
group where only about 20 per cent of the samples checked as closely
8s 1 bushel. ’_l!i}e acreage of corn is relatively very small in the
Western States—7 of the 11 far Western States have less than 100,000
acres of corn each.
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TaprLe 10.—Corn: Averages of yields per acre computed Jrom reporis of crop cor-
respondenis, and the official estimale, by States, 1927 and 1928
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ERRORS OF OHSERVATION

. Teble 3 shows the reports from the township reporters for the
inquiry of November, 1928, grouped by specified yieﬁ)ds per acre of
corn. The tendency to report in gures divisible by 5 is pronounced;
even in Georgia where the average vield was very low, 57 per cent of
the yields were 8o reported. This tendency is common to all CTODS,
as explained in discussing winter wheat, and is more pronounced in
samples of the yield of corn than is the case with wheat. Aboub 68
per cent of the reports in the wheat samples were in such figures,
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whereas with corn 78 per cent of the reports in Indians, 87 per cent
in Towa, and 82 per cent in Colorado were in figures divisible by 5.
This practice results in & relatively smaller error of observation on
corn than on wheat, because corn yields are generally much higher
than wheat yields.

Bras

Cash-crop bias with corn is ordinarily expected only in States that
sell corn, where some biss may be expectet‘il: especizlly in years when
the price is very low and there is much discussion in the newspapers
about the size of the corn crop and the relation of large and small crops
to the price. In Towa, where the accessers’ annual enumeration,
taken from January to April, reports the acreage and preduction of
corn for the preceding year, the average yield g%?som can be derived
and used as a check against the yield samples obtained in Noverber.

In 1925, which was a year of a large corn crop in this country with
prices much lower than for the previous year's small crop, the asses-
sore’ enumeration showed an average yield of corn of 43.9 bushels
which was slightly higher than the weighted average of the fownship
reports of 43.5 bushels and the 43 bushels reported by the field aids.
This would seem to indicate the presence of some cash-crop hias in
that Kanr. In 1926, although the Iowa crop was nearly 12 per cent
less than the yenr before, the farm price in November of 58 cents per
bushel was also lower than the price the year before—61 cents. The
assessors found a yield of corn husked or snapped of 39.1 bushels,
while tho weig,rht,eg’1 average of the township re%orts was only 36.3
bushels and that of the field-aid reports was 36.9 bushels, a difference
of more than 2 bushels. In both 1927 and 1928 the assessors reported
yields of corn lower than the yields reported by the erop report-
ers. The Iowa farm price in November, 1927, was 69 cents and in
November, 1928, was 66 cents. In 1927 the assessors showed 35.2
bushels, as compared with the 36.4 bushels reported by the township
list and 36.7 bushels reported by the field-aid list. ‘In 1928 the
assessors’ report of yield of grain was 41.3 bushels, while the township-
list report was 42.9 bushels and the field-aid report was 42.4 bushels.

In 1924, lows corn was soft, and only 5 per cent of the crop was
reported as having been husked by November 1. Yield of corn for
grain in that year as derived from the Federal census enumeration of
acreage and production, was 28.3 bushels, whereas the assessors’
enumeration for the same year resulted in an average of 28.2 bushels.
In the November yield-inquiry 31.6 bushels was reported by the
township reporters and 31.2 'Eels by the field-aid reporters, whereas
on December 1 the field-aid correspondents reported 28.5 bushels.

In Iowa there is apparently & tendency for the crop reporters to
overestimate the crop in years of soft corn and to underestimate it
in years of well-matured corn. The greater shrinkage 1n years of
soft corn may cause the farmers to report a lower figure late in the
winter to the assessor than they estimated on November 1. The
present policy of heving the yield inquiry repeated in December will
undoubtedly greatly improve the estimates of corn yields in the
important gom Belt States.

106756°—32——35
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PREVENTABLE EREORS

" In parts of New York, Pennaylvania, and New England, the fact
that farmers measure the yield of corn in bushel baskets which are
equivalent to about one-half a standard bushel has led to the action
reported on page 24. Tt is because of this diffieulty that the recent
estimates of corn yields in New York and New England are not
entirely comparable with estimates of former years. In so far as
poseible the estimates are now on a standard-bushel basis,

FPRECISION OF THE SAMPLE AVERAGES

The samples of corn yield are remarkably stable, Averages of
the township and field-aid reports in States east of the Rocky Moun-
tains checked within 1 bushel or less in about 60 per cent of the States
in 1927, and in 80 per cent in 1928. The averages from the two
snmples checked within 2 bushels in the reports from nearly 80 per cent
of the States in 1927 and in 97 per cent in 1928. Since corn yields
are so much higher than wheat or rye yields, the check of 2 bushels for
corn is comparable with 1 bushel for wheat orrye. Even in four of the
nine far Western States for which the two samples are available, they
checked within a bushel. _

In Table 11 are presented for comparisons, (1) the size of corn yield-
per-ncre sample, (2} the average yield, (3) dispersion, (4) variation,
and (5) prebable error of the average yield obtained for several States,
The standard deviation of corn yields as reported 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
it any other State of equal size, the coefficient of varintion was as low
as 19 or 20 per cent in three out of four years and in the fourth year it
was slightly less than 25 per cent. In Ilinois and Missouri the co-
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 end 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 variation reached 67 per
cent. The highest coefficient of variation, 73 per cent, was found in
the 1926 sample for Montana, when the average yield for the State
was only 12 bushels; but in 1927, with an average yield of 22 bushels,
it was only 34 per cent. In Texas, the coeflicient of variation was as
low as 37 per cent in 1926 and as high as 71 per cent in 1925, & year of
low. yields,
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The probable error of the corn-yield averages seldom exceeds
0.5 bushel in & State in which corn is at all important and frequently
the probable error is as low as 0.2 or 0.3 bushel in States like Iowa,
Illinois, Missouri, aud Mississippi. The relalive probable error for
corn yields is lower than the error for any other crop analyzed; it does
not exceéed 0.5 or 0.6 per cent in Iowa, and seldom exceegs 1 per cent
in Hlinois, Missouri, Mississippi, and some of the other States. Only
in some of the far Western States such as Montena, or in Texag in
years of low yields, does the relative probable error exceed 1.5 per
cent. In Jowa the relative probable errors of the crop-reporting
district averages fall almost entirely within a range of 1 or 2 per cent;
in llinois, with & much smaller semple, they usually fall betwesn
2 and 3 per cent.

When sllowance is made for the effect of stratification and for the
faet that at least one additional sample of a size similer to the one
analyzed was also included es a besis for the estimsate of corn yields,
it is evident that in most States the size of semple is sufficient to give .
an average with a high degree of precision. Geographic represenia-
tiveness is well taken care of by the distribution of the sample. Cash-
crop bias is not likely to be e serious factor except in a few States in
which corn is sold, and then only in years of low prices for corn.

Repeating the November 1 yield inguiry in December, making
supplementary estimates of “corn for grain only” and allowing for
the two crops grown each year in the South are helping fo improve
the accuracy of the corn estimates. The fact that corn is harvested
for other purposes than grain and that different units of measurement
are used in different regions, makes estimating the yield difficult.
Experimentation in the making of the estimates is undoubtedly
improving their besis, and those of the last few years are undoubtedly
more relieble than those of previous years.

CATS

Oants, like corn, are widely grown over the entire country. Only
four of the smaller States have less tharn 10,000 acres. Table 12
shows thsat the straight and weighted averages check closely and that
the greatest differences tend te occur in the far Western Stetes with -
their varied conditions. As with other crops, there is the tendency to
report yields in figures divisible by 5, but sines oat yields are generally
murch higher than wheat yields, this tendency is not likely to be a
souree of error as large as with wheat samples. Since oats are pri-
marily a feed crop, little if any cash-crop bias need be expected. For
the same reason a utilization check, based upon ear-lot shipments and
mill-door receipts, is not conclusive,




ADEQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES 71

Tanrs 12.—0Oals: Averages of yields per acre compuled from reports of crop corre-
spondents, and the official estimate, by Fﬂ:tes, 1527 and 1988
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! Crop repurting district or county nverages welghted by acreage woights,
PRECISION OF THE BAMPLE AVERAGES

The samples of oats yields are nearly as stable as the samples of
corn. yields, with only a few States showing & difference of more than
2 bushels between the weighted averages of the township and field-
aid samples. -The grestest differences exist in the samples from the
South Central and far Western States,

Table 13 presents for comparison: (1) the size of oats yield-per-
acre sample, (2) the average yield, (3) standard deviation, (4) varia-
tion, and (5) probable error of the average yield obtained for seversl
States. In about one-half the State samples shown in Table 13 the
coefficient of variation is less than 30 per cent, but it reached 45 per
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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 ldsho, the standard
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 Jess than 28 pér cent.’ “The probable error is less than a half bushel
in practically all but the far Western States, wheve the dispersion is
always laige and the samples are small in size. The probable error
was Jarges$ in Californis, in 1927, when there wers only 66 reports,
and in Idaho, in 1927, when there were only 91 reports. The relative
probable error was less than 1 pér cent in many of the States but.
exceeded 2 per cent in South Carolina, Texés, Idaho, and Californis.

TaBLE 13 —Daly: Yidids per acrs.  Selected illusiraliond of size of sample measurea
. - of disperaion, and probable error
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District stratification resulted in districts with smaller standard
deviations than the deviations for the State in the three important
oat States Yowa, Illinois, and North Dzakota, Thisis to be expected,
as oat yields are generally lower the farther south they are grown.
The crop-reporting districts would tend to show the higher yields in
the more northern districts, 2nd this was the case in Towa and Illinois. -

The averages of the samples of oat yield are so stable that no in-
crease in the size of semple or imﬂﬁrovement. in method of stratifica~
tion and waight&ng would materially change the results in the larger
States east of the Rocky Mountains. Even in the far Western States
the sample seems to be somewhat more stable than is the case with
some of the other crops.

BABRLEY

Although barley is now primarily a feed crop it is not as well dis-
tributed over the country as corn or oats. Little barley is grown in
the southern States. The impertant spring-wheat States are also the
important barley States. The acreage of barley has been increasing
rapidly over the Corn Belt during the last four or five years, and it
has been difficult to msaintain adeguate acreage weights for use with
yield-per-acre samples, The barley samples for 1927 and 1928, in
Table 14, showed a surprisingly close agreement between the straight
and weighted averages of the samples. It is not until the far Western
States are reached or Texas and Oklahoma are considered, that the
straight and weighted averages differ by more than 2 bushels, and
even in these States the difference exceeds 2 bushels in only about
ona-half of the samples. The weighted averages from the township
and field-aid samples checked within 1 or 2 bushels in most of the
States west of the Rocky Mountains. In these Western States, where
great differences exist and where the acreage of the crop and conse-
quently of the samples obtained are very small, the two averages
frequently differ by several bushels,

able 15 presents for comparison (1) the size of barley 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 coefficient of variation e%i from s low of 22 per cent in Minne-
sota in 1924 to 51 per cent in Nebrasks in 1926, exceeding 40 per cent
in only a fow cases, usually in years of low average yields. The stand-
ard deviation for barley yields seldom exceeds 8 or 10 busheis, The
robable error was less g 0.3 bushel in Tows, North Deketa, and
innesots, and exceeded 1 bushel only in States like Pennsylvanis
that have a small acresge. The relative probable error was as low as
1 per cent in Jows and Minnesota. For 1925 and 19261t exceeded 2 per
centin Nebraska, in Pennsylvania, where the sample wes very smali,
and in California, where the dispersion was large.
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TasLe 14.—Barley: Averages of yields per acre computed from reporis of crop corre-
apondents, ard the afficial estimate, by States, 1927 and 1988
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1 Crop roporting district or cottnty averages welghted by scresge weights.,

Stratification of the State into erop-reporting distriets resulted in
district samples with standard deviasions materially smaller than
those for the State as 2 whole, in both Iowa and North Dakota.

The samples of barley yields show less stability and the averages
have less precision than CK:-l those of either oats or corn. This is to
be expected as barley is & major crop in only a few States, such as
Minnesota, North Dakota, and South Dskota. In some of the States
with small acreage and small samples some increase in size of sample
would undoubtedly improve the precision of the sample averages, but
berley is of such minor importance as a crop in most of these States
that 1t would hardly be worth while, considering the facilities available
at present, {o eularge the sample,




ADEQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES 75

TanLe 15.—Barley: Yields per acre. - Selected llusirations of size of samiple, measures
o of ‘dispersion, and prebable error
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| Return from a special list of crop enmespondants,
B COTTON
REPRESENTATIVENEBRS
The township and field-aid samples for 1927 and 1928 are shown in
Table 16. The straight and weighted averages checked within a
few pounds in most of the important cotton States. The greatest

differences occurred in the Mississippi samples for 1928. In Missis-
gippi there is & great difference between the yield per acre of cotton
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in the so-called Delta section of the State (districts 1 and 4) and in
the highland sections., Difficulty in obtaining a sufficient number of
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-
guent.ly differs considerably from the straight average. In these

tates, as with other crops, semple-data on cotton yields must be
supplemented by other check information.

Tanre 16.—Cofion: Averages of wyiclds per acre computed Jrom reporls of erep
correspondents, and the official estimate, by Stales, 1527 and 1928
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L Crop-reporting distrlot or county avarages welghtod by acreaga,

BIAB

The greatest difficulty encountered in obtaining the average yield
per acre of cotton is the presence of a large degree of cash-crop bias
in the individual reports. With both the acreage and yield of cotton
there is always & marked tendency for crop reporters and others fo
underestimate acresge, yield, or production, until after the crop
leaves the farmers’ ha.nd?. Table 17 shows the comparison of the
reported yields per acre of cotton lint from both the township and
field-sid Iists for three successive months during the sesson of har-
vest—October, November, and December—and the returis from an
inquiry sent out in March after a large proportion of the cotfon has
left farmers’ hands,
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TaBLs 17.—Colion link: Weighted averages of yields per acre reporled by crop
correspondents and the offictal estimate, by Slales and by months, crope of 1927
and 1928 .
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One might expect a low probable yield to be reported on the first
of October, when the crop has not béen harvested to any appreciable
extent, 83 in most of the States there is always a possibility that bad
weather will prevent or retard the picking and maturing of cotton
after that date. In practically all States in which cotton is an im-
portant crop the reported yields were higher for each successive
inquiry, the highest being reported in March of the following year.
It 1s possible that the crop reporter overestimates the yield in March,
for that is the time of the year when farmers, obtaining credit for the
next year’s crop, are inclined to be optimistic concerning their sbility
to grow cotton. This optimism may result in reporting yieids
somewhat above the facts. :

Fortunately there is & better check on the production of cotton than
of any other crop; the cotton ginnings are ascertained through periodic
personal visits to gins by special agents of the Bureau of the Census.
Although it is known that there 1s a large degree of biss in semple
data on both cotton acreage and cotton yield, it is extremely diffi-
cult to determine just how much of this bias occurs in the yield
reports and how much in the acreage reports. Development of more
refined methods of determining acreage changes will make it possible
to solve this problem,

PRECISION OF THE BAMPLE AVERAGES

The weighted averages from the township and the field-aid sam-
ples checked fully as well as in the case of other major crops in 1927
and 1928. The greatest differences between these two samples occur
in the less important cotton States, Missouri, Virginia, an Flonda,
and in the far Western States, where conditions are extremely varia-
ble or the sample is very smell. No increase in the number of reports
is likely to change materially the averages obtained from the present
lists of crop reporters. The matter of bias can not be corrected by
incrensing the size of sample. )

Table 18 presents for comparison (1) the size of cotton vield-per-
acre samples, (2) the average yield, (3) dispersion, (4) variation, and
(5) probable error of the average yield obtained for several States.
Samples of cotton yield show greater dispersion than do most other
samples of yield per acre. The coefficient of veriation is seldom less
than 35 per cent, and in a State like Oklahoma, in 1927, the coefficient
of variation was 80 per cent. The probsble error of cotton-yield
samples was usually below 2 pounds in Mississippi, Georgis, and
Texas for the years studied. The probable error exceeded 3 pounds
in Bouth Carolina, where the sample is smaller than in most States.
The relative probable error was sbout 1 per cent in Georgia, but was
Inore than 2 per cent in some of the other States, deperﬁng largely
on the size of the sample.

The crop reporting district method of stratifying cotton yields ma-
terially reduced the probable error of the resulting weigh averages,
The district samples showed, on an average, smaller standard devia-
tions than did the sample for the State as & whole. In Oklahoms, for
exarople, the standard deviation for the State in 1927 was 93 pounds,
whereas four of the district samples showed a stendard deviation of
less than 50 pounds.
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TasLe 18—Coifon: Yields per aeve. Seclecled illusivations of size of aample,
measures of c_iispcraion, and probable error
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There is probably no erop on which more inquiries are sent out re-
garding the yield per acre than on cotton. Not only sre yields ob-
tained from the regular township and field-aid reporters, but lists of
ginners and bankers, and other special lists, are circularized with
cotton-yield questionnaires. The final estimate of the yield of cotton
per acre is determined in part on the basis of the yield per acre as
derived by dividing, the production of cotton shown by the ginning
reports, by the estimate of acreage harvested in each State. A large
degree of eash crop bies makes it almost impossible until after the crop
has left the farmer’s hands, to secure a sample on yield per acre that
can be used as an estimate of the actual yield. Not until a more
satisfactory method of estimating acreage changes has been developed
will it be possible definitely to measure the bias of the cotton-yield
samples,

TOBACCO

Tobacco is grown in rather limited areas, In any one year disper-
sion in yield per acre of tobacco in & State is due not only to geo-
graphic distribution of weather factors, but also to differences in soils
on which the tobacca is grown and to the various types of tobacco
preduced. In Kentucky, for example, six types of tobacco are grown
in more or less sharply defined districts, ususlly referred to as type
districts. As a result of this diversity in the factors that detarmine
yield per acre, farmers roport tobacco yields that range from 300 to
1,700 pounds or more per acre.

REPREBENTATIVENESS

Table 19 shows the Stats aver e1 ({ields per acre of tobacco as ob-
eld-

tained from the township and the aid samples, The straight and
weighted averages differed considerably in some of the States in which
the production of tobacco is highly localized; .in fact, county weights
are frequently used in place of district weights with such a highly
localized cropastobacco.  Although thedifference between thestraight
and weighted averages in the same sample may amount to anywhere
from 1 pound to several hundred pounds, it is necessary to keep in
mind that the true average yield of tobacco on & State basis may be
anywhere from 500 to 1,400 pounds, depending on the State and on
the typeof tobacco grown. On the whole, the tobacco samples show
no larger differences between straight and weighted averages than do
the samples of most other crops of similar acreage. In Table 19 States
with acreages less than 10,000 have been included.
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TasLe 19.—Tobacco: Averages of yields per acre computed from reporis of crop corre-
spondents, ang the official estimale, by Stales, 1927 and 1928
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BIAB

With tobacco, a reliable check on production is obtained through
the records of sales and is of material assistance in reetifying not only
the estimates of produetion, but also those of acreage and yield per
scre. ‘There is some tendency toward eash-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 informstion obtained by the State statistician from persenal
contacts with the trade, than on sample data reported by the regular
correspondents.

FRECISION OF THE BAMPLE AVERAGESB

The methods of handling the yield samples for tobaceo vary eon-
siderably from one State to another, depending on local conditions,
Consequently the averages from the field liste of crop correspondents
are not always comparable with the averages from the township lists,
and such o comparison is not particularly significant as an indiecation
of the stability of two samples drawn from the same universe, except
in the States with the greatest screage. In 1927 the two weighted
averages from the separate samples were 693 and 708 pounds in
North Carolina, 718 and 707 pounds in Kentucky, and 731 and 703
pounds in Virginia. In 1928 these averages were 628 and 632 pounds
i North Carolins and 742 and 754 pounds in Kentucky. The two
lists were merged in Virginia in 1928, These three States have about
70 per cent of the tobacco acreage of this countsy, whereas the remain-
ing 30 per cent is distributed among 14 other States. ’
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TaBLE 20—Tobacco: Yields per acre. Selected Mustrations of size of somple,
© theasures of dispersion, and probable error
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- Table 20 presents for comparison (1} the size of tobacto 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 coefficiant of variation in samples of tobacco yield seldom exceeds
30 per cent and in some cases is below 20 per cent. The probable
error in a State that has alarge sample, like Rentucky, seldom exceeds
6 or 7 pounds for the State as a whole, but in most States the sample
of tobacco yields is small, frequently Bo more then 25 observations;
consequently the probable error may range from 10 pounds to as much
as 50 pounds. In dealing with a crop like tobaceco the relative
probable error is undoubtedly the more significant basis for compar-
1son. In Renfucky the relative probable error was usually less than
1 per cent, and even in some of the States with s small sample the
~ relative probable error seldom exceeded 3 per cent,

S8TRATIFICATION

- A comparison of the standard deviation obtained from the erop-
reporting disfricts and the standard devistion obtained from the type-
districts shows that there is somewhat less dispersion when the sample
is stratified by type districts than by the regular crop-reporiing dgs—
tricts. With -at%hly localized crop, such as tobacco, made up of
from one to several types iu a given State, there is no question but .
that a special sgs.tem ‘of stratification should be used, which would
take into consideration types as well .as geographic location. Such
& method of stratification would tend to improve the precision. of the
average yield and result in estimates not only more reliable, but far
more useful to persons interested in tobacco. :

POTATOES
Ll
REPRESENTATIVENESS .

Potatoes are grown in practically every State, but in many States
the scresgoe is small. The straight and weighted averages of potato
samples, as shown in Table 21, checked within 10 bushels in a sur-
prisingly large number of Stetes. Only in an occasional semple of
Eotato yields per acre did these two averages differ by more than 20

ushels; most of these occurred in the far Western States.
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- BIAS

In some of the strictly comimercial areas thers is definite evidence of
“cash-crop bias. . The final estimates of yields per acre of potatoes in
Meine are generally many bushels higher than the averages of the
combined field-sid and township samples. In Maine, the car-lot
shipments of potstoes furnish a valuable basis for determining the
total production of potatoes in that State. In Virginia, the official
estimates of yield per acre run. much higher than do the sample
averages. A ﬁrge art of the potatoes of Virginia are grown in con-
centrated commercial districts on each side of Chesapeske Bay, and
car-lot shipments supply & check on production estimates. There




ADEQUACY AND RELIABILITY OF CROB-YIELD ESTIMATES 85

geems to be less evidence of cash-crop bias in reports from. the far
Waestern States or from the Central States of Michigan, Wisconsin,
“ond Minnesota. . : :

: PRECISION .OF BAMPLE AVERAGES

The weighted averages from the two samples, township and field-
aid, checked within 10 bushels in practically all States easf of the
Rocky Mountains, As might be expected, soms rather wide differ-
ences were shown in the far Western States. Table 22 presents a
comparison of (1) the size of yield-per-acre sample, (2} the average
yield, (3) dispersion, {4) variaiion, and (5) probable error of the .

average vield obteined for several States. The coefficient of variation
for potato yields was higher than for the yield samples of most other
crops. In very few ceses.did the sample have o dispersion of less than
40 per cent, and frequentiy the dispersion reached 50 and 60 per cent,
and in the State of Washington in 1924 the coefficient of variation was
81 per cent. The probable error in the important potate States was
not far from 1 hushel, while in the far 'Western States Idabo and
‘Washington, it was from 6 to 8 bushels. The relative probable error
is a more satisfactory basis for comparizon because of the wide differ-
ence in yields as between States, The relative probable error of
samples of potato yield was not far from 1 per cent in New York,
Michigan, and Minnesota, whereas in North Dakota the relative
probable error was slightly more than 2 per cent and reached as much
as 6 per cent in Washington in 1924,

Tante 22—Polalees: Yields per acre. Selecled illustrations of size of samiple,
measures of digperaion, and probable error
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BTRATIFICATION

Only about one-half of the districts in the three States for which
district data are availeble—New York, North Dakots, and Iowa—
showed smaller standard deviations than the State as a whole, A
separation of commercial districts. from norcommercial districts
would. be the most important step toward the stratification of a State
into more homogeneous districts, as commercial districts usuall
ke higher yields per acre than do noncommercial districts. Tg
arrange special districts for potatoes would undoubtedly materially
improve the homogeneity of the districts, render the sample miore
Eprgsenﬁaﬁve, and increase the precision of the weighted average for

e States, - -

SWEETPOTATOES

! : o
Sweetpotatoes sre primari]%]f;] southern crop, for in only three:
porthern States—New Jersey, Ilinois, and Missouri—are 10,000 acres
or more grown. In only a few scattered cases (Table 23) did the
straight average of the samplss differ from the weighted average by
more than 10 buskels, and seldom did ine weighted average from the
separate samples show s difference of more than 10 or 15 bushels.
Throughout the South sweetpotatoes are grown primarily for home
use, althongh there are important commiyreial districts in such Statés
as New Jersey, Virginia, and Maryland. Generally speaking, how-
ever, sweetpotato acreage is fully as well distributed ir the Southern
States as is the potato screage in the Northern States.

Tasrr 23.—Sweetpolaloes: Averages of wields per acre compuled from reporis of
~ crop. sorrespondents, and the oﬁim‘);l estimate, by Slales, 1927 and 1928
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. Table 24 presents for comparison’(l} the size of sweetpotato
yield-per-acre sumple, {2} the average yield, (3) dispersion, (4) vari
. ation, and (5) prob _iﬁeg'error of the average yield obteined for the
‘swastpotato sample for Gt_aorFia. for four years, Thke coefficient of
variation was high, ranging- fromt 49 to 85 per cent. The relative
probable error varied from I.4 to 2.3-per cent. - Georgia is probably a.

-. . typical Southern Stafe so far &s swestpotate produetior is concerned:

- Tapup '2'4'.9;;81#&&2 otefoes:. Yidlds per aére.  Selected illualrations of size of -
o E:ssmpga, measures. of dispersion, and probabls error - - NN
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I oo ~TAME HAY . . _
o * ' REPBRSENTATIVENEES - . - o -
* . Tame hay of some kind is grown in every Stite; even Rhode Island -
-has over 40,000 acres in tame hay.and Delawars sbout 80,000 acres.”
Table 25 shows a comparizon of the averages from: the two, sources of
seznple data—yields of tame hay, end illustrates the small differences
. that exist between straight and weighted -averages for-a erop grown
- 80 uniformly over a State. : T

TanLe 25.—Al tame kay: Averages of elds per.'acre._ computed from reporls of * -
crop correspondents, and the officta estimates, by Stetes, 1927 and 1928
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TagLE 25.—All lame kay: Averages of yields per acre computed from reports of
crap correspondents, and the official estimate, by States, 1927 and 1928—Con.. -
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There is no particular reason to expect a cash-crop bias in the case.
of « crop like tame hay that is largely fed. But there is considerable
shrinkage in hay; as a result, the quantity used or sold iz never equal
in tons to the quantity harvested. Shrinkage and wastage duse to
field stacking are undoubtedly more serious with hay than with
grain crops. ' '

PREVENTARLE EEROES

'The final estimate of the yield per acre of all tame hay was in many
asses somewhat different from the indication shown by the sample.
This difference is due to the fact that the department’s definition of
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 avernge yi-ld of all tame hay in his locality
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~he seldom includes the high-yielding aifalfa or sweetclover hay,
Sudan grass, millet, or other special hay crops in his estimate of the
average yield for all tame hay.

PREECISION OF THE SAMPLE AVERAQES

The difference between the weighted averages from the two samples
seldom exceeded one-tenth of & ton except in some of the far Western
States. The yield samples for several varieties of tams hay, such as
timothy and alfalfa, show practically the same degree of stability as
was shown for sll tame hay in Table 25.

- Table 26 presents for comparison (1) the size of teme-hay yield-
ber-acre satuple, (2) the average yield, (3) dispersior;, (4) variation,
and (5} probable error of the average yield obtained for several States.
Few yiaﬁi-per—acre samples of tame hay had a cosfficient of varistion
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,

Tante 26.—Tame hey and alfalfa: Yields per acre. Selecled illustratiens of sizeg
-of sample, measures of diapersion, and probable error
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‘TanLte 26.—Tame hay and olfalfa: Yields per acréj_. Selecled illustrations of size
of sample, measures of dispersion, and probuble error—Continued
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BTRATIFICATION

In 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 a more refined methcd of geographic
stratification would materially help the precision of tame-hay averages
except perhaps in some of the far Western States. Stratification g

td

varities, however, has greatly improved the representativeness an
consequently, the accuracy of the yield samples,
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FLAXSEED

Flaxseed is an iraportant crop in North Dakota, South Dakota, and
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,
and weighted averages of yield-per-acre reports of flaxseed differ by
more than 1 bushel, and the weighted averages of the township and
field-gid samples were within 1 %)ushel or less of each other in all
cases. Records of car-lot shipments of flaxseed are available in North
Dakota, South Dakots, Minnesota, and Montansa as & check on the
production of flaxseed. There is apparently little svidence of cash-
crop bias in flaxseed yield samples.

TasrLE 27—Flaxseed: Averages of yields per atre computed Jrom reports of crop
correspondents, and ihe official estimate, by States, 1927 and 1525
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Table 28 presents for comparison {1} the size of flaxseed yield-per-
acre sample, (2) the average yield, (3) dispersion, (4) veriation, and
(5} probable error of the average yield, obtained for several States.
The coefficient of variation showed a range from s low as 28 per 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
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
sample by crop-reporting districts seemed materially to improve the
precision of the average for the State, as the district standsrd devia-
t,ion? in North Dakota were generally smaller than for the State as a
wheole. : o
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Tapre 28.—Flazeced: Yield per acre. Selected illustrations of size of sample,
measures of dispersion; and probable error
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BUCKWHEAT

Buckwheat is & crop of minor importance in all of the States in
which it is grown. Only in New York and Pennsylvania were as
‘much as 200,000 acres grown in 1927, Remazkably little difference
“exists between the strmght and weighted averages computed from
reports of crop correspondents (Table 29) for a crop no more important
than buckwheat. The weighted averages from the two samples
checked closely consideringel%xe seattered acreage of the crop.
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TABLE 28.~Buckwhent: Averages of yields per acre computed Sfrom reports of ero
correspondents, and the oﬁcia?‘estimte, by States, 1927 and 1928 P
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Table 30 presents for comparisons (1) the size of buckwheat 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 coefficient of variation for New York and Pennsylvania ranged
from 24 to 34 per cent, whereas in Michigan it was 40 to 58 per cent.
The relative probable error in New York State was 1 per cent or less,
in Pennsylvania less than 2 per cent, and in Michigan between 2 and
3 per cent,
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Tante 30.—Buckwheat, field beans, and peanuis: Yields per acre. Selecied iBustra-
“tiong of size of semple, meazures of dispersion, and probable error
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FiELD HEANS

The estimstes of bean production, acreage, and yield per acre, are
based primarily on sample deata from the field aids and from observa-
tions made by the field statisticians; consequently there is no oppor—
tunity to compare the samples from the two sources as Wwes done with
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.
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
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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Tanre 8l.—Field beans: Averages of yields per acre compuled from reporis ¢ erop
correspondents, and the official estimate, by States, 1927 and 1928 /

1g2r mé

Reported by the ' Roported by the
foldoid St fiotd-aid It &

Acreogn Average
Welghted {arith- |Welghted
overage t ’ matle | average ¥
mesT}

Average

1,000 aqeres| Bushels

New York... - % 13.5 3, 8 147

Michigan_. .. o I B. 125
- 18. 20.0

20,
&
4,
5.

New Muoxlco. 0 X 3
. Callfornlo, | . g X 0.

! Raports recolved only from fiadd aida.
# Qrop-reporting dlstriet or county averages weighted by ncreage.

Table 30 presents for comparison (1) the size of field beans yield- - '

per-scro ssxuple, (2) the average yield, (3) dispersion, (4) variation,

and (5) probable error of the average yield obtained for New York .

and Michigan. The coefficient of variation fell within a renge of 24’

to 42 per cent, and the relative probable error was between 1 snd 2

per cent in prectically all cases.

PEANUTS

Concentration of the peanut acreage in limited arees of commercial
production necessitates careful weighting of district or county averages:
if & representative average for the State is to be cbtained. 'There is
considerable difference between the straight end weighted averages
from the same sample as well as between t%la weighted averages of the
two samples, la.rgeﬁr because of the localization of the crop. (Table
'32.) Since peanutis ars a cash crop in the commerciel districts, & cash-
crop bias must be guarded ageinst by the statisticien. A later inquiry
than that on November 1 is frequently necessary if the yield per acre

Q
cialized and highly localized erop that special inquiries and field fravel

by the State statisticien are necessary to supplement the regular .

field-aid and township returns, . :

Table 30 presents for comparison (1} the size of peanut yield-per-
acre sample, {2) the average yield, (3) dispersion, (4) vsriation, and
(8) probable error of the average yield obisined for samples frox two
important States—Virginia end Georgia. The coefficient of variation
in Virginie was only a%l;]:xt 22 per cent, whereas in Georgia 16 varied
from 40 to 60 per cent. The relative probable error was between 2
and 3 per cent in both States for most years, The large dispersion
m Georgia, was practically offset by samples several times larger then
those obtained m Virginis, S - ' :

f aﬁganuts is to be accurately determined. Peanuts are such a spe- -
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1
_correapondmta, and the official gst:mate, by Slales, 1927 and

TanLe 32.—Peanuls: Averages of 1 selds per- gere compubed from r?&ﬂss of crop
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Rice is a higbly specisalized and localized crop; it is grown in quan-
tity only in Arkansas, Louisiane, Texas, and Califorma. Special in-
quiries addressed to rice mills, and field travel by the Htate statisti-
cian, are necessary to obtsin an adequate estimate of the yield per
acre of such & specialized crop as rice. (Table 33.) The différénces
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
information of the State statistician. Fairly adequate checks on pro-
duction are obtained from the mills and cooperative sssociations that
handle the bulk of the rice crop. S

TanLE 33.—Rice: Awverages of yields per dere comémted Jrom reporls of erop corre-
spondents, and the official esttmate, by States, 1927 and 1928
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. . .. ° .  OTHER MINOR GROFS .

Table 34 ﬂ'msentﬁ for comparison with respect to Danish eabbage
in New York, cowpeas in South Carolins, sugar beets in Michigan,
and sorghum sirup in three States (1) the size of sample (2) the aver
age yield (3) dispersion, (4) variation and {5) probable error of the
average for yield samples. The samples of cabbage yield in New
York showed a coefficient of variation between 33 anﬂg 46 per cent and
& relative probable error of 1 to 2 per cent. The cowpea samples in
South Cérolina had rather wide dispersion, with coefficients of varia-
tion varying from 47 to 95 per cent. With the small size of sample
that occurs in a smal! State like South Carolina, the relative probable
error was necessarily large in the case of erops that show such wide
dispersion in yields as do cowpess. :

Tanrs 34.—Danish cabbage, sugar béets, cowpeas, and sorghum strup: Yield per
age. Belected llustrations of wize of sample, mecsures of dispersion, and prob-
e .err
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Sugar-best yields in Michigan had a small degree of dispersion as
the coefficients of varintion were 26 per cent one yeur and 31 per cent
the other, and the relative probable error was between 2 and 3 per
cent. The yield per acre of sugar beets is ascertained from reports
from the sugar-beet factevies as well as from crop correspondents.

Yields of sorghum sirup show rather wide variability, but are sub-
ject to only mederate errors whenever large samples can be obteined.

DISPERSION OF YIELD SAMPLES

The apri vimate ranges in dispersion ¢f the observations in the
eld samples for the more important crops in Statez east of the Ro
ountains are presented in summary form in Table 35, The mint-
mum limit of dispersion for these yield samples, as measured by the
coefficient of variation, was ususlly between 20 and 30 per cent. In
tobacco samples, howevar, it was as low as 15 per ceut and in potato
and cotton samples it exeeeded 30 per cent. In samples of two erops
—flaxseed and tame hay—it was 30 per cent. The modal minimum
variation for these crops was 25 per cent. Winter wheat, spring
wheat, rye, buckwheat, and field beans were included in the group
with a minimum coeflicient of variation of about 25 per cent. I,
oats, and barley had less dispersion than the modal group.

The maximum lmit of dispersion was usually between 45 and 55
per cant. The lowest was 40 per eent, for tobacco, and the highest
was 80 per cent, for cotton. In the modal group which included
spring wheat, rye, flaxseed, potatoes, and buckwheat, it was 55 per
cent; in corn, oats, and field bean samples, which were below the
modal group, it was about 45 per cent. e maximum varialcon for
winter wheat, barley, and tame hay was 50 per cent.

Tasre 35.—Comparison! 5 the dispersion and probable errors for the yield estimates
of scveral crops
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From this study it might be possible to array or rank these crops in
order on the basis of the variation shown by the yield samples. To-
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bacco samples could be given first place as having the least disparsion
and cotton last as having the greatest. Corn would be seeond, oais,
third, barley and field beans would rank in fourth place, winter wheat
fifth, spring wheat, rye, tame hey, and buckwheat would tie for sixth,
flaxseed seventh, potatoes eighth, and cotton ninth or last. Of the
crops not included in Teble 35, for which only & very few samples were
studied, sweetpotatoes in Georgia showed greater dispersion than did
cotton, and cowpeas in South Carolina showed greater dispersion
than either cotton or sweetpotatoes. Yield samples of cabbage, sugar
‘bests, and peanuts had no more than the average degree of dispersion
indicated for the more important crops. '

COMPARIZON WITH OTHER BAMPLE DATA

The dispersion of crop-yield samples is from two to three times as
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). )

amples of farm-wage data have s dispersion about equsal to those
of some of the grain ¢zops or from 25 10 40 per cent. Samples of land
values vary from as low as 25 per cent dispersion in & homogeneous
State with few large cities, like Iows, to 99 per cent or more in States
that include large cities like New York or States in which there ars
great differences in value between improved and unimproved lend as
in 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 than 60 or 70 per cent and frequently
exceed 200 per cent.”

PROBAELE EBRORS OF THE AVERAGES OF YIELD SAMPLES

Table 35 also presents the approximate range in the probable errors
of the averages oftﬁield samples for soms of the more important crogz
in States east of the Roeky Mountains, The samples of crop yiel
are 80 large for important and universally grown crops in the more
importent producing States that the minimum relstive probable
error seldom exceeded 1 per cenf. For corn and oats it was 0.5 per
cent, for tame hay, barley, buckwhest, and tobacco it was 0.7 per
cent, and the highest minimum was 1.1 per cent, for flaxseed end
field beans. The maximum relative probable error was sbout 1.5
per eent for corn, oats, and winter wheat, 2 per cent for spring wheat,
cotton, and field beans, 2.5 per cent for barley, flaxseed, and potatoes,
about 3 per cent for tobacco and buckwhesat, and 4 per cent for rye.

A comparison of the relative probable errors between different crops
is much less satisfactory than a comparison of fthe coeflicients of
variation, The relative probable error is necessarily large when only
a small sereege of & crop is grown in a State and the reports from crop
reporters are few in number. The relative probable error varies
directly as the size of the coefficients of variation and inversely as
the square root of the number of reports. Rye yields have about the
same dispersion as other grain erops in most gtatas, but the sample is

11 These of gosfliclent of varietfon are from nnpubliched studiss made by ihe author and other
wotkers in the Division of Orop and Livestock Estimates. Beo grtlele by A. J. Beyleveld (1).
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nsually so smail that the relative probable error is likely to be very
large. i a rye yicld sample for a piven State has the minimuym varia-
tion of about 25 per cent, then abouf 284 reports are sufficient to
result in & relative probable error of shout 1 per cent. On the other
hand, if the maximum variation of 55 per cent occurs, a sample made
up of 1,376 reports wounld 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 individusai ssmples 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 tc reduce the size of the relative probable error
below that computed from these samples on the basis of & sample
selected at random, There is alwayvs the possibility of bias in the
individual observations of highly commercialized cash crops, such as
cofton. Check data usually obtainable for those cash crops make it
possible to bridge the gap from the biased semple 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 PATA

Thus far in this study the adequacy and reliability of the official
estimates of the yields pex scre of crops have been considered primarily
with regard to the application of the principles of sampling. Yields of
important crops in t}].?le surplus-producing States, as reported by ons
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 edifing 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
ellowanee is made on the basis of past experience in which the sample
is compared with check dats on yields derived from ginnings, car-lof
shipments, and other commercinl movements. This methoed of
messuring biss is not entirely satisfactory beceuse the bias of the
aereage sample that is also present when production is used &s & bosis
for checking, can not always be allowed for separately. The use of
the crop meter in the Southern States has besn of great assistance in
obtaining an indication, free from bias, of acreage change. After all,
the essential thing is, of course, the reiiability of the estimates of
production, and sccurate estimates of yield per acre are only a means
to that end. The estimates of yields per acre of cotfon, for example,
may be carried along from year to yesr on foo low a Jevel and the
estimates of acreage on too high s level, while at the same time the
estimates of preduction of cotton may check closely with cotion

ginnings.

It is possible, however, to derive & yield-per-acre figure for a State
from census date, which could be used as a basis for checking estimates
of yields, or the yields obtained by sampling. ©Oun first thought it
would seem that a yield-per-acre figure obteined by dividing the
preduction of & crop by acreage, as reported by the census, would
serve as an excellent check on the reliability of the estimates, or yields




102 TECHNICAL BULLETIN 311, U. 5. DEPT. OF .AGRICULTURE

from sample data. But experience has shown several rather serious
limitations to the use of census data as an indication of the yield per
a.gra. glfd & given crop, or as an absotute check on the official estimates
of yield.

here is the matter of the weight per bushel of small grains and
corn.. A bushel of specified weight over the entire courtry is desig-
nated on the questionnaires that sre sent to crop correspondents,
whereas the legal weight of a bushel for & given crop varies as between
States. On the other hand the census enumerator obtains his date
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
consaquently memory bias is a much more serious soures of error
with census data than with the samples teken soon after harvess.

Memory bhias is esE)eciale serious in areas of small farms with small
acresges where sm&p us crops are not grown for market, With the
lapse of any considerable period of time the farmer tends to raport
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 erop by the screage would be
a sa,t.isfactog indication of yield per acre for that crop, assuming, of
course, equal completeness of enumeration 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.

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 pari of the total acreage reported
that was not harvested for grain. The longer the period from time
of harvest to the time when the enumerator calls on the farmer, the
more likely is the farmer to report as the acreage harvested of a given
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 purpose is
likely to be omitted becauss it has been forgotten. The smaller the
acreage per farm, the more serious is this source of error.

In spite of the obvious limitations of census dats, it is desirable to
make & systematic comparison between yields as derived from the
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 correspondents. Where the
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 anslysis of estimates
of erop yields made with regard to vhe general principles of sampling.
It is an attack on the probﬁam of the adequacy and reliability of the
official estimates of erop yields per acre from an entirely different
angle, one which should not be omitted in a study of this kind. It
would be desirakle to have a much more detailed explanation of some
of the discrepancies which appear when these sample indications and
estimates are checked against yields derived from the census, but
such a study would exceed the scope of the present bulletin.
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The indications of yield per acre from the census are available for six
years—1879, i889, 1809, 1909, 1919, and 1924. The yields as reported
by the county list of crop reporters and also by the township list are
obtainable for only the four years—1899, 1909, 1015, and 1924. The
four indications concerning yield per acre (1) those derived from the
census, (2} these from the county reporters, (3) those from the town-
ship reporters, and (4) the official estimates, for wheat, corn, oats,
flaxseed, cotton, and fobacco are shown in Tables 36 to 41,
respectively.

This aniysis 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 obfained by the two methods compere when checke directly,
onse ;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 yiclds 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, hecsuse
of biss in the individual observations of the sample, or to inherent
limitations in the census material, either one indication or the other
might reflect relative differences as between different States, or as
between different years in the same State. The correlation coeficient
is used here in its generic sense of measuring the covariation between
two variables, both of which are measurements of the same physieal
phencmena, agrisultural yields per acre in given States. No causal
relationship between the variables is involved.

This analysis will serve to show also how closely the small sample
of county reports, weighted by county weights, compares with the
iarger sample of township reports, unweighted in 1899 and 1909 and
welgl]:ted by districts in most cases In 1919 and 1924. The correlation

f t

of these two separate indications from semple returns will be of

assistance in evaluatin,lg the dependability of the ccnmtgl 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 obteined 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. :

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 pounds or less for tobacco, (2) States where the esti-
matez or sample averages of yields are higher by more than these
amounts than those derived from census data, and (3) States where
esttmates 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 fourth
category, not mufually exclusive so far as the other three are con-
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* cerned, includes the States for which the yield data from any two
. sources check within 2 bushels or less for grain crops, 1 bushel for
fiaxseed, 20 pounds or less for cotton, an 100 pounds or less for
tobacco. The number of cases falling in this fourth category is
expressed as a percentege 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 an({) oats, the percentage of cases in 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 is 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. ' .

TIn 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
o1l States are combined for each given year, thereby making it possible
to study each census year separately and to note any changes taking
place with the passage of time,
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TABLE 44.—Coeflicients of correlation between yields derived from census data and official estimates of the United States Department of Agricullure,
averages of yielda per acre reported by county correspondents, averages of yields reported by township correspondents, for stated years
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In approaching the problem of a relative comparison of the different
indications of yield per acre, simple correlation coefficients between the
two series of yield per scre are calculated by States, for a given geo-
graphic division for each census year. Addifional. correlation co-
cfficients are calculated for all the years combined for a geographic
division; also other correlation coefficients for all States for any one-
year; and, finally, & single correlation coefficient for each cropin which
all States for al{ vears are included. These correlation coefficients
appear in Table 44. i :

A comparison between the yields as reported by the county cor-
respondents and the yields as reported by the township list was also
made by mesans of simple correlation coefficients showa in Table 44,

These correlation coefficients are not eorrected for the influence of
the size of sample, which i3 small for any one group of States in a
single year, and some sllowance should be made for this when inter-
preting the results of their comparison. '

WHEAT

For comparafive purposes the States that ave almost entirely
winter-wheat States are divided into two groups (1)} Northern and.
Great Plains States and (2) Southern States, whereas the States thet
have grown both spring and winter wheat, such as Jowsa, Wiscon:
gin, Montana, and the far Western States, are excluded from the
comparison because of the possibility of confusion on the part of the
farmer in reporting the two kinds of wheat separately either o the
census enumerator or &s a crop reporter. Separate comparisons ere
made for the three most important and almost exclusively spring-
wheat States of North Dakota, South Dskota, and Minnesota. (See
Table 36 for the States included in these three different groups.) The
yield per acre of winter wheat as reported by crop reporters and as
ofticially estimated by the department in the winter-wheat States is -
compared with the yield per acre of all whest as reported by the
census in these States, and spring wheat iii the three spring-wheat
States is compared with all wheat from the census.

Official estimates of yield per acre of winter wheat check more
closely with yields derived from census data during the last four.

-census years than when the two early census years, 1878 and 1889,
‘ure included in the comparison. The official estimates of the ields

of winter whest check within 1 bushel with the yields as derived from

census date in 53 per cent of the ceses, and within 2 bushels in 81 per

cent of the cases, when all six census years are included in the eompari-

son; but when the comparison is imited to the last four census yesars,

these two indications check within 1 bushelin 63 per cent and within 2

bushels in 88 per cent of the cases. (Teble 42.) In 1879 the esti-

mates were based primarily on vield data as reperted by county:
crop correspondents and weiéhted by county weights. By 1889 the.
reports from the part-time State agents supplemented the reports

from the list of county reporters. By 1899 reports from the township

list of reporters, unweighted, were included as an additional bssis for

the official estimates.

The yields from official estimates and from census check a little
snore closely on the basis of direct comparison in the Northern States
than in the Southern States during the last four census years. This
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
Btates are taken into consideration, {1 r & check within 1 bushel is a
closer check when yields generally are above 12 bushels per acre, as in
the Morthern 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 yielda
derived from the census than do the reports from the samples of
county or township correspondents. (Table 42.) The sampla data
check jret 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 percentsge of the f'ields from the township
reporters check within 1 bushel, whereas a larger percentage from the
county list check within 2 bushels.

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
wheat_than with winter wheat, in part because the comparison is
himited to the three most important spring-wheat producing States,
where the crop is grown in large fields and where the acreage ag .
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 importent commercal
producing areas of winter wheat in the Great Plains region, therei is
only o very slight tendency for the official estimates o be less than
the yields as shown by the census. 'This slight tendency is apparent
for the six censns 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 closely with the yields as
derived from the census (Table 42), the genem( 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

lelds 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
Yields gs 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 gerived 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 cepsus, 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 ssmple
‘indications of yielils-tend to be lower than the yields from the cen- )
sus yeers 1809 an¢l 1924 and higher in 1809 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. 1tis especislly interesting that only in 1924 did the official
bstimates fail to redect the bias thai apparently was shown by the
tv'o indications from the sample dats. :

In Minnesota, North -Dakota, and South Daketa 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 COIMPATisons.

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-
%lnia. and Kentucky; in 4 of the 6 census years in Kansas, Illinois,

disna, Pennsylvania, New Jersey, Virginia, and Tennessee; in 3
out of glraars in New York, Missouri, Maryland, and North Caro-
lina; while the two indications have checked within 1 bushel In all
three census years since QOklshoma became a 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 ypars these w0 indications
also check within 2 bushels in Missouri, Nebracka, 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 importsnt 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 alowed for, so far as is possible, in meking an esti-
mate of yield per acre. In meking estimates from samples obtained
from crop correspondents it is necessary to allow for the slight bias
toward understatement on the part of the correspondents in these
fmportant 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 these
derived from the census data. §

As might be expected, when the several indications are compared
on the basis of the correlation between any two series, as shown in
Table 44, it is again apparent that the yields from census data check
more closely with 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 vield

for spring wheet is +-0.980 in the last four census years and +0.996
for o?il 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 is taken as equal to the square
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of the correlation coefficient). With winter wheat the correlation is
+0.849 or about 90 per cent of covariation between yields derived
from the census and official estimates of yield per acre. '

On the basis of correlation, which shows the extent to which the
variations in yields from State to State and from year to year for one
indication are sssociated with variations in the other indication, it
is evident (Table 44) that official estimates of yields as reported by
county correspondents and yields as reported by township reporters
all check more closely with the census in the N orthern States than in
the Southern States. It is rather surprising to find, that although
the township sample of yields checks more closely with the census than
does the co:mt{ ssmple when considered on an absolute basis of the
proportion of the totel number of cases in which each checked within
1 or 2 bushels of the census yields, when considered on the basis
of correlation the county sample shows a slightly higher degree of
correlation with the yields as derived from the census than does the
township sample, in both the Northern and the Southern States,

Although in general, the correlation is higher between official
estimates and ylelds as derived from the census, thers is one ‘yesr,
1924, when both sample indications are more highly correlated “with
the census data than are the official estimates.

From Table 44 it can be seen that the correlation between the yields
obtained from county reporters and these from township correspond-
ents is higher than tﬁose between the yields from either of the two
sample indications and the yields from “the census, and even slightly
higher than the correlation between the official estimates and the
yields derived from the census,

Jn 1909 in the Southern States the correlation coefficient between
county and township yields is only +0.637, and -+ 0.566 as between
township and census yields. Further analysis by means of scatter
diagrams revesls the fact that the yield as reported by the township
list for South Carolins was the observation which is at fault, and that
except for this one observation, the correlation was fully as high for
that year as for any of the other years.

CORN

In the North Centrsl States, where more than two-thirds of the
corn crop is produced, the official estimates check within 1 bushel
with the yields as derived from the census in about one-third of the
cases; the official estimates are below the census yields in about
one-third of the cases and are above in one-third (Table 42). With
corn yields the checking of two separate indications within 1 bushel
is nearly as significant as having wheat yields check within 0.5 bushal,
because corn yields are frequently twice as large as wheat yields.
When this is taken into consideration, it may be said that in the
important corn-producing States, corn yields derived from the census
and those officially estimated check as closely as do wheat yields in
important wheat-producing States.

here is a tendency in the case of corn for both the sample data
and the official estimates of yield to be higher then vields derived
from census data. This tendency is probably due to the fact that
an appreciable proportion of the corn scresge is not harvested for
grain, but is used otherwise. Consequently, when the production of
corn as reported to the census enumerator is divided by an acreage
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somewhat larger than that on which the harvested production is
grown, the resulting yield per acre is too low. This situation is even
more pronounced in the South, where the com crop is interplanted
and there are both early and late erops. s

In the far Western States the official estimates and the yields as
reported by the crop correspondents ars usually much higher than
the census yields, Probably this is partly because the samgle data
are not quite representative, as it is extremely difficult to obtain an
sdequate sample from the lower-yielding dry-land sreas, and from
the less successful irvigation projects. :

In the North Atlantic States the official estimates and the yields as
reported by the crop reporters ‘tend to be lower than the yields
derived from the census. This may be caused by the regional tend-
ency on the part of farmers to report the yield of corn in bushel
baskets of ears rather than in standard bushels as specified in the
yield questionnaires of the department. Although this designation is
not aobserved by all crop reporters, there are probably fewer errors
of this sort in the returns from crop reporters than in the returns to
census entnerators.

Official estimates of corn yields and the yields derived from the
census check within 1 hushel in five of six years in Kansas, whers tha
State average yield has varied from as low as about 16 bushels in
1519 to as lugh as 28 bushels in 1899. In Kansas the corn crop ms-
tures early, and farmers know by the first of November just about
what the yield is likely to be when harvest is completed. As rela-
tively little corn is nsed for silage, soilage, or hogging down in Kansas
and as frost damage to corn occurs less frequently than in many other
States, these two indications may be expected to check more closely
én Kansas than in many of the other important com-producing

tates,

Official estimates of corn yield and yields derived from the census
check within 1 bushel in 4 of the 6 years in Miasouri and New York,
where corn yields are high, in Florida, Tennessee, and Alabama,
where corn yields are low, and slso in Oregon, a State in which only
a small acreage of corn is grown. These two indications of corn

ield check within 1 bushel in 3 of 6 years in Wisconsin, Missouri,

ebraska, South Caroling, and Georgia. They check within 2 bush-
els in 5 of 6 years in New York, Minnesota, Kansas, Mississippi, and
Tennessee, and in 4 of 6 years in Pennsylvania, Ohio, Wisconsin,
Missouri, Georgia, Florida, Arkansas, Lowsiana, and Qregon.

Itis interestin%t-hat, as shown in Tables 42 and 43, the yields from
the county list check about as closely with yields derived from the
census, as do the township samples, although the correlations in
Table 44 are somewhat higher for the township and census yields
than for the county and census yields. 'The correlations are gener-
all(i lower with the various indications of corn yields than with the
Indications of wheat yields, and even the county and township reports

shown in Table 44 show a positive correlation of only 0.852 for sam-
p}eic.dof corn yields, as compared with 0.955 for the samples of wheat
yields.

The difficulty with the sample data on yields of corn that was due

to the date on which the inquiry was previously made has been
mentioned. . '
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CATS. -

Official estimates as well as the sample indication of oat yields
check much more closely with yields as derived from the census data_
in the North Central States, where the buik of the crop is produced,
than iz other garts of the country, (Table 42.) In sll sections. of
the country and in all the census (frea.rs there is a pronounced tendency .
for official estimates of oaf yields and the indications of yield from
sample data to be higher than yields derived from the census. This
bmd%ncy is somewhat less in evidence in the North Central States,
then elsewhere. Again it is uadoubtedly the old difficulty of the
facmers reporting a er acreage to the census enumerator than was
actuaily harvested and threshed s&s grain. Since cats 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
farmer to harvest and actually thresh his oats.

In spite of the marked tendency for the official estimates of oat
yields to be higher than the yields shown by the census, these two
mndications check within 2 bushels in sll of the & 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, Indisna, and Minnesota; in 2 of the 6 years
in Connecticut, Pennsylvania, North Dakota, Delaware, Maryland,
South Carolina, Florida, Alabama, Mississippi, and Colorado; and
within 2 bushels in 2 of the 4 census years for which estimates for
South Dakots are available.

Although the oat yields indicated oy the sample data are generally
higher than those shown by the census, the correlations (Teable 44)
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
for wheat might be expected to be higher, since the far Western
States are omitted from the enmparison for wheat, whereas they are
included in those for oats and corn.

FLAXSEED

Official estimates of filaxseed acreage, yield per acre, and production
were not made until 1902, and consequently only three census years
are available for this comparison of erop-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 vield per acrs
are placed on the basis of checking within 0.5 and 1 bus{llal inatead of
1 and 2 bushels as with the other grain crops. There are at present,
only four States—North Dskota, South Dakota, Minnesota, and
Montana—where the growing of flaxseed is at all importans, It is of
very minor importence in _the other two States, lowa snd Kansas,
inciuded in this study. Wisconsin, Missouri and Nebraska have pro-
duced a little flex during the period covered by this study, but in
these States the crop is of such minor importance and the acrenge so
small that it is practically impossible to obtain reports on it from the
crop correspondents.

Official estimates of flax yields check less closely with the yields indi-
cated by census data, in successive census years, {Tabls 43.) The
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number of States in which these two indications ’check within 0.5 . |

bushel is 67 per cént of the total snumber of States growing flax in. 1909,
33 per cent in 1919; and ouly 17 per cent in 1924. The percentage of
States checking within 1 bushel declines from 100 per cent ir 1909 to
67 per cent in 1919, and to only 33 per cent in 1924. No such trend

is apparent in the yiolds obtained from county or township reporters.

_ In practically all instances where the official estimates or sample
indications feil:%0 check with the census yields withir, 0.5 bushel, they
are higher than.the census yields. This would seem to indicate that
etther thereis a &}us bias in ‘the reports of the crop correspendents and.
perhaps in the official estimates as wel}, or that thie 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 its production on lsnd that fias been under cultivation for -
some time have been developed only in recent ﬂgears. .This may
account in part for the decreasing tendency of the o cisl estimates and |
census yields 10 check in successive ¢ensus years. N L

Introduction of wilt-resistant varieties hes 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
acreage of flax has_also expanded westward into less humid areas, -
especially in North Dakota and South Dakots. There is alweys some
lag in the adjustment of acreage weights where the acreaga of & crop
is expanding and there is also difficulty in obtuining regular erop
correspondents in new farminﬁ 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 weights used;
the weighted averages of 1919 and 1924 would tend therefore toba
‘too high and might be expected to be higher than the yields caleu-
Jated from census date. 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 reg;rted by the county reporters
check much more closely with yields ss derived from the cepsus
(Table 42) when considered on sn absolute basis than do the official
estimates or the reports from the township list. In 1909, the yields
derived from the census dats and those obtained from the count
reporters eheck within ¢.5 bushel in 80 per cent. of the States for whic
county data are now available, while the twe indications check within
1 bushel in all five States. In 1924 they check within 0.5 bushel in

. the five States for which & Teport from the county list is now available
wheregs in 1919 they check within 0.5 bushel in only one State, an
within 1 bushel in only one-half the number of States. In North
Dekota and South Dakota the yields as reporied by the county list
as well as those from the t-ownshig Tist check within 1 bushel with
the yields derived from the census data in all three census years, _

However, the correlation between official gstimates and yields™
derived from the census is somewhat higher thap the correlations
between census. yields and either of the sample indications. (Teble
44) Although the correlation between offictal estimates and census’
yields is higher then that between yields reported by the two lists of
crop correspondents, the correlation between the latter is higher than
that between %elds derived from census data and either of the sample
indications. The census yields and those reported by the county
reporters however, show a correlation of +0.993 in one year, 1924,
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This’eomparison of yield data for flaxseed shows (1) that the several
indications of yield per scre check about as closely with this crop as
could be expected for any erop and (2) thatin making estimates of
~ the yield per scre of flaxseed the statistician must be on his guard

agamst a sample that is not fully representative of the lower-yielding -
“sections.of these States. . - on
. . coT .

Comparing official estimates of yields per acte of cotton and sample
data yields with those obteined from census data probably is less
satigfactory than meking simila# comparisons for any other crop. .
Each year since 1902 the Census Bureau, through special agents, has
obtained the dats on cotton ginning direct from the cotton gins, As
might be expected serious difficultiss have besn encountered in making
o farm-to-farm enumeration that will check exactly with ginning
figures of cotton production.. Consequently such adjustments. must

be made in tebulating and summarizing the deta that a reliablesindi- -

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, mora 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 constiuction of the
schedule on which data from cropper tensnts 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 estimstes of the Department
of Agriculture, and the acreage of cotton became a derived figurs,
obtained by dividing the total production ginned by these estimates of
yield per acre. In this snalysis cotton yields from census data in .
1909 appear to check miore clesely 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 & close check ss 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 1919, and +0.91 in 1924. ' :

In 1924 the census enumeration showed less cotion that had been
accounted for by the ginning reports, and consequently adjustmenits
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 Cenaus
Bureau s a check on the accuracy of the enumeration of cotton acreape
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 those in 1924, when the county-census correlation was -+ 0.71 and -



http:124TECHNIC.AL

' ADBQUACY AND RELIABILITY OF CROP-YIELD ESTIMATES 125

the township-census correlation was +0.66. The county-township -
. yields showed & correlation of +0.97 in- 1819, the highest for any of the
four census years. {Table 4d.) : . o
“The further difficulty encountered in comparing cottca 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 ths census were converied to pounds of st on the.
basis of bale welghts, by Siates, as ph'blished'by,th_e ¢ensiis, 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 Stafe as
coxj;fa.red. with the average for the United States. - =~ S
though becsuse of the limitations of the data only very broad
eralizations concerning cotton are justified, it is evident, from
'ables 42 and 43 that the official estimates of tlie yield per acre as
well as the yields reported by the crop correspondents, check with the
yields derived from the census more clOselp in. the South Central -
States than in the Atlantie Const States. é.'[‘he indications derived
from census date are consistently higher than those from sample data,
indicating considerable biss on the part of crop reporters’ estimates,
& bias appsrently 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 sre apparently on a lower
lavel relative to the census indications of yield in the South Aflantic
States than in the South Central States. . = . _ _
_ The tendency toward a 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
‘duiring the decade from 1899 to 1909, slthough it is also apparent that
the official estimates and the yields derived fromi the census check
more closely during the last thres or four census years than during the
first two, 1879 and 1889. In Texas the official estimates of yield and
the yield derived from the census check within 10 pounds in 5 of the 6
census years. and within 20 pounds-in. s}l of them. In Missiseippi the
two indications check within 10 pounds in the last 4 census years and
within 20 pounds in 1879 and 1889. In Alabama.the}}lv check within
10 pounds in 3 years, and within 20 pounds in all of the last 5 census

oars, S -
Y Among the Atlantic Coast States Georgia has the best record with -
‘three census 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 yields in &l six of
the census yesrs, and in only one year in each State do the indications
check within 20 pounds. . _

In making official estimates of cotton, empnasis has arways been
placed on making an estimate of production that wotuld check closely
with the ginning figures of productien;. prior to the ginning reports
elaborate dats were gathered on shipments by railroad and by boat
from each cotton State, to serve as a final check on the pro uction
estimates. The current estimates of production are based in purt 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:deépendence placed on the
innings up to that date as an indication-of final production. By the
. first 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. - - - . . o -

" 'The low correlation of +0.726 in 1899 (Table 44) between official
estimates of yield and yields derived from the census can be attributed
primarily to the low official estimates in- Missouri-and Virginia, both
gtat.ea of minor importance in cotton production, whers the official
estimates are much lower than the indications from- the township
and county samples as well as lower than the census. The same
sttuation occurred again in Missouri in 1919, . oo

The low correlation +0.715 in 1924 between yields derived from
census data and yields from county reporters is due largely to-low
ields reported by ihe county sample in Miszouri and Arkansas,
ese same low reports explain the low correlation between the county
and township indications for that year. : S

TOBACCO

In about one-half of the States in the census years 1899, 1909, 1919,
1924, the yields of tobacco derived from the census 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 higl.er in the North.
In 1919 the official estimates and the census yields checked within
50 pounds in ell of the seven important Northern States growing
tobacco, showing & correlation coefficient of +0.999. (Table 44.)
These two indications apparently show (Table 43) an increasing
tendency to check in suceessive census years, due in part to the increas-
ing importence of tobacco s a farm crop, to the development of
better methods of handling sample dats, snd to more effective-use of
information concerning the quantity of this crop sold. The larger
the acreege and the more importent a crop becomes in & State, the
more accurate and relisble will be both the census enumerations and
the sample date concerning yields per acre. In the earlier census
years, 1879 and 1889, the official estimates of ‘the yields of tobacco
and the yields derivad from the census check within 50 pounds in
onl(f a few States—New York, Maryland, and Kentucky in 1879,
and Ohio and Virginia in 1889. Or 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

em‘ . . .

In 1899 and 1909 the vield samples from the county correspondents
check more closely with the ceasus on the basis-of & direct comparison
(Teble 43), whereas in 1919 and 1924 the yiel:i samples obtained
from the fownship list chack more closely, [t wiil 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 semples 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 developmeént of &
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 expect that- the list of county. correspondents
- was not so well mainteined ror were new recruits added so promptly
when:old reporters dropped out. - This apparent tendency is not in
evidence with crops such s corn, -oats, wheat, and cotton, which are
produced more generally.. The problem of obtaining a representative
sample is usually mueh more difficult with & crop of localized pro-
duction, like fobaceo, than with the more generally grown crops, uad
it is possible that a small sample p. pg(l{ weighted would be more
accurate than & large sample not weighted. . o

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

In the Southern States the csses are equally divided into tw:
eategories (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 individusl 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 inﬁuiry is made in the fall. Consequently, fermers 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 reporti.n%to the department. :

In the Northern States there is a tendency for both the official
estimates and the sample data to be higher than the yields derived
from the census dats thereby indicating biss 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 tobaceo than for osats, 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 end 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 estimetes 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 sample, +0.885, or the township sample, -+0.918.
Although the official estimates and sample data sEow less indication
of bigs in the Southern States than in the Northern States, less cor-
relation is shown in the North between official estimates end census
yields, and between county data and cemsus 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 nnd township
samples show really low correlaiion. This would indicate that these
samples are small and, ha'.viu% considerable dispersion, are conse-
quently subject to high probable errors and are not likely fully to
represent the important tobacco-producing areas, -
In several of the Southern States incﬂﬁich 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
Eheck data from sales are available as a basis for estimates of pro-
uction.

GENERAL CONSIDERATIONS IN REGARD TO COMPARISONS OF YIELD
ESTIMATES

Official estimates of yields per acre check sufficiently well with the
ields derived from cemsus deta, 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 yield undoubtedly
approximate closely the frue 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
sourcy of farm income, as with cotton. A small sample is to be
trusted only within rather wide limits, and lack of representativeness
is & constant source of error in the sample data of yield per acre, as
in the case of tobaceo in States of small tobacco acreage., These
difficulties have apparently been recognized by the Crop R’eportinﬁ
Bosard for many {ears, for with most crops the officiel estimates che
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 & given
State. With generally grown crops such as corn, osts, 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 loeslized
acresage, such as tobaecco or cotton in Missouri and Virginia (where
they can be grown in only & 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 acresge in
that State. As a result, the reported yield from the’ county sample
would not ‘be representative of the important producing sress, and
it might easily be in serious error. : -
" Tn the smaller States having only a few counties, a sample contain-
ing reports from all the counties would be subject to a very hi
probeble error, and estimates based on such samples would not
reliable. This difficulty is pronounced in the New England Siates
and in the far Western States, where conditions are extremely varied.

Fundamentally the method of estimating the yield per acre of &

crop primarily from sample data obtained from voluntary crop cor-
respondents Is the same to-day ss in 1879, when the acmci‘ge and
production of crops was first enumerated as & part of the Federal
census of agriculture. During the last 50 years the size of the yield
.sample, however, has been greatly increased. '

e development of the crop-reporting service along the lines it
hes taken has been logical. Additional hists were developed io serve
as a 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 es a further check on
the sample returns. But with the major crops in the important
producing States the old system of cerefully selected county crop
reporters, with from one to five assistants in each county, was a
highly efficient methed of obtaining s reliable indication of the yield
per acre of such crops. It was fully as reliable an indication as the
unweizhted returns from the larger list of township correspondents
s} in 1896. In fact, the yield sample from the county list, when
that list was well maintained and sctive, was a much more réliable
indication of yield per acre than might be inferred solely from the
number of observations. : _

‘With generally grown crops, and in fact with practicslly sil crops
except the most localized and those the yields of which per acre differ
greatly as between counties, the present method of wei_ghﬁngh by
crop-reporting districts the returns from the township list and those
from the list of field-aid reporters is a logica! outgrowth of the earlier
situation in which there were s 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
separate lists are & protection from errors in computation, which
must slways be guarded against, as well as s means of greatly immprov-
ing the representativeness of a sample that is not distributed in pro-
portion to its relative importance geographically in & State.

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

The year 1866 marks the beginning of the present series of yield-
per-acre estimates for irnportant 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 assistanfs, not to exceed five, who reported directly to him each
month for that part of the county within whick each lived. The
Department of Agriculture undoubtedly endeavored to kesp an active

108766°—32—9
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county r{:ﬂorber in each agricultural county of the United States, but
it is not likely that returns were received from more than 60 fo 75 per
cen$ of all counties within & State for any one year. The August,
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 Georgis. ’

For the more important crops in the larger States 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 gear to year would be
Teasonab. d‘; significant from & statistical standpoint. ~If samples of
corn yields per scre in Iowa, in those early years, had had about the
same dispersion as in recent years {25 per cent or less), & sample of 46
reports would have resulted in & relative probable error of 2.5 per
cent, or with a sample of 71 reports the relative probable srorr would
have been 2 per cent, as compared with less than 0.5 per cent with the
larger sampies now regularly obtained. Samples of cotton yields
per acre with a 50-per cent coefficient of variation and 46 reports
would have had s relative probable error of about 5 per cent; 71
reports would have reduced 1t to 4 per cent.

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 & given crop in eech county. This would bring
about an improvement in representativeness, which would contribute
mmore to attaining an accurate indication of yield per acre than & mere
increase in size of the sample with crops of localized acreage such as
tobacco, potatoes, ete. 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 scre over a period of years.

In 1882, State statistical agents were appointed on & part-time
basis in most States. Within s 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 primanly 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 corresponderts 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 snd
made available by the State statistical agents. For imstance,
threshers’ returns of bushels threshed and acresge harvested were
reported from Ohio. During the eighties, estimates of the yields on
s large number of ind.ividuai farms were obtained for the first time
and were used as & check on the other sources of informeation. Since
these yields would be higher than the average for s locality, they were
used in a relative sense.”? . .

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

" B. W. Snow, in commontipg orally to the writer on the general practice of handling tke reports and
making estitates in vogue during the years from 1842 to 1892, when he was connected with the de ment,
stated that the returns of the county correspondents continued to be the primary besis of the oificial esti-
mstes and that the estimates of the State statistical agents were used meraly as a cheek.
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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 acresge.
When there were only county reporters,if the acreage of rye, tobaceo,
or beans was limited to only a few counties, it might frequently be
necessary fo make an estimate of the average ;ﬂﬁd 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 were also weighted by coun-
ties, but this required so much labor that for years only a simple
arithmetic average of the township returns was ecalculated. In
comparatively Tecent 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 mn handling their returns, although some continued to weight
by counties.

With the sppointment of regional field agents and crop specialists
on full time during the period from 1900 to 1910 and the building of
iists 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 regronatl and statistical agents were
abolished, and & full-time position of State statistician, as it exists at

recent, was created in practically all States. The sppointment of the

tate statistician was placed under the jurisdiction of the Civil
Service Cormmnission, and the requirements were materially raised.
There was also a merging of the lists of correspondents who had
reported either to the State agent or io the regional agents into what
has since been known as the field-aid list, which reported directly.to
the State stafistician in each State, This list was grestly Incressed 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 t;_iﬁhly stable except in
the far Western States and in some of the smallest States. During
the last 15 years the yield estimates have been on practically the same
bssis 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) 1866-1583. Returns were from county reporters ooly.

(2) 1884-1395. Returns from the county list were supplemented by returns
from field aids, who reported to part-time State statistical agents in esch State.
Xndividual-farm acreage and production meturns were used to soine extent on a
relative basis as an indication of yield per acre of crops.

(3} 1896-1914. Returns from county correspondents and field aids were supple-
mented by the addition of returns from the township list of crop correspondents.
Regional agents with limited lists of correspondents developed after ahout 1904.

ists 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 lista
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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EEPRESEMTATIVENESS

The crop reporters of the department have always been distributed
either by counties or townships, and consequently 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 ﬁcsd aids were usuali weightﬁe by the State statistical agents, by
couniizs, end after the development of crop-reporting districts be-
‘tween 1900 end 1910 these returns were generally weighted by dis-
tricts. The township returns were so numerous that wi hting was
not deemed necessary even with imgfrtant; crops until within about
the last 10 years. k of geographic representativeness has prob-
ably not been & serious problem at any time in the case of the more
generally grown crops in the States of major proauction. '

RIAS

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 percentage of the previous year, and in
act.ualqbulllriels 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 sverages from samples obtained from county report-
ers show no tendency to be either higher or lower than those from the
township correspondents, Differences between ihe averages from
these two samples could easily be accounted for on the basis of the in-
fluence of the fluctuation of sampling or lack of representativeness,

There is apparently & break in the trend of the yield-per-acre series
for corn for the United States in the early eighties; this hés led many
observers to conclude that some shift hmf been made in the method of
estimating corn yields, beginning in 1881. 1n the North Atlantic
States the break is abrupt, and in practically all sections. the yields
were unusually low during the period from 1881 to 1893. This bresk
in trend was so abrupt that it ied Whitney (17 2. 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.”

Tke 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. the North Atlantic States, where the
break was most in evidence, the differences between the official estj-
mates of corn yields per acre published in the year 1879, and the Yields
derived from the census were not sufficient to justify any change in
method. (Table 37.) In Maine, Vermont, Rhode and, and New
York the yield figures from the two separate sources checked within &
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 fnelds Tun below the estimates of the department.

The late-season condition figures for corn tend to show somewhat
the same trend as the yield estimates. In the November, 1889, crop
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report, the chief statistician comments on the corn-yield situation
during this period as follows: :

Seven yvesrs, 1881 to 1888, which were so lean that only one, 1885, made an
average of 26.5, one falling to 18.8 in 1881, made the remarkably low average of
220 bushels. The period of 10 years, including the present, will make an avercge .
a little above 24 bushels, a reduction of fully 7 per cent from the avem%e precedin
10 years. This is a difference so large, due evidently to meteorological causes ang
assuredly not to the depletion of fertility or deficiency of cultivation, that a
periodie recurrence of suech results might soon-give some encouragement to the
cycle theory. .

When the fundamental relationszlifs between weather {actors and
the yield per acre of corn are eventuaily worked out for several of these
States it will be possible to test this series of g'lelds during the period
from 1870 to 1890 and to determine rather definitely whethér 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 cro ﬁ:roduction may be classified under three headings
as follows: (1) Collection 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
rorrespondents is generally successful as a basis for estimates of
yields per acre in the case of most crops of extensive acreage in impor-
tent producing States. The yield estimates for many crops m =
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 beloealized. 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 and reduce the infivence
of the fluctuations of sa,m‘f-l.'uf. '

The township and field-aid lists of crop correspondents have been
combined into one list which reports directly to the State statistician
in each of several States (Pennsylvenia, New York, New Jersey, the
New Enﬁand States, Virginia, West VilKi.nia., Maryland, Deleware,
Florids, Nevada, Utah, and California). A similar urrangement in the
other Rocky Mountain and Pacific Coast States would tend to improve
the accuracy of the estimates in those States. In districts of exireme
variation and small samples, a comparison of the reports from the
same reporiers for two consecutive years would be belpful as a basis
for estimeting the change in yield from one year to the next.

Post-season iﬂqllllil'if.‘.s of yields Ear acre for cash crops with a ten-
dency toward cash-crop bias, such ss 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 criticel 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 sempling method of obtaining crop
yields per acre. If is necessary to determine 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
inquiry concerning yields per acre made in connection with the
regular April crop report and also an individual-farm inquiry on
acreage and production made in the same monsh, have placed all the
sources of yield-per-acre information on the same footing from the
standpoint of memory bias. Such a study of the indications of

ields per acre for the crops of 1929 might well be & 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-
mentel research of this kind, which will form the basis of a better
understanding of the available data and a starting point for further
improvement in methods for both agencies,

811 the basis of a scientific analysis of all the informstion 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 & county basis are desired, the suggested
sample census would supply the necessary data. The sample census
woufd be especially helpful in those States in which 1t is now diffenlt
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 iu 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.

The importance of obtaining data that can be used as a check on
the accuracy of the estimates of crop production esn not be over-
emphasized. Additional faeilities 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 relisbility
of the official estimates of crop yieldgs per acre. The relationships
involved are complex, and when any factor is mentioned individually,
the conclusions should be qualified with the statement “provided
other things are equal.”

Kstimates 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 accurate 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 Cosst States, and in some of the
smaller Egstern and Southern States.
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Estimates for such generally grown crops as corn, oats, wheat, and
hay which haye rather uniformly distributed acreagze in the State .
‘where they are grown, are usually more reliable than erops of highly
localized production such as commercial potatoes, beans, peanuts,
and tobacco. The estimates for crops of relative little importance
in & given State are much less reliable than are the estimites for the
major crops.

timates 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 loeality in which they are produced.
Forfunately, 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
bies which may exist in the original sample material,

The explanation of these conclusions is found in the a[;i)]icat.ion of
the fundamental principles of sampling and of statisticel induction
under given circumstances and conditions 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 from which the sample is drawn is
more homogeneous and there is less dispersion in the yields per acre
over & given State than generally prevails in other sections. The size

of sampie is fully adequate to reduce to a minimum the influence of .
the compensating errors of observation and the fluctuations of sam-
p]in(%. ost of the important crops in this area are generally distrib-
uted over i

a given State, thereby insuring geographic representative-
ness of a sample stratified by townships. Cash-crop biss 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 commereisl potatoes,
there seems to be little evidence of cash-crop bias. The reliabi]ifgr of
the yield estimates from this large agricultural ares is of iremendous
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 ha{.

The estimates of yield in small States sre not so reliable, primerily
because it is difficult fo obtain a sample of adequate size. Sample
deta in several of the Rocky Mountein and Pacific Coast States are
practicaily 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 rathen than by crop-reporting districts greatly
improves the representativeness, providedp there are a sufficient nom-
her of reports by counties to Erevant possible distortion.

Understatement of the yield per acre on the part of the crop corres-
pondent, found in the yield inquiries made prior to the selling of a
cash erop like cotton, can never be eliminated from the sample data
and must be allowed for by the statistician in making the estimate.
Check date on production or on the quantity of a crop sold, such as
cotton ginnings, car-lot shipments of grain, fruits, and vegetables, are
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being used to indicate the presence of this cash-crop bias. At present,
if ia extremely difficult to measure the extent to which this bias existed
during past yesrs, because it can not be accurately allocated as be-
tween the acreage and the yield-per-acre sample data. It is like a
problem in joint costs in accounting.. The messurement 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
\:irt%f any statistical inference based upon the type of sample data.

It is difficult to obtain a sample of adequate size in localities 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
in communities in which the farms are somewhat isolated. In some
States the standard bushel is not the customary unit of messure, 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

er acre of most crops have been nearly as satisfactory as during the
88t 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 geriod 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 tﬁl‘e%&:’lt s%stam of voluntary crop correspondents
e Corn

except in some of elt States. Such estimates are neces-
sarily so unreliable that they are being discontinued until such time
as the suggested annual semple census becomes an established method
of sampling acreage, production, and number of livestock on farms,

The official estimates of yields per acre for generally grcwn 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 yield per acre are seldom mors than might
be expected from the application of the principles of samnling. The
statistician mus$ be on %uard against bias in the sample data when
making an estimate of yield per acre for cash crops, which are the
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 re]iabil}irl 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 san'?;ﬁing economic phe-
nomens 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 similar studies concerning
the sampling of acreage, of livestock numbers, and of retail prices paid
by farmers, (2) the results of much more detailed studies relative to
the problem of sampling in a given State, and (3) an appraisal of
methods used in forecasting crop yields per acre prior to harvest.
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