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ABSTRACT James Larkin Stallings

In this thesis indexes of the influence of weather on
yields of corn, oats, barley, wheat, soybeans, cotton, and
tobacco are constructed. Indexes are also constructed for
the influence of weather on some important aggregate measures
of U. S. agricultural production and yields including the
indexes of Crop Production, Gross Farm Production, Farm Out-
put, Marketings and Home Consumption, and Crop Yields per
Harvested Acre. In addition, indexes were constructed for
the feed grain components of the indexes of Crop Production,
Farm Output, lMarketings and Home Consumptiou, and Yields per
Harvested Acre.

These indexes of the influence of weather were computed
from time series of experimental plot data for the various
crops located in the more concentrated areas of production.
Series were obtained where as many variables as possible had
been constant. The general procedure was as follows:

l. Trend was removed from each separate series for each
crop at each location by fitting a linear regression
line to the data. This was done to remove the influ-
ence of increases or decreases in soil fertility due
to the particular treatment for each experimental plot.

2. Indexss for each series were computed as the ratio
of the actual to the computed yields.

3. Indexes for each series for each crop at each loca-

tion were averaged for overlapping years to zet an

index for each crop at each location.



ABSTRACT Jamg 8 Larkin Stallings

o Indexes for each crop at each location were weighted
together into en index for the particular crop for
the Tnited States using average production for the
area to be revresented by the index at each location
durineg the base period 1947-L9,

5. Indaxes for the seven crops were welghted together
Into indexes of the influencs of weather on various
egrregate mesasures of oroduction and yields using
value of production during the base period 1947-49.
The Indexss cf Range Conditlons as presented in vari-
cus U.S.D.A. pnublications were also combined fnto
an Indsx and used in two cases.

An evaluation of the sixteen indexes by various formal
end informal technianes indicated that, in all but two cases,
veriations in the U, S, averapge ylelds of the seven crops
and in the indexes of the various aggregate measures were
higzhly assoclated with varlietions in the respective weather
indexes, There was 2lso an indication thst an importsnt
amount of the variation in these crop vields and aggregate
production and yleld measures was cdue to the iInfluence of
weather, It was concluded that all but two of the indexes
of the 1Influence of weather are valuable measures to include
In various econometric models where a weather varlahle is
needed; and to use in a less formal manner to help explain

snd hypothesize ebourt various relationships.,
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CHAPTER I
INTRODUCTICK

This thesis reports an attempt to measure the influence
of weather on the yields of specific crops and various aggre-
gate measures of agricultural production and yields. The
purpose is to aid and improve analysis and estimation of
economic relationships in agriculture. The need for a
study of this type was brought to the author's attention
primarily in connection with a study being carried on at
the NMichizan Agricultural Experiment Station, nows completed,
by w. A. Cromarty.l The objectives of that project were to
specify and compute quantitative measurements of the struc-
tural economic relationships present in the agricultural sec-
tor of the economy. The two main purposes were "to contri-
bute to economic models which are being developed at the
University of MNichigan by specifying in more detail the role
which agriculture plays and to aid in agricultural outlook
work." Categories of commodities studied by Cromarty in-
cluded wheat, feed grains, soybeans, tobacco, cotton, dairy,
beef cattle, hogs, egzs, poultry meats, potatoes and truck

crops and all remaining commodities as a group. Cromarty

1. Cromarty, W. A., IEconomic Structure in American Agri-
culture, Unpublished Ph.D. Thesis, Michigan State Unlver31ty,
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specified the relationships he believed to hold for these
commodities in the form of simultaneous equations for price
and supply. In his models for supply of wheat, feed grains,
soybeans, tobacco, and cotton, one of his predetermined vari-
ables included some measure of weather, In a preliminary re-
port on his project} he had this to say: "While it 1is real-
1zed that a separate study concentrated on the influence of
weather on yields should be undertaken, such a study will not
be completed in time to be an integral part of this model,
Adjustments may be made at a later date."™ His suggestion for
the approach to this weather study was: "to cooperate with
state experiment stations in getting plot yleld data on spe-
cific crops, If fairly constant production techniques have
been employed in growing like varieties of a crop over a
period of years, the effect of yleld changes could be attri-
buted to weather. Area data could be compiled and aggregated
to get a national series, It is believed that such an ap=-
proach 1s to be preferred to using specific climatic vari=
ables such as temperature or rainfall at critical periods,
However, these specific climatic variables may have to be
used until an index of weather is computed.,™ Another sugges-
tion for wheat was "to combine such climatic influences es:

June temperature, April-May precipitation, July temperature,

~ 1, Cromarty, W. A., The Economic Structure of Agricule=
ture in the United States, A summary of work started gn East
Lansing, Mich., and carried on in Washington D, C, during the
summer of 1954, mimeographed,




July precipitation, and September-October precipitation of
the previous year into a weather index."

Going further back than Cromarty's study, the idea of
using plot data to construct a weather index was used by G.
L. Johnson in his study of burley tobacco control programsl
and D, E. Hathaway in his study of the dry bean industry.2

The fact that indexes of the influence of weather were
needed in Cromarty's study would probably be justification
enouéh for this project. However, it is believed that an
index of this type will be valuable when used for similar
types_of studies in the future or for general appraisal of
the agricultural economy. This study should give an indica-
tion as to whether it is feasible to construct indexes of the
scope computed in this study. Their use in particular stud-
ies will indicate whether or not they contribute to the study
of the particular relationships being considered. There are,

no doubt, other uses for such indexes which are not yet ap-

parent.

Objectives

Considering the study from the standpoint of: (1) the
interest and qualifications of the personnel, (2) the facili-

ties available, (3) the budget, (4) the time available to

1. Jonnson, G. L., Burley Tobacco Control Programs,
Ky. A. E. S. Bul. 580, Feb., 1952.

2. Hathaway, D. E., The Effects of the Price Support
Program on the Dry Bean Industry in Michigan, Mich. A.E.S.
Tech. Bul. 250, Apr., 1955.




complete the study, (5) the appropriateness of the subject,
and (6) the accuracy necessary and other considerations, the
following more specific objectives were decided upon.

To construct indexes of the influence of weather on:

l. Yields of specific crops for the United
States.
2. Important agcregate measures of U. S. agri-
cultural production and yields.

It was believed that, considering the time and personnel
available, it would be best to restrict this study to a few
of the more important crops. The crops chosen to study were:
corn, oats, barley, wheat, soybeans, cotton, and tobacco.
Cotton and tobacco are important crops alone. Corn, oats,
and barley are combined to give an indication of the influence
of weather on feed grains. Wheat represents food grains, and
soybeans represent oil crops. Thus, indexes are computed which
give an indication of the influence of weather on some of the
more important groups of crops. Even though not all crops
in each group are included, the crops studied make up a large
percentage of the group in each case. Table 8, pace 856, gives
an indication of the relative importance of the crops included
in this study both individually and in total. It will be
noted in the Index of Crop Production column that crops included
in this study account for 63.6 percent of all crops. Several
important crops, from a total value standpoint, have been left
out as have many of lesser importance but which make up a large

part of all crops when grouped together. Hay and forages are



one important group of crops not accounted for directly al-
though that group accounted for 1l1l.54 percent of all crops

in 19h7-h9.1 Hay and forages were left out of this study
partly because no way could be thought of to construct accu-
rate indexes with the chosen method, A preliminary review of
literature indicated that 1little plot data were available for
construc ting indexes by this method and that data available
were mostly for alfalfa, which might not represent very well
all hay and forages, Another reason for not computing the
index for this important group of crops 1s the availability
of indexes of range and pasture conditions published by the
U.S.D.A., Vegetables, fruits and nuts, and sugar crops were
also left out of this study although these are important
groups of crops in total, and certain crops within these
groups such as oranges and apples are important individually.
Most crops left out were left out either because the method
used to construct the weather indexes does not work well be=-
cause of lack of appropriate data or because the crop is rela-

tively unimportant from a total value standpoint.

Review of Literature

A review of literature was undertaken with two purposes

in mind, One purpose was to review any literature dealing

~1., See Table 19, U.S.D.A, Agriculture Handbook No, 118,
Vol. 2, Azricultural Produc tion and Efficiency.
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with studies of the same nature or studies which had something
to contribute in the way of methodology and sugzostions for
this study. The other reason was to locate raw data to be
used in this study.

No study was found which had the particular objectives
or scope of this study. In the few studies found where an
index of the influence of weather of the type to be construc-
ted here was used, it was only for one crop or for a specific
region. Liost other studies found were interested in correl-
ating rainfall or various components of weather with county,
state, or United States average yields.

Johnson, in his study of burley tobacco control programs,1
used an index of the influence of weather on burley tobacco
constructed from plot data at various locations in the burley
growing areas. Hathaway2 used an index of the same type in
his study of the dry bean industry in ichigan.

Studies which were mainly concerned with correlating vari-
ous components of weather such as rainfall at various times,
temperature, etc. with yields of crops and the year published
included: a study of the relation between precipitation, tem-
perature and yield of corn on the agronomy farm, Urbana, Illi-
nois, by Runsze, 195'7;3 a study of climatic factors and corn

yields in Texas blacklands by Bates, 1954;4 an analysis of

T. Jomnson, G. C., Op. Cit., DP. 3.

2. Hathaway, D. E., op. cit., p. 3. . )

3, Runge, E. C. A., The Relation Between Frecipitation,
Temperature, and Yield of Corn on the Agronomy South Farm,
Urbana, lllinoisg, Unpublished L.S. Thesis, Agronomy Dert.,
U. of Illinois, 1957.

4, Bates, R. P., "Climatic Factors and Corn Yields in
Texas Blacklands," Azron. Abs., 46:85, 1954.




factors influencing cotton yields and their variabllity by
Fulmer and Botts, 1951;1 a study of range forage conditions

in relation to annual precipitation by Clawson, 19u8;2 a

study of the comparative effects of season, location and va-
riety on the yield and quality of North Dakota hard red spring
wheat by Harris, et. al., l9h7;3 a study of the techniques

for measuring Jjoint relationships of temperature and precipi-
tation on corn yields by Hendricks and Scholl, 191.;3;"l a study
of climatological measurements for use in the prediction of
malze ylelds by Bair, 19142;5 a study of crop ylelds and weather
by Bean, 19&2;6 a study of the relation of weather and its
distribution to corn yields by Davis and Harrel, 19&2;7 a

study of methods of computing a regression of yield on weather

“1, Fulmer, J. L. and R. R. Botts, Analysis of Factors
Influencing Cotton Yields and Their Variability, U.S.D.A.,
Tech, Bul. 1042, Oct., 1951.

2. Clawson, M., "Range Forage Conditions in Relation to
ggﬂugéoPrecipltation," Q. J. of Land Econ., Aug., 1948, pp.
3. Harris, R. H., L. D. Sibbitt, L. R. Waldron, and T.
E, Stoa, Comparative Effects of Seasons, Location, and Vari=-
%ﬁz on the Yield and Quality of North Dekota Hard Red Spring
eat, N. D, A.E.S, Bul, 355,—7an., 1947,

o Hendricks, W. A, and J. C, Scholl, Techniques 1ln Meas-
uring Joint Relationships: The Joint Effects of Temperature
and Precipitation on Corn Yields, N. C. A.%5.S. Tech, Bul. (L,
Kpr., 1'9115.

5. Bair, R. A., "Climatological Measurements for Use in
the Predic tion of Maize Yield," Ecology, 23:79-88, 1942,

6., Bean, L., Crop Yields and weather, U.,S.D.A. Misc. Pub.
471, 1942,

7. Davis, F, E, and G, D, Harrell, Relation of Weather
and Its Distribution to Corn Yields, U,S.D.A, Tech. Bul, 806,
Feb., 1942,




by Houseman, 19h2gl a study of the iInfluence of distribution
of rainfall and temperature on corn yields in western Iowa

by Houseman and Pavis, 1942;2 a study of the effect of the
amount and di stribution of rainfall and evaporation during
the growing season on ylelds of corn and spring wheat by
Davis and Palleson, 19&0;3 a study of weather influences on
crop yilelds by Visher, 19&0;” a study of growth and yleld in
wheat, oats, flax, and corn as related to environment by Dun-
han, 1938;5 a study of the influence of rainfall on the yield
of cereals in relation to manurial treatment by Cochran, 1935;6
a study of the relation between crop ylelds and precipitation

in the great plains area by Chilcott, 1931;7

a study of fore-
casting wheat ylelds from the weather by Alsberg and Griffing,

1928;8 a study of the relationship of weather to crops in the

1., Housemn, E, E,, Methods of Computing a Regression
of Yield on Weather, Iowa K. E.S. Res, Bul. %2 June, 1942,

2. Houseman, &, E, and F, E. Davis, "Influence of Distri-
bution of Rainfall and Temperature on Corn Yields in Western
Iowa," Jour. Agr. Res., 65:533-545, 1942,

3. Davis, F. E, end J. E. Palleson, "Effect of the Amount
and Distribution of Rainfall and Evaporation During the Grow-
ing Season on Yields of Corn and Spring Wheat," Journ. Agr.
RQS., 60 1‘23’ 111\18., Jano’ 19'400

4. Visher, S. S., "Weather Influences on Crop Yields,"
Econ., Geo o9 16: h37‘hu3, 19h0.

nham, R. S., "Growth and Yield in Wheat, Oats, Flax,
and Ccrn as Related to Environment," Amer. Soc. Agron. Journ.,
30:895-908, 1938,

6. Cochran, W, G., ™A Note on the Influence of Rainfall
on the Yield of Cereals in Relation to Manurial Treatment,"
J. Agr. Science, 25:510-522, 1935,

-57. Chilcott, E. C., The Relation Between Crop Yields and
Preci ltation in the Great t Plains Area, U.S.D.A, Misc, Cir,
31.

8. Alsberg, C. L. and E. P. Griffing, "Forecasting Wheat
Yields from the Weather, 1928," Stanford Univ. Food Research
Institute, Wheat Studies, 5: -uh.
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plains region of Montana by Patton, 1927;l a study of the ef-
fect of climtic conditions on the growth of barley by'Gregory,
1926;2 a study of coefficients of correlation between May and
June rainfall and the yield of wheat from 1911 to 1926 by
Willard;3 a study of the influence of rainfall on the yield
of wheat at Rothamsted, England, by Fisher, 1921;;h a study of
forecasting crops from the weather by Brooks, 1922;S a mathe=~
ma tical inquiry into the effect of weather on corn yields in
eight corn belt states by Wallace, 1920;6 a study of the re-
lation of moisture to yleld of winter wheat in western Kansas
by Call and Eallsted, 1915;7 and a study of the relationship
of precipitation to yleld of corn by Smith, 1903.8

Though the above 1s certainly not an exhaustive 1list of
all the studies concerned with the influence of weather on

crops, it covers a good proportion of them from which cross

1., Patton, P., Relationship of Weather to Crops in the
Plains Region of Monf‘ha, Mont. ALE.S. Bul., 206, 1927.
2. Cregory, F. G., "The Effect of Climatic Conditions
on the Growth of Barley," Am., Bot., L40:1-26, 1526,
3. Willaerd, R. E., Coefficients of Correlation Between
May and June Rainfall and the Yield of Wheat from 1911 to 1026,
KIIDT'I.ETE"E‘I"?IZ —July, 1%27. —
4. Fisher, R. A., "The Influence of Rainfall on the Yield
of Wheat at Rothamsted," Roy. Soc, (London) Phil, Trans. Ser. B,
213:89-1,42, 41llus., 192a
. Brooks, Ce F.y "Forecasting the Crops from the Veather,
1922," Geog. Rev., 12:305=307.
allace, H. A., "Mathematical Inquiry Into the Effect
of Weather on Corn Yield in the Eight Corn Belt States," U.S.
Mo. Weather Rev., L48:439-L446, Aug., 1920,
all, L. E. and A, L, Hallsted, The Relation of Mois-
ture to Yield of VWinter Wheat in Western Kansas, Kan, “A.E.S.
Bal, 2’6 1915,
8. Smith, J. We, "Relation of Precipitation to Yield of
Corn,"™ U.S.D.A. Yearbook, 1903, 215-22j.
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references to other studies can be found. Although much work
appears to have been done on the influence of weather on crops,
no study was found which actually provided indexes of the to-
tal influence of weather for the major crops and for the whole
United States in a form that could be used in econometric
models such as Cromarty's. Cromarty did use various measures
of weather in his system of equations such as rainfall, un-
harvested acres and others but expressed the conviction that

these might be improved upon.l

1. Cromarty, op. cit., p. 2.






CHAFPTZR II

CCHCIFTUAL TRAIEVJORK AND NLEASURLILNT TECHNIQUES

General Conceptual Framework Used

The conceptual framework for measuring the influence of
weather on crops in this study is similar to that used by John-
sonl and Hathaway2 and discussed by Cromarty.3 It is hypoth-
esized that if time series of yields for the studied crops
can be obtained from experimental plots in the areas where
the particular crops are grown and where as many variables
as possible have been held constant, the remaining wvariation
in yield from year to year should give an indication of the
influence of "weather" after trend has been removed to account
for increases or decreases in fertility level in the soil.

Actually, only part of the variation in plot yields can
be explained by direct weather influences, even after trend
has been removed to account for increases and decreases in
soil fertility. The part not due directly to weather influ-
ences can be further classified as variation which is corre-
lated with weather influences and variation not correlated
with weather influernces. EIExamples of factors causing varia-

tion in yields which may be correlated with weather influences

1. Johnson, G. L., op. cit., p. 3.
2. Hathaway, D. E., op. cit., p. 3.
30 Cromarty, iVo Ao’ _O_R- Citc, po 2.

- 11 -
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include such things as insect damage, plant disease, and
soil moisture levels. Ixamples of factors causing variation
in yields which may not be correlated withweather influences
include such things as uncontrolable variations in seed and
fertilizer application, cultural practices, crop damage by
various pests, various accidental occurrances and other fac-
tors which cannot be accounted for. All direct and indirect
influences of weather will be called the influence of
"weather" in this study. It will be assumed that all vari-
ations in plot yield due to non-weather factors not corre-
lated with weather are randomly and normally distributed
with an expected value of zero. It will be further assumed
that the trend due to fertility increases or decreases is
linear and can be removed by the standard statistical

method of fitting a regression line of yield on ti.e and
measuring deviations about the computed yield for each

year. Indexes can be computed for specific crops at par-
ticular locations by dividing the actual by the computed
yield each year. Indexes at each location can then be
weighted together using production figures for the area
represented by each location into an index for the whole
United States for each crop. Indexes for various aggre-
gate measures can then be constructed by weighting indexes
for each crop contained therein by the value of production

of each.
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Techniques Used in This Study

Some Preliminary Considerations

Choosing the General Approach

Various alternatives for constructing indexes of the in-
fluence of weather on crop yields were considered. The tech-
nique used by Johnson and Hathaway, as discussed in Chapter I,
was decided upon. One method considered was to use some of
the measures Cromarty used such as rainfall and unharvested
acreage. Another method considered was to combine various
components of weather into an index in some manner. There
are some important difficulties in using rainfall, however.
These include the fact that annual rainfall alone is fre-
quently not the only important determinant of yield; the
time when rainfall occurs is also important. Another diffi-
culty is that rainfall alone is not the only component of
weather affecting yield. Other components of the weather such
as wind, sunlight, temperature, relative humidity, level of
the water table affected by rrolorged drouth and possibly
other factors enter into the total eifect of weather. A re-
view of the literature mentioned earlier revealed that con-
struction of a model to measure the vario.:s components of
weather would be difficult and expensive to work with empir-
ically since the interrelationships between the various com-
ponents are very complicated. Although there appeared to be

several studies on the influence of various components of
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weather on various crops, the results were, in general, in-
complete in that usually no more than one or two components
were considered at a time and these were usually for a spe-
cific crop in a srecific location.

The main objections to using unharvested acreace and/or
yields attained by farmers as an indication of the influence
of weather on particular crops would appear to be that they
are related to each other and that important non-randon
variables other than weather influence unharvested acreage
and yield. A rather important variable in some years and
for some crops would be price. In some years prices are low
enough to discourage fertilization and good cropping prac-
tices in addition to encouraging abandonrent of a crop. In
other years, high prices stimulate use of yield increasing
practices and harvesting of poor acreages. This is verified
empirically for burley tobacco by Johnson in his study of
burley tobacco control programs.l It is desiravle to leave
such influences out of an index of the influence of weather
as it is the interest of economists to analyze these sepa-
rately.

After the advantages and disadvantages of various al-
ternatives were considered, it was decided to use the experi-
mental plot method. The main consideration for using this
method was that it was felt that, from a theoretical stand-

point, it should measure what it was desired to measure.

l. Johnson, G. L., Op. cib., p. 3.
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Another important consideration was that this general techni-
que had been used with apparent success by Johnson and Hath-

away.

Deciding upon the croos to include.

Crops selected for this study were corn, oats, barley,
wheat, soybeans, cotton, and tobacco. The selection of these
particular crops was based on such criteria as relative im=-
portance from a total value standpoint of each crop both in-
dividually and within important groups of crops, the time and
resources avallable and avalilability of deta., It has already
been mentioned in Chapter I why no attempt was made to compute
indexes for hay, forage, or silage, For one reason it was
felt that appropriate data of the type needed could not be
obtained and, on the other hand, a substitute which could be
used for such an index was already available as indexes of
pasture and range condition published in various U,.S.D.A.
publications. For some irrigated crops it was felt that no
index of the iInfluence of weather was needed since weather
would cause little variation in the yields of these crops.
Also, most individual irrigated crops do not make up a very
high percentage of the total value of crop production in the
United States,

Roughly, the most important critevion for selection of
individual crops was to select those which made up five per=-
cent or more of the total value of all crops produced in the

United States over a recent time period except in the case
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of hay and forage crops, soybeans and barley. Barley was
chosen because the data were readily available and the barley
index would contribute to the computation of the feed grain
index. Soybeans were chosen because some measure of the in-
fluence of weather on 0il crops was desired and soybeans was
the most important oil crop. (See Table 3, page 86). Some
fruits were relatively important (individually) from a total
value standpoint such as citrus fruits and apples, but the
proposed method of constructing the indexes would be diffi-

cult to use on these because of the nature of their production.

Deciding Upon the Time Period

The time period for this study was chosen considering
availability of data and possible uses of the indexes. A
review of the available data suggested that it would be
difficult to construct an index further back than 1900 and
that, even with this rather recent starting point, data
would be scarce until approximately 1930. Also, most
econometric studies using historical data do not go back
further than 1930. It was decided, however, to construct
the various indexes back to 1900 and present them along

with their limitations.

Procurement of Data

The first step was to decide where in the United States
plot data were needed. These decisions were based on concen-
tration of production of the crcp under consideration, the

need for homogeneous areas with respect to weather and geo-
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graphic characteristics and the availability of data. In
many cases, 1t became a matter of decidin; where data could
be obtained and then deciding whether or not they were adequate
for the purpose for which they were to be used. A large part
of the time srent reviewing literature was spent searching
for experirental plot data already published. It soon becane
apparent, however, that an adequate amount of data could not
be obtaired from published sources. To supplemrent published
material, it was decided to write to the various agronomy de-
partments where data were needed. Directors of the various
experiment stations were contacted in order to explain the
project and to facilitate cooperation and understanding in
obtaining data from their respective agronomy departments.

A letter was then sent to the heads of the various agronomy
departments asking for the data neelded. The responses to
these letters were, in most cases, rapid and fruitful. Low-
ever, in many important locations it was indicated that data
would be difficult to obtain without additional personnel and
reimbursement, the chief reason in most cases being that the
data were not in the form needed and that a considerable
amount of work would be required to obtain it from the
records. In some cases budzet limitations for this project
made data of the type needed simply not available for this
study. Funds were not available to obtain data that could
not be obtained either in published form or throusgh corres-

pondence by letter or by telephorne.
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In order to do a more thorough job on a project of this
sort, more time, personnel, and money would be needed to aid
in obtalining data from certain areas where‘it is desired and
where it is more difficult to obtain, If there is a demand
for more accuracy than is afforded by the indexes in this
study, or 1f it is desired to keep these up to date, a more
comprehensive project should be undertaken, possibly by the

United States Department of Agriculture,
Treatment of Data

As data were obtained from various sources, each sepa=
rate series was copied onto a form especlally designed for
the purposes of removi-g the trend and computing the index,
(See form in Appendix B), The general technique for compu-
tation of the various indexes in order of their computation
1s outlined as follows:

l. Indexes for each serles, each crop at each location:

These were computed directly on the form mentioned
above,

2, Indexes for each crop at each location: The indexes

for each series were averaged together into an index
for each crop at each location., This involved much
sub jective screening of data, consideration of whether
or not there were weather cycles, splicing shorter
serlies together and other difficulties, Construction

of these indexes involved making various rules to follow
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and assumptions as difficulties arose, Some of these

were as follows:

a, If series were no longer than five years, trend

b.

Ce

was not removed, Deviations from the average
were used instead, Such series were used only
when longer series could not be found for the
particular purposs.

If weather cycles appeared to exist when detected
by computing moving averages at various locations,
the beginnirg and ending points for each series
were chosen so as to connect similar stages of
the cycle or, in general, avoid short run trends
due to cycles which did not reflect the longer
run trend of increases or decreases in soil fer-
tility.

Indexes for each year at each location were checked
against each other, against county, state, or

U. S. average ylelds and against various other
measures such as unharvested acreage, rainfall,
etc. which would reflect the influence of weather
on yleld to some extent, When individual figures
looked irregular by comparison, the original
source of data was rechecked for mistakes or for
various disturbances at each location which might
have caused the suspected irregularity. Many
such irregularities were eliminated from the data

by this method,
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Indexes for each crop for the whole United States:

These were computed by taking the indexss for each
crop at each location and weighting them into a seriec
for the whole United States using average production
in the area represented by each location during a re-
cent period as weights. See Tables 1, 2, 3, L4, 5, 6,
and 7, Chapter 3, for computations of weichts and in-

dexes for each crop.

Indexes for important agzecrepate measures of T. S.

agricultural productiorn and yields: These measures
Include important series currently published and main-
tained by the United States Department of Agriculture.
In this study an irdex of the *nfluence of weather
was computed for four production measvres including
the Index of Crop Produc tion, the Index of Cross Farm
Produc tion, the Index of Farm Cutput, and the Index
of Farm Marke tings and Home Consumption, An index
of the influence of weather on the Index of Crop
Yields Per Harvested Acre was also computed, In ad=-
dition, indexes of the influence of weather on the
feed graln components of the Index of Crop Production,
the Index of Farm Output, and the Index of Farm Mar-
ke tings and Home Consumption were computed,

In computing these indexes, indexes for the sep-
arate crops for the United States were weighted to=-

gether according to their relative dollar value of
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produc tion during 1947-49 as presented in Tables 19,
27, 31, and 34 in U,S.D.A, Agriculture Handbrook No,
118.1 A more detailed description of the various
measures and the methods used are vresented in Chap-

ter IV,

1. U.S.D.A. Agriculture Handbook No. 118, op. cit., p. S.
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CHAPT=ER III

INDEXES OF THE INFLUENCE OF WEATHER ON SPECIFIC CROPS

This chapter explains the computation of the indexes of
the influence of weather on individual crops including corn,
oats, barley, wheat, soybeans, cotton, and tohacco. An evalu-
ation of all indexes is presented in Chapter V.

In computing these indexes, trend was removed from each
separate serles of raw ylelds at each location by estimating
the parameters of a linear regression equation of yield on
time except in the case of very short series of five years
or less, Indexes were then computed as the ratio of the
actual to the computed yields in each year, In the case of
the shorter series, indexes were computed as the ratlio of the
actual yield to the mean, !owever, these shorter series were
only used when no other data were available for the particu-
lar years, These separate indexes of varying lengths were
then combined at each location into one index, This involved
averaging the overlapping years of each separate index, The
indexes for each location were then welghted together into an
index for the whole U, S, according to production represented
by the index at each location, Further detall as to the com-
putation of each index 1s discussed in the following sections

of this chapter pertaining to each crop.
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In computing the weichts for each location, homogeneous
areas with respect to weather characteristics were mainly
arrived at by considering maps and data presented in Climate
and Mgg.l Similar characteristics with respect to rainfall,

growing season, and other relevent factors were considered.
Corn

Corn is the most important feed grain as well as the
most important crop, from a total value standpoint, grown in
the United States. It accounted for about seventy-five per-
cent of the value of all feed grains and for nearly a fourth
of the total value of crop production in 1947-49 (See Table
8, page 86). TFigure 1 gives an indication of the location of
corn production. Important areas of corn production are in-
dicated as well as the average percentaze production by states
for 1946-55,

An attempt was made to obtain time series plot data for
constructing the index from states having approximately five
percent or more of the total corn production and from loca-
tions representing the highest concentration of production.
Usable data were obtained from Urbana, Illinois; Ames, Iowa;
Columbia, Missouri; Lincoln, Nebraska; North Platte, Nebraska;
and Wooster, Ohio. Gaps include data from Minnesota, Wiscon=-

sin, and Indiana; but these were not considered serious enough

1. U.S.D.A., Climate and lan, Yearbook of Agriculture,
1941.
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Figure 1: Location of Corn Production and Average Percentage of Total
Production by States, 1946-55.a/

lighter areas

heavier areas

a/ Average percentage production computed from production for 1946-55
reported in Crop Productiom, USDA, AMS, Nov. 12, 1957. General
boundaries of greatest corn production derived from Van Royen, W.,

Agricultural Resources of the World, Prentice-Hall, 1954, Vol. 1.
b/ Urbana, Il1.
¢/ Ames, Iowa
d/ Columbia, Mo.
e/ Lincoln, Neb.
N. Platte, Neb.

Wooster, Ohio
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to warrant expending extra time and money 1n further attempts
to obtein data from these states, Chlef difficulties in ob=-

taining data from these locations were: data were in a form

which made time series difficult to extract, or time and per-
sonnel were not available to obtain such data, or there were

no adequate data available,

In constructing the index of the influence of weather on
corn, weights were computed by determining the area to be re-
presented by each location and computing the percent of total
production represented by that area. Although 1t was recog-
nized that, 1deally, areas of prodvction to be represented
by each location would not necessarily follow state boundariles,
it was felt that in the case of corn the possible added accu=-
racy which might be obtalned by divisions smaller than state
bounderies was not worth the extra time and inconvenlence,
This 1s in accord with one criterion of the sclentific method
which states that "there is no point in sharpening precision
to a higher degree than the problem at hand requires. (You
need no razor to cut butter.)"1

Considering the areas of production and the weather
characteristics of the various areas, the areas to be repre-
sented by each location were decided upon, The computation
of the index for the whole United States including computed
indexes at each location and weights is presented in Table
1. A comparison of the index with Unlted States average

ylelds is presented in Figure 2.

1. rFelgl, H., "The Scientific Outlook: Naturalism and
Humanism," Readings in the Philosophy of Science, Appleton-
Century-Crofts, p. 12,
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Oats

Oats is an important single crop from a total vaiue
standpoint in the United States, It is the second most im-
portant feed grain accounting for 16.7 percent of the total
value of that group and accounting for 5.26 percent of the
total value of all crops produced in 1947-49 (See Table 8,
page 86), Oats production is centered in the North Central
United States, Some production exists in almost every state
but the bulk of the production is concentrated in Iowa,
southern Minnesota, southern Wisconsin, and northern Illinois
(See Figure 3). These four states account for epproximately
50 percent of the oats production. Over 80 percent of the
oats production is accounted for if some of the states sur-
rounding these four states are added including North Dakota,
South Dakota, Nebraska, Missouril, Indiana, Michican, and
Chio.

Oats data were desired from Iowa, Minnesota, Wisconsin,
and Illinois as well as for some of the surrounding states
mentioned above., Usable date were obtained from Urbana,
Illinols; Ames, Iowa; Columbia, Missouri; Lincoln, Nebraska;
North Platte, Nebraska; Dickinson, North Dakota; and Fargo,
North Dakota, Important gaps in the data from Minnesota and
Wisconsin were not considered serious enough to warrant fur-

ther effort at this time.
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Figure 3: Location of Oats Production and Average Percentage of
Total Production by States, 1944-53.a/

L3

D lighter areas
heavier areas
a/

Average percentage production computed from preductiem for 1944-33
reported in Crops and Markets, USDA, AMS, 1956 editiom, Vel. 33.
General boundaries of greatest production derived fram Vam Royem,

W., Agricultural Resgurces of the d, Prentice-Hall, 1954, Vel. 1,

Urbana, Ill.
Ames, Iowa
Columbia, Mo.
Lincoln, Neb.
N. Platte, Neb,
Dickinson, N. D.

Fargo, N. D.
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The constructed index along with the indexes at each
lccation and weights are presented in Table 2. A compari=-
son of the index with United States average ylelds 1s pre-

sented in Figure L.
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TARLE 2:

OF WEATYER ON oATS?
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COMPUTATION OF THE INDEX OF THE INFLUENCE

Urbana, I1ll.

Ames, lowa

Columbla, Mo,

Lincoln, Neb,

Year Index Weloht Index Weight Index weleht Index Welght
1900 199.0  1.00°
1901 8.2 1.00
1902 105.4 1.00
1903 === == (¢]
1904 L49.2 J40° 8h4.4 .60
1905 115.6  .40° 59.8  .349 191.8  .26d
1906 113.9 o) 117.h <34 92.8 .26
1907 68.3 L40° 135.8 .19 104.5 268
1908 ©56.1 ) 82.2 .19  134.9 .26
1909 83.1 L0 63.8 .19 158.9 .26
1910 108.3 L0 76.2 .19  111.3 .26
1911 135.5 L0 57.2 * .19 84.2 .26
1912 150.6 L0 134.6 .19 77.9 .26
1913 52.4 Lo, 25.9 .19 11h4.7 .26f
191  96.9 L0 19.2 12f 148,11 .15
1915 153.6 .358 4.8 .31% 135.3 .08 108.8 .078
1916 122.4 .35 oL .h .31 120.2 o4 119.4 .07
1917 116.7 .35 124.1 .31 231.8 .04 201.0 .07
1918 116,0 .35 81.6 .31 101,6 . Ol 19.5 .07
1919 69.6 .35 86.7 .31 99.4 . Ol 82.4 .07
1920 75.7 .35 129.0 .31  101.h O  131.0 .07
1921 72.7 .35 97.0 .31  163.0 Loy 112.6 .07
1922  91.} .35 98.0 . .31 57.8 .0l 73.6 .07
1923 108.5 .35 109.1 31  133.4 .04  147.8 .07
192 130.9 .35 123,3 .31 115.5 .04  100.h .07
1925 80.5 .35 69.1 .31 122.6 o/l 57.8 .07
1926 141.5 .35 81.1 31 126,2 . 04 61.0 .07
1927 112.6 .35 93.4 .31 133.8 .04 119.0 .07
1928 112.2 .35 93.8 .31 151.8 Oy 105.1 .07
1929 121.5 .35 121.8 .31 91.}4 o4 137.6 . 07
1930 106.2 «35  100.7 .31 67.6 Oy  130.2 .07
1931 107.7 ¢35 96.6 .31 129.6 Loy 131.2 .07
1932 131.7 .35 129,1 .31 57.0 O 109.6 .07
1933  76.9 «35 84.3 .31 96. .0l 0.0 .07
1934 23.5 «35 39.4 «31 13. .0l 0.0 .07
1935 115.2  .35% 124.0 .31B 99.9 .oy 96,y .11
1936 91.5 .35, 101,3 .31 50.0 o 32.3 .11
1937 122.7 351 166.6 311 166.1 ol 96.1 o7l
. 1938 85,2 .35 81.2 .31 43.5 Ol 105.4 .07
1939  172.9 367 82.6 3 ) 60.1  .o7d



Table --Continued.
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Urbana, 111.

Ames, lowa

Columbia, Mo,

Lincoln, Neb.

Year Index Weight Index Welzht 1Index Welght 1Index Welicht
1941 95.2 .36 119.8 <3l 92,5 .07
1942 80.2 .36 122.2 <3l 121.0 .07
1943 85.9 .36 122.7 .34 161.2 .07
194l 68.1 36 L48.L 3L T7.4 .07
1945 130.2 .36 122.0 .34 115.4 .07
1946 121.7 «36 76.6 <3 58.8 .07
1947 164.2 « 36 108,.2 o3l 108. .07
1948 130.7 .36 118.8 .3 127. .07
1949 68.0 «36 70.2 3L 65.1 .07
1950 76,9 .36, 99.0 .34 126.7 .07,
1951  65.7  .365  78.7 .34k 99.6 .11
1952  92.1 At
Table 2=--Continued.

N, Platte, Neb, Dickinson, N. D, Fargo, N, D. Comouted
Year Index Welcht Index Welight Index Welipght Index
1900 199.0
1901 8.2
1902 105.4
1903 -——-
1904 70.3
1905 116.4
1906 109.6
1907 122.8 . 04° 148.2 .11° 101.5
1908 237.3 . Ol 154.8 .11 99.7
1909 86.8 .ol 173.5 .11 109.2
1910 50.9 .0l 113.2 W11 101.2
1911 0.0 . Ol 40.7 .11 91.4
1912 48.3 . Ol 0.0 .11 108.0
1913 0.0 ol 125.6 .11 69.5
191 32.4 ouf 73.2 c06f 77.8 .23f 86.9
1915 237.6 .08 202.0 . 068 187.5 .13€ 136.0
1916 154.1 . Ol 16)4.2 .06 132.2 .13 118.5
1917 35.3 .0l 43.3 .06 93.3 .13 118.8
1918 30.8 . Ol 25.1 .06 19.1 .13 76.5
1919 142.0 .0l 1.8 .06 59.1 .13 4.5
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Table 2-=Continued,

N, Platte, Neb, Dickinson, N, D, Fargo, N, D, Computed
Year ~Index Wweloht Index Weicht Index Weigcht Index

1920 142.5 < 0L 115.2 .06 134.3 «13 109.8
18, 8

1921 80.5 . Ol .06 2.5 .13 85.0
1922 58.1 <Ol 207.2 .06 125.8 .13 100.9
1923 198.1 « Ol 144.6 . N6 103.6 .13 117.5
192, 178.4 . Ol 180.6 .0h 142.3 .13 132.2
1925 bly.6 oL 81.3 . 06 132.6 .13 83.2
1926 9.3 . 30.8 .06 103.4 .13 99.6
1927 13L4.3 Lol 141.6 .06 107.2 .13 109.8
1928  188.L . Ol 175.6 .06 114.5 .13 114.7
1929  111.8 . Ol 72.0 .06 108.5 .13 116.5
1930 199.8 .04 90,2 .06 129.5 .13 110.Y4
1931 112.4 .04 6.8 .06 L6.6 13 93.0
1932 55.5 o' 115.1 .06 108.8 .13 119.3
1933 71.3 .ol 53.0 .06 b1.h .13 68.3
1934 2.9 .0l 9.6 . 06 64.1 .13 32.4
1935  --- ——- 79.1  .06%  123.7 .13 114.2
1936 76.9 .oui 0.0 .06 1h.4 .13 73.9
1937 60.5 . 0l 16.2 .06l 71.0 131 120.6
1938  142.7 .0l 43.0 .06 101.8 .13 85.6
1939  134.5  .ohd  178.6  .o06J 87.0 .13 85.9
1940 0.0 o 73.6 . 06 2.6 .13 84.8
1941  183.7 . 04 51,2 .06 79.3 .13 102,2
1942 117.1 . 0l 191.0 .06 115.}4 .13 110.0
1943 0.0 O ~ 148.3 .06 134.1 .13 110.3
94y 142.0 . Ol 194.8 . 06 111.3 .13 78.2
1945  141.7 . Ol 125.7 .06 121.4 .13 125,

1946 125.9 « Ol 116.6 . 06 135.5 .13 103.

1947 117.7 .0 141.5 .06 105.5 .13 130.4
1948 83.5 . Ol 128.1 . 06 105.1 .13 121.1
1949 92.0 .04 51.9 .06 120,.8 .13 75.4
1950 31.3 .ol 117.2 .06k 88.5 .13 90.0
1951 130.9 .06 130.9 .13K 86,2
1952 6L.6 121 78.5 Al 82.8
1953 87.3 1.00™ 87.3

a. Indexes at each locaetion were computed using the procedure
indicated in Chapter II. Raw data used are presented in Appendix A.
b. 1900-02: Columhia, Mo., weight includes 100 percent of

produc tion.



37

Table 2--footnotes--continued.

c. 1904: Urbana, I11l., weight includes production from
Il11., wWisc,, Ind., Mich., Ohio, N, ¥,, Pa,, Me., Vt., N. J.,

Md., W, Va., Va.’ N. C.’ S, Co’ Gao’ Ala., Ky.’ and Tenn. Co=-
lumbia, Mo., weight includes produc tion from Mo., Ark., La.,
Miss., Kan., Okl., Texas, N. M., Col,, Utah, Calif., Wash., Ore.,
Idaho, Mont., Wyo., N, D., S. D., Neb., Minn., and Iowa.

d, 1905-06: Urbana, Ill,, wel ght same as 1904 (See c¢),
Columbie, Mo., weight includes production from Mo., Ark., La.,
Miss., Minn., and Iowa. Lincoln, Neb., welght includes produc-
tion from Neb., N, D., S, D,, Wash,, Ore., Idaho, Mont., Wyo.,
Col., Utah, Calif., Kan., Okl,, Texas, and N, M.

e, 1907-13: Urbana, Ill., weight same as 1904 (See c).
Columbia, Mo., weight includes production from % Minn., % Iowa,
Mo., Ark., La,, and Miss, Lincoln, Neb., welght includes pro-
duction from 3/4 Neb., # S, D., % Minn,, % Iowa, 3/4 Kan., 3/l
Okl., and 3/ Texas. N, Platt, Neb., weight includes production
from + Neb., % Kan., %+ Okl., + Texas, Col., N. M., Utah, and
Calif., Dickinson, N. D,, weight includes production from %3 S. D.,
N. D., Mont., Wash., Ore.,, Idaho, and Wyo.

f. 1914: Urbana, Ill., welght same as 190, (See ¢)., Colum-
bia, Mo., weight same as 191, except minus % Minn. (See f).
Lincoln, Neb., weight includes production from 3/4 Neb., %# Iowa,
3/4 Kan., 3/l Okl., and 3/l Texas, N. Platte, Neb., weight same
as 1907-13 (See f). Dickinson, N, D., welcht includes produc-
tion from ¢ N, D., % S. D., Mont., Wash., Ore., Idaho, and Wyo.
Fargo, N. D., weight includes production from 3/4 N. D., 3/4 S. D.
and Minn.

g, 1915-34: TUrbana, Ill.,, weight same as 1904 minus % Wisc.
(See ¢)e Ames, Iowa, weight includes production from % Wisec.,

/4 Minn., and Iowa, Columbia, Mo,, weight same as 1914 minus

Iowa (See f). Lincoln, Neb., weipght same as 191 minus %2 Iowa
(See f). N, Platte, Neb,, and Dickinson, N, D., weights same as
191} (See f). Fargo, N, D., weight includes production from 3/4
N D., 3/4 S. D., and 1/4 Minn,

h. 1935-36: All weights same as 1915-34 (See g), except
that N, Platte, Neb., and Lincoln, Neb., weights are now combined.

1, 1937=-38: All weights same as 1915=34 (See g).

jeo 1939-50: Urbana, Ill., weight same as 1915=34 except now
contains Miss. Ames, Iowa, welght same as 1915-34 except now
contains Mo., Ark., and La., Lincoln, Neb., and N, Platte, Neb,
?ickinﬁon, N. D., and Fargo, N, D., weights same as 1915-3}

Ses g).

ke 1951: All weights same as 1939-50 (See j) except that
N. Platte, Neb,, and Lincoln, Neb,, weights are now combined,

l. 1952: Urbana, Ill., weight same as 1904 (See c¢) plus
Mo., Ark., La., and Miss, Dickinson, N, D,, welight includes
production from 3+ N, D., &+ S. D., % Neb., % Kan., 3 Okl., 3 Texas,
Wash,, Ore., Idaho, Mont., Wyo., Calif., Utah, Col., and N, M.
Fargo, N. D., weight includes production from 3/4 N. D., 3/4 S. D.,
% Neb., % Kan., % Okl.,, 3 Texas, Minn. and Iowa.

m. 1953: Fargo, N, D,, weight includes 100 percent of pro-
duction,
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Barley

Most of the barley in the United States is produced in
the western states, upper Minnesota, and North Dakota. In
most U.S.D.A. publications it is classified as a feed grain;
but, actually, approximately 35 percent of the barley is used
in producing malt as compared to arproximately 50 percent

which is used for livestock feed.l

The rest goes mostly for
seed and export.

Almost 90 percent of the barley is grown west of the
Mississippi River (See Figure 5). The area of greatest con-
centration is in eastern North Dakota and the adjacent Red
River Valley area of Minnesota. From a total value standpoint
barley is less important than the other crops in this study,
making up only 1.83 percent of the total value of all crops
and 5.8 percent of the value of feed grains in 1947-49 (See
Table 8, Page 86). However, in the process of obtaining other
data, data on barley were found from Alliance, Nebraska: N.
Platte, Nebraska; and Dickinson, North Dakota; and it was felt
that an index should be computed. Admittedly more data would
be desired. Data from eastern North Dakota, southeastern
South Dakota, and California would be especially desirable but

were considered not worth the time and effort at this time

considering the importance of barley compared to all crops.

~ 1. Estimated for 1947-49 from Agricultural Statistics,
USDA, 1955.




Figure 5: Location of Barley Production and Ave;nge Percentage of
Total Production by States, 1944-53.3

s
63
a8 e
37
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lighter areas

heavier areas
a/ Average percentage of production from production for 1944-53

reported in Crops and Markets, USDA, AMS, 1956 edition, Vol. 33.
General boundaries of greatest production derived from Van Royen,

W., Agricultural Resources of the World, Prentice-Hall, 1954,
Vol. 1.

b/ Alliance, Neb.

c/ N. Platte, Neb.

d/ Dickinson, N. D.
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Computations of the index for the United States includ-
ing computed indexes at each location and weights are pre-
sented in Table 3. A comparison of the index with United
States averace yield is presented in Figure 6. It will be
noted that the weather index for barley fluctuates through
a rather wide range compared to the indexes for other crops
in this chapter. PFart of this wide fluctuation may be due
to rather scanty data; but it is also felt that this should
be expected due to the high variability of weather in the

areas from which the series were obtained.
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TABRLE 3: COMPUTATION OF THE INDEX OF THE INFLUENCE
OF WEATHER ON BARLEY®

Allience, Neb, N, Platte, Neb, Dickinson, N, D., Computed

Year Index Welght Index Welght Index Weight Index
1907 166.2  J42°  170.4  .58° 168.6
1908 157.6 A2 130. .58 141.8
1909 85.4 U2 182. .58 141.9
1910 68.5 42 109.0 .58 92.0
1911 0.0 42 57.8 .58 33.5
1912 70.5 L2 0.0 +53 29.6
1913 LL.0 42 114.3 .58 84.8
191, 53.8 42 125.3 .58 95.

1915 149.2 42 238.2 .58 200.

1916 135.0 L2 130.3 .58 132.3
1917 95.2 42 L0.2 58 63.3
1918 57.8 N2 4.4 .58 32.6
1919 152.8 42 L4 .58 66,7
1920 107.0 42 127.3 .58 118.8
1921 108.0 42 32,3 .58 6.1
1922 45.6 42 183.6 .58 125.6
1923 158.8 42 131.2 .58 142.8
192 149.6 42 114.1 .58 129.0
192 78.0 L2 L7.4 .58 60.3
1926 17.8 42 14.0 .58 15,

1927 150.1 L2 128.2 .58 137.4
1928 205.3 A2 151.5 .58 174.1
1929 141.2 L2 La.y .58 83.9
1930 169.8 42 106.4 .58 133.0
1931 99.1 L2 10.0 .58 L7.4
1932 68.2 L2 159.3 .58 121.0
1933 81.l 42 46,2 .58 61,0
193l 6.0 42 39.4 .58 25.4
1935 --- -—- 110.5 1.00° 110.5
1936 -—- -—- .- - -—-

1937 92.2 42 47.0 .58b 66.0
1938 66.9 12 62.6 «58 é6L.h4
1939 123.7 L2 199.2 .58 167.5
1940 0.0 42, 112.4 584 65.2
1941 120.5 .314 148.7 .13 57.2 .56 88.7
1942 70,6  .L2° 207.0  .c8° 149.7
943  40.0 42 131.8 .58 93.2
94  15.9 L2 h.7 .58 90,6
1945 197.1 42 99.6 .58 140.6
1946 128.1 L2 89.2 .58 105.5
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Table 3--Continued.

Alllance, Neb, N, Platte, Neb, Dickinson, N, D, Computed
Year Index Welight Index Welcht Indax Weiocht Index

1947 164.3 L2 129.8 .58 14h.3
1948  99.4 42 145.6 .58 126,2
949 127.7  .k2 | 38.2 .58 75.8
1950  --- - 120.2 1.o00f 120.2
1951 100.7 JL2° 179.2 .58e 146.2
1952 80.0 L2 82.8 .58 81.6

a. Indexes at each locatlon were computed using the procedure
indicated in Chapter II., Raw data used are presented in Appendix
A.

.be 1907-24, 1937-40: N. Platte, Neb., weight contains pro-
duction from Neb., Kan,, Okl., Texas, Col., Utah, Nev., Calif.,
Aria.’ N. M., Iowa, Mo., 1110’ Indo’ Ohio, Pa., Mdo, Ne Jey Del.,
v, Va,, Va.,, N, C,, S. C., Ga., Ky., and Tenn. Dickinson, N. D.,
weight includes production from N, D., S. D., Wash,, Ore., Idaho,
Mont., Wyo., Minn., Wisc., Mich., N. Y., and Me,

¢. 1935-36: Dickinson, N. D., welght contains 100 percent
of all production.,

d. 1941: Alliance, Neb., weight includes production from %
Neb., Wyo., Col., Utah, Nev.,, Calif,, Ariz., and N, M, N, Platte,
Neb,, welight includes production from 3/ Neb., Kan,, Okl., Texas,
Iowa, Il11l., Ind., Ohio, Mo., Ky., Tenn., Pa., N. J., Del., Md.,

W, Va.,, N, C., S. C., and Ga, Dickinson, N, D,, weight includes
produc tion from Wash., Ore., Idaho, Mont., N. D., S. D., Minn.,
Wisc., Mich,, N, Y., and Me,

e, 1942-49; 1951-52: Alliance, Neb,, weight same as N, Platte,
Neb., weight of 1907-34 and 1937-40 (See b), Dickinson, N. D.,
weight same as 1907-34 and 1937-40 (See b).

f. 1950: Dickinson, N, D,, weight contains 100 percent of
all produc tion.

g 1953: Alliance, Neb., weicht contains 100 percent of all
production,
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Yheat

Wheat 1 s the most important food grain. It accounted
for ninety-one vercent of all food grains and over ten per-
cent of all crops from a total value standpoint in 1947-49
(See Table 8, page &), Some wheat is grown in almost every
state of the "Tnited States and productlon is not as highly
concentrated in one large area as 1s the case with some other
crops such as corn, Also, there are several types of wheat
grown including white wheat, hard red spring, durum, hard
red winter, soft red winter and other less important types.
Important areas of oroduction can be isolated, however (See
Figure 7). The most important area is the Creat Plains re-
glon which can he further divided into two distinct areas,
Tese Include a heavy concentration in Kensas, western Okla-
homa, and the Texas Panhandle; and another distinct concen-
tratlion in North Dakota, northern South Dakota, eand Montana.
The first area 1s mostly hard red winter wheat while the lat-
ter 1s made up mostly of hard red spring and durum wheats,
Another 1mportant comcentration is found in the Pacific North-
west with the heart in southeast Washington, northeast Oregon,
and northwest Idaho., This 18 mostly white wheat., The re-
maining regions are more scattered., There is, however, a
rather concentrated area o soft red winter wheat extending
through Illfnois, Indiana, and Ohlo and smaller areas of white

whaat in Mich'gzan and northwestern New York.
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Figure 7: Locatiom of Wheat Production and Average Percentage of
Total Production by States, 1946-55.8/

G lighter areas
E:] heavier areas

a/

Average percentage production computed from productiom for 1946-55

reported in Crop Productiom, USDA, AMS, Nov. 12, 1957. Gemeral

boundaries of greatest productiom derived from Vam Royem, W.,
ricultural Resources of the World, Premtice-Hall, 1954, Vol. 1.

Akron, Col.

Urbana, Ill.

Colby, Kan,

Garden City, Kam.

Hays, Kan.

Columbia, Mo.

Lincoln, Neb.

N. Platte, Neb.

Dickinsom, N. D.

Fargo, N. D.

Mandan, N. D.

Stillwater, Okl.

Woodward, Okl.

Pullman, Wash.
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An attempt was made to obtain data which best revresented
the varlocus areas, type of wheat, and production practices.
This amounted roughly to an attempt to obtain data from states
with five or more vercent of the total value of wheat produc-
tion in 19,47-49, Usable data obtained included series from
Akron, Colorado; Urbana, Illinois; Colby, Kansas; Garden City,
Kansas; Hays, Kansas; Columbia, M!ssouri; Lincoln, Nebraska;
North Platte, Nebraska; Pickinson, North Dakota; Fargo, Ncrth
Dakota; Mandan, North Dakota; Stillweater, Oklahoma; Woodward,
Cklahoma; and Pullman, Washington. It was decided that these
data would be adequate for this study. There are, howsver,
some weaknesses which should be mentioned, In the first place,
as was mentioned earlier, total wheat production 1is not as
localized as some other crops such as corn. One important
gap in the data were series to represent wheat production for
both soft red winter and white wheat east of the Mississippil
River, It will be noted in Figure 7 that this largze area in-
¢ludes over twenty percent of the wheat production, but that
production 1s widely scattered. It was felt thst datafor
Illinois, Indiana, and Ohio would be adequate if they could
be obtalned since these states account for approximately sixty
percent of the wheat produced in that area. Deta were ob-
tained, however, only for Urbana, Illinols, Considering the
low variability of yields in this area as compared to the
Great Plains and considering the time and resources needed
for obtaining additional Aata, it was decided that Urbana,

Illinois, would be used to represent this area. DlTeta were
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considered more adequate for the two regions in the Great
Plains, This was fortunate since the two reglons in that area
represented over half of the production of wheat and are the
principle source of variation 1In the U. S, yield of wheat,
It was felt that it would have been desirable if adequate
series could have been obtained for a few other areas in-
cluding regions in northwestern Montena, southeastern Idaho,
and the Texas Panhandle., A series for the Pacific Northwest
covering more years than that at Pullman, Washington, would
also have been desirable,

The computation of the index for the whole United States
including computed indexes at each location and welghts is
presented in Table L. A comparison of the index with the

United States averags yield is presented in Figure 8,
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Soybeans

Soybeans are the most important oil crop from a total
value standpoint. Although they are relatively unimportant
as a percentage of total value of all crops they accounted
for over 50 percent of the value of all oil crops in 1947-49
(See Table 8, page 86). The index for soybeans was computed
as a single index from Urbana, Illinois. Admittedly other
data would be desirable but were not readily available at
this time., Data from Iowa, Indiana, and Chio would have
been especially desirable. However, if any one series could
be chosen to best represent all soybean production, Urbana,
Illinois, would appear to be a very good choice since it is
in the center of the highest concentration of production
(See Figure 9). In choosing a measure to account for weather
in soybean productiorn, Cromartyl used rainfall at Urbana,
Illinois, with some success which should give some indica-
tion that the location may be satisfactory.

The computed index is presented in Table 5. A compari-
son of the index with United States averaze yield is pre-

sented in Figure 10.

1. Cromarty, W. A., op. cit., p. 1.
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Figure 9: Location of Soybean Production and Average Percentage of
Total Production by States, 1946-55.8/

D lighter areas

E::] heavier areas

a/ Average percentage productiom computed from productiem for 1946-55
reported in Crop Productiem, USDA, AMS, Nev. 12, 1957. Gemeral

boundaries of greatest productioa derived fram Van Royem, W.,
ricultural Resou: of the World, Prentice-Hall, 1954, Veol. 1.

b/ Urbana, Ill.



TABLE 5: INDEX OF THE INFLUENCE CF WEATHER CON SOYBEANS?

Year Index Year Index
1909 120.6 1934 83%.9
1910 126.2 1935 97.7
1911 119.6 1936 113.6
1912 9l.1 1937 82.3
1913 77.0 1938 128.0
1914 97.4 19%9 92.4
1915 101.0 1940 83.9
1916 54.0 1941 123.4
1917 88.2 1942 105.7
1918 79.9 1943 90.3
1919 98.8 1944 113.5
1920 93.5 1945 95.1
1921 157.3 1946 91.0
1922 95.6 1947 59.2
1923 4.6 1948 116.0
1924 80.3 1949 113.9
1925 155.2 1950 93.7
1926 92.8 1951 108.5
1927 83.1 1952 101.7
1928 113.4 1953 82.5
1929 114,2 1954 96.0
1930 83.4 1955 81.0
1931 93.7 1956 125.9
1932 127.7 1957 110.8
1933 101.6

a. Computed from a single location at
Urbana, Ill. Three segments were computed
separately due to variety changes. These
segments were 1909-25, 1926-49, and 1950-57.
The first two segments were computed by the
usual procedure of removing trend and com-
puting the index about this trend as des-
cribed in Chapter II. The 1950-57 segment
was computed as percent of average yield
since it was felt the series was too short
for a trend to be meaningful.
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Cotton

Cotton ranks next to corn among all crops in total value
of production for the Tnited States} One of the chief pro-
ducing areas includes what is called the "old cotton south"
which 1s a belt extending across the southeastern part of the
United States including chiefly North Carolina, South Carolina,
Georgia, Alabsma, Mississippl, Tennessee, Arkansas, Louisiansa,
and parts of surrounding states. Other ma jor areas include
the humid ares of the eastern part and the Gulf coast of
Texas, subhumid areas in the Panhendle and Rio Grande Valley
of Texas end the irrigated areas of New Mexico, Arizona, and
California,

Most of the cotton grown 18 the short staple type, but
relatively small acreages of American Egyptian or long staple
cotton are grown in Texas, New Mexlco, and Arizona.2 The
bulk of the cotton 1s grown without irrigation but some is
grown on irrigated land in the southwestern United States.
Over 1/3 of the cotton in the high plains of northwestern
Texas and about 80 percent of the cotton grown in the upper
ahd lower Ric Grande Valley of Texas is irrigated.3 This 1is
roughly 4O percent of the cotton acreage of Texas, Approxi-

mately 80 percent of the acreage of New Mexico, Arizona, and

1, See Table 19, U,S.D.A., Agriculture Fandbook No. 118,
Vol., 2, Agricultural Production and Efficiency.

2. Ses U.S.D.A., Agricultural Statistics, 1956,

3. Estimated from U, S. Census of Agriculture, 1954, U. S.
Bureau of the Census, Vol, LI, Special Reports, Part 9, Cot-
ton Producers and Cotton Production and from U.S.D.A. Crops
and Markets,
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California combined is irricated also.1 In constructing the
index for the whole United States, it was assumed that weather
has little or no influence on irrigcated acreage; thus, the
New Mexico, Arizona, and California sreas are assipgned an in-
dex of 100 each year along with L0 pencent of the Texas acre=-
az2. Location of cotton production in the United States 1s
presented in Flpgure 11,

An attempt was made to obtain plot data for cotton re-
presenting the bulk of the non-irrigated acreage. This would
include roughly North Carolina, South Carolina, Ceorgla, Ala=-
bama, Mississippl, Tennessee, Arkansas, Loulsiana, Cklahoms,
and 60 percent of Texes. Data were obtained for Stoneville,
Mississippl; Jackson, Tennessee; and several locations in
Alabama, Admittedly more data would be desirable but it was
felt that en Index constructed from these three locations
should give a good indication of the influence of weather on
cotton production, Figure 11 indicates that Alabama data
might reoresent, falrly well, the influence of weather on
most of the ecreage in Alabama and Georgla which accounts for
a large percentarse of the non-irrigated cotton productilon,
Jackson, Tennessee, can represent e large part of the acre-
age in Tennessee, Missouri, and part of Arkansas, while Stone-
ville, Mississiopl, can represent, fairly well, production in
the Mississippl-Arkansas-Loulsiana reglon. Major gaps include
data from Texas, Oklahoma, and the Piedmont reglon of the

southeastern United States.

1. See footnote 3, p. 65 of this study.
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Figure 11: Location of Cottom Production and Average Percentage of
Total Production by States, 1944-53.3,

lighter areas
Em heavier areas

a/

Average percentage production computed from production for 1944-53
as reported in Crops and Markets, USDA, AMS, 1956 editiom, Vel. 33.
General boundaries of greatest productiom derived from Vam Royem,

Wes ricultural Resources of the World, Premtice-Hall, 1954, Vel. 1.

Auburn, Ala.
Jackson, Tenn.

Stoneville, Miss. (Delta Branch Experimemt Statiom)
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Considering the fact that the data were less than could
be desired but also considering the im