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There were two principal objectives in this study. The first was
to estimate how changes in inputs have affected yield, and the second
was to determine the effect of specifying alternative models.

A single equation model was developed. The parameters were estimated
by least squares regression analysis. The dependent variable was yield
of grain sorghum per acre. There were 645 observations;’observations on
129 counties in each of the agricultural census years, 1939-1959. Three
kinds of independent variables were included--man-controlled input variables,
dummy (0, 1) variables, and weather variables.

The seven man-controlled input variables were: (1) Percent of grain
sorghum acreage irrigated, (2) dollars spent on gas and oil per acre of
cropland harvested, (3) pounds of fertilizer nutrients applied per acre
of grain sorghum, (4) ratio of acres fallowed to acres of cropland har-
vested, (5) average acres of grain sorghum per farm harvesting grain
sorghum, (6) number of tractors per acre of cropland harvested, and
(7) per acre value of land (to measure the interaction effects of land

with technology).
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Two sets of dummy (0, 1) variables were included--27 variables to
represent the crop reporting districts and 4 variables to represent years.

Four gets of weather variables were included: (1) Preseason pre-
cipitation, (2) season precipitation, (3) season temperature, and (4) season
interaction (temperature times precipitation). Three forms of season
weather variables were considered in detail: (a) A weather variable for
each week of the growing season for each weather factor, (b) a polynomial
of seventh degree for each weather factor, and (c) a season total variable
for each weather factor.

Estimates of the effect on average yield of changes in the level of
the independent variables were obtained from the "complete" equation. This
equation contained the seven man-controlled input variables, the 27 dummy
variables for crop reporting districts, the four dummy variables for years,
the preseason precipitation variable, the 23 season precipitation variables,
the 23 season temperature variables, and the 23 season interaction variables.

On the basis of this equation, it was estimated that of the 1,146
pound per acre increase in yield between 1939 and 1959, 27.4 percent was
explained by changes in the level of the explicit man-controlled inputs,
46.1 percent by changes in the level of implicit man-controlled inputs, and
26.5 percent by changes in weather. Of the increase due to changes in
explicit man-controlled inputs, almost all is due to changes in two inputs--
fertilizer, irrigation, and their interaction with land (value of land).
Changes in weather during the growing season accounted for 85.4 percent of
the total weather effects. Shifts in the location of production, 1939 to
1959, caused average yield to increase 50 pounds.

Three hundred and eight other equations were estimated to estimate
the effects of specifying alternative models. The ﬁ? for the "complete"

equation was .855. When polynomial weather variables were substituted for
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the weekly variable, R? was .821. When season total weather variables were
substituted for the weekly variables, R? was .786. Omitting any set (man-
controlled inputs, years, crop reporting district, season precipitation,
season temperature, or season interaction) of variables from the "complete"
equation caused R2 to decrease significantly. In almost all cases the
magnitude of the coefficients remaining in the equation was affected. In

some cases the level of significance and sign were also affected.
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CHAPTER I

INTRODUCTION

This study is concerned with developing a physical "production
function" for grain sorghum. A single equation model is used and esti-
mates of the parameters are obtained by regression analysis. An attempt
is made to measure simultaneously the influence of weather, man-
controlled inputs, and location of production on per acre yields of
grain sorghum. The effects of omitting a variable or set of variables
on the ability of the model to explain yields and on the coefficients of
the variables remaining in the submodel are considered. Also alterna-
tive forms of the weather variables and some of the man-controlled input
variables are considered.

The objectives of this study and relevant background information
are presented in this chapter. The model and a detailed description of
each of the variables included in the model are the subjects of the
second chapter. The third chapter contains a discussion of problems and
procedures. The results of the analysis are presented in the fourth
through the seventh chapters. The eighth and final chapter contains the
summary and conclusions. Detailed lists and discussions of the sources
of data and the results (coefficients and indicated level of significance)

are presented in the appendix.

Need for Study

There are three principal needs for physical production function

studies. They are listed and briefly discussed below.
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Understanding the Physical Relationship
Botanists, agronomists, plant physiologists, horticulturists, and
other plant scientists have a continuing interest in determining the
relationship of environmental conditions and levels of man-controlled
inputs to yields.
Other groups that can use information about these relationships
are:
(1) Farmers, so they can make "correct" production decisions;
(2) Agricultural supply firms, so they can anticipate demand for
their productss;
(3) Agricultural policy makers, so they can estimate the effect
of policy alternatives;
(4) Agricultural marketing firms, so they can estimate supply;
and
(5) Agricultural economists, so they can determine optimum

resource use,

Predicting Crop Yields

Producers, purchasers of agricultural crops, as well as persons
concerned with agricultural policy and/or national planning have a con-
tinuing interest in obtaining good projections of yields.

This interest is so strong that the Crop Reporting Board of the
United States Department of Agriculture makes monthly estimates during
the growing season of the prospective yields of many crops. Knowledge
of the relationship of location, weather, and man-controlled inputs to
yields would facilitate this estimating procedure.

Knowledge of these relationships would also aid in making long-
run predictions of yields. This could be done by assuming "average" or

"normal" weather and predicting changes or possible changes in the level
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of the man-controlled inputs. The projected level of the man-controlled
inputs for some years in the future could then be "plugged" into the
model with average weather to estimate yields in that year. Such predic-
tions are relevant for answering many questions concerning our ability to

feed a rapidly expanding population or to feed the world.

Explaining Changes in Yields

The large changes in yields of certain crops in recent years has
led to a desire to (1) determine the factors causing the change in yield
and (2) measure the effect of each factor. The factors can be grouped
as (1) man-controlled factors and (2) environmental factors.

It is important that the relationships of man-controlled inputs
and environment to output be known so: (1) Activity analysis at all
levels of aggregation can use "good" input-output coefficients; (2) the
behavior of farmers and their supply response can be understood;

(3) "correct" production recommendations to farmers and to agricultural
industries can be made; (4) producers can make "correct" profit-maximizing
decisions; and (5) agricultural policy that best meets the short- and/or
long-run objectives of society and/or agriculture can be made.

An example of current and major importance is the need to determine
how much of the agricultural surplus was the result of changes in the
level of man-controlled inputs and how much the result of "good" weather.
The determination of this could have a major influence cn agricultural
policy.

A great many studies have been conducted in an attempt to determine
the influence of man-controlled inputs (MCI) and/or weather on yields.

The lack of success in measuring the effect of weather and indeed the need
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for a technique to do this are attested to by the large number of alterna-
tive techniques developed in recent years.

Of the three "needs" discussed above (understanding physical rela-
tionships, predicting yields, and explaining yield changes), this study
is primarily concerned with the last one. It is concerned with explain-

ing yield changes and with developing a technique to explain yield changes.

Using Aggregate Data

At an early stage of this study, a choice existed as to whether a
model should be developed using experiment station data or using aggre-
gate farm data. The principal advantage of using experiment station data
is that very detailed information exists concerning such factors as:

Date of planting, soil type, variety of seed, seedbed preparation, ferti-
lizers applied, date of irrigation and amounts of water applied, chemicals
applied, plant population, date of harvesting, etc. Also weather data
are obtained at a location very near the plots, minimizing the problem of
obtaining relevant weather data.

This choice was rejected in spite of its advantages because it was
decided that a model that explained experiment station yields was of
little value save the implication that it would also be useful with aggre-
gate data. Whether the model would give meaningful results when aggregate
data were used would still have to be determined. It was decided that it
would be better to determine if a model could be constructed that would
give meaningful and useful results using available aggregate data. It
was rejected also because of the desire to explain the change in aggregate

yields.
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Objectives
There are two major objectives of this study. The first is to
estimate how changes in inputs have affected changes in the per acre yield
of grain sorghum. The second is to estimate the effect of alternative
model specifications. Two minor objectives concerning alternative models
are: (1) What are the effects on B2 and on the coefficients in the model
of dropping certain variables or sets of variables; and (2) what are the
effects of alternative ways of representing or measuring the factors.

The objectives above include answerihg the following questions.

(1) Can a model using time series-cross sectional data by agri-
cultural census years and counties and containing as independent
variables (a) man-controlled inputs, (b) years, (c) location,
(d) preseason precipitation, (e) weekly values during the
growing season for precipitation, (f) weekly values during the
growing season for temperature, and (g) weekly values during
the growing season for precipitation multiplied by temperature
(interaction) explain the observed change in yield of grain
sorghum?

(a) How much of the change in the yield can be explained by
chenges in the man-controlled inputs? Changes in weather?
Changes in man-controlled inputs not included explicitly
in the model (years)? Shifts in the location of production?

(b) How much of the differences in yields between locations is
explained by variables associated with location but not

included explicitly in the model?



6
(2) What are the effects on R® and on the coefficients in a sub-
model of dropping variables or sets of variables from the
complete model?

(a) How well does a submodel containing only man-controlled
inputs compare to the complete model?

(b) How well does a submodel containing only weekly weather
variables compare to the complete model?

(c) How well does a submodel containing only years and loca-
tions compare to the complete model?

(d) How does dropping the man-controlled input variables affect
the coefficients for the weather variables? The years
variables? The location variables?

(e) How does dropping each man-controlled input variable
affect the coefficients for other man-controlled input
variables?

(f) How does dropping the weather variables, the location
variables, or the years variatbles affect the coefficients
of the other variables remaining in the submodel?

(3) What is the effect on §2 and on the coefficients in a submodel
of substitution of variables?

(a) How does substituting season total weather variables for
the weekly weather variables affect the ﬁQ and the coeffi-
cients of the other variables in the submodel?

(b) What is the effect on ﬁz and on the coefficient of other
variableé in the submodel of substituting for the weekly
weather variables weather polynomials of degrees one, two,

three, four, five, six, or seven?
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(c) What is the effect of substituting average planting date
variables for crop reporting district variables on §2 and
the coefficients of other variables in the submodel?
(4) Based on the alternative submodels estimated, what are the
advantages and disadvantages of various submodels?
(5) Can the effect of weather on per acre yields be better estimated
by dividing the relevant growing season into weeks and obtaining
an estimate of the effect of the weather in each week: (a) Using

weekly weather variables, or (b) using polynomial weather

variables?

Review of Literature
Grain Sorghum
Grain sorghum was used for this study because of the great increase
in per acre yields realized in the last twenty years. Also grain sorghum

was an important grain crop in the United States in 1963 and is increasing

in importance (Table 1-1).

Table l-l.--Production of feed grains in the United States, 1956—632/

Year f Corn for grainf Oats Barley f Sorghum grain
; 1,000 bushels
1956=—mm=—=: 3,075,336 1,151,398 376,661 204,881
1957 mmmem=z: 3,045,355 1,289,880 442,761 567,506
1958 ——m—m—: 3,356,205 1,401,410 477,368 581,012
1959=————m=: 3,824,598 1,052,059 422,383 555,211
1960=======: 3,908,070 1,155,312 431,309 619,867
196l-=====—: 3,625,530 1,011,398 395,669 479,751
1962==m==m=: 3,636,673 1,020,371 436,448 509,685

a/ Supplement for 1963 to Grain and Feed Statistics, USDA, ERS, Economic
and Statistical Analysis Division, Statistical Bulletin No. 159, March 1964
and Agricultural Statistics, 1965, USDA.
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Grain sorghum is also important as a world food grain where it
ranks third, being exceeded only by rice and wheat. Most of the sorghum
grain produced in the United States is used as animal feed, but about
75 percent of the world crop is consumed by humans (130).1/

About 90 percent of the 1958 world crop was grown in China, India,
Manchuria, and French West Africa. It is also grown in many other areas
including Asia Minor, Iran, Turkestan, Pakistan, Korea, Japan, Australia,
Southern Europe, Central America, and South America (100).

Sorghum grain is very similar to corn in nutrient content, contain-
ing about 12 percent protein, 3 percent fat, and 70 percent carbohy-
drates (130).

Besides the use for food or feed, grain sorghum also has many
industrial uses., The starch can be used for adhesives, sizing for paper
and fabrics, and as drilling mud for the petroleum industry. Grits
obtained from the endosperm can be used in brewing. The seed coat con-
tains wax similar to cornauba wax that is used in making carbon paper,
sealing wax, electrical insulation, and other products. Dextrose sugar,
oil, and syrup, by-products of the wet milling industry, are used in
foods. The sugar and syrup are used in canned fruit, and the oil is
suitable for salad oil (130, 132).

The recent development of hybrid varieties which can be grown in
areas where previous varieties could not and which produce higher yields
than previous varieties makes it likely thst grain sorghum will become

even more important.

l/ The numbers in parentheses refer to the publications listed in the
Bibliography.
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History of Sorghum in the United States

Grain sorghum was introduced into the United States in the last
half of the 19th century (133, 176). The first sorghum grown was tall
like corn and was harvested by hand (130). In the 1910's dwarf varieties
were introduced. These varieties were affected less by extreme weather
and were rapidly adopted. In the 1920's double dwarf varieties were
developed and again because of their advantages rapidly replaced other
varieties (66, 170). The double dwarf varieties were small enough that
they could be harvested with a combine,

These standard varieties were continually improved by systematic
breeding and selection to give higher yields and to be more resistant to
insects, diseases, and extreme weather (43, 130, 170).

Hybrid grain sorghum had been studied for many years before a
technique for large-scale production of hybrid seed was discovered in
1954. The first commercial seed field was planted in 1955 and hybrid
varieties were grown on a large scale for the first time in 1956 (1, 158).
By 1960, 70 percent of all grain sorghum acreage was planted to hybrids (1).

In 1958 there were more than 500 varieties of grain sorghum grown
in the United States (130). It is certain with the increased development

of hybrid varieties that there are even more varieties grown now.

Grain Sorghum Botany
Sorghum generally is divided into these two main classes: Forage
types and grain types.l/ A1l sorghum varieties produce grain and almost

all varieties can be used for forage. However, there are great varietal

1/ Although Broomcorn, Sudan grass, and Johnson grass belong to the
sorghum genus, they are generally considered as separate crops because
of their specialized uses (130).
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differences. Those varieties that do well for forage produce poor yields
of grain and grain varieties produce poor yields and possibly poor
quality forage. There are dual purpose varieties that produce reasonable
yields of both, but they do not do as well for either purpose as the
specialized varieties.

The grain of sorghum is small and the number of seeds per pound
ranges from 12,000 to 35,000 seeds. This compares to about 14,000 seeds
per pound for wheat (167). Grain sorghum weighs about 56 pounds per bushel.

The rate of germination is poor with field germination being about
60 percent when the seed germinates 90 percent in the laboratory (167).

Sorghum is not sensitive to soil types and can tolerate considerable
quantities of alkali or salts (133, 167). The amount of moisture necessary
to produce a crop does depend on soil type. Very low yields or even crop
failure may be expected if the precipitation is less than 12 inches on
sandy soil or 14 inches on heavier soils. In moist seasons, highest yields
are obtained on the heavier soil (100). In most years 21 to 25 inches of
water are needed for high yields (82, 130). Grain sorghum can tolerate
too much moisture (flooding) better than many other crops (133).

The timeliness of precipitation is also important. It has been
shown that at the time of flowering there is a great increase in trans-
piration without any change in the enviromment (3). It has been demonstrated
that grain sorghum can utilize moisture from a depth of 90 inches (133).

Grain sorghum can withstand greater extremes of heat than most other
crops (133). However, yields are influenced by heat. If the temperature
is high during the time that the crop is producing seed there will be
higher rates of transpiration and less storage of sugar, starches, and

other products of photosynthesis (160). The most favorable mean temperature
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for the growth of sorghum is about 80° F. (130). The timing of tempera-
ture is also important. High temperature at the time the plant heads and
flowers is particularly harmful. Better yields are obtained if the plant
comes to head after the period of greatest heat is past (176).

New varieties have been developed that have changed the sensitivity
of sorghum to temperature., At one time sorghum could only be grown where
the frost-free season was at least 160 days and with a mean July tempera-
ture of at least 75° F. Now sorghum can be grown with a frost-free
season as short as 130 days and a mean July temperature of near 70° F.
(100, 174).

Most of the grain sorghum varieties grown in the United States grow
to maturity in 90 to 120 days (130). The actual range is from 85 days to
140 days (100). The length of time to grow to maturity (to mature) is
primarily a function of variety, but it is also a function of temperature
and length of day.

Sorghum is a "short day" species, which means that flower initia-
tion is hastened if the days are short and is delayed if the days are
long (130). For example, a deviation of one hour from an average day
length of 12 hours will alter the growing period by about 10 days (100).

The fact that the length of time for sorghum to mature is a func-
tion of temperature is illustrated by the fact that the period from
planting to pollination is twice as long at an average temperature of
68° F. as it is at 86° F. (100).

A1l varieties are not affected to the same extent by day length
and temperature. Thus, two varieties that may mature in the same length
of time at one location may differ at another location where temperature

and/or day length are different (130).
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Grain sorghum can be harvested when the moisture content of the
heads is 25 to 30 percent. However, because the grain does not dry well
in the bin, the moisture content should be less than 13 percent or else
the grain must be artificially dried. Much of the recent interest in
growing grain sorghum in the Corn Belt States is because of the avail-
ability of farm grain dryers (133).

Sorghum is subject to four general groups of diseases: (1) Those
that reduce stands by rotting the seeds or killing the seedlings;
(2) those that attack the leaves; (3) those that attack the heads; and
(4) those that cause root or stalk rot. The most severe losses are
generally caused by the root or stalk rot. Control of these diseases
lies in the use of resistant varieties, seed treatment and/or crop
rotation (167).

Sorghum is also subject to insect attacks. The more common ones
are chinch bugs, corn ear worm, corn leaf aphids, sorghum midge, and
grasshoppers. Ordinarily, injury to sorghum from insects is not very

great or widespread (167).

Grain Sorghum Culture

Sorghum should be planted in a well prepared seedbed. In the more
humid areas it is planted in the top of the seedbed but in drier areas
planting is done in the bottom of a furrow (130).

Sorghum may be planted in southern Texas as early as February 15
or as late as September 1 (100). The further north the growing area, the
shorter is the range of possible planting dates. The general rule is not
to plant until the soil is warm (60° F.) and to plant so that the crop

will head after the hottest part of the growing season has passed (176).
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Plant population is an important factor affecting yields (100).

The desired plant population depends on whether the crop will be irrigated,
planted in rows, or drilled. Given the desired plant population, the
amount of seed to plant depends on germination rate, size of kernel,
ability of variety to tiller, and hardness of endosperm of the kernel (167).

Irrigation is an important cultural practice. It has been observed
that irrigated sorghum yields two to five times as much as dry land
sorghuml/ (43, 78). There are two major methods of irrigating sorghum.
One is to apply 10 to 12 inches of water previous to planting and then no
further irrigation. The second is to apply water when and as much as is
needed (130).

The importance of fertilization as a cultural practice depends on
whether the crop is irrigated or not. Under dry land conditions sorghum
shows little or no response to fertilizers (31, 67, 100, 130, 133).
However, there is a great response to fertilizer, particularly nitrogen,
if sorghum is irrigated (100, 130, 133).

Since 1945, almost the entire crop of grain sorghum has been
harvested with combines. The proportion of the crop harvested with com-
bines had increased to 100 percent from about 10 percent in 1940 (130).

Fallowing is another important cultural practice. The yields of
sorghum on land fallowed the previous year are 50 to 90 percent greater
than on similar land not fallowed (174, 167). The total production per
acre from the two crop years of a three-year grain-grain-fallow rotation

is about the same as from three years of continuous cropping (130).

l/ This is partly due to the fact that generally irrigated sorghum is
fertilized while dry land sorghum is not.
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Weather Studies

A large number of weather-crop yield studies have been made. Most
have been concerned with understanding the physiology of the plant and/or
with the prediction of yields and/or production. As this study is primar-
ily concerned with the need to explain change in yields, only those
techniques and studies related to this will be discussed. It will be
noted if any technique used to explain yield changes also provides
information pertinent to the other two "needs" discussed above.

The techniques used to explain yield changes take weather effects
into account in two ways. One way is to use actual weather variables
and/or some transformation of the weather variables. The second way is
to use "weather" variables derived from production figures. This tech-
nique assumes the unexplained variation in production is all due to

weather,

Actual Weather Variable Techniques

This section contains a review of techniques that contain actual
weather variables, such as precipitation or temperature, or some trans-
formation of actual weather variables.

One of the principal advantages of these techniques is that the
information obtained contributes to a better understanding of plant
physiology and can be used in predicting yields. Other advantages are
that it is possible to determine if a particular weather factor limits
production and if and how much yields in the future can be changed by
controlling or influencing weather. The final advantage that will be
listed is that these techniques can be used on any crop and with any kind

of units of observation.
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One of the principal arguments against these techniques is that
no matter how many weather variables are used and no matter how they are
transformed it is inconceivable that all the effects of weather could be
measured. This argument is indisputable but it remains to be determined
if the major portion of the effects of weather can be measured by a few
correctly specified weather variables. One of the principal disadvantages
of this technique is that in general several variables are needed. This
is a particularly severe disadvantage if the number of observations is
small, Another disadvantage is that the time and effort needed to collect
the data is quite large if the number of observations is large.

Four different methods of including weather variables to explain
yields will be discussed. The first method is the use of actual weather
variables. The number of actual weather variables that could be used is
almost limitless. Some of the actual weather variables used in weather-
crop studies (but not necessarily for the purpose of explaining the
effects of weather on yields) are: Annual precipitation, seasonal pre-
cipitation, preseason precipitation, soil moisture, temperature, humidity,
light, evaporation, wind velocity, and soil temperature.

Only a limited number of studies have been conducted where actual
weather variables have been used to explain yields. Of these some of
the most important are those by Dr. Louis M. Thompson of Iowa State
University. In his studies of wheat (156), grain sorghum (159), soybeans
(159), and corn (159, 160), he used monthly totals of precipitation and
monthly average temperatures for the principal months of the growing season
as independent variables. Regression models containing these weather
variables and a trend variable to capture the effects of changes in tech-

nology were estimated.
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Another method of using the weather variables but allowing for
nonlinear effects of the weather variables on yields is to consider in
addition to the direct weather variables these same variables raised to
some power, The most common practice is to consider in addition to the
linear term a quadratic term. The studies by Thompson illustrate this
technique (155, 158, 159, 160).

A third method of using weather variables to explain changes in
crop yields which takes into account the effects of distribution as well
as amount is to fit a polynomial in time to a set of weather data repre-
senting consecutive short time periods within the growing season. To
elaborate, the growing season (or year) is divided into a number of
comparatively short time periods (such as weeks or two-day periods).

The information on a particular weather variable within each of the time
periods and the position of the particular time period in the sequence
are the basic information used. The weather information for each period
is weighted by the position of the period in the sequence and then summed
to form a "new" variable. The number of variables needed and thus the
number of different weightings needed depends on the degree of the poly-
nomial to be fitted.l/

This technique has, to the writer's knowledge, never been used
explicitly for the purpose of explaining the effect of weather on yields
so that other factors affecting yields could be investigated. The tech-
nique itself was introduced by R. A. Fisher in 1924 (52). It was used

again and somewhat clarified by Floyd E. Davis, J. E. Pallesen and some

;/ This process is discussed in greater detail in the following chap-
ter. Also, Dr. Fred H. Sanderson gives a very comprehensive treatment
of this subject in chapter nine of his book, Methods of Crop Forecast-
ing, Harvard Economic Studies, Vol. 93, 1954.
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of their colleagues in the early 1940's (36, 37, 120). All of these
investigators used a computational procedure called "orthogonal poly-
nomials" to estimate the coefficients of their regression equations.

In 1943, W. A. Hendrick and J. C. Scholl (65) demonstrated that
the same objectives could be attained with usual regression analysis if
the data were appropriately transformed into new variables.l/ They went
on to compare the results obtained by using monthly data and weekly data.
They concluded, "The weekly data do not enable one to estimate the average
state yields more accurately, but they facilitate the measurement of
seasonal changes in weather effects."

Two recent studies using polynomials to capture the effects of
weather were conducted by E. Ruge and R. O'dell (136, 137). Their first
study was on corn and the second on soybeans. Both studies use data
obtained from experimental plots. Plots were selected upon which most
of the technology had been constant. The corn yields had to be adjusted
for the effects of changing from nonhybrid to hybrid varieties. Adjusted
yields were used as the dependent variable in the analysis. The effects
of changing soybean varieties were accounted for by the inclusion of a
trend variable in the analysis. Other than for changes in varieties
grown, technology was not different on the plots considered in the study.

The last method used to include actual weather variables in a
model to be discussed is the index method. In this method, actual weather
variables are combined to form a single weather variable (an index of
weather). This variable is then included in the model. The major weak-
ness of all the indices considered here is their failure to take into

account the effects of the distribution of the weather factors.

;/ This transformation is explained in more detail in the following
chapter,
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Many indices derived from weather variables are discussed in detail
in a recent paper by Bernard Oury (119). A few of the indices discussed
there are listed below to illustrate the nature of these indices.
Thornthwaite developed a moisture index that was expected to ex-
press the relative humidity or aridity during a period in a given
location:

Moisture index = precipitation - potential evaportranspiration
potential evaportranspiration

Lang suggested the following index:

Index = precipitation = p
temperature T

where precipitation is measured in millimeters and temperature in degrees
centigrade. These units of measurement for precipitation and tempera-
ture are the same for all indices considered here.

De Martonne modified this to avoid the problem of negative values

by adding 10 to temperature, i.e.,

=P _
1= mm

KOppen suggested the following three alternatives:

I= 8p
5T+120
I =_2P
T+33
=2
I T+7

Angstrm considered this index:

I=E_
1.07T

The indices were designed to use annual values of the weather varia-
bles. However, they can be modified to use data based on shorter time
periods. For example, De Martonne's index can be written,

= P _ x number of periods in a year
T+10
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where P and T are averages of the periods. If P and T were averages of

the monthly totals, the index I = Tﬁlo would have to be scaled upward by
a factor of 12 (119).

A variation of the index method is involved in the moisture stress
concept developed by O. T. Demmead and R. H. Shaw (44). A plant is said
to have experienced a moisture stress day if for a day the water needed
by the plant was not available. Although the concept is simple the actual
determination of both water need and water availability is extremely
complex. Interested readers are referred to the original article (44).

The moisture stress concept was used by Robert F. Dale in a recent
study (35). The variable actually used was the number of nonstress days
during the growing season. The results were quite good. However, the
determination of nonstress days demands at present special empirical
investigations. To be useful in aggregate models it is necessary that
the number of nonstress days be determinable from regularly obtained

weather data such as precipitation and temperature.

Yield Index Techniques
These techniques derive measures of the effects of weather on crop
yields by considering how plant yields have varied on plots where tech-
nology has remained "constant." The major reason that these techniques
are considered is well stated by Robert F. Dale as follows, "After all,

the plant experiences and integrates the same weather recorded only in

part by our instruments as well as the complex plant-soil-weather inter
action and the side effects of insects and disease" (35).
One of the principal advantages of these techniques is that only

one variable for weather is needed in the model. Another advantage is
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that if the index is "correct" the influence of all weather factors and
their interactions are taken into account.

Some of the disadvantages are:

(1) No information is obtained that will allow the determination

of which, if any, weather factors are limiting production;

() No information is obtained that will aid in understanding the

relationship of plants to environmental factors;

(3) No information is obtained that will aid in either short- or

long-run predictions;
(4) Data of the kind used to date (experimental control plots and
variety test plots) are not available in sufficient quantity
(if at all) to derive indices for most crops; and

(5) There is no reason to believe that weather at the test plot
location(s) is typical or representative of the State or
region.

The yield indices are obtained by using data from experimental
control plots or variety test plots. A linear trend is fitted to the
data to remove the effects of factors which have changed consistently
over time such as soil fertility. The index value is the ratio of actual
yield to the trend yield.

This method was used by Glenn L. Johnson in his study of burley
tobacco in 1952 (84). Dale Hathaway used it again in 1954 in his study
of the dry bean industry in Michigan (60). James L. Stalling, a student
of G. L. Johnson, used this method to obtain indices for some major crops
by States, regions, and for the United States (145). In all of these

studies control plots for yield experiments were used.
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This method was modified somewhat by Lawrence Shaw who used data
from variety yield test plots (143). Technology is not held constant on
these plots as it is for the experimental control plots. Thus the problems
of separating the effects of weather and technology are much greater. How-
ever, these trial plots are located throughout the State on farms and so

they are much more likely to be representative of the State.

Functions Used to Explain Changes in Yield

Functions reviewed will be limited to those that are for a particu-
lar crop and that include weather and man-controlled inputs as variables.

Principal studies containing the characteristics listed above can
be classified into two groups. The first group are those that include a
number of MCIV and a single variable (usually an index) to represent
weather, The second group are those that have a number of weather
variables and a single variable (usually a time trend) to represent the
MCIV.

Good examples of studies using several non-weather variables and
a single weather variable are those by D. Gale Johnson and Robert L.
Gustafson (83), by Ludwig Auer (6), and by Shaw and Durost (143).

In their study, Johnson and Gustafson used the following non-weather
variables: Fertilizer, mechanization, variety index or degree of hybridi-
zation, summer fallow, labor, value of land per acre, total cropland
harvested, and irrigation. The only weather variable was average annual
precipitation. Functions were estimated for wheat and corn. The value
assigned to each variable was the change in the average level of the

variable between two selected time periods. The time periods in the case

of wheat were for the base period 1928-41, excluding 1933-36, and for

comparison period 1945-54.
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Auer in his study also concentrated on MCI (6). However, his func-
tions were based on time series data (1939-1960). He estimated functions
by crops and by States. A total of 180 functions were estimated. The
MCIV were an index of variety, pounds of fertilizer applied per acre,
crop acreage, and a trend variable (to represent technology). The
"weather" variable was a yield index calculated from data on experimental
and test plots.

The study of corn yield by Shaw and Durost (143) is similar to the
studies by Gustafson and Auer as a single variable is used to capture the
effects of weather and several MCIV are included. A yield index was
constructed to represent weather for crop reporting districts in Ohio,
Indiana, Illinois, Iowa, and Missouri. However, these were aggregated
to obtain an index for the Corn Belt as a whole. The analysis was of a
time series of yields.

Examples of studies emphasizing weather variables are those by
Thompson (156-160) and Studnes (150). In these studies technology was
taken into account by the inclusion of a trend variable. Several weather
variables (monthly totals or monthly averages of specific weather factors
such as rainfall or temperature) were also included. Studnes' study
differs from Thompson's in that a longer time series was considered and
he attempted (after the results of the regression on yield) to decompose
the trend term (technology) into its component parts using other data.

It appeared to the author that the studies by Johnson and Gustafson,
Auer, and Shaw and Durost did not take weather into account adequately and
the studies by Thompson and Studnes did not take techrology into account
adequately. It was in the desire to remedy these inadequacies that this

study was undertaken.






CHAPTER I1I
THE MODEL

In this chapter a detailed discussion is made of the model and of
each variable in the model. The model is a single equation model and the

parameters are estimated by least squares regression analysis.

The Model
Y =a+ ? Bi Xigt T gt
8 = 1,25¢00,129
t =1,2,3,4,5
1=1,2,e00,1
where Y 4 is the average yield per acre in county s in year t, and Xj¢ is

the value of the ith

independent variable for county s in year t. a is
the overall constant term, Bi is the effect on Y of X; increased by one
unit and ugy is the disturbance term for county s in year t.

Necessary and sufficient conditions for obtaining best linear un-
biased estimates of the 51'3 are: (1) The expected value of the disturbances
be zero, (2) the disturbances be independent, (3) the disturbances have
equal variance, (4) the independent variables in the model be independent
of the disturbances, and (5) the matrix of independent variables be non-
singular.

It is assumed that the disturbances are distributed with mean zero.

The non-singularity of the matrix of independent variables is verified by
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the estimation procedure. The extent to which other conditions hold is
discussed below.

The second condition states that the disturbances are independent.
In this study a criterion was established and all counties meeting this
criterion were included in the sample. As a result, there are cases
(about 3001/) where two counties included in the study have a common
boundary. It is possible that observations on such adjacent counties may
not be independent. To the author's knowledge, no tests have been devel-
oped to determine if cross section observations in a combined time series-
cross section analysis are independent. However, a naive procedure used
by the author is discussed in the analysis chapter. Also, to the author's
knowledge, no reports have been made showing what effects such dependence
among the disturbances would have on the estimates of the coefficients.g/
These problems need to be investigated, but such investigations are beyond
the scope of this study.

The third condition states that the disturbances must have equal
variances., It was recognized early in the study that the variance of
the dependent variable (yield per acre) could be a function of the number
of acres upon which it is based. That is, as the number of acres upon
which the yield per acre is based increases, the variance would probably
decrease. Awareness of this was the reason that no observations based on

less than 1,000 acres were included in the sample.

1/ There are 8,256 possible distinct pairs of counties from the sample,
of these about 300 pairs have a common boundary. To put it another way,
of the 417,380 off-diagonal elements in the matrix of variances and co-
variances of the disturbances, about 15,000 or four percent would have
non-zero values, if disturbances for all adjacent counties were not inde-
pent.

g/ The special case of autocorrelated disturbances has been investigated
but it is not known whether the consequences of other kinds of dependence
of the disturbances would be the same.
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The dependent variable is still based on acreages varying from
1,114 to 245,987 acres. However, it is believed that the data based on
1,000 or more acres is quite reliable and that the variance of the dis-
turbances will not vary greatly for acreages greater than this.

The fourth condition is that the independent variables in the model
be independent of the disturbances. Marschark and Andrews have demon-
strated that if firms maximize by differentiating current (actual) revenue
with respect to inputs the input variables will be correlated with the
disturbances of the production function (107). However, the author believes
that farmers maximize by differentiating anticipated or expected revenue.
Hoch has shown that if this is the case, then the input variables are not
necessarily correlated with the disturbance terms of the production func-
tion (71).

Significance tests and confidence intervals for the estimated
coefficients may be obtained by assuming that the disturbances are normally
distributed. However, even without an explicit assumption of normality,
the tests can be justified as being approximately correct by appealing

to the Central Limit Theorem (89).

The Dependent Variable

The single dependent variable considered in this study is average

pounds of grain sorghum obtained per acre of grain sorghum harvested.

The Independent Variables

Three sets of independent variables considered are: Man-controlled
input variables (MCIV), dummy variables (for location and time), and

weather variables.
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Man-Controlled Input Variables

Acres of Grain Sorghum Harvested per Farm
Harvesting Grain Sorghum

This variable is included to determine the effect the size of the
enterprise has on per acre yield. It is expected to "capture" indirectly
the effects of specialization of machinery, changes in land quality used,
and changes in management proficiency.

As per farm acreage of grain sorghum increases, it is expected
that better quality land will be used. This is because sorghum competes
with wheat, cotton, or corn for land and these latter crops are grown on
the best land. Government acreage controls on wheat, cotton, and corn
may have "forced" an increase in acreage of sorghum grown (43, 84, 130).
In any case, it is expected that the effects of using better land leads
to increases in per acre yields.

The effect of increased mechanization is measured explicitly by
two other variables, tractor numbers and dollars spent on gas and oil.
These two variables do not measure the effect of a shift to more special-
ized equipment. An increase in acreage of sorghum is expected to lead
to a shift to more specialized equipment. Such a shift is expected to
lead to a very small increase in yields.

A third factor related to this variable is management., Two opposing
views exist concerning increasing acreage per farm of a particular crop
and management of that crop. First, it is expected that management effort
per acre is greater on small acreages than on large acreages. Thus, in-
creasing acreages would lead to lower per acre yields. The second view
is that given a particular size of farm, the specialization in production
leads to more effective management of the remaining crops. It is believed

that the effect on yields from such changes in management effect is small.
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Number of Acres of Cropland Harvested Per Tractor or
Number of Tractors Per Acre of Cropland Harvested

These variables are indicators of the quantity of machines available
for production operations. The only way that mechanization can affect
yields is by timeliness and thoroughness of production operations (85).
Thus, if quantity of machines increases relative to acres farmed, there
should be better timing of production operations and an increase in yields.
If, on the other hand, the quantity of machines decreases relative to
acres farmed, there is likely to be poorer timing of production operations
and a decrease in yields.

It is believed that the change in quantity of machines available

for production operations had very little effect on average yield.

Dollars Spent on Gas and Oil Per Acre of Cropland Harvested

This variable is an indicator of the use and the change in size
distribution of machines. That is, as large machines are substituted for
small machines, the quantity of fuel used would increase even though the
number of machines would not. In addition, the extent that machines
available are used is reflected in fuel expense.

The change in size and use of machines can affect yields only
through timeliness and thoroughness of production operations. It is be-
lieved that the effect of changes in the size and use of machines on
average yield is very small.

Acres of Grain Sorghum Irrigated as Percentage of Total
Acres of Grain Sorghum Harvested

Moisture is the most important factor limiting yields in almost all
of the grain sorghum producing regions. The cost of varying this factor

is high but the yield response to additional moisture is also high.






28

Increasing the proportion of the crop that is grown under irrigation is

expected to greatly increase yields.

Per Acre Value of Land

The real value of land (value of land deflated by the consumer price
index) was included as an independent variable because intuitively it
seemed a good proxy variable for the interaction effect of technology with
land. The changing per acre value of land is a priori related to the
changing potential productivity of the land. The potential productivity
is changing because (1) the quality, quantity, and mix of other factors
of production available change over time, (2) accessibility of other factors
of production varies cross-sectionally, and (3) there are basic differ-
ences in soil structure and composition. It is the interaction effects
of other factors of production with land that need to be measured. Value
of land is used as a proxy variable for this,

The fact that value of land may be a reasonable proxy for the inter-

action effects is illustrated below. Suppose the production relation is:

Q=Py % + By Zp + B3 z3+542\lflzzzz§3
where Q = output,

Zy = acres of land,

= amount of input 2, and

N
N
|

Z3 = gmount of input 3.
The last term represents the "interaction."

Yield per acre is:

_ Y1t Y2 Y3
Vz) =B + By Xy + B3 X3 + B, BT 2y 2

73/71 = amount of input i per acre.

Y

where Xj






29
Now setting the value of the marginal product of land equal to

its price, we have:
> Q/32, = B, + At 2f2 203 = (Pr)/P,
17 Bt B2 1T

where Pl = value of land

P, = price of product

r = interest rate on land (so that the "price" of land is rP;)
Y
From this B, 7 1 ; ;3 = (r/y1)(P1/p,) - B /vy

and substituting this into the above expression for Y,
Y =8 (y71)/yq + By X5 + B3 X3 + (v/y) (P /B,).

Note that:

(1) The coefficients in the Y function are directly interpretable
in terms of the parameters of the Q function.

(2) Even though the Y function is simply linear in the X!s and
the price ratio, the Q function can display diminishing,
constant, or increasing marginal products, and decreasing,
constant, or increasing returns to scale (depending on the
value of the y's).

(3) The model is directly extendible to include any number of
non-land inputs.

(4) The price of land (rPy) is deflated by the price of the
product (Po) rather than the consumer price index.

The interest rate (r) has been relatively constant over timel/ and

probably is relatively constant cross sectionally as well. Thus using the

1/ The average for all lenders and for U. S. interest rate paid on
mortgages was: 4.6, 4hohy 4ob6, 4.6, and 4.9, respectively, in 1939, 1944,
1949, 1954, and 1959.
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value of land (P;) instead of the "price" of land (Pir) probably does not
create any major biases. The coefficient estimated is approximately
(r/y;) instead of (1/yp).

Using the wrong deflater probably does bias the resulting coeffi-
cient. This can be shown by comparing the C.P.I. index used with a similar
index based on the product price. The product price index is simply the
price of the crop in each year divided by the price in 1949. The values
of the index are 56, 94, 100, 111, and 88, respectively, for the years
1939, 1944, 1949, 1954, and 1959. The corresponding consumer price indexes
with 1947-49=100 are 59, 75, 103, 115, and 125. The major difference is in
the 1959 indices. Deflating the 1959 value of land by the C.P.I. reduced
the magnitude of the variable appearing in the model. Deflating by the
product price, on the other hand, would have substantially increased the
magnitude. Since yields also increased substantially between 1954 and
1959, the value of land variable deflated by the product price would
probably have been more highly correlated with yield than was the variable
used.

A weakness of this variable for statistical purposes is that it
is probably not completely exogenous with respect to, or unaffected by,
the dependent variable. Clearly, if yields increase, other things constant,
the value of land should (under competition) increase. However, since
other things are not equal it is more correct to reason that as net returns
per acre increase value of land would increase. Net returns per acre is a
function of many things besides yield. To the extent that it is determined
by things other than yield it may be reasonably exogenous with respect to
the dependent variable., Also the value of land is determined by the demand

for land for many purposes besides its value in the production of grain
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sorghum., Among these demands for land are the demands for the production
of other crops such as wheat and cotton, the demand for conservation and
recreation uses, the demand for highways and urban growth, and the demand
for land for speculative and investment purposes.

All of these factors affect the value of land. In this model,
treating the price of land as exogenous is essentially just assuming that
the supply of land to sorghum growing is infinitely elastic over the
relevant range (other things equal). Thus, an increase in the demand for
land for sorghum (such as would presumably occur due to an exogenous in-
crease in sorghum yields, other things equal) would not by itself bring
about an increase in price. To the degree that this assumption is not
correct, there probably is some "simultaneous equations" bias in the least
squares regression estimates,

Although it was not possible to obtain an estimate of the extent
of such bias, it was possible to obtain an indication of the effect of
including the value of land variable on conclusions reached concerning the
model and the other variables in the model., Although a detailed discussion
of this point is left to Chapter V, it may be mentioned here that includ-
ing the value of land variable apparently did not seriously affect any of
the major conclusions reached concerning the model and the other variables.

It is expected that if the relative value of land increases, yield

will increase. It is also expected that the influence will be significant.l/

Man-hours of Labor Per Acre

A priori, increasing the amount of labor would increase the timeli-

ness and thoroughness of the production operation and thus increase yields.

1/ Unless otherwise stated, "significant" means the estimated coefficient
is significantly different from zero at the 0.10 level.
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Decreasing labor would be expected, a priori to decrease yield. However,
it is expected that the changing amounts of labor did not significantly
affect yields. It is believed that the change in yield as a result of an
increase in timeliness and thoroughness of the production operation is

very small.

Acres Cultivated Summer Fallow

It has been established that in dry areas of the country, if grain
is planted in fields fallowed the previous year, yields are up to 50 per-
cent greater than yields on similar fields cropped the previous year (24,
130, 174). It is assumed that if acres fallowed increased, the proportion
of sorghum grown on fallowed land would also increase., It is expected

that increased acreage of sorghum on fallow would increase yields.

Ratio: Acres Fallowed to Acres of Cropland Harvested

This variable was constructed to remove the confounding influence
of county size included in the acres fallowed variable. Both variables
are not included in the same question.

Pounds of Commercial Plant Nutrients Applied Per Acre
of Grain Sorghum

For most of the grain sorghum producing region, moisture is the
limiting factor of production. It has been shown that when this is the
case the application of fertilizer will have very little effect on per
acre yields. However, when a crop is irrigated, the yield response to
fertilizer is very great. Since fertilizer is generally used in large
quantities only when the crop is irrigated, the expected effect of in-

creased fertilizer use is a large increase in per acre yields.






33
Dummy Variables
Three sets of dummy (zero-one) variables are considered. One set

is concerned with years and the others with location.

Years

This set contains five variables, one for each year included in
the study. The variable representing 1939 will be dropped to allow estima-
tion of the parameters. Nineteen thirty-nine was selected because the
coefficients for the remaining variables will indicate the amount per
acre yields have changed since the "base" period of 1939, due to factors
that have changed over time and were not otherwise considered in the
analysis.

Several such factors known a priori to have changed with time and
to have increased per acre yields are: Improved cultural practices,
introduction and increased use of chemical weed killers, and improvement
in varieties.

The last factor, improvement in varieties, is believed to have in-
creased per acre yields greatly between 1954 and 1959. This increase is
due to the advent of commercial production of hybrid grain sorghum seed
and the extremely rapid adoption of this new technology.

Because of the development and acceptance of hybrid seed between
the years 1954 and 1959, the coefficient for 1959 is expected to be sub-
stantially larger than that for any other year. Other than this, the
increase in per acre yields due to factors related to time but not

included in the study is expected to be small.

Crop Reporting Districts

Within each State, counties are grouped into crop reporting districts

which in turn generally reflect the different type-of-farming areas. It is






34

believed that the resulting districts are relatively homogeneous with
respect to climate, soil type, topography, and so forth. Counties in-
cluded in the study were located in 28 crop reporting districts. The
number of counties included in a district ranged from one to thirteen.

A set of 28 dummy variables is used to represent these districts.
It is believed that the use of this set of variables will lead to meaning-
ful estimates of consistent differences in productivity between districts.
These differences in productivity are assumed to be related to difference
in physical factors of production associated with location. Some such

factors are: Soil type, topography, elevation, and climate.

Growing Seasons

The counties included in this study are located in widely differ-
ing climatic regions. The seven growing seasons established for purposes
of collecting relevant weather data reflect these climatic differences.

A set of seven dummy variables is used to represent the different climatic
regions. When this set is included in the analysis, it is expected that
the coefficients obtained will give meaningful estimates of the consistent

differences in yields due to climate.

Weather Variables
It has been recognized that weather is one of the primary factors
influencing per acre yields. It is highly desirable that some technique
be devised that can measure the effects of weather. In this study, three
techniques will be developed and compared.
While it is impossible to include all relevant weather variables
in an analysis of this kind, it is believed that the major influences of

weather can be measured by the principal weather factors, precipitation
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and temperature. The effect of the distribution and interaction of these
two factors over the relevant growing season will be taken into account.
It was determined that the "relevant growing season" was a 23-week
period beginning two weeks before the average planting date for grain
sorghum. Because of the wide geographical spread of the counties included
in the study, seven different average planting dates (growing seasons)l/

were used.

Weekly Estimates Technique

The distribution aspect of precipitation is taken into account by
constructing 24 precipitation variables. The first variable is preseason
precipitation and is the total precipitation occurring in the 203- (in
1944 the 204) day period preceding the first day of the relevant growing
season.

Each of the next 23 precipitation variables represent one of the
23 weeks in the growing season. The value of each variable is the total
precipitation in inches that occurred during a particular week. Each
coefficient obtained from the analysis will indicate how much final per
acre yields respond to a one-inch change in precipitation in that particu-
lar week.

Twenty-three variables for temperature were used, one for each
week in the growing season. The value of each variable is the sum of the
daily maximum temperatures that have occurred during a particular week.
The coefficient obtained from the analysis will indicate how the per acre
yield will respond to a one-degree change in the total maximum temperature

in a particular week.

;/ Growing seasons used are discussed in detail in Appendix A.
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Twenty-three interaction variables were calculated, one for each
of the weeks in the growing season. The value of a particular interaction
variable is the total precipitation during that week times the total
maximum temperature during the same week. The coefficients obtained will
indicate how final yield per acre will change with a one-unit change in
the interaction variable.

It is not expected that all 70 coefficients will be significant,
but it will be of interest to determine which of them are. Another rele-
vant question is whether each weather factor with distribution taken into
account is significant. To answer this, the 23 coefficients representing
the weekly variables for each weather factor will be tested to determine

if together they are significant.

Weather Polynomial Technique

One of the principal advantages of this technique over the pre-
vious method is that it uses fewer degrees of freedom. In many studies,
particularly those using only time series data, the number of observations
may not be large enough to allow the previous method. For these cases
the weather polynomial is suggested as an appropriate method to determine
the influence of weather on yields. It is of interest to determine how
well the polynomial method compares to the method of estimating coefficients
for each week for each weather factor.

The preseason precipitation variable is used in this technique in
the same way that it was used in the previous technique.

The 23 weekly totals of precipitation for the growing season are

transformed in the following manner.



37

What is desired is a model that relates yield per acre to the
amount and distribution of precipitation. Such a model can be written:

— H

Y, =8+ = f(h)rth +uy (1)

h=1

where’i; is yield adjusted for the effects of nonweather variables; h
designates the particular seven-day weather observation period,
h=1,.e0yH; t designates the year, t = 1,...,T; Tih is precipitation in

period h in year t; u; is a distrubance term; f(h) is assumed to be a

polynomial in h (time), say,

£(h) = a_ + ajh + ah? + ..o+ a,bP (2)
The value of f(h), h = 1,...,H gives the effect on final per acre yield
of a one-inch increase in precipitation in period h (if Tih is measured

in inches). This may be rewritten as:

Ty = Bo + £(L)rgg + £y + eee + T(B)ryy +uy (3)

and substituting in the values for f(h) from 2

Yt = Bo tariy tagry tasry +oeee aprtl

2 P
+ aort2 + a12rt2 + a22 rt2 + eee + ap2 rt2

+ LN ]

p
pH TiH

+uy (4)

2
+ aortH + alHrtH + a2H T+H + .ee t &

Rearranging and collecting terms leads to:

~
Yt = Bo + aemo(r,c‘1 + T, + Tig + eee + rtH)

-+

al(rtl + 2rt2 + 3rt3 + eee t+ HrtH)
2 2 2
a (rtl + 2Ty, +3°Ty3 + eee +H rtH)

4000 0o 00 4

ap(rtl + 2prt2 + 3prt3 + eee + Hprth)
(5)

+

Uy
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Rewriting the terms in parentheses and redefining them as follows:

H
Xo = Z Ty = total season precipitation
h=1
H
X, = 2 hr
?1 h=1 th
. H ,
%ep = 2 M Ten (6)
and obtain:
Yt = Bo + aoxto + alxtl + oo + apti +u,
t:.l,...,T

The values of the variables Xij are first computed from the weekly
weather data (ryy) in accordance with definitions (6). These calculated
variables are inserted in the regression equation (generally along with
other explanatory variables; here the effect of those other variables has
been removed to obtainff) and the coefficients a5 (i.e., the coefficients
of the polynomial f(h)) estimated by least squares.

In this study h = 1,2,.4.423; t = 1,2,3,4,5; and p = 0,1,25¢00,57s
In other words, all possible polynomials up to degree seven will be con-
sidered and compared to determine which degree of polynomial is "best."

It is apparent that the above derivation can be recalculated with
miy = total maximum temperatures or iy = interaction = rypmyy in place
of ryp and similar results will be obtained. In this study three weather
polynomials (precipitation, temperature, and interaction) will be
included in the analysis with the technology and dummy variables. The
"appropriate" degree of polynomial for each factor will be determined by

trial regressions.
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Seasonal Total Technique
This technique is included to establish a benchmark with which to

compare the other two techniques. Unless the other two techniques do
much better, it may be wise for researchers to continue to use this easier
technique.

Preseason precipitation is handled in this technique in the same
manner as in the other techniques. The weekly data is combined, however,
to form a single variable representing the season total for each weather
factor. It should be noted that the above variables are identical with
the variables representing the zero degree term in each of the weather
polynomials.

It is expected that the other two techniques will do significantly
better than this one. However, it is expected that the coefficients for

these four variables will be significant.

Conclusion
Many regressions will be considered but it is expected that the
"best" results will be obtained with a regression containing all of the
technology variables, the weekly weather variables, and the dummy variables
representing time and crop reporting districts. "Best" in the sense that

it has a high R? and that coefficients are meaningful.
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CHAPTER III
PROCEDURE

This chapter is divided into three major sections. The first
section contains a discussion of the procedure used to determine (1) the
unit of observation; (2) the selections of counties (observations); and
(3) the data. The second section contains & discussion of the procedure
used to select equations to be estimated. The third section contains a

discussion of how the results are presented in the analysis chapters.

The Unit of Observation, the Observations and the Data

The Unit of Observation

It is desirable to have the geographical unit small to obtain as
much homogeneity with respect to weather, topography, soil, climate, and
production techniques as possible. It is necessary that the unit be one
for which there are detailed and reasonably complete data. Such a unit,
and the one used in this study, is a county. Use of the county as the
basic unit of observation necessarily limits this study to agricultural
census years as they are the only years for which there are reasonably
complete and detailed data for counties.

A combination of time series and cross section data are used in
this study. The basic unit of observation being a county in a census
year. The census years of 1959, 1954, 1949, 1944, and 1939 are included.

Grain sorghum was a separate entry in agricultural censuses in 1929 and

40
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1934, but many of the other variables in the model were not, and so these

years were not included.

The Observations

It was not feasible to include all counties that had produced
grain sorghum in these years. Since counties that had a "large" acreage
contributed most to average yield, and one of the main objectives is to
explain the change in average yield, it was decided that all counties
that had a "large" acreage should be included. It was decided that the
same counties would be included for all years.l/ Thus, it was important
to select counties that had produced enough grain sorghum in each of the
years included in the study to provide meaningful data. All counties
which had 30,000 or more harvested acres of grain sorghum in 1959 and
1,000 or more in 1954, 1949, 1944, and 1939 were included. A total of
129 counties from 6 States met this criterion.

The acres and production of grain sorghum in these 129 counties
and for the United States for years included in this study are given in
Table 3-1. These counties contained over 50 percent of U. S. acres and
produced over 50 percent of U. S. production of grain sorghum for all
years considered. The average yield for these counties does not differ
greatly from the U. S. average as shown in Table 3-2. The difference
in 1959 suggests that the effect of hybrid sorghum on yields was greater
outside the counties included in the analysis. This may also explain
why the proportion grown in the 129 counties was less in 1959 than in
1954.

l/ This symmetry is not a necessary condition for combined time series-
cross section analysis.
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Table 3-2.--Average yield of grain sorghum

Yield for 129 counties ° U, S.

Year f in studyﬂ/ : yielle' f Difference
f Pounds Bushels Bushels Bushels
1959"-‘--: 1’ 93107 340 5 37.6 "3.1
195f————z 1,147.1 20.5 20,1 A
19/9=mm=: 1,291.7 23.1 22.5 .6
1944-—-: 1,11906 20.0 1907 03
1939-_--‘ 636.1 1104 llo 2 . 2

a/ Census of Agriculture.
p/ Agricultural Statistics, U. S. Department of Agriculture,

The Data
A detailed discussion of data sources, data transformations, and
procedures for estimating missing data is presented in Appendix A. The
data used in this study on man-controlled inputs and yields are presented

in Appendix A.

Man-controlled Inputs and Yields

The data on output and man-controlled inputs listed below were
obtained entirely from the U. S. Agricultural Censuses of 1959, 1954,
1949, 1944, and 1939:

(1) Pounds of grain sorghum harvested

(2) Acres of grain sorghum harvested

(3) Acres of cropland harvested

(4) Number of tractors

(5) Number of farms harvesting grain sorghum

(6) Acres of grain sorghum irrigated (except 1944; see Appendix A

for discussion of procedure used to estimate 1944 values)
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(7) Dollars spend on gas and oil (current dollars) except 1944

(see Appendix A)
(8) Value of land and buildings per acre (current dollars)
(9) Acres cultivated summer fallow, except 1939 and 1944 (see
Appendix A)

The data on dollars spent on gas and oil were deflated by the Index
of Average Prices Paid by Farmers for Motor Suppliesl/ to obtain dollars
spent on gas and oil in constant dollars.

The values for "value of land and buildings" were adjusted to con-
tain only the values of land. Estimates of the proportion of value of
land and buildings that was land for States were obtained from U. S. Depart-
ment of Agriculture worksheets.g/ The value of land and buildings per acre
by counties was adjusted by the appropriate State value to give value of
land per acre. The resulting value of land was then deflated by the
Consumer Price Index.z/

The data on man-hours of labor used per acre of grain sorghum were
obtained from USDA.A/ Data were available only for farm production regions.
The value for the region was used for each county in the region.

Data on pounds of plant nutrients applied per acre of grain sorghum

were not available on a county basis. Values used were derived from more

1/ Obtained from USDA Statistical Bulletin No. 319, 1962. Values used
are presented in Table A-6, Appendix A.

2/ Obtained from William H. Scofield, Agricultural Economist, Farm Pro-
duction Economics Division, Economic Research Service, USDA. The values
used are presented in Table A-10, Appendix A.

3/ Obtained from Business Statistics, 1961 Biennial Edition of the U. S.
Department of Labor. Values used from this series are presented in
Table A-10, Appendix A.

4/ Obtained from personal correspondence with Reuben W. Hecht, Agricul-
tural Economist, Farm Production Economics Division, Economic Research
Service, USDA. Data used are presented in Table A-11l, Appendix A.
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aggregate data. Data by State parts of U. S. agricultural subregions
were used for the 1959 estimates.l/ The 195/ estimates were derived from
data for States.g/ The 1949 values were estimated from data for 1950 by
farm production regions.Z/ The value of this variable was estimated to

equal zero for all counties in 1939 and 1944.

Dummy Variables

The value for these variables is always either zero or one. A
variable is set up to represent a particular class; if an observation
belongs to the class, it is assigned a value of one, otherwise a zero.

A set of four dummy variables to represent years was included.

They represent the years 1959, 1954, 1949, and 1944.

Counties from 28 crop reporting districts were included in the
study.é/ A set of 27 dummy variables was used to represent all but one
of these districts.

A set of six dummy variables was used to represent six of the seven
growing seasons (average planting dates).é/ A growing season is a 23-week
period beginning two weeks before the average planting date. The average
planting date is primarily a function of location. Thus, this set of

variables and the set for crop reporting districts is expected to estimate

1/ Data used for 1959 are presented in Table A-14, Appendix A.
2/ Data used for 195/ are presented in Table A-15, Appendix A.
3/ Data used for 1949 are presented in Table A-16, Appendix A.

4/ A detailed list of the counties and the crop reporting districts in
which they are located is presented in Tables A-17 and A-18, Appendix A.

2/ A detailed discussion of the growing seasons (average planting dates)
and how they were determined is presented in Appendix A. The growing
seasons used are listed in Table A-19 and the growing season appropriate
for each county is listed in Table A-17, Appendix A.
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the effects of location on yields. Both sets cannot be included in the
same equation because they are linearly dependent; i.e., would create a

singular matrix.

Weather Variables
All the weather data were obtained from Climatological Data, by

States, by months, U, S. Weather Bureau, U. S. Department of Commerce.

Preseason Precipitation

Preseason precipitation was the total precipitation in inches that
had occurred from the end of the growing season the previous year to the
beginning of the growing season in the current year.

The data were those reported by the Weather Bureau for the weather
stations selected.l/ The weather stations were selected according to the
following criteria: (1) If there were four or more weather stations in a
county reporting precipitation, then three were selected; (2) if there was
at least one but less than four, all were selected; and (3) if there were

none, up to three nearby stations were selected.

Seasonal Precipitation
The average precipitation in inches was obtained for each week of
the growing season. The selection of weather stations was the same as for

preseason precipitation.

Seasonal Temperature
The total (sum of seven days) maximum temperature in degrees Fahren-
heit was obtained for each week in the growing season. The stations used

were selected according to the following criteria:

l/ A list of the weather stations used is presented in Table A-20, Appendix
A. The procedure used to estimate missing data is discussed in Appendix A.
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(1) If there was at least one reporting maximum temperatures in
a county, one was selected; and
(2) if there were no weather stations in the county reporting
maximum temperatures, then the nearest weather station that

did report was selected.

Change in Data

The dependent variable, yield per acre, was obtained in the computer
prior to estimating the equations. Acres harvested and production in
pounds were the raw data supplied to the computer. Because the dependent
variable was generated in the machine, it was not until a list of residuals,
per acre yields, and estimated per acre yields were examined that two
errors in the raw data for production were discovered. For observation
482, yield per acre was calculated as 93.7 instead of the correct 941.3
and for observation 519 a value of 5275.5 was calculated instead of the
correct 549.77.

The data were corrected and equations 2 and 244 were re-estimated
as equations 293 and 283, respectively. As expected, the change in ﬁz was
large, from .77 (equation 244) to .85 (equation 283). The changes in the
value of the coefficients were not large and it was decided that conclusions
based on the equations using the incorrect data (equations 1-284) would
be reasonably valid.

Twenty-seven equations were estimated using the corrected data.

Most of the conclusions in the analysis chapters will be based on these

27 equations.

Procedure Used to Select Equations
_Submodels to Estimate
The procedure used depended upon the particular objective being con-

sidered. The two major objectives are: (1) Estimate the effect of changes
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in inputs on yield of grain sorghum, and (2) estimate the effect of
alternative model specifications. With respect to the second objective
there are two minor objectives: (1) Estimate the effect of dropping
variables or sets of variables from the model, and (2) estimate the effect
of substituting variables or sets of variables with variables in the model.
These are different because in the first case the question asked.is,
"Should this variable (set of variables) be included in the model?" In
the second case, it is, "Which of the alternative variables (set of

variables) should be included in the model?"

Factors Affecting Changes in Yields

An equation to meet this major objective was specified g priori.

It was specified to include all the man-controlled inputs (MCI), years (Y),
crop reporting districts (C), preseason precipitation (P), and weekly
(during the growing season) precipitation (R;), temperature (T;), and inter-
action (Ij) variables.

The equation (equation 285, referred to as the "complete" equation)
used to meet this objective differed from the one specified a priori in
three respects. First, the man-hours of labor per acre variable (L) was
dropped from the equation. Second, for ease of interpretation, the acres
per tractor (A/T) variable was transformed to tractors per acre (T/A).
Finally, to avoid the confounding influence of size of county, the acres
fallowed variable (FO) was transformed to the ratio of acres fallowed to
acres of cropland harvested (FO/A).

Consequences of Leaving Variables
Out of the Equation
The principal reason for constructing submodels is to determine the

effects (relative to the "complete" equation) of specifying alternative
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models, The question being answered is, "How do the ﬁz's and coefficients
for variables in the submodels compare with those in the "complete" equa-
tion and/or other submodels?"
Although the information obtained from these submodels is not used
in this study to determine the "complete" equation (except to drop the
man-hours of labor variable), it is believed that it will be of value to

others constructing models.

Man-controlled Inputs

Many production functions have been constructed that contain only
man-controlled inputs as independent variables. It is of interest to
compare several equations of this type with the "complete" equation. This
comparison should provide some idea of the effect on our ability to explain
yield of excluding the weather, years, and location variables.

With this in mind, 21 submodels containing only man-controlled
input (MCI) variables were estimated. All such submodels (equations)
estimated are listed in Table 3-3 with a list of the variables each includes.

The following "shorthand" will be used to facilitate presentation
of the lists of submodels.

Y

years
C = crop reporting districts
= growing seasons (average planting dates)

value of land

[ < [}
1}

=. man-hours of labor
FO = acres fallowed

FO/A

ratio acres fallowed to acres of cropland harvested
FT = pounds of plant nutrients

A/T

acres per tractor



T/A
A/F

rij

1id

M(L)

MT

50
tractors per acre
acres of grain sorghum per farm
percent irrigated
dollars spent on gas and oil
preseason precipitation
weekly precipitation for each of the 23 weeks in the growing
season; i.€ey 1 = 1,440,223
weekly temperature, i = 1,...,23
weekly interaction, i = 1,...,23
all terms of the precipitation polynomial from ith through jth
degree; i,j = 0y1,.¢e57. A single superscript indicates the
single variable.
all terms of temperature polynomial from ith through jth degree;
i,j = 0y1lyeeey7. A single superscript indicates the single
variable,
all terms of interaction polynomial from ith through jth degree;
i,j =0,1,ee.,7. A single superscript indicates the single
variable.
total precipitation during growing season
total of maximum temperature during growing season
total interaction during growing season
represents the following set of man-controlled inputs: V, L,
FO, FT, A/T, A/F, %, and $
represents the set above except the labor variable is not
included
represents the following set of man-controlled inputs: V, Fo/4,
FT, T/A, A/F, %, and $. (All models containing this set are

estimated using the corrected data.)
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The submodels listed in Table 3-3 provide information about how

the presence or absence of a particular MCIV affects the coefficients of

the other variables, when only MCIV's are considered.

It is also of

interest to know the effect of dropping MCIV when other kinds (years,

weather, and/or location) of variables are present.

type were estimated in "sets.,'

Submodels of this

Each set had a group of variables other

than man-controlled input variables which was not changed and the MCIV

were added one at a time,

constant are presented in Table 3-4.

The sets with the list of variables held

Table 3-3.--List of submodels containing only man-controlled inputs as

independent variables&

Equa-

Variable

tion
number

<

FO

FT

A/T

DA DI bd DA PA DI

PADIPAIDIDE Pd PN

X

e laRalala T NN

sl ol allalal

Lol

[l Rl Not

bd D4 bd

o Ralala

X
X
X

B alal o R a Bl

el aRalal ol TN

b4

el el

P4 P4 b

P D4 bd P4

sl alal

alalalal

X
X

a/ An X in a column means that the variable listed at the top of the

column is

tions estimated using the not corrected data.

included in the submodel listed in left hand column.

All equa-
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Table 3-4.-- List of sets of equations omitting some
man-controlled input variables&

Other variables included Equations in set and equation numbers

P, RQ7, T07, IO e 103-109, 132-138

0 00 o0 o0 o0 o0 o0 oo [ee oo

P, RO7, 107, ¢, Yommmeme 12-18
C, Y 51-58
G 88-95
P, Ry, Ty, I3 . 252-259
P, R, Ry, Ty ; 270-279

a/ All estimated using the not corrected data.

To determine the effect on the coefficients of the MCIV of adding
or dropping sets of other variables, it is necessary to compare equa-
tions containing the same set of MCIV. Three major sets of MCIV were
M, MT, and M(L). Table 3-5 contains a list of equations containing
these sets.

Table 3-5.-- List of equations containing a complete set of MCIVE/

Se:ncofué?dl v ' Equation numbers
M : 1, 4, 18, 26, 34, 86, 87, 88, 97, 109, 171,
A $ 179, 187, 205, 222, 223, 252, 276
M(L) : 2, 6, 9, 16, 61, 98, 100, 131, 170, 244,
: 245, 248, 249, 263, 264, 277, 278
MT : See Table 3-6

a/ All equations containing the sets M or M(L) were estimated using
the not corrected data.

To determine which sets of other variables have been omitted in
these equations, it is necessary to look at the results presented in the

Appendix.



53
Three additional equations estimated using the corrected data and
containing the set M(L) were 283, 284, and 293.
The "nearly complete” equations: This set was singled out for
special attention because most of the discussion in the analysis chapters

will refer to these equations. These 21 equations are listed in Table 3-6.

Table 3-6.--The "nearly complete" equations

Form of weather variables

Set of vagi7bles

. a : : :
omitte : Weekly : ii;iﬁf : Polynomialb/
f Equation numbers

None : 285 302 294
MCIV : 286 307 295
C.R.D. : 288 308 296
Years : 287 309 297
Precipitation — 289 305 208
Temperature——————e=-: 291 304 300
Interaction=———ecemea: 292 303 301
Temperature and :

precipitation—————: 290 306 299

a/ Relative to the "complete" equation (285), the "complete season total"
I
equation (302), and the "complete polynomial" equation (294).

b/ A polynomial of seventh degree.

They are called the "nearly complete" equations because they omitted
only one set (except for the two sets, precipitation and temperature) of
variables. This entire set will be referred to as the "nearly complete"
equations throughout the analysis chapter.

Three other equations are given "titles" to make presentation of
the results more understandable. Equation 285, which contained all sets
of variables and the weekly weather variables is referred to as the
"complete" equation. Since equations 302 and 294 differ only by

the form of the weather variables, they will be referred to,






54
respectively, as the "complete season total" equation and the "complete

polynomial® equation.

Year Variables

The constants estimated for a year (say 1959) gives the consistent
difference in yield (cross sectionally) between the year in question
(1959) and the year omitted (1939), after the effect of all other variables
in the model have been taken into account. It is of interest to see how
these change as variables or sets of variables are dropped from the model.
The effect of dropping individual MCIV or subsets of MCIV can be obtained
by comparing the equations listed in Table 3-4 that also contain the set
of year variables, Some equations that can be used to determine the
effect of dropping sets of variables are listed in Table 3-6. Others
estimated using the not corrected data are: 1, 2, 7, 11, 16, 18, 26,
33, 34, 35, 36, 43, 51, 59, 97, 99, 100, 101, 102, 244, 245, 246, 247,
261, 264, 269, 276, and 278.

Crop Reporting Districts
The constants estimated for a particular crop reporting district

gives the consistent difference in yield (over time) between the district
in question and the district omitted, after the effects of all other
variables in the model (equation) have been taken into account. It is

of interest to see how these constants change as variables or sets of
variables are dropped. Some of the equations listed in Table 3-4 can be
used to determine the effect of dropping a MCIV or a subset of MCIV.
Equations, in addition to those listed in Table 3-6, that can be used to
determine the effect of dropping entire sets of variables are: 1, 2, 4,

6-11, 16, 18, 26, 33-36, 43, 51, 59, 60, and 244-251. All of these
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equations contain the set of crop reporting district variables. To deter-
mine which other complete sets were omitted, it is necessary to look at

the results presented in the Appendix.

Gro Seasons

The constants estimated for growing seasons (average planting dates)
have a meaning similar to that of the constants for crop reporting
districts. Some of the equations listed in Table 3-4 can be used to
determine the effect of dropping a MCIV or a subset of MCIV on the
coefficients for growing seasons. Equations that can be used for this
purpose with respect to dropping entire sets of variables are: 61, 85,

87, 88, and 96.

Preseason Precipitation
This variable is included in almost all equations estimated. How

the coefficients change as a MCIV or subset of MCIV are dropped from the
model can be determined by comparing equations listed in Table 3-4. The
effect of dropping entire sets of variables can be determined by compar-
ing equations listed in Tables 3-6, 3-7, and equations: 1, 11, 34, 35,

86, 87, 97, 130, 141, 161, 168, 203, 204, 221, 222, 261, 262, 266, and 267,

Polynomial Weather Variables

Polynomials of degrees zero through seven are considered for each
of the weather factors--precipitation, temperature, and interaction.
This was done because there was no a priori way to determine what the
"correct" degree of polynomial should be. Equations estimated, including

the various degrees of polynomials, are listed in Table 3-7.
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Table 3-7.-- List of submodels containing weather polynomials
of varying degreesa

Equati : Variable

quation :

mmber iyt gy P p P ROT P qO7 i 107
213-220-—: X Y

212-205——-: X X Y

36-43-———- : X X X Y

33-26——=-: X X X X Y

178-171-=-: X Y X
202-195---: X X Y
194-187---: X X X Y

44=50, 11-: X X X X Y
25-18mmmmm: X X X X X Y
186-179-—: X Y
168-161—mm: X X X Y

a/ An X in a column means that the variable or set of variables listed
at the top of the column are included in the set of equations listed in
the left hand column. A Y in a column means for the weather factor
listed at the top of the column, polynomials of degree zero through seven
are included respectively in the eight equations listed in the left hand
column,

Since it is not necessarily true that the "best" degree of poly-
nomial for one weather factor is also the "best" for another, equations
were estimated where the degree of polynomial for the different weather
factors differed. Three "sets" of 24 equations were estimated. In each
set, the sequence of adding weather polynomials was the same, The
weather polynomial variables were added singularly in the following
sequence: RO, TO, IO, Rl, Tl, Il, Rz,...R7, T7, 17.

In the first set estimated, the only other variable included was
preseason precipitation. The equations estimated, following the sequence
listed above, were: 213, 204, 141-160, 162, and 161. In the second set
(equations 85-63), growing seasons and (M) were included. The third set

(equations 212, 203, and 130-109) included (M) and preseason precipitation.
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Additional equations estimated containing seventh degree poly-
nomials are: 1, 2, 4, 6-10, 16, 61, 79, 86, 87, 97-101, 131, and 170.
A1 equations containing only the season total variable (zero degree

polynomials) are included in the lists above.

Weekly Weather Variables

Each of the weather factors (precipitation, temperature, and
precipitation multiplied by temperature) was represented by a set of 23
weekly variables, Only complete sets were considered. Some equations
containing these sets are presented in Table 3-6 and others are: 244-252,

261-267, 269, and 276-282.

Location Variables

Two sets of dummy variables for location (crop reporting districts
and average planting date) were considered. Both sets could not be in-
cluded in any one equation because they form a linearly dependent set,
i.e., cause the matrix to be singular. The crop reporting districts
represent different kinds of farming situations. The growing seasons
represent different climatic situations. The question asked was, "Which
set will do the "best" job of explaining cross sectional differences in
yields?" Equations estimated to answer this question were: 61 and 6
(with M(L), P, RO7, TO7, and 107 included); 87 and 18 (with M, Y, P, RO7,

and TO7 included); and 96 and 60 (with no other variables).

Procedure Used to Present Results
Because of the multiple objective and because of the large amount

of information obtained from the 309 equations estimated, it was necessary

to be selective in presenting and discussing the results.l/ The order of

1/ A1l coefficients estimated for all 309 equations with an indicated
level of significance are presented in the Appendix.
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presenting the results and procedure used in selecting results to present
are explained below. The results are presented in Chapters IV, V, VI,

and VII,

Chapter IV
The objective of relating the change in the level of the inputs
to yield is discussed. The "complete" equation (285) is discussed in
detail., In the last section of this chapter, the §2 for all the "nearly

complete" equations (see Table 3-6) are presented and discussed.

Chapter V

This chapter has three sections. Models (equations) composed
entirely of man-controlled input variables are discussed in the first
section. The simple correlation coefficients among the MCIV are dis-
cussed in the second section.

The third and final section contains a discussion of the effects
of dropping a set of variables from the equation on the coefficients of
the man-controlled input variables. It is not feasible to present in
the text (all results are presented in the Appendix) or discuss the
consequences of all the combinations of variables considered. Presenta-
tion in the text and discussion are limited to (1) the set of "nearly
complete" equations, and (2) equations containing unusual or interesting
results. Unusual in the sense of being greatly different from a priori
expectations. Interesting in the sense of containing information that

would be of value to other researchers when they construct models.

Chapter VI
This chapter is devoted to a discussion of the location and year
variables. The effect of substituting the growing season variables for

the crop reporting district variables is examined.






59

Also considered is the effect on the coefficients for the location
and year variables of dropping variables or sets of variables from the
equation. All combinations included in the equations are not discussed
in the text. Equations included in the text were selected on the basis
of their containing unusual or interesting results.

The effects on the coefficients for years when the man-hours of
labor are dropped from the equation are given special attention. It is
primarily on the basis of these results that the decision to drop the

man-hours of labor variable from the "nearly complete" equations was made.

Chapter VII

The weather variables are discussed in this chapter. In the first
section, the coefficients for the preseason, weekly, polynomial, and
season total variables and how they are affected by model specification
are discussed. In the second section the estimated effects of weather
in each week of the growing season as obtained from the three forms of
weather variables are compared.

It was not possible to determine the "correct" or "best" degree
of polynomial for the weather factors a priori. The third section con-
tains a discussion of why the seventh dégree polynomials were selected

to be included in the "nearly complete" equations.

Conclusion
A large number of equations were estimated. Although each equation
provides some additional information about the effects of specifying alter-
native models, it was not feasible to present and discuss all of these in

the body of the thesis., All results are presented in the Appendix.
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This chapter was intended to provide the reader with an overall
view of the study. Use of the tables and lists of equations presented
in this chapter, with the results presented in the Appendix, should

permit the reader to find equations of interest.
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CHAPTER IV
THE "COMPLETE" EQUATION

One of the major objectives of this study was to estimate how
changes in inputs affected changes in yields of grain sorghum. How well
this objective has been met by the "complete" equation will be the sub-
ject of this chapter.

The "complete" equation (equation 285) was chosen for detailed
discussion because it is most comparable to the equation stated a priori
as being of principal interest. This equation differs from the one stated
a priori in three ways. First, the man-hours of labor per acre variable
was dropped from the equation. The acres per tractor variable was trans-
formed to tractors per acre and the acres fallowed variable was transformed
to ratio of acres fallowed to acres of cropland harvested.

A significantly higher R? could have been obtained if the labor
variable was included. The reasons for dropping it are presented in
Chapter V. The two transformations did not materially affect the R® but
did make it easier to interpret the results.

The "complete" equation contained 69 weekly weather variables, a
preseason precipitation variable, variables for crop reporting districts,
dummy variables for years, and seven man-controlled input variables. The
coefficients obtained and an indication of their level of significance

are presented in Appendix B, part 37, equation 285.
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The Coefficients

Man-Controlled Input Variables
Seven man-controlled input variables were included. The coefficient

for each variable will be discussed briefly.

Percent Irrigated

The coefficient for this variable was 1,761 and was significantly
different from zero at the one-percent level.l/ This coefficient indicated
that irrigating an acre of sorghum increased the yields by 1,761 pounds
per acre. In recent years grain sorghum has sold for about $1.80 per
hundredweight. If this value is assumed, then irrigating one acre of
grain sorghum increased gross income per acre by $31.70. The cost of
irrigating varied greatly over the area covered by the analysis. Since
the range was from well below to well above the marginal return figure

shown above, no precise statement about net marginal return can be made.

Acres Per Farm

The coefficient obtained for this variable was .0332. This indi-
cates that there were positive returns to size of enterprise. That is,
if the acreage of grain sorghum per farm was increased one acre, yield
per acre increased .03 pounds. This coefficient was not significantly

different from zero.

Tractors Per Acre
The coefficient for this variable (209.9) indicates that as mechani-
zation (as measured by tractor numbers) increased, yields per acre increased.

This effect was not significant.

l/ Unless otherwise stated, significant means the estimated coefficient
is significantly different from zero at the 0.10 level. Also this coeffi-
cient underestimates the effect of irrigation as part of the effect is
included in the coefficient of the interaction (value of land) variable.
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Dollars Spent on Gas and 0il

The coefficient obtained for this variable (-15.92) indicates that
as mechanization (as measured by machinery operating expense) increased

yield decreased. This effect was not significant.

Value of Land

The coefficient obtained for this variable was 2.858 and was
significant at the .0l level., This indicates that if the value of land
increased one dollar, yield increased 2.858 pounds. Of course, the value
of land cannot directly affect yield. It was assumed here that the value
of land variable was a proxy variable for the interaction effect of man-
controlled inputs with land.

Under this assumption, the coefficient can be interpreted as
follows, If the value of land increased one dollar, the interaction
effects of man-controlled inputs were such as to increase yields 2.858

pounds per acre.

Ratio Acres Fallowed to Acres of Cropland Harvested

The coefficient for this variable (=129.15) was not significantly
different from zero., The sign was contrary to what priori knowledge
suggests. The reason the sign was negative is that where fallowing was
practiced, moisture and yields were low. This variable clearly did not

measure the influence of fallowing on yields.

Fertilizer
The coefficient for pounds of plant nutrient applied per acre was
11.29 and was significant at the one-percent level. The coefficient

indicates that the addition of one pound of plant nutrients to an acre of
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grain sorghum increased the yield 11.29 pounds.l/ The marginal value of
one pound of plant nutrient (assuming $1.80/cwt. for grain sorghum) was
20,32 cents. This compares to a cost per pound (in 1965) of $0.115 for

N, $0.23 for P, and $0.07 for K.

Years

Four dummy (O,1) variables were included to represent the years,
1944, 1949, 1954, and 1959. The coefficients obtained were assumed to
primarily measure the effect on yields of changes in man-controlled inputs
not included explicitly in the analysis, The coefficient for a particular
year measured the net effect of such changes between the year omitted (1939)
and the year in question.

The coefficients obtained were 367.6, 419.5, 346.4, and 528.2,
respectively, for the years 1944, 1949, 1954, and 1959. All were signifi-
cant at the one-percent level.

The 368-pound increase in yield between 1939 and 1944 was larger
than expected. It is possible that this was due to the change to shorter
combine varieties, the increased use of combines, and changes in other
cultural practices. It is also possible (and likely) that some of the
effects of "good" weather in 1944 were included.

The average increase in yields of 52 pounds between 1944 and 1949
is consistent with the hypothesis of a gradual increase in yields due to
improved varieties and improved cultural practices.

The 73-pound decrease in yields between 1949 and 195/ was unexpected.
It is possible that poorer varieties and poorer cultural practices were
used in 1954. However, it is more likely that some of the effects of "bad"

weather in 1954 were included.

1/ Of course this coefficient is an underestimate of the effects of
fertilizer, as part of the effect is included in the coefficient for inter-
action (value of land) variable.
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The 182-pound increase in yield between 1954 and 1959 was smaller
than expected. This is particularly true if the effects of "good"
weather in 1959 were included. It was hypothesized that the yield-
increasing effect of hybrid grain sorghum (which took place between
1954 and 1959) would be about 400 pounds. It is possible and likely
that some of the yield-increasing effects of hybrid sorghum are captured
by other variables, It is also possible that the hypothesized effect of
hybrids of about 400 pounds (as indicated by experiment station results)
was not realized on the farms.

AMlthough the coefficients for years were meaningful (could be
rationalized) they suggest that further refinement is necessary to com-

pletely separate the effects of weather from those of "technology."

Crop Reporting Districts

Coefficients were obtained for 27 or the 28 crop reporting
districts (C.R.D.). Eleven of these coefficients were significantly
different from zero. However, since no hypotheses were being tested
concerning the individual coefficients and the C.R.D. omitted was
essentially arbitrary, the number of significant coefficients has little
meaning.

The individual coefficients are examined in more detail later in
this chapter when the difference in yields between crop reporting dis-
tricts is explained.

It was hypothesized that including this set of variables would
allow a significantly greater amount of the variation in yields to be
explained. An equation (equation 288), differing from the "complete"
equation only by the omission of the set of variables for crop report-

ing districts, was estimated so that the significance of the set could

be determined.
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The R* for the complete equation (equation 285) was .8792 and for
equation 288 was .8451. These were significantly different (F = 5.60
with 27 and 536 degrees of freedom), indicating that this set of variables

was significant at the one-percent level.l/

Preseason Precipitation
The coefficient obtained (20.34) was significantly different from

zero at the one-percent level. It indicates that one additional inch of

preseason precipitation increased yields by 20 pounds.

Season Precipitation

Coefficients were obtained for the 23 weekly precipitation variables.
Statements of significance would have little meaning since no a priori
hypotheses concerning the individual coefficients were made.g/

The significance of the set was important. An equation (289) which
differed from the "complete" equation only by the omission of the set of
season precipitation variables was estimated so that the significance of
the set could be determined. An R? of .8639 was obtained. This was
significantly different from .8792 (from the "complete" equation) at the

one-percent level. The F value was 2.9 with 23 and 536 degrees of freedom.

l/ The following is from a mimeo "Procedure for Testing the Significance
of A Subset of Regression Coefficients" by R. L. Gustafson, Michigan State
Univ., Oct. 27, 1960, These formulas were derived from results presented in
Anderson and Barcroft, Statistical Theory in Research, page 72. For con-
venience, let the variable to be tested by represented by Xp+1 to Xq. Let

the remaining variables in the model be represented by Xj,...,X,. Obtain
Rg from the regression on Xl,...,Xp. Obtain R? from the regression on
X ,...,X?, Xp+l”'°’xq' Then under the null hypothesis (i.e., Bp+l:=Bp+2
= e e e = Bq = 0 and the assumption that the disturbances are normally
distributed:

R2 _ nl
= q B’D . N_q-];

1 - Rg Q-p

2/ The individual coefficients and an indication of their level of sig-
nificance are presented in Appendix B.

Fq-p, N-g-1
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Season Temperature

Coefficients were estimated for the 23 weekly temperature variables.
Individual coefficients are of little interest.l/ The significance of the
set was determined by testing whether there was a significant increase in
R2 when this set is added to an otherwise "complete" equation. The change
in R? (from equation 291 to equation 285) is .0225. This difference leads
to an F value of 4.33 with 23 and 536 degrees of freedom which was sig-

nificant at the one-percent level.

Season Interaction

The set of 23 interaction variables caused the R? to increase from
.8631 in equation 292 to .8792 in the "complete" equation. This increase
was significant (F = 3.1 with 23 and 536 degrees of freedom) at the one-
percent level.

A1l four sets of weather variables were significant at the one-

percent level.

Explaining the Change in Yield

One of the major objectives of the study was to estimate how changes
in the level of inputs and the shifts in the location of production have
affected yields.

The change in weighted average yield is due to three components as
shown below.

We have:

J
Y;¢ = C4 + ']El Xitj bj

where Yjt and Xjt3 are yield and levels of the J independent variables

1/ The individual coefficients and an indication of their level of
significance are presented in Appendix B.
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respectively, in district i in year t; bj are the estimated regression

coefficients, and C; a constant estimated for district i, For simplicity,
we omit residual terms so "yield" really means estimated "expected" yield.
It should be remembered that the four dummy variables for years are in-
cluded in the X;'s as are all the man-controlled input variables and the

J

weather variables,

Weighted average yield in year t then is:

- n
Y. = 2 P:y Y.
t 131 it +it

where Pj{ = Ajt , iF1,...,n is the proportion of total

z A
k=1 kt

acreage in district i in year t.
So:
- J

n n
Yt = Z Pit Ci + 2 2 P-

bs
i=1 j=1 i=1

t Xitj bj

The change in average yield between two years, t-1 and t, is:
- - - n
B gy =Yg = Yoy = 2 5 (P = Py 40)

J n
tE (Pit Xit5 = Py, 4-1 Xi,4-1,3) bj

n
Let K = igl Ci (Pi‘t - Pi,t-l)

¥*
Let X535 = X3,¢-1,5 + Xi,t-1,j

n
tTa _ ¥*
Mep1 =K+ 2 2 (Pyt [X5,4-1,5 + Xi,t-1,j]

- Pi, -1 Xi,¢-1,3) bj
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J n
=K + 551 & Pat = Piga) Xi,000,5 b
J n *
+ 351 13 Fit Xi,4-1,5 Bj
J n
=K + 351 2 Pae = Pipa) Xy p,5 0
J n
+ 3 3 P, (X.,. - X, .) b.
j=1 i=1 Plt ( it] Xl,t-l,J) bJ

Then, because weather, years and technology (man-controlled inputs)

are represented by the Xj's,

n
K= 151 C; (Pyy - Pi,t-l) is the effect on average yield of
shifts in the location of production, independent of the effects of time,

weather and technology.

J n
L = jfl ifl (Pi4- Pi,t—l) X3 t-1,j bj is the effect on average
yield of shifts in the location of production due to the fact that tech-
nology and weather are not the same in all districts, based on their levels
in year t-1.
Z Piy )
M= 2 P3jt (X3t3 - X5.t-1.3) bj is the effect on average
j=1 i=1 it 12t i,t-1,5/ °j
yield of changes in the level of technology and weather between years,
with the location of production as it was in year t.
* . . —
If X3,¢-1,5 = X4ty - Xitj 1s substituted in place of Xjtj = Xj ¢-1,j
*
+ Xi,t-l,j’ K remains the same, but
say. J n
L°=L%* = J‘:z_,"l ifl (Pi‘b - Pi,t—l) Xitj bj

and



sa, J n ( )
M=M¢¥= 3 2 Ps i Xsis = Xs 4+ 9 5) bs
551 471 i,t-1 ‘\4itj i,t-1,] J

Thus there are two estimates of the components of the effects of weather
and technology on yield. Of course, L + M = L¥ + M¥, so the total effect
of weather and technology is the same regardless of how the components
are estimated.
Under certain conditions, some of the above values become equal
and/or zero.
If Pijt = Pi,t-1 for all i, i.e., if there is no change in the dis-
tribution of acres, then
K=L=0L%=0 and M = M*
If Xitj = Xi,t-l,j for all i and j, i.e., if there is no change
in the level of the independent variables (of course this is not possible
if there are dummy variables for time included in the Xj's),
L=L*%¥and M=M*=0
If Xitj = thj for all i, j and k, i.e., the level of each of the
independent variables is the same (and necessarily the average, i{j) in

all districts, then:

L =1L%=0 and M can be written
J n - -
M= jii igi Pig (Kpj5 = Xgo1,5) bj
- - n J _ -
= . - o . . = . = . . = M3¥*
j—*z—l (XtJ Kb‘l’-]) °; ifl Fit jE (XtJ Xt-l,J) by =M
n n
since igl Pit = iz=1 Pi,t—l =1

Clearly, if itj = it-l,j for all j, i.e., if the average level of
each technology, weather and year variable (of course this is impossible

for the year variables) is the same in the two years, then:
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M = M¥ = 0 and the only non-zero term is K.

In the thesis a constant (C;) was not obtained for every district;
rather an overall constant term was obtained. However, adding or sub-
tracting (as is the case with an overall constant term) any constant to
all the C; would not change the results, since

n
2 (Pat = Piyga) = 0

Constants (Cj) were obtained only for districts in this study
because computer capacity was too limited to allow estimating the 129
county constants in the computer and hand computation of them would have
been too tedious. However, there is no reason why county constants could
not have been estimated.

The procedure outlined above for deriving the components of change
in average weighted yields was not developed until after the analysis was
completed. It was decided that it was not worthwhile going back and
computing L, L¥*¥, M and M¥*, Rather, the change in the unweighted yields
was explained using the unweighted average level of each of the independent
variables, That is,

J

-Y-t - Yt-l =K + ng (it;] - i‘b-l,j) bj

where the Y and ij refer to unweighted averages and K is the same as shown

above,

Explaining the Change in Yield Over Time

One of the major objectives of the study was to estimate how changes
in the level of inputs over time have affected changes in yields over time.
" The changes in yields over time that were to be explained are presented in
Table 4-1l. The changes in the level of inputs (except for seasonal weather)

are also presented.
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Table 4-1l.--Changes in yields and levels of factors between yearsé/

Change between--

Factor f Unit . - - -
: 1939-44 © 1944=49 T 1949-54 © 1954-59 } 1939-59
Average yield---;Pounds 515.0000 90,3000 =223,0000 763.4000 1145.7000
Percent irri- ;
gated ————-:Percent -.0240 .0290 .0230 .0210 0490

.
.

Acres /farm-----:Acres

Tractors/acre-——:Tractors

Fuel expense----:Dollars

Value of land-=--:Dollars

47,7000 -10.4000 48,3000 7.9000 93,5000
-.0001 .0010 .0014 .0005 .0028
-.0200 «5800 2600 .1000 «9200

6.0700 14.4200 10,5100 14.5900  45.5900

Percent fallowed:Percent

Fertilizer—=——---:Pounds

-.1234 .0608 0451 .0162 -.0013
0 1.3500 3.9100 4+3900 9.6500

Preseason pre-

cipitation===--:Inches 5.2300 -,1100 -3.6100 .6600 2.1700

60 00 00 00 00 00 00 00 05 00 00 90 00 00 00 00 00 o0 00 00 oo [ee o0 eo oo

a/ A1l values are unweighted; i.e., the distribution of acres between
counties was not taken into account. The yield was given equal weight,
regardless of acres harvested.

Given the change in the level of inputs (Table 4-1) the effect on
yield was determined by multiplying the change by the coefficient from
equation 285.1/ This was done and the results presented in Table 4-2.

The effects of changes in seasonal weather were not obtained
directly, i.e., the change in each of the 69 variables between years was
not obtained. The effect was determined as the residual amount explained.

Because of the constant terms obtained for years, the average yield
for a year exactly equaled the average predicted yield for that year: i.e.,

Y, =

:>I~<3I>

1/ This procedure does not take into account the difference in the level
of inputs between crop reporting districts, i.e., uses unweighted averages.
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Table 4-2.--Effect of changes in level of factors on changes in yieldsé/

Total weather- ——- 169.1 -59.1 =262.1 454.8 303.1
Total = average

yield difference€ ——— 515.0 90.3 =223.0 763.4  1145.7

:Coeﬁficient: Effect of change between--
: Tom :
Factor : equation : : : : :
; <1285 o 1939-44 7 1944-49 ° 1949-54 7 1954-59 © 1939-59
Man-controlled ; Pounds per acre
inputs: :
Percent irri- :
gated -—--:2/1,761.0000 -42.3 51.1 4045 36.9 86.2
Acres/farm———- : 0332 1.5 -3 1.6 .3 3.1
Tractors/écre--—; 209,.9000 0 2 o3 .1 .6
Fuel expense-—--; -15.,9200 o3 -9.2 4.1 -1.6 -14.6
Value of land-—-:  12/2.8580 17.3 .2 30,0 41.7  130.2
Percent fallowed:  -12.9100 1.5 -7 -.6 -2 0
Fertilizer-———-: /11,2900 0 15.2  4h.l  49.6  108.9
Total M.C.I.—-: e 2217 97.5  111.8  126.8  314.4
YearsE/;---------; -——— 367.6 51.9 -73.1 181.8 528.2
Weather: ;
Preseason pre- :
cipitation——--—-: 2/20.3400 106.3 -2.2  =73.4 13.4 ldo1
Season weatheré/; —— 62.8 -56,9 -188.3 441.8 259.0

a/ All values are unweighted; i.e., the distribution of acres between
counties was not taken into account.

Q/ Significantly different from zero at the .01 level.
c/ Constants.for years obtained in equation 285.

d/ Instead of obtaining the 69 season weather values for each year and
multiplying by the appropriate coefficient, this effect was obtained by sub-
tracting the effects of all other factors from 2he tgtal effect (see text).

e/ Average yield difference (fj - ik) equalj;@% - ?k) average predicted
yield difference.
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- = - - 69 - -
So: (Y4 - ¥p) = Zb; (Xjy - Xzp) + 55 B3 (g - Xgp)
Where A and B are different years, the i's refer to independent variables
other than seasonal weather, the j's refer to the weekly weather variable,

Y is average unweighted yield and ii or Xj unweighted average level of
factor. When differences are taken, the overall constant drops out. Thus

the effect of the changes in weekly weather is:
69 - - - = - —
jf by (X5 - XjB) = (Yy - ¥p) - 2 by (Xip - Xip)
The Change in Yields, 1939-1944
The decrease in percent of acres irrigated between 1939-1944
completely dominated the influence of the explicit man-controlled inputs.
The change in the level of the explicit M.C.I. 1939-1944 caused unweighted
average yield to decrease 22 pounds. However, the effect of implicit
M.C.I. (years) caused a substantial (368-pound) increase in yields. The
weather in 194 was better than in 1939, and enough better to have in-
creased unweighted average yields 170 pounds.
The explicit M.C.I. explained a -4.2 percent of the yield increase
1939-1944. Implicit M.C.I. explained 71.4 percent of the increase.
Better weather explained 32.8 percent of the increase. Most of the effect

of better weather (62.9 percent) was due to more preseason precipitation.

The Change in Yields, 1944-1949
The increased use of irrigation, fertilizer and their interaction
effect with land (value of land) caused yields to increase 107.5 pounds
per acre. The effect of all explicit M.C.I. was to increase yields 97
pounds. The change in the implicit M.C.I. also caused yields to increase.
Weather in 1949 was worse than in 1944 and caused a decrease in yields of

60 pounds.
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The change in M.C.I. explained 108 percent of the increase in yields.
Implicit M.C.I. changes explained 57.5 percent of the increase. Poorer
weather explained a decrease of 65.5 percent. Most of this decrease
(96 percent) was due to poor weather during the growing season. With
average weather the average yield would have increased 149.4 pounds in-

stead of the 90.3 pounds actually achieved.

The Change in Yields, 1949-1954

Unweighted average yield decreased 223 pounds between 1949 and 1954.
The effect of changes in the explicit M.C.I. was to increase yields 112
pounds. The effect of implicit M.C.I. was to decrease yields 73 pounds.
It is unlikely that the changes in the implicit M.C.I. would actually
decrease yields. Rather, it is expected that some of the effects of "bad"
weather were included in the years' coefficient. Poorer weather in 1954
caused yields to decrease 262 pounds.

With average weather, and implicit M.C.I. at the same level in
1954 as in 1947, the 1954 average yield would have been 122 pounds greater
than in 1947. Changes in M.C.I. "explain" a negative 50.1 percent of the
decrease in yields. Changes in implicit M.C.I. explain 32.8 percent of
the decrease, Poorer weather explained 117.3 percent of the decrease in
yields., Of this, 72 percent was caused by poorer weather during the

growing season.

The Change in Yields, 1954-1959
The change in the level of explicit M.C.I. from 1954 to 1959 caused
unweighted average yield to increase 127 pounds (16.6 percent of the total
increase). The change in the level of the implicit M.C.I. caused an in-
crease of 182 pounds (23.8 percent). Better weather in 1959 than in 1954

caused yields to increase 455 pounds (59.6 percent of the total).






76

The Change in Yields, 1939 to 1959

The unweighted average yield increased 1,145.7 pounds between 1939
and 1959. Of this increase, 27.4 percent was explained by changes in the
levels of the explicit man-controlled inputs, 46.1 percent by changes in
the level of implicit man-controlled inputsl/, and 26.5 percent by changes
in weather.

Of the increase due to changes in explicit man-controlled inputs,
almost all is due to changes in two inputs, fertilizer and irrigation and
their interaction with land (value of land). Changes in the weather during
the growing season accounted for 85.4 percent of the total weather effects.

The relative importance of the implicit M.C.I. was unexpected.
Although it was hypothesized that the effect would be large, it was not
expected to be 60 percent more important than the explicit M.C.I. This
is somewhat disturbing because it suggests that some of the most important

factors affecting yields have not been explicitly identified or quantified.

Explaining Cross-Sectional Differences in Yields
In addition to trying to explain changes in yields over time, it was

also important to try and explain yield differences between crop reporting
districts.

The differences were determined relative to some base. In this case
crop reporting district 19 was used as the base., The difference in yields
between C.R.D. 19 and another district was explained by differences in
levels of M.C.I., weather, and location (a constant which is really an un-

explained residual that was consistent over time).

;/ Of course, the effect of other unquantified factors is also included,
but it is believed that the unquantified man-controlled factors are by far
the most important.
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The average (over time and over counties within a crop reporting
district) deviations in level of man-controlled inputs of crop reporting
districts relative to C.R.D. 19 are presented in Table 4-3. The effects
of differences in the level of M.C.I. are presented in Table 4-4. The
effect of differences in weather and location are also presented in
Table 4-4. Coefficients from the "complete" equation (equation 285) were
used to calculate effects of M.C.I. and location. The effects of weather
were derived in the same manner as were weather effects between years.

Considering Table 4-3, it is apparent that the level of two of the
most important M.C.I. (percent irrigated and pounds of plant nutrient per
acre) were lower in all districts than in district 19. The level of the
value of land‘(the only other important input) was lower in some districts
and higher in others. The consequences of these lower levels of M.C.I.
are shown in the second column of Table 4-4. The lower level of these
M.C.I. in all districts relative to district 19 would explain substantially
lower yields in these districts.

Yield differences are not always great (see column one, Table 4-4)
because the effects of location (soil, climate, topography) and weather
gave yield advantage to some of these districts.

Perhaps it will be clearer if one district as an example is dis-
cussed. District 1 had an average yield of 74 pounds per acre greater
than district 19. What explains this difference? The difference in the
level of the M.C.I. would suggest that avérage yield in district 1 should
have been 445.2 pounds less than in district 19. However, this effect was
more than offset by a location which gave district 1 a 383.9-pound per acre

yield advantage, and better weather which gave a 135.3-pound yield advantage.
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Table 4-3.--Deviation in average (over time) level of man-controlled inputs
for crop reporting districts relative to level in district 19

. Factorsé/
C.R.D.] : : : : : :

: 4 ‘Tt A * AF P FO/A 0§ P T/A

f Percent Pounds Dollars Number Number Dollars Number

——t =26/ =7.14 +34.73 -132.99 -.0914 -.23 +,00291

Rumm—ms =271 -6.89 +10.37 =124.03 =.0778 -.30 +,00212
Bemmmm: =265 -6.72 -14.79 =126.19 +.0516 =27 +,00237
4---: e 274 "'8031 -25.18 -83087 +04307 -'048 -e 00009
S =278 -8.39 -12.73 =127.25 -.0187 -.40 +,00222
6---: e 279 -6- 53 +5.4—7 -14-1.25 -00961 —.22 +000346
Tem———: =.240 -8.31 -23.81 -54.86 +.4711 -.28 -.00026
Bemmmm:  =,255 -8.21 +14.82 =122.83 +.0301 -.21 +.,00277
Qee—: =.279 -6.00 -10.32 =137.39 -=.1022 -.13 +.00238
10m=—: =,222 -8.31 -20.15 44T +.4018 -.50 -.00057
1lee—-: =,270 -8.19 +21.60 -117.88 -.0158 -2 +.00176
12— =,279 -6.96 -2.64 =124.51 -.0709 +.10 +.00428
13——==: =.271 -8.63 -30.59 -19.57 +.1352 -.70 -.00075
lfm==—: =279 ~7.92 49,18 =132.48 =-.0880 -8 +,00308
15mm—=s =,278 =7.92 -6.67 =134.37 -.0830 -e22 +,00480
16---: -.276 "'8.96 -42.27 -59.62 +ol+606 e 34 e 00023
17===—: =.130 -8.98 -39.40 -38.36  +.4258 -.08 +,00073
18=———: =-,208 =7.56 -31.99 -6.63 +.0489 -.07 +,00148
19~ 0 0 0 0 0 0 0
20m===: =,219 -6.93 +6.26 -20,92 -.0584 -.30 +,00068
21-—-: e 276 -8 . 18 -26 . 06 "760 58 e 0820 e 4-3 e 00179
22==—=3 =277 -8.18 -10.62 =94.50 =,0752 -.33 +,00280
23mmmms =267 -7.38 -34.87 +81.73 -.0681 +.13 +.00312
2jmmmms  =,278 -7.03 +7.25 =133.67 -.0767 -.17 +.00544
25=——: =273 =724 +3.55 =122.04 -.0632 +.56 +.00768
bmemms =277 -7.38 +34.17 -15.48 -.0784 +.36 +,00321
2] mmmm: =276 -7.38 =20.27 =73.28 =,0861 +.17 +,00415
28mmm=:  =,120 -7.63 +82.41 -61.52 =.0773 +1.68 +,00704

g/ % means percent of grain sorghum acreage irrigated; Ft means pounds of
fertilizer applied per acre; V means value of land per acre; A/F means acres
of sorghum per farm; FO/A means ratio acres fallowed to acres of cropland
harvested; $ means dollars spent on gas and oil per acre; and T/A means
number of tractors per acre,
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Table 4-4.--Yields of crop reporting districts relative to crop reporting
district 19 and factors explaining the differences

C.RLD : Yield : Factors
B : difference : M.C.I. : Location : Weather
f Pounds per acre

i [ 74 =445.2 383.9 135.3
Remmmme s =126 -523.3 239.5 157.8
e =421 -500.3 -1.1 80.4
fmm———my -680 -505.0 ~47e3 =-127.7
P =585 =545.0 -28.,0 -12,0
P 301 —548.6 182.8 64.8
7----: -552 -451.8 -702 -9300
L ] =336 =530,2 72.9 121.3
10— : -62/4 ~422.8 -88.7 =112.5
1] e : 685 -502.9 —231.9 49.8
12—-—": -576 -56603 "11804 108.7
13cam——— =891 =478.3 =242.1 -170.6
1=t -690 =549.5 =20.3 -120.2
15=cm——=; -849 ~558.8 =345.3 55.1
16mmm—mi  =1,062 -468.9 -451.2 “141.9
17-----: -935 -223 ol -38906 -32203
18-—mm—-:  -1,008 -359.6 -108.6 -539.8
19— 0 0 0 0
20-‘-—--3 -673 -Mloo -286.6 5406
v I . -959 -498.2 -262.6 -198.2
2R s =885 =546.1 =227 2 -111.7
i T — ~728 =451.7 -7.8 -268.5
DY A -460 -547.8 -13.1 100.9
b =543 -562.9 -282.3 302.2
26mmmmmmt 98 ~478.0 115.7 460.3

28—ceeems =252 -88.2 AV 250.6
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It is not possible to make any general statement about the relative
importance of M.C.I., location, or weather in explaining yield differences
between districts. The relative importance depends to a large extend upon
which districts are being compared.

Any two districts can be compared simply by taking the difference
between the numbers presented in Table 4-4. For example, to compare
district 18 with district 28: Average yield in district 18 was 756 pounds
lower than in district 28. The difference in the level of M.C.I. would
have explained yields being 271.4 pounds lower in district 18. However,
locational factors caused yields in district 18 to be 305.8 pounds higher,
Poorer weather in district 18 would have explained yields being 790.4
pounds lower. The net effect was to have yield 756 pounds lower in

district 18.

Effect of Shift in Acres on Average Yields

The estimate of the effects of shifting the location of production
is not entirely consistent with estimates of the effects of man-controlled
inputs and weather. The estimate would be consistent if the effect of the
man-controlled inputs and weather had been estimated taking into account
the distribution of acres among the districts. The effect of shifts in
location of production (the K terms discussed earlier in this chapter) on
average yield was estimated by using the constants for crop reporting
districts from the "complete" equation (equation 285). Since the constants
were location effects, independent of weather and technology, the estimate
of the effect of changes in the location of production using these constants
is also independent of the effects of weather and technology.

The effect of shifting acreages between any two years was computed by

taking the change in the proportion acreage in a district is of the total

multiplied by the constant for that district and summed over all districts.
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28
That is, Kyp = 2 Ci(AiA - AiB) where K,p is the change in yield due to shift
i —— —

Ay A

in location of production between years A and B; C; is the constant from

i
equation 285 for crop reporting district i, AiA and Asp are the acreages in
crop reporting district i in years A and B respectively, and A, and Ap are

the total acreages in years A and B, respectively.

The effects for selected years are presented in Table 4-5.

Table 4-5.--Effect of shifts in location of production between selected years

Years Effect

Pounds per acre

1939-1944 : 8.1
1944-1949 : 17.1
1949-1954 : 18.3
1954-1959 : 6.8
1939-1959 : 50.3

The effect between any two consecutive periods was small. The effect
over the entire period was less than one bushel, This was less than 2.8
percent of the 1959 average yield. The effects have been positive over
time, indicating that production has been shifting slowly toward higher

yielding areas.

Independence of Residuals

If the residuals from an equation are to be examined, it seemed
reasonable to use the residuals from the "complete" equation. That is why
this section is included in this chapter. The residuals examined are from

equation 285.
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In a combined time series and cross section analysis there is the
possibility of dependence of disturbances in two dimensions--cross
sectional and over time.

The observations on the same county are separated by five years.
Thus, the assumption that disturbances for a single county over time are
independent seems warranted. This conclusion can be extended to the set
of all counties. In addition, any consistent variation among all counties
would be removed by the constants (coefficients for the dummy year variables)
for years. Thus, it is concluded that there was no serious problem with
auto-correlated disturbances in the time dimension.

Cross sectionally, the counties included in the study were not
selected at random and the disturbances, particularly in adjacent counties,
might not have been independent. Of course, nothing can be done in terms
of the disturbances, but the residuals are examined.

If the disturbances in adjacent counties were not independent then
one might expect to observe some relationship among their residuals. It
is hypothesized that the residuals of two counties adjacent east to west
(have a common north-south boundary) are correlated. In the test that
follows, counties A and B are considered adjacent west to east if a person
could move from county A straight east and immediately enter county B.

The residual from county A (on the west) was considered a value of
X and the residual from county B (on the east) a value of Y. There are
110 such pairs of values. The simple correlation coefficient of X with Y
was obtained for each of the five years. The correlation coefficients
obtained were: For 1959, r? = ,005; for 1954, r2 = .071; for 1949,

2 = ,023; for 1944, r? = .026; and for 1939, r = ,040. It seems reasonable
to conclude that there is very little relationship between residuals in

adjacent (east to west) counties.
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The above procedure is arbitrary. We could, instead of or in addi-
tion to the above, have considered north-south adjacent counties. Other,
more elaborate criteria (such as the common boundary must have a specified
minimum length, etc.) could have been chosen in selecting pairs. With a
complex situation such as we have here, it may be as appropriate simply
to "look over" a map of the residuals to see if any pattern is apparent.
This was done and no pattern was observed that would call into question

the assumption that the disturbances are independent.

Comparison of Alternative Models
After the "complete" equation (equation 285) had been estimated,

it was of interest to see how its explanatory power would be affected by
omitting certain sets of variables and/or when different sets of variables
were substituted.

The sets alternately dropped were: (1) Man-controlled input
variables, (2) crop reporting district variables, (3) year variables,
(4) season precipitation variables, (5) season temperature variables,
(6) season interaction variables, and (7) season temperature and season
precipitation variables. The results of these seven omissions on ﬁz are
presented in the first column of Table 4-6.

Dropping the M.C.I.V. resulted in a decrease of .1454 in ﬁz which
was significant at the one-percent level. As measured by R? deletes,
this was by far the most important set (as expected). The second most
important (as determined by 72 deletes) was the set of precipitation and
temperature variables, This decrease of .0447 was significant at the
one-percent level,

Dropping any one of these seven sets of variables caused R? to

decrease significantly.
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Table 4-b6.--R% for equations using corrected datag/

Set of variables
omitted

Season weather represented by--

Season totals ° FPolynomial of
s+ seventh degree

Weekly weather

None .8545  (285) 7861  (802) .8213  (294)
M.C.I. «7094%% (286) .6090%% (307) <6445%% (295)
C.R.D. .8228%% (288) T462%% (308) .7855%% (296)
Years .8420%  (287) .7361%% (309) .8022%% (297)

Precipitatione—————=: ,8432%% (289) .7864  (305) .7985%% (298)
«8349%% (291) 7843  (304) .8161  (300)

<8423%% (292) .7861  (303) .8005%* (301)

Temperature—=———————=
Interaction————=—— -

Precipitation and
temperature

.8101%* (290) 7840 (306) «7954%% (299)

0@ 00 00 00 00 00 00 08 00 00 00 o0 00 00 00 00 o0 o0 [ee oo e oo

a/ The equation with no sets of variables omitted contain 7 M.C.I.V.,
set of variables for crop reporting districts, set of variables for years,
and weather variables for precipitation, temperature, and interaction.
Number in parentheses is the equation number.

* Indicates that the change in R? when this set is omitted as compared
to when no set is omitted is significantly different from zero at the 5-
percent level, Test used was discussed earlier in this chapter.

¥% Same as for ¥ except at l-percent level,

It was also of interest to see how representing the season weather
with different variables would affect the ability of the model to explain
yield variation. The effects of substituting polynomials of seventh degree
(24 variables) or season totals (3 variables) for the 69 weekly weather
variables are presented in columns 3 and 2, respectively, of Table 4-6.

The effect of substituting polynomials for the weekly variables was
to reduce §2 by .0335. This was a very small loss to gain 45 degrees of
freedom., ‘The .0687 reduction in §2 when the season totals were substituted

was also quite small, This result suggests that no major error was made
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when simple season total weather variables were used instead of very
detailed weekly or polynomial weather variables. Of course, this assumes
that the remainder of the model is well specified.
It is interesting to note that the manner in which weather was
represented affects how §2 changes when a set of variables were deleted.
For the case of M.C.I. variables, when weekly weather variables were in-

cluded the EQ

decreased .1454. When polynomial weather variables or season
total variables were included ﬁz decreased .1768 and .1771, respectively,
when M.C.I. variables were dropped. This suggests that the model was more
sensitive to specification errors (of this type) when less detailed or

less complete weather variables were included. The same pattern held for
the other sets of variables.

The order of importance of sets of variables (as judged by ﬁz
deletes) was also affected by the manner in which weather was included.
When weekly weather variables were used the set of precipitation and
temperature variables was the second most important., However, when weather
was represented by either of the other forms, the set of crop reporting
districts was the second most important. Perhaps this was because when
less complete weather variables were used the effects of consistent differ-
ences in weather between districts tended to be "captured" by the district
variables.

It is also of interest to note that when season totals were used to
represent weather, dropping the precipitation term increased §2 (see
Table 4-6). In this case the value of an additional degree of freedom
(even though 602 were already available) was greater than the value of the
increased sums of squares explained. The reason for this may have been that

the seasonal interaction variable was almost a perfect substitute for the

seasonal precipitation variable (simple correlation .992).
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Conclusion

The "complete" equation did a reasonable job of explaining variation
in yields. The coefficients, for the most part, were meaningful and
consistent with expectations.

The amount of variation explained by the model was significantly
affected by dropping sets of variables, and greatly affected by substituting
in new variables. The maximum effect of dropping variables (dropping the
M.C.I. variables) was to reduce the variation explained by 17 percent. The
maximum effect of substituting variables (substituting season totals for
weekly weather variables) and dropping the M.C.I. variables was 29 percent.

The next three chapters will consider the question, Does dropping
or substituting variables affect the coefficient (and thus the interpreta-

tion) of variables remaining in the model?






CHAPTER V
MAN-CONTROLLED INPUTS

This chapter has three sections. Models composed entirely of man-
controlled input variables (M.C.I.V.) are discussed in the first section.
The simple correlation coefficients among the M.C.I.V. are discussed in
the second section. The third and largest section contains a discussion
of the effects of dropping sets of variables from a model on the coefficients

of the M.C.I.V.

Man-Controlled Input Models

Many models containing only M.C.I.V. as independent variables have
been estimated by agricultural economists. It is of interest to see how
such models compare to the model containing weather variables, time
variables, M.C.I.V., and location variables as independent variables.

A1l the models discussed below were estimated using the not
corrected data. However, the relative §2 should still be meaningful.

The model containing the weekly weather, time, location, and M.C.I.
variables was equation 244. It had an R of .779. The value (.779) will
be compared with the ﬁz of models containing only M.C.I.V. The ﬁQ's for
selected M.C.I.V. models are presented in Table 5-1. The symbols used are
listed in Chapter III.

The highest R? obtained (.454) was, as expected, with the model
(equation 223) containing all the M.C.I.V. This, however, does not compare
favorably with the .779 from equation 244. Mis-specification by not in-
cluding weather, location, and time variables had a rather severe effect on
=2

R™.
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Table 5-1.-—§2's for models containing only
as independent variable

88

2i7-controlled input variables
a

Equation | Man-controlled input f Man-controlled input f =2
number variables included . variables excluded : R
230e=—eee=: VL L,FO,FT,A/T,%,$,A/F .278
229==meme=: VL,A/F L,FO,FT,A/T,%,$ .299
228———eeee: VL,A/F,FT L,F0,A/T,%,$ .01
227 =mmeme=: VL,A/F,FT,% L,F0,A/T,$ <440
226 e : VL,A/F,FT,%,A/T L,F0,$ <440
225e—eeee—: VL,A/F,FT,%,A/T,$ L,FO WAL
22/fjmmmee—=: VL,A/F,FT,%,A/T,$,L FO 453
ol Jg T—— : VL,A/F,FT,%,A/T,$,L,FO 454
237==—=m—: FO VL,L,FT,A/T,%,$,A/F 004
236=——==—=: FO,L VL,FT,A/T,%,$,A/F .163
235===m——: FO0,L,$ VL,FT,A/T,%,A/F .189
23=—====: FO,L,$,A/T VL,FT,%,A/F .189
233==—e===: FO0,L,$,A/T,% VL,FT,A/F .356
232=—=====: FO0,L,$,A/T,%,FT VL,A/F .392
231==—====: FO0,L,$,A/T,%,FT,A/F VL 396
238—meee—=: A/F VL,L,FT,A/T,%,$,FO .015
plg [ MR— : A/F,FT vL,L,A/T,%,$,FO .258
2/,0meeeeee: A/F,FT,% VL,L,A/T,$,FO $342
2{]=—====: A/F,FT,%,A/T vL,L,$,FO <346
P S : A/F,FT,%,A/T,$ VL,L,FO «346
2,3=====—=: A/F,FT,%,A/T,$,L VL,FO 384

a/ Estimated using the not corrected data.

Considering the models in Table 5-1, there are only three variables
that greatly affected ﬁQ when they were dropped. They are percent irrigated,
fertilizer, and value of land. Not by chance, these were the same M.C.I.V.

that had significant coefficients in the "complete" equation (equation 285).

Simple Correlations

The effects of dropping a variable or set of variables from an equa-
tion on §2 and on the coefficients of variables remaining in the model are
influenced by the degree of intercorrelation among the variables. Because

of this and because the intercorrelations among the M.C.I.V. are of interest

in and of themselves, they are discussed here.
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The simple correlation between the M.C.I.V. are presented in

Table 5-2.

Percent Irrigated

The correlation of percent irrigated with yield was very high.
This is not surprising as moisture is a principal factor limiting yields
in the Great Plains.

The positive correlation with acres per farm was not expected.l/
It was expected that large acreages of sorghum were found on farms with
extensive operations. Irrigation is a form of intensive farming.

There was very little correlation between number of tractors (T/A
or A/T) and extent of irrigation.

As larger irrigation operations require more fuel, it is not sur-
prising that there was a positive correlation between the two. However,
the extent (.353) of the correlation is surprising.

The high correlation of value of land with percent irrigated is
consistent with expectations. The negative correlation with labor is
contrary to expectation. Irrigation certainly requires more labor per
acre than non-irrigation. This result was probably due to the poor labor
data used. This point is discussed in more detail later in this chapter.

There is very little relationship between fallow and irrigation,
contrary to expectations. This may be due to counteracting forces. Irriga-
tion and fallowing are probable positively correlated to the extent that
where moisture is limiting both irrigation and fallowing tend to be high

and where moisture is not limiting they tend to be low. On the other

1/ "Expected" in all cases refers to the author's expectations.
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hand, they are probably negatively correlated to the extent that irrigation
is a substitute for fallowing.
As hypothesized in Chapter II, high levels of fertilizer application
were highly and positively correlated with high percent irrigated. This is

probably because the practices are complements.

Acres Per Farm

Acres of grain sorghum harvested per farm harvesting grain sorghum
was positively correlated with yield, contrary to expectations. It was
expected that large sorghum operations were in areas where extensive dry-
land operations were found. Yields in such areas tended to be low so a
negative correlation was expected. However, as also indicated by the
correlation of acres per farm with irrigation, large sorghum operations
tended to be found in the intensively farmed areas.

The correlation with tractor numbers is as expected. That is,
where the size of sorghum operations was large, the number of cropland
acres to tractor (A/T) tended to be large or conversely the number of trac-
tors per cropland acre (T/A) tended to be small. However, this indicates
extensive type of farming where sorghum operations are large, which is
contrary to conclusion reached in paragraph above.

Fuel expenses per acre tended to be high when size of sorghum opera-
tions were large. This again suggests that more intensive operations were
associated with large sorghum operations.

Value of land was not associated with size of sorghum operations.
This suggests that the value of land was not determined to any large extent
by the profitability of the sorghum enterprise.

Size of sorghum enterprise was negatively correlated with man-hours

of labor. This is consistent with the hypothesis that large sorghum
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enterprises are extensively farmed. However, because of the poor labor
data, too much reliance should not be placed on this result.

Sorghum enterprises tended to be large where number or proportion
of acres fallowed was high. Since fallowing is practiced more in drier
areas, it seems to follow that large sorghum enterprises would tend to be
located in these drier areas. Given the correlation (.207) of irrigation
with size of enterprise, it seems to follow that higher level of irrigation
was also found in the drier areas.

Rates of fertilizer application were positively correlated with
size of enterprise. This is consistent with more irrigation being done
on large sorghum enterprises and fertilizer being positively correlated

with irrigation.

Acres Per Tractor and Tractors Per Acre

Both of these variables are discussed here because they both deal
with the relationship of number of tractors to acres of cropland harvested.
Yield was positively correlated with tractors per acre. Those areas or
years that were more mechanized (as measured by tractor per acre) tended
to have higher yields. The negative correlation of yield with acres per
tractor leads to the same conclusion.

As would be expected, as the number of tractors per acre increased,
fuel expenses per acre increased. Or, the inverse relationship, when acres
per tractor increased, fuel expenses per acre went down. Where value of
land was high, the number of tractors per acre was also high. This indicates
that land was more intensively farmed where land values were high.

There was a high positive (.318) correlation between hours of labor
per acre and number of acres per tractor. This is as expected because trac-
tors are a substitute for labor. As the number of acres per tractor decreased

(increased tractor numbers) the need for labor per acre of sorghum was less.
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The positive correlation (.224) between acres fallowed and acres
per tractor and the negative correlation (-.167) of percent fallowed with
tractor per acre were consistent with each other. They were also consistent
with the idea that if the number of acres fallowed was high the need for
tractors would be less.

Where the number of tractors per acre was high (more intensive
farming) the level of fertilizer applied tended also to be high (also more

intensive farming). However, the correlation (.066) was not very high.

Dollars Spent on Gas and 0il

Dollars spent on gas and oil (fuel expense) was positively correlated
with yield. That is, use of machines was positively correlated with yields.

Fuel expense was highly and positively (.436) correlated with value
of land. This is consistent with a hypothesis that higher valued land is
farmed more intensively. The negative correlation of fuel expense with
labor is consistent with the fact that they are substitutes.

There was very little relationship between acres fallowed and fuel
expense., Fertilizer level and fuel expense were highly and positively
(+424) correlated as expected. Both practices are a priori positively

related to more intensive farming.

Value of Land
Yield was very highly correlated (.529) with value of land. This is
as expected., Higher valued land would have to support higher yields if the
higher value was justified (ignoring for the moment the effect of non-
agricultural demand for land).
Where (cross sectionally) or when (time series) the value of land was
high, the amount of labor used per acre of sorghum was low. A priori, land

which best accommodates the substitution of machines for labor would be the

most valuable.
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As expected, land which was fallowed was less valuable than land not
fallowed. The relationship was clearer when the ratio of fallow land to
cropland was considered.

In Chapter II, it was hypothesized that value of land was in part
determined by the interaction effect of fertilizer with land. If this
hypothesis is true, then it follows that land values ought to be highly
and positively correlated with fertilizer use. The simple correlation

coefficient (.334) indicates that this was the case.

Labor

The variable man-hours of labor per acre of grain sorghum was nega-
tively correlated with yield. Those areas or years where the man labor
requirements have decreased the most tended to have the highest yields.

Labor was negatively correlated with acres fallowed. In those
areas or years where fallowed acres were high, labor requirement tended
to be low.

Fertilizer was negatively correlated with labor. Those areas and
years which have done the most in terms of substituting machines for labor
have also done the most in terms of increasing the amount of plant nutrients
added.

Acres Fallowed and Ratio: Acres Fallowed
to Acres of Cropland Harvested

These two variables are discussed together because they are con-
cerned with the same factor, i.e., fallow. Fallow was negatively correlated
with yields. Those areas that practice fallowing tended to have lower yields.
Fallowing was negatively correlated with precipitation (-.34 for preseason

precipitation and acres fallowed, and -.37 for preseason precipitation and
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percent fallow). Thus, the negative correlations of fallow with yield can
be interpreted as: Where precipitation was normally low, yields tended to
be low.

There was no significant correlation between fertilizer and fallow.

Fertilizer
Fertilizer was highly and positively (.509) correlated with yield

as expected.

Effect on Coefficients

Mis-specification affects not only ﬁz, but also the regression
coefficients. But how do the M.C.I. variable coefficients (and thus their
interpretation) change as the model is changed?

Acres of Grain Sorghum Harvested Per Farm
Harvesting Grain Sorghum

The variable acres of grain sorghum per farm harvesting grain
sorghum (acres per farm) was included to estimate the effects of size of
the grain sorghum enterprise on yields. Quality of land, specialized equip-
ment, and management effort are three factors expected a priori (1) to be
related to changes in size of enterprise, and (2) to affect yields.

It was decided that this variable should be included in the "complete"
equation because on the basis of production theory, size of enterprise does
affect yield and because its presence influences (and presumably improves)
the coefficients of the other variables in the model.

This variable was included in 192 equations. Its coefficient tested
significantly different from zero at the ten-percent level or less in 13.9
percent of the equations (see Table 5-3). For the "complete" or nearly

complete equations estimated using corrected data, the coefficient was
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Table 5-3.--Basic data concerning technology variables included in the

analysis
* Number of ® Percent of coefficients significant at--g/
Variable? ®  times |, °

includedt/ fa <017 .01 <ag.05 ! .05 <aX.10 fa> .10
%-------: 180 100.0 0.0 0.0 0.0
A/Fommmmmmem : 192 5.2 2.0 6.7 86.1
A/ -------: 139 10.0 20.1 27.3 42.6
T/A—-—-—--—-; 21 0.0 0.0 0.0 100.0
 S— ;159 3.1 8.1 22.6 66.2
VL------—-: 189 100.0 0.0 0.0 0.0
L-—-—-—---: 139 78.4 16.5 0.0 5.1
Fa---------: 152 22.3 2.3 9.8 43.6
Fa/A--—--: 22 45 13.6 0.0 81.9
3 (R : 188 100.0 0.0 0.0 0.0

a/ Symbols listed in Chapter III.

b/ The number of equations in which this variable is included. All equa-
tions, all coefficients, and the level of significance of all coefficients
are presented in Appendix B.

¢/ Since the equations estimated were not selected at random, no particu-
lar significance can be given to the proportions reported.
significant only when the year variables were omitted from the equation
(see Table 5-4).

The level of significance, the sign and the magnitude of the

coefficient, was affected by model specification as shown in Table 5-4.
The significance of the coefficient when year variables were omitted suggests
a strong positive correlation with time even though the correlation with
individual year variables was low (.223, .179, -.086, -.030 for 1944, 1949,

1954, and 1959, respectively). Although it can be argued that when present
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Table 5-4.—-Coefficients§/ for acres of grain sorghum per farm variableh/

Season weather variables included

Variables ;
omitted : Weekly !  Season total ° Polynomial of
$ : ¢ _seventh degree
None : <333 -.161 -.054
C.R.Do . —0037 0250 .072
Years : J54TR .593% LTTR
Precipitation=——-—-: .168 -.153 -.187
Temperature——————-: -.027 -.079 -.010
Interactionem——ea—=: 171 -.121 -.163
Temperature and :
precipitation——-—-: -.061 -.119 -.141

a/ The coefficient indicates how many pounds per acre yield will change
with an increase of one acre of grain sorghum per farm.,

b/ Estimated using corrected data. Corresponding equation numbers are
presented in Tables 3-6 and 4-6.
the year variables "captured" the significant effect of size of enterprise,
it is more likely that when the year variables were omitted the acres per
farm variable "captured" significant effects of other factors correlated
with time.

The amount of weather detail included also affected the coefficient.
The coefficient became negative when season totals or polynomial variables
were substituted for the weekly weather variables.

Positive coefficients significant at the one-percent level were
obtained (see Table 5-4 and equations 95, 137, 138, 229, and 238 Appendix B).
Negative coefficients significant at the one-percent level were also
obtained (see equations 12, 58, and 243 Appendix B). This indicates that

any conclusion could have been reached concerning the effects of changes in
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the size of the enterprise, depending upon the model specified. There was
a tendency for the coefficient to be negative and significant when year
variables were included or when only M.C.I.V. were included. The coefficient
tended to be positive and significant when year variables were not included,
when only location variables were included (equation 95), when only the
value of land variable was included (equation 299), or when no other
variables were included (equation 238).

The significance of the coefficients in the nearly complete models
(Table 5-4) suggest (1) there were no significant effects of changes in
size of enterprise, or (2) there were significant effects but they were not
"captured" by this variable. In the latter case, this could be due to
(a) this variable was not the appropriate variable for determining this
effect, (b) the variable was measured with error, or (c) other variables
masked (captured) this effect. It is believed that the first two (a and b)
are not true. Examination and comparison of equations containing this
variable (see Appendix B) and of the simple correlation coefficients (see
Table 5-2)1/ reveals no information to suggest that the third reason
(c above) is true. Thus, it is concluded that changing the size of the

enterprise does not significantly affect per acre yields of grain sorghum.

Dollars Spent on Gas and 0il
The variable dollars spent on gas and oil was included in 159 equa-
tions. Its coefficient was significant in one-third of the equations (see
Table 5-3). For the "complete" or nearly complete equations estimated using
the corrected data, the coefficient was not significant except when tempera-
ture, interaction, and precipitation or crop reporting districts were

omitted (see Table 5-5).

;/ A table giving all the simple correlation coefficients can be obtained
from the author,
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Table 5-5.-—Coefficients§/for dollars spent on gas and oilh/

Season weather variables included

Variables :
omitted : Weekly : Season total f Polynomial
None ; -15.9 -22.1 -18.7
CR Do ~23.7° -15.9 ~25.8b
O 4.9 -15.0 -3.3
Precipitation—--: -12.4 -22.0 -20.8
Temperature---; -27.2b -23.9¢ -20.3
Interaction----—: -12,0 =21.7 -20.1
Temperature and :
precipitation—-: -22.7¢ -25,2¢ -24,..0P

a/ The coefficient indicates how many pounds per acre yield will change
for an increase of one dollar spent on gas and oil.

b/ Estimated using corrected data. Corresponding equation numbers are
presented in Tables 3-6 and 4-6.

Positive coefficients significant at the one-percent level were
obtained in two equations containing only a few M.C.I.V. and no other
variables (equations 234 and 235). The level of significance, sign, and
magnitude of the coefficient were affected by model specification.

The results suggest a relationship between the fuel expense variable
and weather and location variables. The highest simple correlation,
however, is only .26.

It is concluded that changes in mechanization (as measured by fuel
expense) did not significantly affect per acre yields. This variable is
retained in the "complete" model because production theory suggests that
increased mechanization does affect per acre yield and because its presence
influences (and presumably improves) the coefficients of the other variables

in the equation.
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Acres of Cropland Harvested Per Tractor

The acres of cropland harvested per tractor (acres per tractor)
variable was included in 139 equations. Its coefficient was significant
in 57.4 percent of the equations.

This variable was included in only three equations estimated using
the corrected data. The incorrect data affected both the magnitude and
level of significance of the coefficients. In a model containing C, Y,
M(L), P, Ry, Ty, and I;, coefficients of .241 and -.001 were obtained for
incorrect and correct data respectively. The incorrect data caused the
coefficients to be larger and caused one to be significant. Although the
coefficients estimated using incorrect data are wrong, it is reasonable to
assume that the relative magnitudes do measure the effects of omitting
sets of variables.

The sign, magnitude, and level of significance were affected by
model specification. Significant negative coefficients were obtained in
models containing only a few M.C.I.V. and no other variables (equations 241
and 242). Positive significant coefficients were obtained in many models
(equations 1, 2, 34, 85, 205, and 222, for example).

Significant coefficients were never obtained when weekly weather
variables were included. For this variable, the form of the weather variables
substahtially affected the coefficients. It can be concluded that mechaniza-
tion as measured by the acres per tractor variable did not significantly
affect per acre yields.

The inverse relationship of this variable to mechanization makes it
difficult to interpret. Because of this, the variable "number of tractors
per acre of cropland harvested" was included in most of the models estimated

using the corrected data instead of "acres of cropland harvested per tractor."
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Number of Tractors Per Acre of Cropland Harvested

The variable number of tractors per acre of cropland harvested
(tractors per acre) was included in 21 equations. The coefficient was
never significant.

The coefficient had its smallest value (210) in the "complete" equa-
tion and its largest value (3,786) in the model using the least weather
detail (season totals) and omitting the years variables (see Table 5-6).

The sign and magnitude of the coefficients were affected by model specifica-
tion.

It is concluded that mechanization as measured by this variable had

no significant effect on per acre yield.

Table 5-6,-—Coefficients§/for tractors per acred/

Season weather variables included

Variables 5
omitted : Weekly : Season total ¢ Polynomial of
: : s seventh degree
None : 210 902 -661
CoRuDymmmm e m et 1,573 1,813 -911
Yeargmmmmm—m—————; 1,947 3,786 1,333
Precipitation——-: 852 861 1,642
Temperature———-—-: -192 260 -863
Interaction————- : 731 690 1,333
Temperature and :
precipitation--: 2,251 386 1,471

8/ The coefficient indicates how many pounds per acre yield will increase
for an increase of one tractor per acre.

b/ Estimated using corrected data. Corresponding equation numbers are
Presented in Tables 3-6 and 4-6.
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Man-Hours of Labor

The variable man-hours of labor per acre of grain sorghum was con-
sidered in 139 equations. The coefficient was significant at ¢ = .10 or
less in 94.9 percent of the cases (see Table 5-3).

On the surface, it would seem that this would be a very good
variable to include in an equation. However, when the results of some of
the equations were considered, it became apparent that a problem of multi-
collinearity existed between the set of variables representing years and
the labor variable.

Some examples of how the coefficient for labor was affected by the
inclusion of years in the equation are given in Table 5-7. It is interesting

Table 5-7.--Effects of multicollinearity of years with labor on the estimated
labor coefficient2

Equation Estimated coefficientb/

number  * Variables : for labor

109 M, p, ri,7i,11 -29.72
L : M,P,Ri,Ti, 11,y -90.48
86-------: G,M,P,Rri, Tl -35.28
S G,M,P,Ri, iy -93.42
 S— : c,M(4/T),pP,R, i, 11 -23.3%
3-_--------: c,M(a/T),P,Ri, i 11y -41.0

26mmmmeeemmi  GyM,RY, 73,706 ~50.8P
25mmmmmme——:  G,M,RE, 11,106y -52.0°

g/ The equations are presented in pairs. The first equation does not in-
clude the dummy variables representing years. The second equation is
exactly the same except it does include years. See Appendix B for complete
equations, Estimated using the not corrected data.

g/ The coefficient indicates how many pounds per acre yield will change
for an increase of one hour of labor per acre.
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to note that the effect of years on the labor coefficient is markedly
different depending on which of the other variables are included in the
equation. When growing seasons, all technology variables, a seventh degree
polynomial in precipitation and temperature, and a sixth degree polynomial
in interaction are included in an equation (see equations 26 and 25 in
Table 5-7) the addition of years had very little effect on the labor
coefficients. This is surprising in that equations 86 and 97 were not much
different but there the addition of years to the equation greatly affected
the coefficient for labor.

In general, the addition of years to an equation which already in-
cluded the labor variable greatly affected (increase in absolute value) the
coefficient for labor.

The coefficients for the dummy variables representing years were
also greatly affected by the inclusion of the labor variable in the equa-
tion (see Table 5-8). In all cases, the inclusion of the labor variable
greatly affects the magnitude, sign, and level of significance of the
coefficients for years.

The coefficients for years in those equations that include the labor
variable were inconsistent in sign, magnitude, and level of significance.
However, the coefficients for years in those equations that did not include
the labor variable were consistent in sign and (in general) the level of
significance and differ only in magnitude.

The labor variable is highly intercorrelated with the set of variables
representing years. The simple correlations of the labor variable with the
individual variables representing years were large in magnitude and mono-

tonically decreasing in trend, i.e., .62, -.19, -.41, and -.56 for 1944,

1949, 1954, and 1959, respectively.
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Table 5-8.--Effect of multicollinearity of years with labor on the estimated
coefficients for yearsa

Bquation | Peeiabios ; Coefficientst/

mamber Poo1959 11954 P 1949 P 19
97-----: Te,P,RL, 11,11,y -147 -232 -167 3262
98--—--—--: Te(L),P,RL, 71,11,y 4338 2978 2308 2462
15------: c,pP,Ri,1i,A/F,FT,VL,L,Y 168 -198 47 3642
14----: c,p,ri,ti, a/F,FT,VL,Y 5972 1788 3308 3232
18------: c,P,Ri, 11, Te,Y 226 -144, 85 3728
16-----: c,P,Ri,Ti,Te(L),Y 6.72 2278 3678 3322
54------: C,A/F,%,FT,VL,L,Y 5662 =25 3592 5612
55----: C,A/F,%,FT,VL,Y 8282 1992 5282 5438
271-----: P,R;,T;,Y,L,VL -76.5 -289 -176 3282
Pl — ; P,Ry,T3,Y,VL 5532 2638 239P 3082
276----: Te,P,R;,T;,Y -276 -435P -299b 2/78
g e : Te(L),P,R;,T;,Y 4558 2102 188¢ 2308

g/ The equations are presented in pairs. The first equation contains the
labor variable, the second equation is identical except the labor variable
has been omitted. See Appendix B for complete equations. Estimated using
not corrected data.

p/ The coefficient indicates the pounds per acre yield differs from the
1939 yield.
A1l the data on labor used in the study are presented in Table 5-9.l/
The problem of multicollinearity of years with labor was probably due
in part to the aggregative nature of the labor variable.' It is believed that
if the value of the labor variable were determined for each county, the

problem of multicollinearity with years would be reduced.

1/ For more detail see Appendix A, Table A-11.
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Table 5-9.--Total man work units per acre of grain sorghum

Farm production region

Year : Nebraska, Kansas : Oklahoma, Texas :Colorado, New Mexico
1939-—-: 12.2 11.6 12.0
1944—--: 13.4 11.6 12.2
1949---: 6.7 7.0 9.3
1954-—-: 5.0 5.7 7.9
1959---: 3.4 5.2 6.7

Because of the poor measure of labor used and because there was
great interest in the coefficients for years, it was decided that the
labor variable should be omitted from the "complete" equation. Omitting
the labor variable does not mean that the influence of labor on yields is
ignored. The effects of changes in labor on yields was (partially at
least) included in the coefficients for years. 1 ‘wsu& Yﬂ ™ona

In spite of the problem of high intercorrelation with yearsl/, the
coefficient for labor was almost always significant. This is contrary to
expectations and to the hypothesis stated in Chapter II, i.e., that the
coefficient for this variable would be non-significant.

The negative coefficient is also unexpected. The significance and
the sign can be explained in terms of the multicollinearity with years.
That is, the "labor" variable explained a significant part of the effects
of technology that were associated with years. Since the technology effects
being "captured" cannot be related to any specific technology, it is better

to let the effects be included in the coefficients for years.

1/ One of the effects of multicollinearity is to cause the standard errors
of the coefficients to increase. Thus, if there was a problem of high inter-
correlation among variables, it would be expected that the estimated
coefficients would not be significant.
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Percent Acres of Grain Sorghum Irrigated

It is well known that the irrigation of crops (particularly in the
semi-arid parts of the country) will greatly increase yields. The variable
percent irrigated did a good job of quantifying the effects of irrigation
on yields of grain sorghum. This variable was included in 180 equations.
The coefficients were significant at less than .0l level in all equations.

The coefficients from the nearly complete equations estimated using
the corrected data are presented in Table 5-10. The magnitude of the
coefficient was affected by the model specification, even though sign and
level of significance were not. Within the context of "nearly complete"
(omitting only one set of variables) equations, the maximum increase or
decrease in the size of the coefficient was about 100 pounds per acre or
about one-seventeenth of the magnitude in the "complete" equation (see
Table 5-10).

Regardless of the form of the weather variables in the "nearly
complete" equations (see Table 5-10), omitting the crop reporting district
variables caused the coefficient for percent irrigated to increase. This
is probably because there was great cross-sectional variation in percent
irrigated.

The effect of omitting the year variables depends upon the form
(detail) of the weather variables. When detailed weather variables (weekly
and polynomial) were included, omitting years had no effect. However, when
season totals were used to represent weather, omitting years caused the
coefficient to decrease from 1810 to 1682. This may be due to the irriga-
tion variable (positively correlated with time) having to "explain" some
of the effects of bad weather in 1954 when weather is not included in

detail and the year variables are removed.
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Table 5—10.-—Coefficients§/for percent irrigatedb/

Season weather variables included

Variables s
omitted H Weekly !  Season total ° Polynomial of
: : ¢ seventh degree
None : 1,7612 1,810% 1,845%
C.RDimmmmmcmnes 1,8532 1,8662 1,9328
Years : 1,7622 1,6822 1,845%
Precipitation—-—-: 1,757 1,8128 1,7968
Temperature———--: 1,7532 1,8212 1,8672
Interaction———-:  1,7572 1,8192 1,7988
Temperature and ;
precipitation--: 1,6782 1,8082 1,7882

a/ The coefficient indicates how many pounds yield per acre will change
for a 100-percent increase in amount irrigated per acre.

b/ Estimated using corrected data. The corresponding equation numbers
are given in Tables 3-6 or 4-6.

There was very little effect of omitting any single set of weather
variables when weather is represented by either weekly or season total
variables. However, the coefficient was affected when polynomial weather
variables are included. Why this happened is not clear.

For models containing only M.C.I.V., the absence of the fertilizer
or value of land variables greatly affect the coefficient for the percent
irrigated variable. For example, in equation 233 (see Table 5-1 for
variables included) a coefficient of 2,057 was obtained. When the ferti-
lizer variable was added, the coefficient dropped to 1,619. In equation
24/, (see Table 5-1 for variables included) a coefficient of 1,663 was

obtained. When the value of land variable was added (equation 245), the
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coefficient decreased to 1,263. The effect of dropping these variables
was reduced when a large number of other variables were included in the
equation. For example, the 400-pound decrease caused by adding the value
of land variable when only M.C.I.V. were included is reduced to 200 when
the equation also contained location, years, and weather variables
(equations 13 and 14).

Model specification did affect the coefficient for the percent

irrigated variable, even though it was always positive and highly sig-

nificant.

Value of Land

It was hypothesized in Chapter II that this variable reflected the
interaction effects of land with the other M.C.I.V. It was further
hypothesized that the coefficient would be positive and significant.

These latter hypotheses were found to be true based on the results of
this analysis. It is not possible on the basis of this study alone to
determine the truth of the first hypothesis; but the results did not
disprove it.

The problem of this variable not being completely exogenous with
respect to the dependent variable was also discussed.

Six sets of equations were estimated where the only difference
between the two equations in the set was the presence or absence of the
value of land variable. By comparing the equations within each set it is
possible to obtain some idea of how the presence of this variable affected
the results. We can answer the question, Would the results or conclusions
concerning the overall model or the other variables in the model have been

greatly different if this variable were not included.
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The most accurate estimate of the effect of dropping the value of
land variable would be obtained from equations containing all the other
variables included in the "complete" equation.

The nearest we can come to this is the set of equations 13 and 14
which contain the percent irrigated, acres per farm, and fertilizer
variables, the year variables, the crop reporting district variables, pre-
season precipitation, the seventh degree precipitation polynomial and the
seventh degree temperature polynomial., They were estimated using the not
corrected data.

Dropping the V of L variable from this equation caused the ﬁz to
drop from .758 to .752. The irrigation coefficient changed from 1,7082
to 1,963%. The fertilizer coefficient changed very little from 14.22 to
14.4%. The acres per farm coefficient changed from -.291 to -.408° and
became significant at the 0.10 level. All the other coefficients exhibited
little change (all the coefficients are listed in Appendix B, Table B,
Part 2). Except for the acres per farm coefficient, all the other conclu-
sions based on equation 14 (with the V of L variable) would have been
essentially the same as if based on equation 13.

The other five pairs of equations differing only by the presence
or absence of the V of L variable are: 55 and 56, 231 and 223, 137 and
138, 92 and 93, and 269 and 270. Since essentially the same conclusion
is reached concerning these sets, they will not be discussed here. The
coefficients for all of them are presented in Appendix B. Of course, as
the equation becomes more incomplete, dropping the V of L variable has a
greater effect upon the §2 and on the coefficients of other variables.

This variable was included in 189 equations and was significantly

different from zero at the .0l level in all equations. The sign was

always positive, but the magnitude varied.
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The coefficients from the "nearly complete" equations estimated

using the corrected data are presented in Table 5-11.

Table 5-11.--Coefficients§/ for value of land variablep/

Season weather variables included

Variables :
omitted : weékly : Season total ° Polynomial of
: H s _seventh degree
None : 2.92 2.12 2.9
CeRDemmmmmmme— : R.78 2.28 2.52
Years—————————m- : 3.78 3.98 3.78
Precipitation—--: 2.62 2.12 .32
Temperature-———-: 3.3% 2,38 3.02
Interaction——-——-: 2.62 2,28 2,38
Temperature and :
precipitation--: 2,82 2.48 2,52

g/ The coefficient indicates how many pounds per acre yield will change
for a one-dollar increase in the value of land per acre.

Q/ Estimated using corrected data. Corresponding equations listed in
Tables 3-6 or 4-6.

The coefficient in equations containing weekly weather variables
was not much different than the coefficient in the corresponding equa-
tions containing the seventh degree polynomial variables., However, the
coefficient was consistently smaller (except when year variables were
omitted) in equations containing the season total variables.

Only two sets of variables (years and temperature) greatly affected
the coefficient. When the years variables were omitted the coefficient
increased greatly. This was probably due to the value of land variable

having "picked up" the effects of other variables also correlated with
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time. The coefficient also increased when the set of temperature variables
was omitted (except for the season total variable). The reason for this
is not clear.
In models containing only M.C.I.V., the coefficient was affected

by three variables--man-hours of labor, fertilizer, and percent irrigated.

Acres Fallowed

This variable was included in 152 equations and was significantly
different from zero in 56.4 percent of them.

The coefficient was obtained in only two equations estimated using
the corrected data (equations 283 and 293). A coefficient of -.00013 was
obtained in equation 283, which contained the weekly weather variable.
Equation 293 contained the polynomial weather variable and a coefficient
of .00011 was obtained. The form of the weather variables included
affected the coefficient's magnitude and sign, but not its non-significance.

The coefficient was not significant in any equation containing crop
reporting district variables. It tended to be significant and negative in
those equations not containing district variables. This indicates that
the variation in yield explained by differences in acres fallowed can also
be explained as consistent differences between crop reporting districts.

The results also indicate the effects of fallowing were confounded with
the effects of temperature as the coefficient tended to be significant only
when temperature variables were included.

Crop reporting district variables were not dropped from the "complete"
equation even though they "cover up" the effect of fallowing. When the
coefficients obtained for districts are discussed, it will have to be remem-

bered that one of the effects they include is the effect of fallowing.
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In future studies the effects of fallowing may be determined inde-
pendent of the location effects if better input data are used. For
example, if the proportion of grain sorghum actually planted on land
fallowed the previous year were used, the effects of fallowing might be
determined.

The variable acres fallowed is influenced by the size of the county.
In an effort to remove this undesirable effect a new variable, "ratio:
acres fallowed to acres of cropland harvested" was developed and used in
most of the equations estimated using corrected data.

Ratio: Acres Fallowed to Acres of
Cropland Harvested

, The ratio of acres fallowed to acres of cropland harvested (percent
fallowed) variable was included in 22 equations, all estimated using the
corrected data. Its coefficient was significant in 18.1 percent of the
equations., The coefficients obtained in the "nearly complete" models are
presented in Table 5-12, The coefficients were consistent in sign
(negative) but varied in magnitude and level of significance.

The effect of fallowing on yield was hypothesized to be positive and
significant. Experiment station studies have in fact demonstrated that
yield of sorghum on land previously fallowed is up to one-third greater
than for sorghum grown on land cropped the previous year.

The negative coefficient can be explained. Percent acres fallowed
is negatively correlated with the preseason precipitation variable and
with 19 of the 23 weekly precipitation variables. That is, acres fallowed
were high where precipitation was low and very little fallowing was prac-
ticed where precipitation was high. Because of the intercorrelation of

these variables, both cross sectionally and over time, the effects of
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Table 5-12.--Coefficients§/ for ratio:d-}cres fallowed to acres of crop-
land harvestedR

Season weather variables included

Variables :
omitted $ Weekly *  Season total ° Polynomial of
: : :__seventh degree
None : -129 =126 =99
o) FO—— -2132 -100 ~142P
Yeargs———eeee- — -102 YA -135
Precipitation-—-: -1711P -127 -118
Temperature————-: =95 -108 -84
Interaction=——==: -174b =130 -117
Temperature and :
precipitation--: -92 -98 -101

g/ The coefficient indicates how many pounds per acre yield will change
for an increase of 100 percent in acres fallowed per acre of cropland.

Q/ Estimated using corrected data. Corresponding equation numbers are
presented in Tables 3-6 and 4-6.

precipitation and the effects of fallowing were confounded. This is un-
fortunate because one of the objectives was to separate the effects of
the M.C.I.V. from the effects of weather.

The relationship of fallow to precipitation was also revealed by
the coefficients obtained in the nearly complete equations (see Table
5-12). When the precipitation variables or the interaction variables
which were highly correlated with the precipitation variables were omitted,
the coefficient for fallow became significant. However, this only happened
when the weekly weather variables were included in the model.

The only other set of variables that greatly affected the coefficient
for the percent fallow variable was the crop reporting districts. When the

set of district variables was omitted, the coefficient for percent fallow
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became significant. This was because there was a strong consistent cross-
sectional pattern for percent fallow and when there were no location
variables to pick up the location effects, they were "captured" by the
percent fallow variable. Again the form of the weather variables affected
the magnitude of this effect. When very detailed weather variables
(weekly) were included, dropping the district variables caused the coeffi-
cient to increase (in absolute value) 84 pounds per acre and it became
significant at the .0l level. When polynomial variables were included,
dropping the district variables caused the coefficient to increase 43
pounds per acre and it became significant at the .05 level. When only
season totals were included, the coefficient decreases 26 pounds and the
coefficient was not significant. The reason why this happened as less
detailed weather variables are included is not clear. However, it is
clear that the conclusion reached concerning the level of significance

and magnitude of the coefficient is greatly affected by model specification.

Fertilizer

The variable pounds of plant nutrients applied per acre of grain
sorghum (fertilizer) was included in 188 equations. Its coefficient was
significantly different from zero at the .0l level in all equations.

The coefficients from the "nearly complete" models estimated using
the corrected data are presented in Table 5-13. The sign and level of
significance were consistent, but the magnitude varied greatly.

Dropping the district variables from the equations caused the
coefficient to increase in size. This indicates that in districts where
fertilizer levels were high, there were other factors associated with the

location that caused or allowed higher yields.
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Table 5-13.--Coefficients§/for the fertilizer variableb/

Season weather variables included

Variables ;
omitted : Weekly : Season total ¢ Polynomial of
H : : _seventh degree
C.R.D.--.-----z 13.18. 16.0a 15.53.
Years—————e—e——-: 13.42 22,82 15.0%
Precipitation---: 11.78 14.02 14.7%
Temperature———--: 13.0% 14.0% 13.22
Interaction————-: 11.42 13.92 14.5%
Temperature and :
precipitation--: 13.12 14.3% 15.18

g/ The coefficient indicates how many pounds per acre yield will change
for an increase of one pound of plant nutrient per acre of grain sorghum.

p/ Estimated using corrected data. The corresponding equation numbers
are given in Tables 3-6 and 4-6.

Less detailed weather, whether by dropping sets of weather variables
or by substituting in less detailed variables, caused the coefficient to
increase. This indicates that where fertilizer levels were high, weather
was conducive to higher yields.

Omitting the year variables also caused the coefficient to increase.
This suggests that in years when fertilizer levels were high, yields were
high. The combined effects of less detailed weather variables (season
totals) and omitting the year variables caused the coefficient to increase
to more than twice its size in the "complete" equation, i.e., from 11.2
to 22.8.

Even within the context of nearly complete equations, model specifica-

tion greatly affected the coefficient for fertilizer,
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Within the context of models containing only M.C.I. variables, the
percent irrigated and value of land variables greatly affected the
coefficient for fertilizer (compare coefficient for fertilizer in equa-
tions 227 with 228 and 228 with 239). The largest coefficient (47.1) was
obtained in a model (equation 239) containing acres per farm and fertilizer

as the only independent variables.

Conclusion

In this chapter man-controlled input variables and their coefficients
were examined. It was determined that the ﬁe's for models that contained
only M.C.I. variables did not compare favorable with the ﬁz's from models
that contained M.C.I., weather, location, and time variables.

The simple correlation between the M.C.I. variables was discussed.
The highest simple correlation between any two M.C.I. variables was less
than .5. High intercorrelations among the M.C.I. variables was not a
problem.

The effect of mis-specification (determined by specifying alterna-
tive models) on the regression coefficients was also examined. If the
regression coefficient was significant in the "complete" model, it was
also significant in all submodels. However, if the coefficient was not
significant in the "complete" model, it may have been and often was
significant in some submodels. In all cases, the magnitude of the

coefficient was affected by changes in model specification.



CHAPTER VI
LOCATION AND YEARS

In this chapter, the coefficients estimated for the dummy variables
included in the analysis to represent location and time are discussed.
Principal concern is with the effects of alternative model specifications
on their coefficients. In the first section of this chapter the sets of
location variables (growing seasons and crop reporting districts) are

discussed. The year variables are discussed in the second and final section.

Location Variables

Two sets of variables (crop reporting districts and growing seasons)
were considered to take into account consistent differences in yield
between locations. Such consistent differences between locations are
expected primarily to measure the effect on yield of the difference in
the physical inputs--soil, topography, climate, and cultural practices
between the locations. The effect of consistent differences in levels
of the M.C.I. and weather between locations may also have been captured
by these variables.

The decision of which set of location variables to include in the
"complete" equation was not made a priori. Rather, it was made after the
results of some equations had been obtained. The decision was to include
in the final equation that set which did the "best" job (in terms of §2)

of explaining yield variation.
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There were three pairs of equations which differed only by the set
of location variables included. The §2 for these equations are presented
in Table 6-1.

Table 6-1.-—§2 for pairs of equations differing only by the presence of
either growing seasons or crop reporting districts2

: =2
Other variables : R
in equation f Growing seasons f Crggsiiggizlng
M(L), p, R%7, 197, 107, 720 (61) 140 (6)
M, ¥, P, RO7, T07cmmee; 718 (87) 740 (18)
None : .029  (96) 182  (60)

a/ Estimated using the not corrected data. Numbers in parentheses are
the equation numbers.

The set of dummy variables for crop reporting districts consistently
did a better job of explaining yields. Although the difference in ﬁz was
not great for the "more complete" models, the following discussion of
location variables is limited to the set representing crop reporting
districts.

The coefficients obtained in 21 equations estimated using the
corrected data are presented in Tables 6-2-A, 6-2-B, and 6-2-C. The equa-
tions were grouped for the tables according to the form of the weather
variables included in the equation. Table 6-2-A contains equations con-
taining weekly weather variables; Table 6-2-B those containing season
total weather variables; and Table 6-2-C those containing seventh degree
polynomial weather variables. Within each table, the equations are those

obtained by omitting selected sets of variables.
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It would be difficult and nearly meaningless to discuss and compare
the nearly 600 coefficients presented in these three tables. Thus, the
discussion is restricted to general comments. The levels of significance,
although presented in Tables 6-2, were of no particular interest in this
study. This is because the level of significance refers to the significance
of the difference relative to district 19. District 19 was arbitrarily
omitted and no hypothesis was suggested concerning the significance of
these locational differences. The only hypothesis concerned the signifi-
cance of the set, and this was discussed in Chapter IV,

Regardless of how the "complete" equation was modified, i.e., by
form of weather variables or dropping sets of variables, the magnitude
of the coefficients was affected and in many cases the sign and level of
significance were also affected.

The largest change in the coefficients due to modifying the
"complete" equation was when the M.C.I.V. were omitted. This was true
regardless of the form of the weather variables, This suggests that the
set of M.C.I.V. is highly correlated with the set of location variables.

Dropping any of the four sets of weather variables did not greatly
affect the coefficients of the location variables.

Omitting the year variables did affect the coefficients. This is
interesting because the year variables are independent of the location
variables. This is evidenced by the fact that when year variables were
added to an equation containing only crop reporting district variables,
the estimated value of the cross sectional constants (coefficients for
location variables) were not affected (see equations 59 and 60). Also,
the simple correlation between any crop reporting district variable and

any year variable was zero.
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Although the presence of the year variables did not affect the
estimated cross section constants when only the two sets were in the equa-
tion, they did affect them if there were other variables in the equation
(note results presented in Tables 6-2). This would be expected if the
other variables in the equation were not independent of either the district
or year variables.

The magnitude of this indirect or second order effect was surpris-
ing. It is second order in the sense that the presence of the year
variables affects the coefficients of the weather and/or man-controlled
input variables and they in turn affect the coefficients for the district
variables. The magnitude of these indirect effects indicates that the
simple correlation coefficients tell little concerning interrelationships

or interdependencies of the independent variables in a multiple regression

model.

Year Variables

Time was taken into account in this analysis by a set of four
dummy variables: One variable for each year except 1939 which was omitted
to avoid a singular matrix. The coefficient obtained for these variables
measured the consistent difference in yields over all counties between
the year in question and 1939.

Time, of course, cannot directly affect yields. These variables
were used to estimate the effect on yields of physical factors affecting
yields, changing with time and not otherwise included in the analysis.
The change in varieties was the major factor so related, but changes in
management ability, changes in cultural practices, insecticides, herbi-

cides, and labor used were also related to time.
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The multicollinearity problem of the year variables with the man-
hours of labor per acre variable was discussed in Chapter V. The relation-
ship of the year variables with the location variables was discussed
above. These discussions will not be repeated here.

The coefficients for the year variables obtained in some equations
estimated using the corrected data are presented in Table 6-3. The coeffi-
cients presented in Table 6-3 are all positive and significantly different
from zero at the .01 level. Altering the model by omitting a single set
of variables or substituting different weather variables did not affect
the sign or level of significance of the coefficients.

When the M.C.I.V. were omitted the coefficients for the year
variables increased. The coefficients for all years were not affected
the same. The coefficient for 1959 increased much more (as expected)
than did other coefficients. The form of weather variables did not greatly
affect the change in the 1959 coefficient. However, it did affect the
coefficients for the earlier years. When detailed weather variables were
included, the coefficients for 1944, 1949, and 1954 increased much more
than when season total weather variables were included.

Omitting the crop reporting district variables caused the coeffi-
cient to decrease in size. This means that when the effects of cross
sectional variation were taken into account (district variables included)
more effects consistent over time were measured. This in spite of the
independence of the year and district variables as discussed above. The
effect of omitting the district variables was not greatly affected by the

alternate sets of weather variables.
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Table 6-3.--Coefficient§/for year variablesd/

Weather variables included

Variables ; Year
omitted : : Weekly Season total ° Polynomial of

: : : seventh degree
: f Pounds per acre

None : 1959 528a 6768 5378
: 1954 3 3462 2318 3132
: 1949 : 4198 2718 42828
: 1944 : 3682 3012 3768

M.C.T.Vemmemmmmmeem 1959 : 9683 9828 9942
: 1954 6092 4092 6562
: 1949 : 532: 34%: 624:
s 1944 377 30 395

Crop reporting ; ;

districts=——=—=—=e=: 1959 : 4582 5102 4158

: 1954 : 3402 1448 2802
: 1949 : 2592 107: 2432
: 1944 259 179 255

Precipitation-———-- ; 1959 ; 5558 6722 6172
s 1954 2258 2288 2102
: 1949 : 345: 270: 330:
s 1944 342 300 314

Temperature----—---; 1959 ; 5282 7002 5418
: 1954 2332 2152 2172
: 1949 : 3703 3313 43;2
: 1944 341 337 35

Interaction-——————- ; 1959 ; 5538 6578 6092
: 1954 2232 2162 2112
: 1949 : 3648 2642 3418
: 1944 : 3428 2972 3162

Precipitation and : ;

temperature—=—=——-: 1959 : 6232 7438 6828
: 1954 2082 2338 1802
: 1949 : 3488 3672 3958
s 1944 3002 3612 3318

a/ Estimated using
listed in Tables 3-6

b/ The coefficient
relative to 1939.

corrected data.

and 4-6.

Corresponding equation numbers are

indicates the pounds per acre difference in yield
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Omitting any set of weather variables did not affect the coefficient
for years greatly. Although, in almost all cases less detailed weather
variables (either omitting a set of substituting a less detailed set)
caused the 1959 coefficient to increase and the other coefficients to

decrease.






CHAPTER VII

WEATHER VARIABLES

This chapter is composed of three major sections. In the first
section the coefficients for the preseason, weekly, polynomial, and season
total variables and how they are affected by model specification are dis-
cussed. In the second section the estimated effects of weather in each
week of the growing season as obtained from the three sets of weather
variables are compared. It was not possible to determine the "correct"
or "best" degree of polynomial for the weather factors a priori. The
third section contains a discussion of why the seventh degree polynomial

was selected for all three weather factors.

Weather Coefficients in Alternative Models

Preseason Precipitation

The preseason precipitation variable was included because it was
believed a priori to be an important factor affecting yields. The estimated
coefficient obtained in the "nearly complete" equations are presented in
Table 7-1.

In all cases the coefficient is positive and significantly differ-
ent from zero at the .0l level. The form of the weather variables greatly
affects the coefficient. When less detailed weather variables are included,
the coefficient is smaller. Omitting the M.C.I.V. when the weekly weather
variables were included caused the coefficient to decrease a little (20.3

to 20.1). It decreased more (19.1 to 15.2) if the form of the weather

130
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Table 7-1l.--Coefficients for preseason precipitation variables for "nearly
complete" equations&

Set of variables Weather variables included

omitted s Weekly : Season total ° Polynomial of
: : : seventh degree
f Pounds per acre per inch
None : 20,32 11.6% 19.1%
M.CoIl Vemmmmmmmees 20.18 6.92 15.22
C.RQDQ_"’_ ----- -2 22.7a 21.48. 21.38.
Years : 27.28 13.32 25.9%
Precipitation-——: 17.32 11.72 15.18
Temperature=—————-: 24,62 14.12 18.9%
Interaction————e—e-: 17.82 12,12 16.0%
Temperature and :
precipitation—-: 22,12 14.18 15.62

a/ Corresponding equation numbers are presented in Tables 3-6 and 4-6.
Estimated using the corrected data.
variables included was the polynomial. It decreased much more (11.6 to
6.9) if only the season total variables were included. The coefficient
was increased when crop reporting district variables were omitted. The
magnitude of the increase was affected by the form of the weather variables
present. It increased a little when weekly weather variables were in-
cluded, more when the polynomial variables were included, and almost
doubled when season totals were included. It is interesting to note that
when district variables were omitted the coefficient for preseason pre-
cipitation was nearly the same regardless of the form of the weather

variables.
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The coefficient for preseason precipitation was increased when the
year variables were omitted. The magnitude of the increase was greater,
the greater the weather detail included.

Omitting the season precipitation and interaction variables had
about the same effect. It caused the coefficient to decrease when weekly
or polynomial variables were included but had almost no effect when season
totals were included.

When the temperature variables were omitted the coefficient in-
creased for equations containing the weekly and season total variable, but
remained nearly the same in the equations containing the polynomial
variables. If the season precipitation variables are omitted in addition
to omitting the temperature variables, the effect is nearly the net effect

of omitting each set separately.

Weekly Weather Variables

When the weekly weather variables were included, coefficients were
obtained for each week of the growing season for each weather factor.
Coefficients for precipitation from the "nearly complete" equations are
presented in Table 7-2; coefficients for temperature in Table 7-3; and
coefficients for interaction in Table 7-4.

When discussing the effects of alternative model specification on
the estimated effects of increasing precipitation (or temperature), it is
necessary to consider more than the coefficient for the precipitation (or
temperature) variable. This is because of the presence of an interaction
variable which also measures the effect of increasing precipitation (or
temperature). To obtain a true picture of the effects of increasing pre-
cipitation, it is necessary to consider the joint (or net) effect of the

precipitation (or temperature) variable and the interaction variable.
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Table 7-2.--Coefficients for weekly precipitation variables from the "nearly

complete" equations

Set of variables omitted*—l/

Wéek.of ;
 eason g 52323 E MCS&%{ E iﬁi&?{ E 1(287) E T(291) E 1(292)
f Pounds per acre per inch
lomeme—:  —486P 686D 6342 -397¢ ~5508 0.6
S P 390° 207 472P 250 410P Lol
3emmeeme—;  301° -073 529% 335P 5772 63.9°
fmmmmmmm® 2138 147 -148 -311° -327P 9.5
5-------; 192 006 205 274° 272P -21.3
bt =057 -35 ~048 ~004 -101 ~30.6P
Tl =505P -8292 -550P -359 -4,08P 22.5
Bommmmmmmt 212 666P 217 177 367° -13.0
Jmmmmmmmml =327 523 =495 052 270 19.6
10-mmmmmnt 292 305 551 578¢ 123 22.7
1ot 254 130 203 153 212 50.7%
12-----: -238 =541 -237 -398 076 72.88
13— =150 076 26 -073 251 9.8
VYUmmmmmy =762 489 -8292 -910% -410° 40,12
15=mmm——=3  =6938 =339 =260 -831a -479¢ 29.8
16mmem—m:  -812% -910® ~496P 7178 _827% 73,42
17__-_-..: -8152 -291 -6/2P -8188 -7802 -33.6
18————2 =193 092 174 -233 018 22,4
19—mmmemm, =080 163 083 176 -263 -19.1
20-——mmms? 105 001 -039 135 2172 77.92
Dlemmmmmmt =027 -307 -090 198 204, -20.5
22—l 223 -379 072 181 099 16.6
23— 026 166 -258 123 -185 -73.0P

g,’ Number in parentheses is equation number.
inputs; C.R.D. = crop reporting district; ¥ = years; T
Estimated using the corrected data.

I = interaction.

M.C.I.

1nn

man-controlled
temperature; and
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Table 7-3.--Coefficients for weekly temperature variables from the "nearly
complete" equations

Set of variables omittedg‘/

Week igf :
S eason (I‘;élse) M(‘zcég)' c(.znég). 1(287) P(289) 1(292)
Pounds per acre per degree

lemeeme—mt  =0.10 -1.28 0.34 -0.32 0.18 0.13
e 1,467 2.98% 0.73 0.72 0.19 0.18
i =1.35° —2,21% -0.64 -1.200 2,272 2,122
Y . 0.72 0.71 0.38 -0.17 0.93 0.83
5ot 1.19° 2468 1.30° 1.12P 1.12P 1.12P
Gt =088 -2.24° -1.64° 0.06 0.13 0.09
e e T 0.4 0.83 1.26¢ 1,620 - 1,57P
ot 21,792 -0.37 -2.412 -1.86% -1.978 -1.862
9 D o-2.33® -2.02° —2.43%  -3.59% -2.19%  -1.93P
10-———-=f  -1.34° 0.15 -0.17 -0.93 -1.55P -1.56P
11 : _0.22 0.4 -0.28 ~0.44° -0.48P -0.45¢
12— 2,600 -0.11 0.5 3.502 2.428 2.618
13—————: -3,082 -2.86P -2.402 -2.288 -3.508 -3.402
1ymmmmmmm’  -0.81 -1.38 -0.73 -0.85 0.30 0.25
p P -0.85 ~0.06 -0.25 -0.93 0.08 0.21
[ T— 0.64 2.51% 3.518 3.002 3.002
17e——i  0.30 -1.62 0.40 -0.60 0.83 0.77
18——-—-% -0.82 0.43 -0.12 -0.89 -0.60 -0.48
19mme—m:  1.872 3.222 1.992 1.612 1.782 1.662
20-———-  0.25 ~0.75 -0.99®  -0.07 0.42 0.53
2L mmmeeee’  =0.79 “2.17% 0.4 -0.58 ~0.45 -0.50
22emmmm—m:  =1.53P -2.48P -1.34¢ -1.04 -0.90 -1.01
23---—: -0.02 1.802 -0.92¢ -0.49 -0.53 -0.54

g/ Number in parentheses is equation number. Estimated using the corrected
data.
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Table 7-4.--Coefficients for weekly interaction variablesﬂ/

Week of; Set of variables omitted
owing: : : : : : :
Season: Nome s MOLo . CRD . vamr) : p(as9) :ope91) ;DT
f Pounds per acre per unit

lem———: 0.89°  1.30°  1.13®  0.72°  .013 1.008  .033
2} _0.67°  -0.29 -0.77°  -0.44 .019 -0.71P .038
3------§ ~0.44, 0.30 -0.81%  ~0.48 JA14% 0,922 .1228
4-----: 0.24 -0.21 0.26 0.53¢ .016 0.520  -,037
5mmm—m—=t =0.36 -0.06 -0.36 -0.49%  =.040 =0.41¢  =,047¢
bmmmemi  0.07 -0,08 0.08 -0.04, -.047¢ 0.15 -.030
Tmmmmmm?  0.85P 1.358 0.952 0.63¢ .040 0.74P .081
Bmmmmmmz  =0,37 -1.14%  -0.38 -0.31 -.025 -0.60P .00
9mmmmmmi  0.54 0.98°  0.828  0.09 031 =0.40 .0722
10--—--i  -0.42 -0.46 -0.83 -0.84 .037 -0.16 .039
1lem——m: -0.33  -0.20  -0.24  =-0.17 .078%  -0.28 .075P
12-——  0.46 0.91 0.43 0.73 .1098  -0.01 1238
13-=m==t  0.26 -0.14 -0.31 0.14 .019 -0.37 .042P
ly———i 1.35%  0.87 1.412 1.5, 0708 0.73P 0588
15-———-: 1,208 0.53 0.53 1.46% .057P 0.84P .027
16mmmmt 1,518 1.61% 0.99% 1.36% 1272 1.492 .012
17-——-. 12728 0.40 .02 1300 -.045 1,192 -.042
18————:  0.38 -0.10 -0.25 0.45 .040 0.04 .073b
19-———:  0.07 0.22  -0.21 0.27  =.030 0.41  -.022
20==-==: -0.08 0.09 0.21 -0.10 1502 -0.24 .1832
21e—e—: 0.0l 0.46 0.11 -0.38 -.031 -0.40 -.0L4
22-——-}  0.39 0.64 0.13 0.31 .027 -0.17 .020
23m———m: =0.22 -0.48 0.28 -0.36 -.132P 0.18 -.087¢

a/ Estimated using corrected data.
sented in first column of Tables 3-6 or 4-6.

Corresponding equation numbers pre-
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The following procedure was used to estimate the net effect of one
inch of precipitation: Net effect = (precipitation coefficient) + (inter-
action coefficient) X (average temperature).l/ If the precipitation
variables were omitted, the first part of the equation would be zero and
the effect would be measured simply by taking the interaction coefficient
multiplied by average temperature. If the interaction variables were
omitted, the effect is simply the coefficient for precipitation. Similar
statements hold for the net temperature effects.

The average total maximum temperature and the average precipitation
for each week in the growing season, needed to estimate the net effects,
are presented in Table 7-5.

The net effects for precipitation for some equations are presented
in Table 7-6. The great change in the magnitude of the precipitation
coefficients between the equation (292) not containing the interaction
variable and equations containing the interaction variables apparent in
Table 7-2 are not present in Table 7-6. Table 7-6 also contains estimates
of the effect of precipitation for some equations not containing the
precipitation variables. Although the estimated net effects of precipita-
tion differ between the alternative equations, there is great consistency
in direction (sign) and relative magnitude. In all cases, omitting a set
of variables caused some net effects to change greatly and others to change
very little. Also, the net effect for some weeks was greatly affected when
some sets of variables were omitted, but affected very little when other
sets were omitted. Except for this, very little of a general nature can
be said concerning the effect of omitting sets of variables on the estimated

net effect of precipitation.

1/ Note that this is simply the partial deviation of yield with respect to
precipitation evaluated at the mean of temperature.
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Table 7-5.--Average temperature and precipitation for each week in
growing season

Week in . Average total . Average
growing season | maximum temperature : precipitation
. Degrees F° Inches
1 : 549 787
2 : 577 797
3 : 577 .815
4 s 600 .838
5 : 623 .706
6 : 633 .695
7 : 645 <560
8 : 638 .867
9 : 649 672
10 : 644, .625
11 H 630 . 510
13 : 648 .808
14 : 639 .696
15 : 641 <579
16 : 642 A 7A
17 : 618 + 355
18 H 617 o344,
19 s 593 448
20 : 566 o724
21 : 551 <499
22 : 546 .316
23 : 534 173

The same general statement applies to the net effects of tempera-
ture. They are presented in Table 7-7. The major exception is that when
the temperature and precipitation variables were omitted (equation 290),
the sign and magnitude of the coefficients were greatly affected. This is
due to the interaction variable having to explain with a single coefficient
the effects of both temperature and precipitation. The precipitation
effects dominate the determination of the sign and magnitude of the inter-

action coefficients (the signs are the same as for the net precipitation

effects).



Table 7-6,--Net effects of one additional inch of precipitation--by weeks for several alternative equationsé/

Set of variables omitted and equation number

Week in

growing
seas

(290)"

L &P

Ii(292)

7, (291)

P, (289)

Y(287)

C.R.D.
(288)

M.C.I.
(286)

None
(285)

Pounds per acre

18.1
21.9
70.4
=22,2
-29.3
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Polynomial Weather Variables

Only polynomials of seventh degree will be considered in this
section. Thus, eight coefficients were estimated for each weather factor.
Because the coefficients were for transofrmed variables, they have no
direct interpretation. The following discussion would have been more
meaningful if the polynomial had been evaluated to obtain the weekly
estimates. The weekly estimates then could have been used to obtain
the net effects as was done in the previous section.

However, this was not done because the rounding error, particularly
for weeks late in the season, was so large that it made meaningless the
resulting estimates. This was because enough significant digits were not
obtained for the coefficients for the higher order polynomial variables.l/
Even though coefficients containing eight places after the decimal point
were obtained, in many cases there were only two or three significant
digits (for example, see Appendix B, Part 22). It was discovered, after
the bulk of the analysis was done, that this was not sufficient to give
meaningful weekly estimates. The discussion will necessarily be limited

to the coefficients obtained for the polynomial variables.

Polynomial Precipitation Variables

Six equations were estimated using the corrected data and containing
the polynomial.precipitation variables. The coefficients obtained are
presented in Table 7-8.

In all equations the coefficients are consistent in sign. Except

for the equation omitting the interaction variables, the coefficients are

1/ The coefficients for the "complete" polynomial were re-estimated to
obtain additional significant digits. The results are discussed on pages
151 and 153.






143

Table 7-8,--Coefficients for polynomial precipitation variablesﬁ/

Set of f Polynomial precipitation variables
variables . . : ; : : ; ;
omitted } RO ¢ gl f g? ¢ g3 ¢ b * g5 ¢ g6 P g7
None (294)-: -39742% 54552  =23262 4512  -45.5% 2,472 -,068% ,000752

M.C.I.V.(295: -46728 60222 -25652 5042 -51.7% 2.86% -.081% .000922

C.R.D.(296); =4733% 62508 26,48 5002 49,98 2,692 ’-.074a .000812

Y(297)-—-—-; -35598 48118 -2017% 3872 -38,7% 2,082 -,057% .000612
T(BOO)--—--; -37628 48858 20658 4022 -40,7% 2,222 -,061% ,000682
1(301)---2 -117¢ 22728 -1062 20,78 -2.01a8 ,103b -,0026b ,00003

a/ Estimated using corrected data.

consistent in level of significance (all being significant at the .0l level)
and quite consistent in magnitude.

When the interaction variables were omitted, the magnitude and level
of significance of the coefficients were affected. This was probably due
to the high intercorrelation between precipitation and interaction variables
(never less than .97). Adding the interaction variables to the equation
containing the precipitation variables (obtaining the "complete" polynomial
equation, 294) caused the coefficients for the precipitation variables to
become larger (in absolute value) and to become significant at a higher
level, This result is interesting because one of the "problems" generally
associated with multicollinearity is that it is more difficult to show the
significance of the coefficients of variables that are highly correlated.

With respect to the significance of the set of precipitation variables
in the "complete polynomial" equation, it seems intuitively clear that if all

the coefficients in a set are significant, the set would be significant.l/

1/ That is, the hypothesis: BO = 51 = 52 = BB = BA = 35 = 56 = 37 =0
would be rejected.
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This was checked using the test discussed in Chapter IV, and an F value of
10.42 with 8 and 581 degrees of freedom was obtained. This set was

significantly different from zero at .0l level.

Polynomial Temperature Variables

Coefficients were obtained in six equations estimated using the
corrected data. The coefficients obtained are presented in Table 7-9.

In thé "complete polynomial"l/equation, all coefficients are sig-
nificantly different from zero at the .05 or less level. Omitting the
M.C.I.V. caused all the coefficients to increase (in absolute value) and
all became significant at .01 level.

Omitting the crop reporting district variables resulted in coeffi-
cients only a little larger (in absolute value) than the coefficients
obtained in the "complete polynomial" equation. The level of significance
of the two highest order terms was reduced.

Only one of the coefficients was significant in the equation omitting
the year variables. This means that if the effects of factors correlated
with years were not taken into account, it was not possible to pick up
(measure) the significant effects of temperature.

If the polynomial for either precipitation or interaction was omitted,
the coefficients for the temperature polynomials were not significant.

In the "complete polynomial," the set of variables explained a
significant amount of the variation in yield. Using the test discussed
earlier, an F value of 3.16 was obtained. With 8 and 581 degrees of free-

dom, this is significant at the .05 level.

1/ Contains polynomial weather variables and with no set of variables
omitted.
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Polynomial Interaction Variables

Coefficients were obtained for the interaction polynomials in seven
equations estimated using the corrected data. The coefficients obtained
are presented in Table 7-10.

The coefficients were significantly different from zero at the .0l
level in all equations containing polynomials for all three weather fac-
tors. When the precipitation polynomial variables were omitted, either
alone or with the temperature polynomial variables, some coefficients
were not significant and the magnitude of the coefficients was greatly
reduced (in absolute value).

Omitting only the temperature polynomials did not greatly affect
the magnitude or level of significance of the coefficients.

The set of interaction polynomial variables in the "complete poly-
nomial" equation was significant at the .0l level. An F value of 9.61

was obtained with 8 and 581 degrees of freedom.

Temperature and Precipitation Polynomial Variables

A test was made to determine if the set of variables composed of
the temperature and precipitation variables explained a significant amount
of variation. Omitting these sets of variables from the "complete poly-
nomial" equation significantly reduced variance explained. An F value of
6.43 with 16 and 581 degrees of freedom was obtained. Any F value greater

than 2.75 is significant at the .0l level.

Season Total Weather Variables

Season Total Precipitation Variables

This variable is the sum total of precipitation that fell during

the growing season and corresponds to the zero degree term in the
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precipitation polynomial. The coefficient gives the average effect on
yield of one additional inch of precipitation regardless of when it falls
during the growing season.

A coefficient was estimated in six equations using the corrected
data. The coefficients obtained are presented in the first column of
Table 7-11.

The coefficient is only significant when the interaction variable
or the year variables are omitted. The interaction variable and the
precipitation variable have a simple correlation of .992, which explains
why its presence caused the precipitation coefficient to become insig-
nificant. However, the net effect of one inch of precipitation based on
the "complete season total" equation (equation 302) and assuming average
temperature, was 25.43 pounds per acre or nearly the same as the 24.82
obtained when the interaction term was omitted (see Table 7-11). In
fact, omitting any of the sets of weather variables had very little effect
on the net effect of one inch of precipitation.

Omitting the M.C.I.V. or the crop reporting district variables
caused the net effect to decrease about 20 percent. The season total
precipitation variables explained a large amount of the variation in yield

between years unless that variation was explained by year variables.

Season Total Temperature Variables

This variable is the sum over all the days in the growing season
of the daily maximum temperature. Its coefficient indicates how much
yield would increase as a result of a one-degree increase in the season
total maximum temperature. The coefficient is significant in all equa-
tions presented in Table 7-11. The sign is always negative, indicating

that on the average, higher temperatures decrease yields.
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The net effect is also negative except when both the precipitation
and temperature variables were omitted. This is probably due to the fact
that a single coefficient (for the interaction variable) had to measure
the effect of a one-unit increase in precipitation and temperature. The
effect of precipitation clearly dominated.

The net effect of temperature relative to the "complete season
total" equation (equation 302) was not greatly affected by omitting any
single weather variable. However, omitting the M.C.I.V., the district
variables or the years variables caused the net effect to increase (in
absolute value) greatly. Thus, the importance of temperature differentials
in "explaining" yield differences was greater when the effects of location,
years, or M.C.I.V. were not taken into account.

Weekly Estimates from Alternative

Sets of Weather Variables

It was possible, regardless of the form of the weather variables,
to obtain estimates of the effect of changes in a weather factor in any
week on yields. When the weekly variables were included, their coefficients
were the estimated effects. When season total variables were included,
their estimated effect was their coefficient and was constant for the
entire growing season. When polynomial weather variables were included,
it was necessary to evaluate the resulting polynomial for each week of
the growing season.

It is of interest to compare these alternative estimates. The
results discussed here are limited to three equations (equations 292, 303,
and 301) estimated using the corrected data and differing only by the form
of the weather variables. Equations were selected which did not contain

the interaction terms to simplify the comparisons. All equations selected
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contained the seven M.C.I.V., the crop reporting district variables, the
time variables, and the preseason precipitatioh variable,

The effects from the weekly and season total variables were the
coefficients and are presented in Table 7-12., The weekly estimates from
the polynomial variables are also presented in Table 7-12.

It was discovered when trying to evaluate the temperature poly-
nomial for the weekly effects that the eight digits after the decimal
obtained for each polynomial variable were not sufficiently accurate.l/
The basic temperature data was transformed (inputed as thousands of
degrees instead of degrees) and the equation re-estimated. The resulting
temperature and precipitation coefficients are presented in‘Table 7-13.

To obtain the weekly precipitation estimates, the first column
vector was multiplied successively with the rows in the matrix presented
in Appendix C. In effect, it is taking the number of the week raised to
the degree of the variable and then multiplied by the corresponding
coefficient. For example, to obtain the weekly precipitation estimate
for the third week we have: (-117.04644798) (30) + (227.15416386) (31)
+ (=105.09337465) (32) + «u. + (0.00002617) (37) = 63.9 (see Table 7-12).
The same procedure is used for the temperature estimates.

To facilitate the comparisons, the coefficients from the three
techniques (and presented in Table 7-12) are presented in Figure 7-1 and
7-2.

Let's consider precipitation first. The season total estimate is
not a function of time (within the growing season). There is no direct
relationship between the 23 within-season estimates from either the weekly
or polynomial techniques and the season total technique. It is worth

noting, however, the average effect of one additional inch of precipitation

1/ None of the coefficients presented in Appendix B for the higher order
polynomial terms are accurate enough to derive meaningful weekly estimates.
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Table 7-13.--Coefficients for precipitation and temperature polynomial
variables, equation 301

Degree : Coefficients
vargible : Precipitation polynomial : Temperature polynomial
O-----: =117.04644798 0.78974512655
lst-----: 227.15416386 =0.54797708289
2nd----—: =105.90337465 0.19485726587
Brd—-----: 20.71714078 -0.03674830948
Ath-----: -2.01418.461 0.00335175379
5th-----: 0.10260923 -0.00014217109
6themm———— : -0.00261471 0.00000236237
7th—-—--: 0.00002617 -0.00000000509

is 24.8 pounds per acre for the season total estimate, 21.16 pounds per
acre (simple average of the 23 polynomial estimates) for the polynomial
estimates, and 14.59 pounds per acre (simple average of the 23 weekly
estimates) for the weekly estimates.

The estimates from the weekly and polynomial techniques make a
similar pattern (see Figure 7-1). They show that additional precipitation
(above average) during the time the plants are seedlings and during the
harvesting season decreased yields. Additional precipitation during the
planting seasonl/and during most of the growing season increased yields.
The maximum effect was obtained by additional precipitation about the time
the plant was in bloom.

Although the estimates "tend" to make the same pattern, there are

some major discrepancies., As expected, the estimates from the weekly

1/ Of course, this may decrease acres planted.
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Figure 7-1.--Estimated effects of precipitation--for a one-inch
increase in weekly total--alternative techniques
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Figure 7-2.--Estimated effects of temperature--for a one-degree
increase in weekly total--alternative techniques
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techniques were more extreme and changed (difference in estimates for
consecutive weeks) more rapidly than those from the polynomial technigue.

The same general conclusions can be made about the temperature
estimates (see Figure 7-2). However, the pattern made by the weekly
estimates is only vaguely related to the pattern made by the polynomial
estimates. The patterns indicate that above average temperatures during
the planting season and during grain development caused yields to increase.
Above average temperature during plant growth from seedling until after
blooming and during the harvesting season decreased yields. These results
agree with our a priori knowledge concerning the effects of temperature
on yields,

The reasons why the weekly estimates deviate from the polynomial
estimates and why the deviations are so much greater for the temperature
estimates than the precipitation estimates need further consideration.

The principal reason for the discrepancies was intercorrelation among
the weather variables.

Consider the precipitation variables. Most of the simple correla-
tions of a precipitation variable in one week and the precipitation
variable in either the preceding or following week were very low, less
than 0.0l1. However, the correlation between the 12th and 13th week (where
a major shift in the size of the coefficient occurred) is .209. Similarly,
for the 15th and 16th weeks the simple correlation was .206; 16th and 17th
weeks, .186; 19th and 20th weeks,.501., These higher intercorrelations
correspond to the major discrepancies between the weekly and polynomial
estimates (see Figure 7-1). There is a very positive relationship between

the size of the simple correlation coefficient and the extent of the
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discrepancies between the polynomial and weekly estimate, It is surpris-
ing that such low intercorrelations would have this effect.

When it is realized that the simple correlations of a temperature
variable with the temperature variables in the preceding or following
period were high (as high as .857), it is not difficult to understand
the discrepancies between the temperature polynomial estimates and the
weekly estimates.

The intercorrelations among the weekly precipitation variables
or the weekly temperature variables do not affect the coefficients estimated
for the polynomials. One of the principal advantages of the polynomial
technique is that it does take into account the preceding and following

weather values in "estimating"l/the effect for a particular week.

Conclusions

There are several advantages of using a polynomial to estimate

the effects of weather during the growing season, as compared to the
weekly variable technique,

(a) It uses fewer degrees of freedom, in this case using only
24, while the weekly variable techniques used 69.

(b) It takes into account the preceding and following weather
values in "estimating" the effects for a particular week.

(¢c) The resulting estimates are more meaningful and are consistent
with a priori knowledge that the effects of a weather factor
should éhange slowly from one week to the next.

There are also disadvantages of the polynomial technique (advantages

in using the weekly variable technique).

1/ The technique does not estimate the effect for a particular week
directly, rather the weekly effect must be derived from the estimated
coefficients for the polynomial.
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(a) The weekly variable technique results in a higher ﬁz. If the
weather coefficients are of no particular interest, it may be
more valuable to obtain a higher ﬁz.

(b) There are additional data transformations required for the
polynomial technique. Of course, these can be done within
the computer as was done in this study.

(c) More likely to accurately measure particularly critical week
(no smoothing) if degrees of freedom are large.

The advantages of the season total technique are: (1) It has

simple data requirements, and (2) it uses very few degrees of freedom.
The disadvantages are: (1) It produces a lower ﬁz, and (2) its coefficient

ignores the timeliness or distribution of the weather factors.

The Polynomial Models

No information existed on which to base an a priori hypothesis
concerning the "best" degree of polynomial to include. Many trial equa-
tions were estimated in an attempt to resolve this. How §2 changes as
the degree of the polynomial was varied is discussed. The discussion is

necessarily limited to equations estimated using the incorrect data.

Precipitation Polynomials
Five sets of precipitation polynomials were estimated. A set con-
tains a polynomial for each degree, zero through seven. Each set was
estimated with different "other" variables included. The resulting ﬁ?'s
are presented in Table 7-14. In all cases, the seventh degree precipita-
tion polynomial did "better" than polynomials of lower degrees. Here

"better" simply refers to magnitude of ﬁz. The fact that ﬁz increases as

degree terms are added indicates that the gain in increased variation ex-

plained is greater than the loss due to decreasing degrees of freedom.
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Table 7—14.---15;2 for models containing precipitation polynomials of varying

degrees&
Other f Degree of precipitation polynomialsb/
variables . : : : : " : :
included . 0 ¢ 1 2 P 3 P 4 1 5 1 6 i g
: RZ
S 112 .134 133 134 .139 149 L161 .72
: (213)  (214)  (215) (216) (217) (218) (219)  (220)
M, Pmmmmmeme s 613 .622  .626  .626  .627 628 .632  .638
: (212)  (211)  (210) (209) (208) (207) (206)  (205)
C,Y,Pom—m=z .555  .558  .559  .561  .561  .562  .569  .571
: (36)  (37)  (38)  (39)  (40)  (41)  (42)  (43)
M,C,Y,P-mmm: J725  .725 727 L7288 .729  .730  .737 738
(33) (32) (31) (30) (29) (28) (27) (26)
07

660 662 .668 670 671 .670 678 684,
(178) (177)  (176) (175) (174)  (173)  (172) (171)

=
—
|
[
]
|
o0 o0 .l. o0 oo

a/ Symbols used are listed in Chapter III. Estimated using the incorrect
data.

g/ Number in parentheses is equation number,

It is interesting to observe the pattern presented by the coefficients
in equations 213-220 (Table 7-15). With the only other variable in the
model being the preseason precipitation variable, consecutive terms of the
precipitation polynomial were added. In the first two equations, the high-
est degree term (zero degree and first degree respectively) were significantly
different from zero at .0l level. In the next two equations, no coefficients
were significant. Beginning with the fifth and the sixth equations, some
of the higher order terms became significant. In the seventh and eighth
equations all coefficients are significant. All were significant at a < .01
in the last equation.

The above investigation considered the coefficients for the precipi-

tation polynomial without taking into account the effect of temperature and
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interaction variables. Every third equation beginning with equation 141
and extending through equation 162 (see Table 7-15) gives the coefficient
for the precipitation polynomial when polynomials of the same degree for
temperature and interaction are present. Considering the levels of sig-
nificance of the coefficients, the pattern is much different than when
temperature and interactions effects were not considered.

None of the coefficients in the polynomial of third or fifth degree
are significant. The coefficients for the last two terms of the seventh
degree polynomial are not significant. On the other hand, all the coefficients
in the fourth and sixth degree polynomials are significant and all but one
at the a < .01 level.

The fact that this pattern exists raises some interesting problems.
For example, if we drew our conclusions about the effect of introducing
polynomials of equal degree in temperature and interaction on the coefficients
of the precipitation variables, based on the fifth degree polynomial, we
would conclude that the effect was to make the coefficients insignificant.
If based on the sixth degree polynomial, the effect was to make the
coefficients more significant. If based on the seventh degree, the effect
was to make some coefficients less significant and some insignificant. In
all cases the magnitude of coefficients was greatly affected.

Because the ﬁz in all equations containing the seventh degree poly-
nomial was higher than in any comparable equation containing a polynomial
of lower degree, it was decided to include a polynomial for precipitation

of seventh degree in the "nearly complete" equation.

Temperature Polynomials
Five sets of temperature polynomials were estimated. The resulting

R*'s are presented in Table 7-16.
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Table 7-16.--§2 for models containingsfjmperature polynomials of varying
degrees2

(186) (185) (184) (183) (182) (181) (180) (179)

Other f Degree of temperature polynomialsb/
variables | - - - - - - -
included ; O : 1 I 2 * 3 * 4 I 5 1 6 1 7
: R
PyR e L244 257 .255 .266  .266 295 316 315
¢ (202) (201) (200) (199) (198) (197) (196)  (195)
M, P,RO7——=: 669  .674  .674  .687  .688  .691  .691  .691
: (194)  (193) (192) (191) (190) (189) (188) (187)
C,Y,P,R07—=: 573 574 575 575 J575 575 575 .583
2 (44) (45) (46) (47) (48) (49) (50) (11)
M,C,Y,P,R07: 738 738 .738 740 L0 JTA0  J739  LT40
: (25) (24) (23) (22) (21) (20) (19) (18)
Momom—mm——m: 613 .618  .618 620 .632  .635  .635  .635

&/ Symbols used are listed in Chapter III.

b/ Number in parentheses is equation number.

The results for the temperature polynomials were quite different
from tpe results of the precipitation polynomial. There is no consistent
pattern. The ﬁz for equations containing the seventh degree temperature
polynomial in one case is higher, in one case lower, and in three cases
the same as the §2 for equations with lower degree polynomials.

The pattern made by the coefficients in equations 195-202 is inter-
esting (see Table 7-17). When only the zero degree term or the gero and
first degree term are included, all coefficients are significant. However,
where the second degree term is added, only the coefficient of the zero
degree term is significant. The addition of the third degree term makes
all coefficients significant again. The fourth degree term causes the

coefficient for the two highest degree terms to become insignificant,
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Adding the fifth degree term makes them all significant again. The sixth
degree term affects the magnitude, but not the levels of significance.
The coefficients for the four highest degree terms are significant when
the seventh degree term is added. One can only wonder if an eighth degree
term were added.

The above results are from a submodel which has other than the
temperature variable only the precipitation polynomial (of seventh degree)
and preseason precipitation variables., When the remaining variables are
added, the coefficients of all terms in the temperature polynomial are
significant (see equation 2, Table 7-17).

The second set of equations presented in Table 7-17 shows how the
coefficients for the temperature polynomials are affected by adding the
next highest degree term to each of the weather polynomials. It is
interesting to note that none of the coefficients of the fourth degree
temperature polynomial are significant. All are significant in the fifth
and sixth degree polynomial and all but the highest order term in the
seventh.

It is interesting to note that when the M.C.i.V. and the interaction
polynomial variables were omitted (equation 11, Table 7-17), all the
temperature polynomial coefficients were significant at the .0l level.
When the M.C.I.V. were added all the coefficients were not significant.
Adding, in turn, the interaction polynomial variable (equation 2) caused
all the coefficients to again be significant.

In any case, all coefficients were significant in equation 2 and on
this basis it was decided to include the seventh degree polynomial for

temperature in the "nearly complete" equation.
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Interaction Polynomials
2

Only one set of interaction polynomials was estimated. The R°'s
are presented in Table 7-18, and the coefficients in Table 7-19.

Table 7—18.--§.2 for equations contaigiyg interaction polynomials of varying
degrees2

Other Degree of interaction polynomialb/
variables " " " : " " "
included 0 1 2 o3 4t 5 16 17
=2

«315 .315 <317 .318 <319 0321 .339 «339

P,Ri, Tl
(168) (167) (166) (165) (164) (163) (162) (161)

=¢}

&/ Symbols used are listed in Chapter III.

b/ Number in parentheses is equation number.

The §2 increased or stayed the same as additional terms were added.

The pattern of coefficients when only other weather variables were
included is interesting. With two exceptions, all the coefficients in the
fifth or lower degree polynomials were not significant. Most of the
coefficients in the sixth and seventh degree polynomials were significant.

However, if instead of seventh degree precipitation and temperature
polynomials, polynomials of the same degree for all three weather factors
were included (equations 141-161, Table 7-19), more interaction coefficients
were significant. In the zero and first degree polynomials, all the
coefficients were significant., Two of the three coefficients in the second
degree polynomial were significant. In the third and fifth degree poly-
nomials, none of the coefficients were significant. All the coefficients
in the fourth and sixth equations were significant. Seven of the eight

coefficients in the seventh degree polynomial were significant.
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When non-weather variables were included in the equation, all
coefficients in the seventh degree polynomial were significant (see equa-
tions 2, 8, 99, and 131, Table 7-19). On this basis, it was decided to
include a seventh degree polynomial for the interaction variables in the

"nearly complete" equation.,

Conclusion

Many combinations of weather polynomials were considered. It was
concluded that a polynomial of the seventh degree in each of the weather
factors (temperature, precipitation, and interaction) would be included in
the "nearly complete" equations. Polynomials of degree higher than seven
were not considered.

The coefficients for polynomial variables changed as the power of
the polynomial was increased. However, the net effect of such changes

may have been very small.
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CHAPTER VIII
SUMMARY AND CONCLUSIONS

There were two principal objectives in this study. The first was
to estimate how changes in inputs have affected yield, and the second was
to determine the effect of specifying alternative models.,

A single equation model was developed. The parameters were estimated
by least squares regression analysis. The dependent variable was yield of
grain sorghum per acre. There were 645 observations--observations on 129
counties in each of the agricultural census years, 1939-1959. Three kinds
of independent variable were included--man-controlled input variables,
dummy (O, 1) variables, and weather variables.

The seven man-controlled input variables were: (1) Percent of grain
sorghum acreage irrigated, (2) dollars spent on gas and oil per acre of
cropland harvested, (3) pounds of fertilizer nutrients applied per acre of
grain sorghum, (4) ratio of acres fallowed to acres of cropland harvested,
(5) average acres of grain sorghum per farm harvesting grain sorghum,

(6) number of tractors per acre of cropland harvested, and (7) per acre
value of land (to measure the interaction effects of land with technology).

Two sets of dummy (0, 1) variables were included--27 variables to
represent the crop reporting districts and four variables to represent

years.,
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Four sets of weather variables were included: (1) Preseason
precipitation, (2) season precipitation, (3) season temperature, and
(4) season interaction (temperature times precipitation). Three forms
of the geason weather variables were considered in detail: (a) A weather
variable for each week of the 23-week growing season for each weather
factor, (b) a polynomial of seventh degree (8 variables) for each weather
factor, and (¢) a season total variable for each weather factor.

Also considered but in less detail were: (1) Man-hours of labor
per acre of grain sorghum, (2) a set of seven dummy variables to represent
different climatic regions (based on average planting date), and (3) season

weather polynomials of degrees two through six.

Results

Estimates of the effect on unweighted average yield of changes in
the level of inputs were obtained from the "complete" equation. This
equation as specified a priori contained the seven man-controlled input
variables, the 27 dummy variables for crop reporting districts, the 4
dummy variables for years, the preseason precipitation variable, the 23
season precipitation variables (one for each week), the 23 season tempera-
ture variables, and the 23 season interaction variables.

On the basis of this equation it was estimated that of the 1,146~
poundl/ per acre increase in yield between 1939 and 1959, 27.4 percent
was explained by changes in the level of the explicit man-controlled inputs,
46.1 percent by changes in the level of implicit man-controlled inputs, and

26.5 percent by changes in weather.

1/ This is unweighted average yield. The other effects were also esti-
mated using unweighted averages of the explanatory variables for each
year.
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Of the increase due to changes in explicit man-controlled inputs,
almost all is due to changes in two inputs, fertilizer and irrigation and
their interaction with land (value of land). Changes in weather during
the growing season accounted for 85.4 percent of the total weather effects.
It is important to note that the implicit (unquantified) man-controlled
inputs (as measured by the dummy year variables) were 60 percent more
important in explaining yield changes than the explicit man-controlled
inputs. Shifts in the location of production, 1939 to 1959, caused average
yield to increase 50 pounds.

The second objective can be broken down into these four sub-objectives:
(1) What is the effect on EQ of omitting sets of variables from the "complete"
model, (2) what is the effect on & of representing factors in alternative
ways, (3) what is the effect on the coefficients of variables in the model
when sets of variables are omitted, and (4) what is the effect on the
coefficients of representing some factors in alternative ways.

A set of 24 equations was used for the most part to meet these
objectives. This set of "nearly complete" equations includes the "complete"
equation described above. Seven equations were obtained from the "complete"
equation by omitting respectively the following sets of variables: (1) Man-
controlled input variables, (2) crop reporting district (dummy) variables,
(3) year (dummy) variables, (4) weekly season precipitation variables,

(5) weekly season temperature variables, (6) weekly season interaction
variables, and (7) weekly season precipitation and temperature variables.

The "complete" equation was then modified by substituting the poly-
nomial weather variables for the weekly weather variable. The seven sets
of variables listed above were omitted in turn from this modified equation.

This gave eight additional equations. Season total weather variables were
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then substituted for the weekly weather variables. The seven sets of
variables were again deleted in turn.

With respect to the first sub-objective, omitting any set caused
the §2 to decrease significantly. The largest effect was obtained by
omitting the man-controlled input variables which caused §2 to decrease
from .8548 to .7094 (17 percent). The effect on EQ of substituting a
polynomial of seventh degree in each weather factor for the weekly
varisbles was to reduce R° from .8548 to .8213 (4 percent). Substituting
in the season total variables caused R? to decrease from .8548 to .7861
(29 percent). The largest effect of omitting a set of variables and
substituting in a set of weather variables was obtained by omitting the
man-controlled input variables and substituting in the season total

2 of .609.

variables and resulted in an R
With respect to the third and fourth sub-objective, the results
were too diversified and extensive to allow a simple summary. As expected,
the magnitude of the coefficients was affected in almost all cases. In
many cases the sign and level of significance were also affected. For
some variables, it would have been possible, under different model
specification to have the coefficient test (1) not significantly different
from zero, (2) significantly less than zero, and (3) significantly greater
than zero. The effect of omitting a set of variables on the coefficients

of variables remaining in the model was reduced as the number of other

variables remaining in the model was increased.

Other Conclusions
Although not the principal objectives, there are several aspects

of the study that warrent attention.
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These results demonstrate that a crop yield model containing
several explicit man-controlled input (technology) variables and several
explicit weather variables can do a good job (EZ of .85) of explaining
yield variation. It also demonstrated that it is feasible to use real
world (aggregate) data by counties.

It is also demonstrated that combined time series and cross section
data break up the multicollinearity problem often faced when using only
time series data. By using combined time series and cross section data
it is also possible to include dummy (O, 1) variables for years and loca-
tions. The advantage of using a set of dummy variables for years instead
of the usual trend variable is that no particular functional form for time
is forced. The advantage of using dummy variables for locations is that
the coefficients "pick up" consistent difference between locations. These
differences can then be used to determine the effect of shifts in the
location of production, net of the effects of weather and man-controlled
inputs.

Comparing the estimated effects of each weather factor in each
week of the growing season from the weather polynomial technique with the
weekly weather variable technique revealed these advantages and dis-
advantages. The polynomial technique: (1) Uses fewer degrees of freedom,
(2) results in a lower §2’ (3) requires more data manipulation, and

(4) results in more meaningful estimates.

Model Flexibility

Although this model was set up for a particular crop, with particu-
lar objectives, and for particular data, the basic ideas of including
several weather and technology variables and using time series, cross

section data admit a wide variety of models. Some of the characteristics

that can vary are discussed below.
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Functional Form
The principle of fitting a physical production function using
several explicit technology and weather variables does not specify any
particular function form. A linear, Cobb-Douglas, quadratic, or other

form could be used.

Time Series-Cross Section Data
Although there are advantages in using combined time series and
cross section data, this method may be used with either time series or
cross section data. If the combined data are used it is not necessary

that the same number of units be used in each time period.

Aggregation of Data
The basic unit of analysis in this study was the county. Data
from firms, plots, States, etc., could be used instead. The counties
were selected to represent the major area producing grain sorghum. Units
could be selected to represent the Nation or selected to represent a very

small (local) area.

Type of Crop Considered
The crop considered is one of the major feed grains. Fruits,
vegetables, forage, etc., could also be analyzed by a model similar to

this,

Number and Kind of Weather Variables
The relevant growing season was assumed to be 23 weeks for grain
sorghum. Clearly the model can be adapted to any length of growing
season. The model could be fitted for time periods other than one week

in length.
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Precipitation, temperature, and temperature multiplied by precipi-
tation (interaction) were considered. Other weather variables (including
a different form for the interaction term) could be employed. The weekly
weather variables were considered in a linear form and in a polynomial
(of degrees zero through seven) form in this study; other forms could be

used.
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APPENDIX A

THE DATA: PROBLEMS, SOURCES AND METHODS OF ESTIMATION

The Dependent Variable

Yield per Acre. This value was obtained by taking the ratio of
total pounds of grain sorghum produced in a county by the total acres
of sorghum harvested for grain or seed in that county.

The data for the latter two variables were obtained from the
U. S. Census of Agriculture. The specific source is shown in Table A-l.

Table A-l.--Sources of data on acres of grain sorghum harvested and pro-
“duction of grain sorghum

Year f Volume f Parts f County table number
1959~—=-: I 20,21,36,37,41,42 11
195 ====: I 12,13,25,26,29,30 9
1949====: I 12,13,25,26,29,30 5
19 ymmmm I 12,13,25,26,29,30 2/1

The Independent Variables

Acres of Grain Sorghum Harvested per Farm Harvesting Grain Sorghum.

These values were obtained by taking the ratio of total number of acres
of sorghum harvested for grain or seed in a county to the total number of
farms harvesting sorghums for grain or seed in that county.

The data for the latter two variables are found in the sources
indicated in Table A-l.

Acres of. Sorghum Harvested for Grain or Seed. These values were used

as published. The specific sources are listed in Table A-1l.

188
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Acres of Cropland Harvested per Tractor. These values were obtained
by taking the ratio of total acres of cropland harvested in a county to
the total number of tractors in that county.
The data for these variables were obtained from the U. S. Census

of Agriculture. The specific source is given in Table A-2.

Table A-2.--Sources of data on cropland harvested and tractor numbers

f f f County table number
Year s Volume : Parts : Harvested : Tractor
: : : cropland : numbers
1959 =——: I 20,21,36,37,41,42 1 6
1954 ====z I 12,13,25,26,29,30 1 5
1949====: I 12,13,25,26,29,30 1 3
19 Lymmmm I 12,13,25, 26,29,30 1/1 1/2

Proportion of Sorghum Acreage Irrigated. These values for the
years 1959, 1955, 1949, and 1939 were obtained by taking the ratio of

acres of grain sorghum irrigated to the total acres of grain sorghum
harvested.

The data for total acres of grain sorghum harvested were obtained
from the sources listed in Table A-l. The data for acres irrigated were

obtained from the sources listed in Table A-3.

Table A-3.--Sources of data on acres of grain sorghum harvested that had
been irrigated

Year f Volume f Parts fCounty table number
1959 I 20,21,36,37,41,42 11-a
1954~===: I 12,13,25,26,29,30 9-A
1949-===: I 12,13 25,26,29,30 5-A
1939—==- I 2,5,6 15
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No census data on irrigation by counties were available for 1944.
However, State totals of irrigated land in farms were available. They
were obtained from the 1949 U, S. Census of Agriculture, Vol. I, Parts
12,13,25,26,29, and 30, State Table 1, and are reported in Table A-.

Table A-4.--Data on acres irrigated by States, and values used to estimate
acres of grain sorghum irrigated in 1944

: Irrigated land in farms | A= 49 ¢ B = o4k
State = : : 1939 : 1939 : C = B/A

H 1949 H 1944 . 1939 s acreage ¢ acreage
Nebraska---: 904,492 631,762 473,775 430,717 157,987  .36680
Kansas—--——: 145,334 96,248 82,872 62,462 13,376  .02142
Oklahoma——: 34,857 2,237 by 437 30,420 -2,200 =-.07232

Colorado—-:2,902,118 2,698,519 2,467,548 434,570 230,971  .53149
New Mexico-: 663,195 534,640 436,402 226,793 98,238  .39789
Texas—————=:3,167,536 1,320,216 894,638 2,272,898 425,578 .18724

From the State total it was possible to determine (for the State)
what proportion of the total change from 1939 to 1949 had occurred by
1944. The assumption was made that the change in acres of grain sorghum
irrigated in each county had changed in the same proportion as the change
in the total acres irrigated in the State.

The estimated acres of grain sorghum irrigated in 1944 for a county
was set equal to the 1939 acres of grain sorghum irrigated in that county
plus C (selected from Table A-4) times the total change in acres of grain
sorghum irrigated in that county between 1939 and 1949.

Dollars Spent on Gas and 0il per Acre. These values were obtained
as the ratio of total dollars spent on gas and oil (in constant dollars)
to acres of cropland harvested.

The sources of data for cropland harvested is given in Table A-2.

The data on dollars spent on gas and oil for the years 1959, 1954, 1949,
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and 1939 were obtained from the U. S. Census of Agriculture. Specific

sources are given in Table A-5.

Table A-5.--Sources of data on dollars spent on gas and oil

.
.

Year f Volume f Parts . County table number
1954=m—: I 12,13,25,26,29,30 6
1939--— I 2,5,6 10

As all census figures were in current dollars, it was necessary
to deflate them. The values were deflated by the Index of Average Prices
Paid by Farmers for Motor Supplies. These data were obtained from USDA
Statistical Bulletin No. 319, 1962, and are listed in Table A-6.

Table A-6.--Index of average prices paid by farmers for motor supplies for
years used in study

Index of average prices paid by farmers

Tear for motor supplies, 1910-14 = 100

1939 102
1944, 115
1949 146
1954 162
1959 173

There are no data by counties or States for 1944. However, there
are some U. S. values and they are presented in Table A-7. They are ob-
tained from the Farm Income Situation, July 1964, Table 53-H, page 53.

Of the total change in dollars (deflated) spent on gas and oil
between 1939 and 1949, 27.37 percent had occurred by 1944. By assuming
that the change in dollars (deflated) spent on gas and oil in each county

changed in proportion to the change at the national level, it was possible
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to estimate values for each county for 1944. The 1944 estimated value
for a county was set equal to the 1939 dollars (deflated) spent on gas
and oil in that county plus .2737 times the change in dollars (deflated)
spent on gas and oil between 1939 and 1949 in that county.

Table A-7.--Data for U. S. on dollars spent on gas and oil, 1939, 1944,
and 1949

Dollars spent on gas and oil

Year f o
) Current i Constanta/
1939 : 323,000,000 316,700,000
g LY/ — 509,000,000 442,600,000
1949 : 1,134,000,000 776,700,000

a/ Deflated by the index given in Table A-6.

Value of Land per Acre. The values for this variable were derived

from the statistic, value of land and buildings per acre, which is re-
ported in the U, S. Census of Agriculture. Specific sources are given

in Table A-8.

‘Table A-8.--Sources of data for value of land and buildings per acre

Year f Volume f Parts f County table number
1959==—-: I 20,21,36,37,41,42 1
195 mmmms I 12,13,25,26,29,30 1
1949=——<: I 12,13,25,26,29,30 1
194Lymmmm I 12,13,25,26,29,30 1/1

The value of land and buildings per acre is reported in current
dollars. To make the data more meaningful they were deflated by the
Consumer Price Index. These data were obtained from Business Statistics,
1961 Biennial Edition of the U, S. Department of Labor, Bureau of Labor

Statistics, and reported in Table A-O.
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Table A-9.--Consumer price index for years used in study

Year

Consumer price index (1947-49 = 100)

1939
1944,
1949
1954
1959

06 o0 o0 00 oo o0 o0 oo oo

59.4
75.2
101.8
114.8
124.6

Estimates of the proportion of value of land and buildings that

was buildings were obtained from photostats of USDA worksheets on farm

real estate, selected statistics.

These photostats were made available

by William H. Scofield, Agricultural Economist, Farm Production Economics

Division, Economic Research Service, USDA.

The data for the States and

years included in the study are presented in Table A-10.

Table A-10.--Percent buildings are of land and buildings, for years and
States used in study

Percent buildings are of land and buildings®/

State . - - -

X 1939 . 1944 0 1949 1 195 ; 1959
Oklahoma——-: 17.1 (82.9) 17.2 (82.8) 13.5 (86.5) 14.1 (85.9) 8.0 (92.0)
Texas—————=: 16.3 (83.7) 17.5 (82.5) 16.9 (83.1) 14.3 (85.7) 11.9 (88.1)
Nebraska-—-: 22.4 (77.6) 17.8 (82.2) 16.4 (83.6) 17.5 (82.5) 12.5 (87.5)
Kansas—-—-: 18.4 (81.6) 15.3 (84.7) 15.7 (84.3) 13.3 (86.7) 14.6 (85.4)
Colorado-—-: 21.8 (78.2) 20.1 (79.9) 19.5 (80.5) 18.3 (81.7) 15.6 (84.4)
New Mexico-: 15.1 (84.9) 13.1 (86.9) 12.5 (87.5) 10.9 (89.1) 8.0 (92.0)

g/ Numbers in parentheses are the percent land

The values of land and buildings per acre

is of land and buildings.

for counties were adjusted

by the appropriate State value to give value of land per acre.

Man-hours per Acre.

The values used for this variable are the sum

of preharvest and harvest man work units used per acre of grain sorghum.

The data were obtained from personal correspondence with Reuben W. Hecht,
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Agricultural Economist, Farm Production Economics Division, Economic
Research Service, USDA.

The data were available only for selected farm production regions.l/
The data used in the study are presented in Table A-1l.

Table A-ll.--Data on total man work units per acre of grain sorghum, farm
production regions and years used in study

Farm production regions

Yea : Northern Plains ' Southern Plains ° Mountain
. Nebraska, Kansas _ Oklahoma, Texas . Colorado, New Mexico
f Man work units
1939——-: 12.2 11.6 12.0
1944———=: 13.4 11.6 12.2
1949==m==: 6.7 7.0 9.3
1954 =m==: 5.0 5.7 7.9
1959---: 304 502 6.7

Acres Cultivated Summer Fallow. The values used for this variable

are as published in the Census of Agriculture for the years 1959, 1954,
and 1949. For the years 1944 and 1939, the value used is derived from
the variable, acres idle and fallow, appearing in the Census of Agricul-
ture for those years. The specific sources are shown in Table A-12,
Acres cultivated summer fallow was not obtained as a séparate
entity in the agricultural census of 1944 and 1939. However, an estimate
of the total number of acres in summer fallow for 10 Great Plains States
was available for these years. It was published by Sherman E. Johnson

in USDA Bureau of Agricultural Economics Bulletin F.M. 58, revised

June 1948,

;,/ A map delineating the farm production regions and showing the States
therein is shown on the inside front cover of USDA Statistical Bulletin
No. 233, September 1959 revision.
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Table A-12.-=Sources of data on acres fallow and acres idle and fallow

Table number

Tear s Volume: Parts ¢ Acres summer : Acres fallow
. $ : : fallow ¢ __and idle
1959—===: I 20,21,36,37,41,42 County Table 1
1954====: I 12,13,25,26,29,30 County Table 1
1944y==—=: I 12,13,25,26,29,30 County Table 1
19442/ = I 11,12,13,25,26,28,29,30 State Table 1

a/ State totals only.

A1l six of the States included in this study were included in the
10 Great Plains States used for these estimates. The total number of
acres in idle and fallow for these same 10 States was obtained from the
1944 Census of Agriculture. The specific sources are shown in Table A-12
for the year 1944, footnote _/. Using these data, the proportions that
fallow acres were of total acres fallow and idle was obtained for each
year, The results are given in Table A-13,

Table A~13.--Data on acres fallow and acres fallow and idle for 10 Great
Plains States, 1939 and 1944

Ttem : 1939 : 1944
Acres fallow : 17,400,000 10,800,000
Acres fallow and idle-—————-: 29,237,205 16,602,644
Percent land fallow is of :
land idle and fallow===———-: 59.51 65.05

The county estimates for these years were obtained by multiplying
the acres fallow and idle in the county by the appropriate percent from
Table A-13.

It should be noted that the above data are not what is really

desired. The most appropriate data would be proportion of total grain
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sorghum acreage planted on fallowed land. Such data are not available.
Given that total acres summer fallowed have to be used it would be
desirable to have this data for the year previous to the one being
studied as these are the acres that will influence yields in the current
year.

The data used will lead to meaningful results only if the follow-
ing two assumptions hold: That the proportion of acres fallowed in the
current year to acres fallowed in the previous year is nearly the same
for all counties included in the study, and that the proportion of total
acres fallowed used for grain sorghum is the same for all counties in-

cluded in the study.

Pounds of Fertilizer Nutrients per Acre of Grain Sorghum. The values

used for each county are as published for the aggregates which contain the
county. For 1959 the aggregate is the State part of U. S. agricultural
subregions. The data for this were obtained from USDA Statistical Bulletin
348, "Commercial Fertilizer Used on Crops and Pasture in the United States,
1959 Estimates." These estimates are based on 1959 Census of Agriculture
data. The data used in this study from this source are presented in
Table A-14.

Data for 1954 were available only at the State level. The data
are obtained from USDA Statistical Bulletin 216, "Fertilizer Used on Crops
and Pasture in the United States, 1954 Estimates." The data from this
source used in this study are presented in Table A-15.

Data for 1949 was not available. However, estimates for 1950 were
available in USDA Agricultural Handbook No. 68, "Fertilizer Use and Crop
Yields in the U, S., 1950 Estimates." The 1950 estimates are used as good

approximations of 1949 values. They are believed to be close estimates
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Table A-14.--Fertilizer data for 1959, for economic subregions and State
parts used in study

Economic: gy . Acres | Tons of fertilizer applied . Average

harvested | to grain sorghum ° pounds of
sub- : AU :

region : P&Tt , of grain : : : . nutrients

. sorghum @ N © P05 1 Ky0 © Total | per acre
68——=——-:Kansas 425,117 898 1,429 340 2,667 12.55
69—=———:Kansas 193,699 670 879 130 1,679 17.34
g — :Kansas 203,700 1,362 1,008 114 2,484  24.39
:Nebraska 266,001 940 260 19 1,219 9.16
76==——==:Kansas /18,419 757 281 0 1,038 4,96
:Nebraska 1,143,593 6,679 859 77 7,615 13.32
77=—=m==:Kansas 876,414 1,655 1,336 0 2,991 6.83
80mmmmmm :Texas 787,588 1,294 1,147 229 2,670 6.78
8l-==———:Texas 1,246,995 1,698 1,291 129 3,121 5.01
82-————-:Texas 177,200 335 0 0 335 3.78
83=————=:0klahoma 319,167 180 617 L4, 841 5¢27
:Texas 1,031,770 269 228 23 520 1.01
84~=———-:Texas 2,135,831 6,893 893 0 7,786 7.29
85-————:Kansas 2,678,212 6,770 1,012 o 7,782 5.81
:New Mexico 233,795 1,035 3 o 1,038 8.88
:Texas 1,684,691 33,720 1,605 0 35,325  41.94
:Oklahoma 438,777 278 88 10 376 1.71
:Colorado 576,921 606 98 0 704 2.44

Table A-l5.--Fertilizer data for 1954 for States used in study

: Aeres : Fertilizer in tons * Pounds of

State 1 ted : - - . nutrients

Ponarvested: g P05 : K0 ! Total ! per acre
Nebraska----: 540,000 841 97 15 953 3.53
Kansas—=-—-: 3,567,000 2,381 3,004 138 5,523 3.10
Oklahoma-——-: 614,000 577 866 247 1,690 5.50
Colorado———-: 396,000 _— _— - -— a/
New Mexico--: 281,000 278 945 5 528 3.76
Texas——mm———: 5,782,000 15,472 7,167 1,725 24,364 8.43

a/ Used Kansas average.

because (1) the 1950 values are quite low, and (2) the values are for a
farm production region and changes in averages for a whole region would be

very small. The data used for this study are presented in Table A-16.
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Table A-16,--Fertilizer data for 1949 by farm production regions

* Acreage off Pounds of plant nutrients

Farm production : States : er_acre
rggion ¢ included : sorghun : : 2 : :
. . harvested . N P205 i KZO . Total
Southern States——————e : Oklahoma} 8,185,000 0.5 0.6 0.3 1.4
¢ Texas
North Central States--: Nebraska} 3,190,000 o5 .6 .2 1.3
¢ Kansas

New Mexico and Colorado belong to the Mountain States. Estimates
for the Mountain States were dominated by sorghum production in California
and Arizona where most of the crop is irrigated and heavily fertilized.
Thus these estimates were rejected as being unreasonably high for New
Mexico and Colorado. The values used for New Mexico were set equal to
those of Texas, whose production practices are similar and the values used
for Colorado were set equal to those for Kansas, whose production practices
are similar,

The total pounds of nutrients applied per acre of grain sorghum for
all counties for 1944 and 1939 was estimated to be zero. Not a single
source of data about fertilizer applied to sorghum prior to the 1950 esti-
mates was found. The value zero was used because it was believed to be a
very close approximation to the true value. This belief is substantiated
for 1939 by the fact that of the 129 counties included in the study, 82
used no fertilizer on any crops in 1939. It is also substantiated by the
fact that for dryland farming the recommended fertilizer practice was to
use no fertilizer.

The assumption that no fertilizer was applied to grain sorghum in

1939 was extended to 1944 because: (1) Nitrogen which was the principal
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nutrient applied in latter years was scarce during the war years; (2) the
low values for 1950 indicate that fertilizer use, which has increased over
time, must have been very near zero for 1944; and (3) the fact that no
fertilizer data were obtained for this crop while they were obtained for
other cropsl/ indicates that fertilizing sorghum was not an important

practice.

;/ "The Third National Fertilizer Practice Survey," The Fertilizer
Review, National Fertilizer Association, Inc., Jan., Feb., and March
194—6 : 7-10 o
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The Dummy Variables. Three sets of dummy variables were considered

in this study. The data on these variables is presented by counties in
Table A-17. The last part of Table A-17 contains the county numbers and
observation numbers which are keyed to other tables to be presented later

The year variables need no explaining.

Table A-18.--Key to crop reporting districts used in study

Crop reporting district :Crop reporting district,

number used in study f State f State number or name
1 : Nebraska East
2 : Nebraska South East
3 : Nebraska South
A : Kansas North West
5 : Kansas North Central
6 : Kansas North East
7 : Kansas West Central
8 : Kansas Central
9 : Kansas East Central
10 : Kansas South West
11 : Kansas South Central
12 : Kansas South East
13 : Oklahoma No. 1
14 : Oklahoma No. 4
15 : Oklahoma No. 7
16 : Colorado District No. 6
17 : Colorado District No. 9
18 : New Mexico North East
9 : Texas 1-N
20 : Texas 1-S
21 : Texas 2-N
R2 : Texas 2-S
23 : Texas 7
R4 : Texas 4
25 : Texas 8-N
26 : Texas 8-S
27 : Texas 10-N
28 : Texas 10-S

Since the counties included in the study came from different
States and different climatic regions, it was decided that a single

growing season representing all counties was not appropriate. Data as
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to the average planting date are not available on a county basis. Data
as to the average planting date are available for crop reporting districts
in Texas.
There were seven different growing seasons considered in the study
but because two seasons were affected by leap year (1944) two extra
growing seasons were included. The growing seasons considered are shown

in Table A-19 and are keyed to the numbers given in Table A-17.

Table A-19.--Key for growing seasons

Growing season

number f Begins f Ends
1 : May 11 October 18
2 : May 20 October 27
3 : April 19 September 26
4 : March 25 September 1
5 : March 11 August 18
6 a/ : February 27 August 6
7b : February 17 July 27

a/ For 194/ February 28 to August 6.
b/ For 194/ February 18 to July 27.

Temperature. A weather station reporting daily maximum temperatures
was selected from each county, if there was at least one in the county.
If there were no weather stations in the county reporting maximum tempera-
tures, then the nearest weather station that did report temperatures was
used, A list of the weather stations used to obtain the weather data for
each county is presented in Table A-20,

If maximum temperature was not reported for (1) one day or for two
consecutive days, the missing values were estimated by simple interpola-

tion, and (2) three or more consecutive days, the missing values were
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estimated by using the actual reported maximum temperatures of the
nearest reporting station.

Precipitation. If there were four or more weather stations in a
county reporting precipitation, then three were selected for use in this
study. If there were at least one, but less than four reporting weather
stations in a county, then all were used.

If there were no reporting weather stations in a county, up to
three nearby stations were used. A list of the weather stations used is
presented in Table A-20.

If there were any days for which precipitation was not reported,
the missing value(s) was (were) approximated by using precipitation

occurring on that day (those days) at the nearest weather station.
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The Basic Data
Tables containing the following data by year and by county have

been prepared and are available from the author. Data included are:

Acres of grain sorghum harvested for grain or seed; production of grain
sorghum in hundredweight; yield per acre; number of farms harvesting

grain sorghum; number of tractors; acres of grain sorghum irrigated;

acres of cropland harvested; value of land per acre; acres fallowed;

total expense for gas, oil and lubricants; acres of grain sorghum harvested
per farm harvesting sorghum for grain or seed; acres of cropland harvested
per tractor; percent of grain sorghum acreage irrigated; and dollars

spent on gas, o0il and lubricants per acre.



APPENDIX B

The results of the regression analysis are presented in the
following table.

The equations are presented in numerical order. The variables in
the equation are also presented in numerical order. However, if some
variables are not considered in any equations presented on a particular
page, they were dropped from the list.

The smallest degree of freedom available for the test of sig-
nificance (t test) of the estimated coefficient was 536. Thus, the
values listed for infinite degrees of freedom in the table of percentiles
of the t distribution, as presented in Table A-5 (page 384) of "Introduc-
tion to Statistical Analysis," 2d ed., by Dixon and Massey, were used.

In order to conserve space, the following symbols (appearing as
superscripts to the coefficients in the table) were used to indicate the
levels of significance of the estimated coefficients, 1In all cases the

hypothesis tested is:

HO:b:-L:O
Hy 2 by 0

and the level at which the null hypothesis was rejected is indicated by:

a =ty 22576 =a< .01
b =1.960 <ty < 2.575 = 0L < a £ .05
¢ = 1.645 <ty < 1.959 = .05 < a £ .10

where g is the probability of rejecting the null hypothesis when it is true.
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Also to conserve space, the variables are identified by numbers rather
than by names. The numbers are keyed to the list of variables as follows.

It should be noted that the coefficients for variables 84-110 have
a different meaning in some equations than in others. The reason for
this is that crop reporting district 9 is omitted in some equations and
crop reporting district 19 is omitted in others. When district 9 was
omitted, the space following variable number 92 (see list below) would be
blank and the space following number 101-A would be occupied. If district
19 was omitted, the space following variable number 92 would be occupied
and that following 101-A would be blank. The coefficients for crop
reporting districts from equations with district 9 omitted can be com-
pared to those with district 19 omitted by subtracting a constant equal
to the coefficient for district 19 from the overall constant term and
from the coefficients for all other districts (including district 9 which
has a value of zero) in the equation in which district 9 had been omitted.
This was not done here because statements of significance cannot be made

after the coefficients are transformed.

Variable No. Variable
0] Constant term
1 Pounds of grain sorghum per acre of grain sorghum
harvested
2 Percent of grain sorghum acreage irrigated
3 Average acres of grain sorghum harvested per farm

harvesting grain sorghum

4 Number of acres of cropland harvested per tractor
4=A Number of tractors per acre of cropland harvested
5 Dollars spent on gas and oil per acre of cropland

harvested
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Variable No. Variable
6 Per acre value of land
7 Man-hours of labor per acre of grain sorghum
8 Acres cultivated summer fallow
8-A Ratio acres cultivated summer fallow to acres of

cropland harvested

9 Pounds of fertilizer nutrients applied per acre of
grain sorghum

10 1959

11 1954

12 1949

13 1944

14 Preseason precipitation

15 Precipitation, 1lst period week
16 Precipitation, 2d period week
17 Precipitation, 3d period week
18 Precipitation, 4th period week
19 Precipitation, 5th period week
20 Precipitation, 6th period week
21 Precipitation, 7th period week
22 Precipitation, 8th period week
23 Precipitation, 9th period week
24 Precipitation, 10th period week
25 Precipitation, 11th period week
26 Precipitation, 12th period week
27 Precipitation, 13th period week
28 Precipitation, 1l4th period week

29 Precipitation, 15th period week



Variable No.
30
31
32
33
34
35
36
37
38
39
40
Al
42
43

45
46
47
48
49
50
51
52
53
54

_37

Variable

Precipitation 16th period week

Precipitation,
Precipitation,
Precipitation,
Precipitation,
Precipitation,
Precipitation,

Precipitation,

17th period week
18th period week
19th period week
20th period week
21lst period week
22d period week

23d period week

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,
temperature,

temperature,

1st period week
2d period week

3d period week

4th period week
5th period week
6th period week
7th period week
8th period week
9th period week
10th period week
11th period week
12th period week
13th period week
14th period week
15th period week
16th period week

17th period week



Variable No.
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
4
75
76
77
78
79
80
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Variable

Total temperature,
Total temperature,
Total temperature,
Total temperature,
Total temperature,

Total temperature,

18th period week
19th period week
20th period week
21lst period week
22d period week

23d period week

Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,
Interaction,

Interaction,

1st period week

2d period week

3d period week

4th period week

5th period week

6th period week

7th period week

8th period week

9th period week

10th period
11th period
12th period
13th period
14th period
15th period
16th period
17th period
18th period
19th period

20th period

week

week

week

week

week

week

week

week

week

week

week
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Variable No. Variable

81 Interaction, 21st period week
82 Interaction, 22d period week
83 Interaction, 23d period week
84 Crop reporting district 1

85 Crop reporting district 2

86 Crop reporting district 3

87 Crop reporting district 4

88 Crop reporting district 5

89 Crop reporting district 6

90 Crop reporting district 7

91 Crop reporting district 8

92 Crop reporting district 9

93 Crop reporting district 10
94 Crop reporting district 11
95 Crop reporting district 12
96 Crop reporting district 13
97 Crop reporting district 14
98 Crop reporting district 15
99 Crop reporting district 16
100 Crop reporting district 17
101 Crop reporting district 18
101-A Crop reporting district 19
102 Crop reporting district 20
103 Crop reporting district 21
104 Crop reporting district 22



Variable No.
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

130

Crop
Crop
Crop
Crop
Crop

Crop
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Variable

reporting district 23

reporting district 24

reporting district 25

reporting district 26

reporting district 27

reporting district 28

Growing season 1

Growing season 3

Growing season 4

Growing season 5

Growing season 6

Growing season 7

Oth degree term, precipitation polynomial

1st degree term, precipitation polynomial

2d degree term, precipitation polynomial

3d degree term, precipitation polynomial

4th degree
5th degree
6th degree
7th degree
Oth degree

1st degree

term,
term,
term,
term,
term,

term,

precipitation polynomial
precipitation polynomial
precipitation polynomial
precipitation polynomial
temperature polynomial

temperature polynomial

2d degree term, temperature polynomial

3d degree term, temperature polynomial

4th degree term, temperature polynomial

5th degree term, temperature polynomial



Varisble No.
131
132
133
134
135
136
137
138
139
140

241

Variable
6th degree term, temperature polynomial
7th degree term, temperature polynomial
Oth degree term, interaction polynomial
1st degree term, interaction polynomial
2d degree term, interaction polynomial
3d degree term, interaction polynomial
4th degree term, interaction polynomial
5th degree term, interaction polynomial
6th degree term, interaction polynomial

7th degree term, interaction polynomial
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Variable; Equation number

number : 2 3 L 5 6 f 8
RE—mmmmt .782 .781 .768 767 764, .626 .531
T — .758 .758 745 <743 <740 590 489
D.Fommmm: 581 581 58/, 585 585 588 592
M 22342 31012  3833% 4005 35558 50852 77782
p S 18622 18148 18728 18328 18434

g — =340  =.216 .019 151 .276

/— .3570 .342¢ 176

 J -20.7 -21.8  -11.4  -13.3 -.54

S 3.12 3,18 3.32 3.32 3.92

y S —— : -/1.0 -27.8%8 -23,3%

- S— .0001 .0003 .0002 .0002 .0004
> I— 13.3%  13.32  13.58  13.4&  15.78

) o JO— 5618 252 9818

1lememmm 3278 4L7.6 6312
12 4328 222 609

I T— 3832 403 3892
) — 18.8%  .204%  .2018  .282& 26,98  13.,1P  17.62
Y — : 5028 4878 44,0P 4498 4308 18.1 -258
85mmmmmms 5792 5772 5198 5372 5092 82.9 -262¢
T 145 138 154 166 1528 4262  -696a
2y A— -58.8 -49.8 -82.4  =64.4  =73.1 -763%  -976%
[t S— 18.0 13.1  -42.5 -34.8  -11.2  -668%  -8862
89mm s 169 145 27.9 33.8 80.4 -682 -5992
90mmmmmmt -34.2 -15.4  =51.2 -32.8  =56.4 a  _g52®
o) PE— -80.5 -78.1 -105 -100 -112  -5558 7278
Y I— 119 57.1 =447 -6272
93mmm e -98.3 =741 -104,  -83.0 -132  -6402 7732
oy — -2318 -225C -278b -267b 2878 674,82 @ -8642
o], FRN— -87.3 -101 -176 -169 -168 6238 =728
YN -184C -153 -134 -103 -127  -8012 -863%
oy L =45.4  =45.1 17.0 2.8 1.3 -552% 457
o]: SN—— -290¢ -282 =245 -228 =220 7632 -7132
ol M— -249¢ -184 -125 -109 -197  -9658 -12192
oo J— -164 -109  -12.0 -.89,  -84.9  -6228  -8048
0] R -50.3 33.1 5247 56.1 11.8 -640% -6262
102 -49.5 47.5 31.8 58. 41.0  =3953 3642
103===— -99.1 -29.3 96.1 105 24.0 615  -6912
104 ===z 42,1 -83.8 49.7 57.7 250 -418% -306
104-A~—-: 26.6 248 258

=Continued
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Table B, Part 1l.--Continued

Equation number

Variable:

Tt 1 2 13 b4 bos 6 1 18
105mmmmms 336 362° 336 5360 5460 520 123 -1
106=mmmmz 230 273 231 369° 384° 336° 48.9 -100
107=====: 78. 4 135 97.6 217 249 204 -184 =283
108-mammt 568 6322 5590 6142 6212 5612 322 162
109mmem— 248 292 242 365 371 332 -83.3 =265
110-——: -134  -89.6 -138  -27.2  -12.3  =99.7 32.0 17.4
117-=—=—: =4177%  -4125% 40893  -4151%  -4069%  -3790%  -47028  -3989%
118———-: 55312 55948 54498  5427% 53712  5071%  6076% 45982
119-———=: =23562 -24128 23278 23068 -2293% 21618 26238 -18182
120-———:  46.12 4768 4562 4522 4512 4248 5232 342%
121ccmmmz  =47.1%  —48.9%  —46.5% 46,22 46,12 43,43 =54.5%  =34.1P
122-mmmm: 2,65 2,70 2,62 2,52 2,52 2,4% 3% 1.8P
123=em—=: -,072% -,075%8 -,0718 -,07028 -,0708 -,066& -,087% -,050D
[/ A— .001®  .001® .0008%  .001®  .001®  .001%  .001®  .0005°
125-———: 6,68 5.9 620 l5.3p 1 9P I 20 1148 l11.8°
126--—-: 10,32 948 9.98 828 7.7 620 1697 13.47
127«=eem s —4.6%  —4.2% 44 -3.6% -3, 3 2,60 7.7R -5.2%
128———=:  .9248 .8328 .8878 691a 640 J465¢ 1.62 .9432
129me—e—=: -.0962 ~.086% -.093% - 069 -.0632  -,043 -.168% -.092P
130--——: .005*  ,005%  .005 .00 .oo3P ,002  ,010%  .005°
131 -.0022a - ooo% -.0002% -,0001P .ooo% -.0001 -.0003% =-,0001P
132--—--:2x10"08  2x10-b8 2x10-6a8 1x10-0b 1110- c 1x10-6 3x10-6a 2x10-ba
133-———-:  7.2% 7.0  7.08 7.0 6.2 8.0  6.7°
134-———-: =9.3% -9.4% 9.2&2 -9.,0% -8 9a -8.4% -10.0%  -7.5%
135-———- : 3,98 4.0 3.92 3.82 3.78 3.5% 4.3% 2.9%
136-—mmm s -.761% —785%  -.753% —.729% —.727% -.686%  -.846%  -.538P
137---—-: 0772 ,080%  ,0762 .07,  .074%  .070 & 0882 .053D
138-—-m: -,004% -,004%  -.004%  -.004% -.004% -.004% -.005% ~.003P
139==—--: ,0001% .000]% ooo%a ooo% .000}% 00032 .ooo% .ooo<1>c
140-———3:-1x10"02 _1x10708 -1x107°8 -1x107°8 -1x107°% -1x107° -2x107°% -1x107°°
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Variable; Equation number

number : g 10 11 12 13 14 15 16
RSmmmme=: 736 <502 614 623 .752 .758 761 760
Remmm——: 713 466 .583 .592 .731 737 .739 .738
o iy pp— 593 600 596 595 593 592 591 589
O—————: 2990% 70952 2603 29472 1821 1240  2175° 1211
ez 17502 19632 17082 17412 18152
P To VA -1.0% -.408% -.201  -.247 -.422°
fmmmmm—z: 128 «354¢
See—e———: 5.8 -21.5
bmmmmmm—z 3,72 2,52  2.5% 2.5
Tt -62.82
8emmmm——z: .0003 .0001
Qe 18,52 14.48 14.22 14.2% 15,28
10-—m——: 10142 11312 6982 5972 168 6472
1l 5152 6052 2558 1782 -198 2278
g 5442 5842 3402 330% 46.7 3672
13mmmmmmt 3602 433% 320% 323% 364 332
Yooz 21,22 12,5 24P L1058 178 L1592 .187®  15.78
8l——mm—z: 293 2339 5742 536P 5973 5248 5058 3868
85mm————: 3528 337D 6068 5808 5928 5728 5648 4258
5o P—— 96.3 -6922 163 132 186 218 208 77.0
87emm=—=—: -01,1 =943 =89,0 =77.7 60.8 84.2 92.9 -67.6
88eme———: =128 -0328 88,3 =104 31.5 36.0  37.3  -98.4
89mmmmmm: =169 =761% 5Lels  LR2.4 112 82.7 70.6 -43.6
oY J— -1 -804% 17.0  75.2 112 131 137  -20.3
Qlemm———; =169 -743% 22,2  13.9 60.3 -12.9 =5.6 -146
PRemmmem:  =85.9 6632 -39.2
93emme——: =102 -717%  18.2 178 97.7  87.9  94.5 —69.3
Qfymm—mm==z: =3348 8622 97,7 -89.9 -6l.4  -153 =147 -2948
95mmmm—=z =224  =T45%  -38.4 -27.1 -58.6 -85.5 -86.6 -172
T A— 123 -848% 171 -81.8 -24.1 -14.3  -8.4  -188°
o A— s -22.6 -475®  15.1  17.2  93.6  10.9  15.7 -129
98mmmm—=: =189C 6268 2147 =134 =127 =173  -168  -310°
99——————: =230 -1200% -374° -342°  _206 =136 -50.4  -296°
100mm——=: =119 =796% 58,1 -11.1 -155 -64.5 12.1 -221
101-———: =52.7 -694% -28.2 62.3 14.3 L7 144 -102
102———=: 26.3 =3928 6632 7862 188 192 191 -88.5
103=m=—- : -25.3 -738% 142 236 127 57 66 -188°
oY/ — 225 =306 =147  -116 -60.2 -50 -39  -38.1
104-A=—m: 68.3  86.7 130 107  82.5

-Continued
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Table B, Part 2.--Continued

Variable: Equation number

mumber : g 10 1 12 13 14 15 16
105mmmmmt 5692 33,7 420 M43 4500 466° 426° 328
10bmmmmmz 393 13.1 518 520° 4340 383C 335 245
3oy J— 301 =177 336 354 304 273 203 138
108=———=: 6558 253 8798  9g9a  g859a 7618 6762 6468
109————: 428° 157 485  533C 394 418° 364 298
110mmm—m: 123 208 631 ¢71P 353 147 66.9 4.0
117=====g =2328 2808 _204b -199b -144C -157b -145b -167b
118wemmm: 399%  491% 3932 3772 2782 2058 2832 2982
119———-: -183% 2208 1872 1782 1318 1408  -1362 -1408
120—mmmm: 36.48% 42.7% 38,12 36.1% 26,12 28,28 27,52 28,02
12]mmmmm:  =3.78% 4,28 4,08 3,78 2,68 2,88 2,82 -2.88
122-c—=:  .179%  ,224% .221% ,206% .137% .151% .149% .1518
123==m—=: -.0052 -.006% -.006% -.0062 -.00 b =.0043 -.0042  -,0042
124-———: .0001% .0001° .0001% .0001% .00004° .00004° .00004° .00004
125—mmmms -1.3 -9.7% 7.6% 7,52 1.2 1.4  =2.2 -1.5
126t 1.7 10.8% 11.4% 11.3% 2.4 2.6 4.0 2.8
127ammmmt  =.488 -402 -5.28 5,28  _1.2 -1.2 -l1.9 -1.3
128————-: .034 .670 1.18 1.18 .237 .230 .05 .254
129—————:  .002 -.061C¢ -.1178 -.116% -,025 =.,024 =-.044  =.027
130===—==: =.0004 .003 .007% .007% .001 .001 .003 .002
131mmmm=: 00002 —.0001 -.oooga -.00028 -,0000, -.0000/ =-.0001 -.0000
132mmmmm2-2x10=7 1x10-6 2x10-08 2x106 1x10-® 5x10~7 1x10-6 1x10-
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Table B, Part 3
Variable; Equation number
Number Y 18 19 20 2 o 23 24

R  .739 «740 .739 740 740 740 .738 .738
| ) —— 589 588 589 590 591 592 593 594
Om——————: 20882 19202 15342 15312 16142 1637% 13802 13972
2emme———mz 17802 18172 18422 18412 18442 18452 18248 18202
3-" ------ e 271 -0408 -0400 -.400 -.408 .389 e 366 -0375
4—----. . 3180 . 299 . 298 . 296 . 3010 . 3110 . 317c
Bmmmm———3 =22.4 =20.7 =20.9 -20,9 -21.0 =20.7 =20.4 =20.1
6‘-""'-"- 2‘68. 2.68. 2.68. 2.68. 2.68. 2.6a 2.78. 2.7a
ommmemms =63.48 -61.4% -47.80  -47.6P 48,50 _51,9P 52,3 b _49.0P
8==—e=——: ,0002 ,0001 .00007 .00007 .00008 .0001 ,00004 .O0004
10=mmmm— 180 226 287 288 291 262 269 277
11— -190 =14/  -95.2 -93.6 -102 -110 =127 -123
j o J— 60.7 85 98.9 99.6 88.2 85.6 77.5 86.0
13— 3748 3728 3418 3408 3418 3308 3148 3032
y I/ — 18.8® 19.48 17.82  17.88 17.62 17.82 18,12 18,32
Blymmmmmmt 5042  497% 5208 5212 5202 5258 570% 5548
85mmmmmmes 561% 5462  558% 559% 5592  564% 6242 6082
<oy — 203 19/ 212 212 212 216 272¢ 257¢
89— 75.0 68.7 81.3 8l.4 84.0 76.7 86.6 774
Lo JR— 132 118 123 124 125 117 115 103
91-—---' -9.3 -ll.8 "10-9 ‘1005 -80 5 -12.9 -3203 —43.8
92 ------- 97.8 74—.2 71.7 72.1 740[& 64.9 5700 49.6
(o) T—— -156 -163 =167 =166 =166 =172 -190 -201
94-"--. "520 5 -5307 -4—704 _4701 "4908 -5405 -50¢8 -5706
95---—-- -24-.6 -48.6 -5102 -Sloo —5006 -58.9 -6108 -67.2
o T N—— 2.5 -1.6 .719 .400 .313 -5.,2 =20.8 -19.4
o J— -176 -185 =179 -180 -181 -183 =184 -180
oo — -8.9 =21.3 -=14.0 -13.5 -12.8 ~4.9 28.4 18.3
100=mm——: 149 138 122 121 122 125 145 142
101-mm—: 181 160 150 149 148 145 151 151
102 ----- 61.8 5604— 51.8 5009 4909 64—.4 68.0 80.8
103--- -47-1 -54.8 —53-3 -5401 -52.2 -37-5 "3304 "28.9
104 =—m—m 62.1 59,1 66.0 64..0 61.6 59.2 91.1 101

=Continued
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Table B, Part 3.--Continued

Variable: Equation number

mumber i g, P oq9g 19 a0 far Pz P2z Pog
105m———=z 413 412° 421° 419 414° 409 432 446°
o/ — : 306 303 302 299 302 301 339 355
107 === 194 180 215 212 212 217 245 267
0] F— 6642 674a 7088 7058 7048 7138 7328 7562
109-———-: 351 357 365 362 359 372 413¢ 434°
110mmmmm . 75.5  81.0 111 108 108 112 98.9 124

117-—-—: -=142C¢ -152b -137¢ -137¢ -131¢ -131¢ -132¢ -135C
118————: 2782 2848 2582 2598 2528 2538 2472 2472

119-———: -=1342 -135% 1218 1218 1198 1208 -116% -116%
120mm=—: 27.1% 27.2% 23.8% 23,98 23,52 23,92 23,32 23,22
121----: _2.78. -2088' "2.38' “2038' "2038' “2.38' -2-38' -2.33
122mmm—=z 1472  .148%  ,120P ,120P ,119P ,122P ,123P ,123b
123=————: -.004P -.004P -.003P -.003® -.003P -.003P -.003P -.003P
12/--——2.00004P .00004P .00003¢ .00003% .00003¢ .00003¢ .00003% .00003¢
125mmmmms  =2.2 -2.4 .690 613 001  1.2% .263 .106
127 ----- : —1.9 -2.00 e 025 e 058 .Olo 0048 .001
128=——==: 406  .429° .003  .008  .001 -.001P

129=———: =.044 =-.047° -,00002 =-.0004 =-.00005

130-===-=: .003 .003% -,000007 .000006

131emmmm: =.0001 -.0001C .0000002

132«=—== :.000001 .000001
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Variable: Equation number

mumber i 55 i Py o2 oo 30 31 32
gg----: 758 758 56 WTA9 JTA8 JTL6 JTAS JT43
Re————-:  .738  .738 737 J730 L7299 L7288  .727 725
D.Fumm—m: 595 596 597 598 599 600 601 602
o 1390  608P 6350 6660 6920 647P 600D 440
2emm————: 18372 18362 18582 18602 18582 18662 18372 18812
3mmmmmem: =370 =.357 =.388 =.342 =.358 =.360 -.416° .350
f————-: .319% .330C  .334C .366P 400D  .456P 4768 .82
Semmm———: =209 -21.8  =24.0 =23.0 =23.8 -22.8 -23.4 -24.1
bz 2,78 2,82 2.78  2.82 2,88 2,78 2,72 2,78
Tommme——: =52,00 -50.8P -56.28 -56,4P -59,02 -55,4Pb -52.80 -42.6P
8—————: ,0001 .0002  .0001 .0002 ,0002 0001 .0001 .00O2
M 14.92 15.12 15,08 14.98 15.28 14.92 15.1&2 14.72
10mmmmmmz 258 288 279 282 287  306¢  341¢  382b
11— -152 =146 -170 =167  -183 =142 -=94.9 -6l.5
12-mmeem:  74.2 115 105  96.3  68.4  73.2 100 109
13—mmmmm 3092 3262 3612 3512 3512 340% 3572 3382
1mmm——: 18,12 19,12 19.6% 17.2% 16.5% 16.7% 16.5% 17.7%
8f===———: 5528 5902 5958 5438 5268 5058 5128 @ 5392
85—mm—m=: 5992 6332 6302 5732 5502 5298 54,0%  561%
8bmmmmmmz  247° 275D 278°  244° 231 219 228  251C
87=mmm—=:  58.7  79.8 107 85.9  97.7  93.8 104 121
] S— : 35.2  56.3 69.3  51.9  48.2  38.2  66.5  T7.4
89————: 97.2 116 128  46.2  22.9  14.8  45.3  68.1
7o J— 117 134 164 152 163 157 176 192
9l-=====: =30.9 =29.0 -6.8 =32.7 -24.6 -28.2 8.6  10.3
92mmmme—=z:  60.1  62.2 96.5 61.2 78.6  T7.8  96.0 109
93—————: =192 -195 -175 =204  -188 =192  -170  -158
fymmmmm=z  =54.1 =61.5  =39.8 -80.0 =52.2 =57.5 =34.0 =33.2
O5mmmm—mz 65,4 =67.3  =39.9 -83.4 644 -69.L -63.8 -41.6
9bm—mm==: =19.5 =49.5  =23.5 =79.5 -66.9 =72.2 -6l.1 -67.4
9fmmmm——: =184 =223 -202 =242 =231 =241 =219 =236
98emmmmm: =65.0 =37.2 -1.7  -43.3 =43.1 =38.6 =50.4 =5l.4
o[ FE— -16.6  .889 31.5 2.9 6.9 6.1  -2.3 -30
100-~——- 156 169 196 175 164 148 148 172
[0 P— 157 162 183 143 144, 131 141 166
102-=—-: 61.8 55.8 63.0 14.2  20.9 15.1  24.3 343
103-———: -=59.4 -64.6  -65.4, =10 -101  -105 -98.3 -95.4
104=====: 5,0 =21.1  -13.8 -67.9 -68.8 -87.5 -94.8 -62.0

-Continued
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R49

Variable; Equation number

mmber i o5 3 g 27 28 Y29 Yz Pz o3
105=mmm=t 308 308 352° 265 251 250 227 267
106=———: 202 181 210 103 100 113 75.0  97.7
107-====: 109 100 113 50.9  57.9  46.1  39.3  80.6
108=mmmm 6032 6102 6312 5902 5978 5958 6092 6372
109=mm— 276C 279¢ 308¢ 250 255 263 265 297¢
llo----’ —22. -38.6 7-5 -6508 -5308 _5709 -28.2 17-6
117-=——-: =145P  -145P -39, 1028 56,60  27.4 -.672 21,.5b
118-———: 2532 2548  104° -70.1% -27.9° 6.7 5.8 <254,
119-————: -118% -119% -49.1%8 16.1P  5.0P 1.1 -.248P
120=———: 23.7%  24.0%  9.0%  -1.5° -.293° _-.038°

12) et =2.4% 2,48 -.758% .061P  .005°
122—————: .126P .1208 ,03028 -.0009C
123cmmmms .oo3bb -.003P -.00042

12/,=mmmmz =, 00004 00004

-.051
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Variable; Equation number

mamber i o33 o 35 P36 P Do P3P0
RPemmm——: 743 728 L569 .578  .582  .583  .585  .586
Re—————: 725 710 .547 555  .558  .559  .561 .56l
D.Fo——- 603 604 612 611 610 609 608 607
o JR——Y 458 8892 5312 221 178 208 225 222
2em—————: 18008 17762

3ommmmem: 0353 -.463°
R 4758 455D

Smmm———=: =23.9 =26.9
[ S— 2.7% 3.08
Jmmmmmmmt =450 —46.8D

8=mm———=: ,0003 .0002
G 14,62 14,48

10-———:  375P 4898 11252 10292 1072% 1094% 1085% 10952
1l-==——: -70.1 -73.1 3682 364%  387% 4062  379% 3682
12—————-: 98.9 24.5P 5572 4388 4358 [468 4528 /blB
13-—————: 3418 4948 L4628 3528 3668 3748 35582 3632
1fymmmm—=z: 17.8% 15,62 9.3 10.4¢  10.0° 9.0 9.1 8.7
8f4=————: 5398 4802 6338 6662 6602 6402 6348 6532
85mmmm—ms 5638 5472 6272 6328 6388 6218 6082 6252
86mmm——=z 249 140 151 236 228 210 198 208
Y — 117  -49.6 -91.9 47.2  33.0 8.2 -5.8 =-.630
88—m————:  75.4 5,0 =19.7 33.6  21.2 11.7 =23.2 =l4.6
89————:  65.1 188 248 146 121 105  69.2 77
ol —— 190  37.9  35.7 169 163 138 116 121
o) PES— 10.4 -78.5 9.1 72.5  71.9  54.7 32,9  37.2
o J— 108 -52.8 =27.1 121 111 85.1  69.5  68.5
93-ee——=: =158 -232¢ 131 -80.5 -80.4 -92.5 =117  -113
Y — -31.4 -21.6 -44.8 -50.6 =33.5 =33.4 =59.6 =55.5
] — s =43.3 =234 =297 -133 -1 -170 =176 =173
9=—————: 69,2  -162  -122 -58.8 -73.9 -69.1 -8l.3 -76.0
Q7emmmmm: =234 =307 =304 -250 =235 =223 =249 =241
o] S -50 =259 =452 -269 =263 -200 -283  -291
99mmm——: 2.6 =201  -155 30,9 31.0 1.9 6.1 3.6
100-——=-: 178  19.5 =73.3 71.2 94,1 55.2 52.6  58.7
101-——=-: 169 9.2 5802 7358 7318 704% 6968 7032
102————: 38.7  -144 -61.9 86.8 103 88.1  83.3  84.6
103-==—=: -95.1  -222 -325C -223 =225 =230 =239  -238
104=———: -648  -222  -288 -168 =192 -218 208  -192

=Continued
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Table B, Part 5.--Continued

Variable: Equation number

number i g3 o4, 3 g5

e o0

36 31 f3s Pz P40

105----; 270 47.9 -49.3 127 150 118 147 147

107====-: 85.1 =50.7 -16.0  90.2 123 91.9 102 112
o] T— : 6458 4838 5782 7078 7582 7338 7278 7308
109-=——-:  303€ 120 65.6 216 272 247 246 240
110-———:  25.1  -199 266 437 4820 446P 422D 426D
117z 2442 18.82 39,82 23,2  56,5P g81.2b
118-mmmms -1.8P 2.3 -12.6 -30.7°
119—mmmm: -.180 1.4 47
120-———-: -.045¢ -.262

12] ===t .005
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Variables Equation number

mEPST Y a2 P43 P ou fous e our P
B-———-:  .587  .595 598 600  .601  .603  .604  .604
R mememe——— . 562 . 569 . 571 . 573 . 574 . 575 . 575 ) 575
D J— 606 605 604 603 602 601 600 599
Ommmmm——g 221 180 227 23280 23690 2201  2361P 2357P
10--—--: 10772 10612 10372 9612 9518 9952 9902 9872
1l-——==-: 3728 3508 3578 3483 3628 4128 4218 4328
12-mmmmm: 480% 4802 4,678 3632 3558 3772 3818 3938
13=m—mmt 3632 3692 3332 2798 2708 2062 3068 @ 2978
1fmmmmmm 9.4 12.3°  11.8° 9.3 10.3€ 9.6 9.2 9.1
8fmmm———z 6682 7178 7148 5998 6048 6508 61838 6228
-] S— 6448 7008 7058 6058 6218 6672 6278 6318
Y- —— 219 253 248 169 186 228 193 196
87-—=——: 9.5 169 =25.2 .101 143 98,1 -92.8 -98
88mmmmmm:  =11.6 4.7 =11.1 -71.7 =108 -70.9 -67.2 =71.6
89mmmm—=:  97.4 180 165 111 75.6 102 94.2  88.7
[oTo M— 111 112 81.8  22.5 -12.1  20.6  23.5 21.1
) FO— 31 52.9 29.9  14.3 -10.4 21.8 31.6  28.9
QRemmm==: 53,1  T71.7 40.3  14.0 -15.3 6.2  11.2 8.8
o) T— -127  -103 -124,  -129 =147 =115 =106  -110
Qfmmmm—=z =79.3 =41.0 -61.3 -41.0 -46.1 -28.9 -32.1 =35.0
o) Fa— -192 =160 -188  -198 =212 =196 -193  -195
9be———: -87.2 -30.9 -60.7 14.8 14.3 11.4 18.1  14.8
QJmmmm—m: =251 =211 -235 =132 =127 =138  -139  -139
98mmmmmms =285 =257 -280 -380P 345 =314  -341 =337
T S— 8.1  22.8 3.5 -68.2 -17.6 =1.6 =14.1 =6.0
100-=——=: 72,3  88.1 67.2  22.9 5,0 =3.5 =16.4 =17.0
101—e——: 7008 7308 7068 6782 6618 6572 6548 6538
102—=——=:  78.0 121 118 124 160 127 119 132
103=====: =240 -202 -201 -186 -131 =142 =146 =134
10fmm=——z =191 =134 =143 =71 98.3 77.1  56.8  57.9
105=mm——: 159 252 199 200 LAty 41% 400 400
106=——==: 157 266 232 285 547° 514 492°  497°
107==mmm: 104 165 153 174 A 399 383 392
108==m==: 7252 7578 74,08 7068 9698  920a  906a = 9202
109——mm: 236 29/ 260 251 524° 47 457 472
1103 419 4842 439D 465D q21P 66D e8P 677
117--—mm: 1212 —25.3 -154C -156° -138 -132 -131 -132
118t 68, 3b 1120 2062 29,2  281P 2858 28938 2912

-Continued
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253

Equation number

Variable:

mmber i P42 P43 founPous toue tour s
119-———: 14.7° —52.9°  -138%  -136% -1328 13 -137® 1388
120———: -1,3%° 9,52 27.8% 27,128 26.28 26.7% 27.1% 27.52
121————: 054 =-.794% -2.82 =2.7% 2,68 2.,7% 2,72 2,78
122-=—-: -.001 ,031% ,151°  .145P .140° .141P  .14P  .143P
) — -.00048 -.004P -.004P -.004P -.004P -.004P -.004P
124---; .00004P .00004% .00004C .00004% .00004C .00004°
125 -141P 0 L1340 .66 1.2° 1.4°
126—mmmm: -.018 -,117¢ ,403¢ -.560
127 s .00,  .003 061
129mmmmmt .00004
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Table B, Part 7

Variable; Equation number

mmPer i ou9 fso Pos1 Pos2 sz Posy Poss Pose
RB—-—=:  .606 606 724 .722 720 720 L719 .709
Riemee—:  .575 575 .707 .705 .703 <704 .703 .692
D.Foemm—: 598 597 605 606 607 608 609 610
Om——e——=: 2085 2085° 8518 9488 9192 9182 5248 6138
S 17112 1660% 16052 16052 1578 18982
S -.508°  -.302 =265 =265 =.307 =.414
4-"-"--3 04—33

S— -30.4% -32,9P

S 3.28 3,32 3,22 3,2% 3,0%
7--“."-"': -3103 —3305 -3306 -3305

s S -.0002 -.0001 .0001

> J— 14.0% 14.18 12,982 12,98 12.8% 12.82
10————--: 9518 9512 6492 5868 5672  566%  828%  961®
11—z 4452 4452 58,2  JO4l =24.2 -25.3  199% 29,2
12emmm—m: 4233 4238 4032 375% 3598 3502 5288 5032
13-————-: 301% 3012 5628 5602 5602 @ 5612  543% 5752
14====-: 10.0 9.9

8fmm———z: 6272 6282 4618 4688 4782 L7728 4832 6202
85mm———=: 6348 6348 5272 5442 5532 5528 5552 6208
8bmm e 197 197 120 133 137 135 136 122
87mmmm—=: -=97.9 -97.7 =60.4  =34.9 =33.5 =43.1 =42.6 =79.6
88-"“—-": -72.0 "7109 -10.3 109 7.6 6.1 6.0 300
89mm———:  80.1 80.2 189 196 202 202 203 261
oTe J— s 19.7 19.9 19.9 L5.4  43.4 36.6 40.0 .565
9lemm——:  25.8 25.8 -98.3 -93.9 -89.2 -91.8 -88.0 -13.7
oY J— 5.1 5.1 -79.5 <54.6 =58.5 -65.4 =57.0 -80.8
93=mm——=: -108  -108 -233° 222 -211 =213 =208  -107
Qymmmmmmz  =21.7 =21.7 18.8 18,9 -31.6 -31.8 -30.5 -2.1
95—m———: =19/ -194 -262 -223 =215 -222 =217 -26/,
oY 20 19.9 -190 -186 =174 =175 -170 -107
Q7mme———: =132 -132 -292 -288 -286 -287 28, =269
98=m—mmm=: =335 -335 -317¢ -284 -290C -302¢ -351P 4362
9QQmmm——: -=10.2 -10.1 =249 -228 -235 246 -201° -413P

100————-: =12.7 =12.9 -85.3 -69.8 -77.4, -80.6 =125  -196
10l-em—: 6592 6598 -33.3 -1.5 11.7 9.6 23.1 -1l4.1
102-m——=: 142 142 226 =215 =216 =216 =210 =160
103==—==: =140 =140  -287P -247¢ -270¢ -270¢ -272¢ -311Db
104mmmmmz:  65.5  65.1  -296® -296P 293P  _p93b  _pgb  _2gyb

~Continuad
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Table B, Part 7.--Continued

Variagble: Equation number

mmber t oy tiso Pos1o Posa Posz Posy Poss Pose

105mmmm: 413 413 -16.7 =20.0 =32.6 =32.5 -34.5 =71.1
106z 477C  476° 443 40.3  Lh.1 434 43.3 112
107————: 383 382 2.0 10.9 -11.2 -11.4 -11.3 36

108———==: 921% 9202 5992 5762 5618 5612 5682 7182
109-———- : 471 470 199 187 173 173 172 151
110-———: 679P 678D “145  -162 =211 =212 =198  42.2
117————: -158° -158°
118-=——=: 319% 3192
119———-: =147% 1472
120-—==—: 28.8% 28.8%
121 —me—m: -2,82 2,82
1223 .1472 .1472
123=====: -.004° -.004

124=====: .0004% .00004°
125mmmm=s 278 <264

126-—---; AN o492

127=ee==: =211 =217
128——mm=: .026 027
129=====: -.001 -.001
130-=-=-=: .00002 .00002

130t -3x10~8
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Table B, Part 8

Variablef Equation number

number : g 58 59 60 61 ' 62 63 ' 64
gg----- 698 .576 568 216 736 JTAL J728  J727
R —————O .682 0553 0546 0182 0720 .724 0711 0711
D,F,———- 611 612 613 617 606 603 607 608
o S 6212 6042 6182 11482 40872 56912 54048% 51762
Remmmmmmy 20742 19102 1szsa 18212 18402
3emme—: -,313 -,976% .300 .431 -.048 =-.056
—— .210  .350° ,352° .32/
5t 7.7 =20.1 -=15.2 -14.8
bmmmmmmme 3.82 3. 3a 3.52  3,5%
 S— -77.1% 27,52 -24.52
s S— -.001¢ -.001% -,001%8 -,001%
o J— 17.9% 15.1% 15,12 15,52
10mm————: 10728 12362 11468 -53.8

1lemm—: 3518 4658 3822 =130

12emm——: 6062 6412 6052 =2/

13— 5798 5612 5158 a 3672

]/ — 22.1

8fmmmmmmz  610% 6162 6272 627P

o1, P—— 6152 6102 6162 6162

S 118 128 132 132

2y A— -107 -88.3 -127 -127

88—mm——=: =20.1 -38.8 -32.4 =32.4

1o M— 263 233 252 252

90mmm e -36.9 -79.8 1.3 1.3

9lemmm—=: =39.,0 7.4 -6.1 6.1

o) J— -117 102 -70.9 -70.9

o) Im— -131 -12/ -132 -132

95mmmemm: -303C -230 -338¢ -338

- — -123 =147 -137 -137

97 mmm—: =286 -308 -296 -296

98mmm—mm: 4768 436D -5008  _5092

Qmmmmmms  =4792 -130 =213 -213

100=mmm=: -233  -=23.3 -140 -140

101—mmm— 17.3 6732 5342 534b

[0 — -187 -3.7 114 =114

103-——— -3362 -325¢  -367b 367

104==m—=: =311 -306° -332¢ -332

-Continued
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Table B, Part 8.--Continued

Equation; Equation number
number 3 g, 58 59 60 61 62 63 64
105-———: -87.1 -58.4  -90.6 -90.6
106=———: 107  85.8 93.0  93.0
107—-——-:  24.8  29.0 15.8  15.8
108-———=: 6962 7528 6518 651
109————-: 135 156 110 110
110-———=:  -2.4 329 301 301
11Tt 1872 39,1 113  128P
112-mmmmt 5072 162 317°  330P
113~emm=s 766% 5242  659% 6572
g/ J— 590% 369  522%  558%
115-———- 8462  757%  865%  8gr®
116-——- 309 196 306 342
117~ -4196% -2599% -2433% -23582
118————: 55642 2949%  2809% 26672
119-———: -2340% -1047% -1031% -9702
120-——-: 452% 1662 170* 1597
121 et -45.6% -13,1% 142 132
122 2.5% 5122 5842 5352
123—memm: -.068 -.009% -,011% -.010%
Y — .001% .00003 .0001% .00005%
125-mmmt 5,42 7.8 485 2.0
126mmmmmz 8.3% 10.8% 7.3  3.3P
iy S— -3.58 -4.88 -3,1b 1,32
1283 6752 L9428 5750 L2018
129mmmmms -.067° -,097% -.055¢ -.0158
130meem .ooag 005> 003 .0005%
131-emmm -.0001) -,0002%  -.0001-,00001"
132——mmm .000001°.000002% . 000001
133————: 7.12 443 402 3,92
134-——- -9.3%  —4.9% -4t -4.2°
135mmmmms 3.92 1.7% 1.62 1,58
136mmmmmt - 7432 -.258%  -.245% -,2322
137===mm: L0752 .020% ,019% .018%
138————: -.004% -,001% -,001% -,0012
139———=-: .0001% ,000012 ,000012 ,00001%
-lx10'6a

140---;
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2

58

Variable; Equation number

number : g 66 67 68 69 70 7 72
B3———-: 724 712 711 L7100 L710  .708  .708 703
R emm——:  ,708 <696 .696 .69/, <695 .69 .69/ .689
D i p— 609 610 611 612 613 614 615 616
o —— 5311%  5454%  5460%  5416%  5460% 55582 54782  5313%
p J—— - YA 18738 18812 18882 18862 18882 18832 18942
3emmmm——:  -.028 .095 126 .130 .132 136 172 .22
R s .325%  L345°  .352°  L364C 03630 .346C°  .357° .35,
Smmmmm——:  =16.9 -18.5 -18.9  -18.2 -18.0 -19.1 -18.5 =19.3
ez 3,42 3.28 3.22 3.32 3.3% 3.22 3.38 3,28
Tommmmmmy =23,28 222,48 -23,182 -22,28 221,98 -22,08 -21,78 -23.82
8-eeee—: -,001% -.001® -.001%® -.001® -.001% -.001% -.001% =-.001P
o s 15,42 16,72 16.8% 16,92 16.8% 17.8% 17.8% 17.8%
111-———: 108P 1468 1462 1518 1528 1618 1538 1402
112-———:  328° 3822 4012 4032 407®  409% 3912 3902
113-=——=: 6752 7512 7768 7418 7482 7718 7478 8378
11fmm———z: 5562 6242 6602 6492 6542 6832 6302 7488
115==—=: 9012 10092 10408 10472 1051% 1070% 10542 10932
116mmm—z  381° 5562 5832 567%  570%  591%  577% 605
117--—-: -25492 -462 -432 -522 Al -412 -382 428¢
118——m-=: 27938 493 468 505 405 395 3900 -104
119-———-: -9662 -120 -113 -103 -76.6% -73.8%2 -78.52 4.5
120-——==: 1492 12.2 11.3 7.5 4L.62  4.3% 5.12  -,004
12— -11.42 -.661 -.6 -.213 -.082 -.06 -.1052 -,0002
122-———: 4182 .019°¢ .018¢ .002 -,0003 -,001

123===—: -,006% -,0003% -,0002°

P — :o=2.50  -.217 717 527 688 1.82 1.82 2.82
126=====: 3.8 1.25 J132 .219 .087 -.852° -.,898° 1,42
127emmmm:  =1.4% =555  -.162  -.169 -.136 .102° .107P° .184%
128amm—=: 2172 .083 .024 .02/ .020 =-.005 =-.005 -.oog%
129=ee—; -,015% -,006 -,001 -,001 =-,001 -,0001 =-.0001 -.0001
130-=——-: .001% .0002 .00002 .00002 ,00002

131=====:-.00001 -.000002

133=——=:  4.5% 771 .721 1.0 .815 846 2729 -,697°
13fmmmmms =482 —u727  =u692  =.916 -.742% -.750P -.693P 166
135-===—: 1.62 .150 J143 JA87 1412 (1433 1382 -,006
136=m=—=: -.250% -.011 -.011 -.014 -.009% -.,009% -.009% -,0001
137==——: 0192 .0003 .0003 .0004 .0002% .0002% ,0002%
138————: -.001%-.000004 -.000003 -.000004

139===—=z . 000012
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Equation number

Variable

- L TR R | B 79 ' 80
o 700 L700 .700 691 691  .688  .686  .684
R ----- [ ) 687 [ ) 687 [ 688 L] 679 [ ) 679 . 677 L) 675 L] 674
oIy p— 617 618 619 620 621 622 623 624,
Om———-: 5376% 53882 53928  5094% 50258 49058 48682 53792
2eme—m—: 1880% 1881%  1881% 1821% 18872  1820%  1830% 18262
3"'-‘“- 3 24-7 . 247 . 247 3 207 ] 199 3 17 . 13 . 17
fmmmmmmn .316 .306 .305  .358%  ,353C <419 .397 .389
5"""-"‘" -19 . 5 "19 . 8 -19 . 7 -19 . 4 -19 ° 3 -19 . 0 "19 . 5 -200 3
[ Y—— 3.32  3.38 3.3% 3.32 3.32 3.18 3,28 3,38
y S— -14.50 -15.0b -15.0b -18.8b -18.4P -24.08 -27.12 -24.62
8=e———: -.001P -.001P -.001P -.001%2 -.001® -.001® -,001P -,001
Jmmmmmm=: 19,32 19,32 19,32 19,228 19,22 19,2%8 19,52 19.,3%
111 1080  111P 111 1792 1712 1782 1628 1672
112——emm L2162 43?2 430% 5352 5262 5152 4832 5162
113-——— 8662 8702 8708 9808 9562 9312 gg1a 9202
114 ————m 7672 7802 7812 gage 8782 8562 ngg2 8478
115-——=: 1078% 1085%  1085% 1187%* 1185% 1171%  1106% 11392
116mmm——: 6082 6222 6232 6882 6912 7178 6442 6902
117mmmmm: 406 392 403 205 23 -89.7  =59.4  -10
118-———:  -103  -106  -110% -59.0P -59.4 15.62 12.6° 9.6
119————: 4.1 515 6.08 3.1 T 2.8b  _.206P -.249C
120———: 067 -.045% -,059P  -,017

121=m——=: -,002

125mmm—:  1.9%  1.9%  1.98  .110 .138  -.152 226 .18,
126mmmm—: =-,816% -,829% -,833% -,025 -.028 .035 -.045% -,045%
127————:  .079% .080%  .081% -.001 -.001 =-.003P

128————=: -,002% -,0022 -.002%

133=m—==3 -.668 =.618 -.637° -.331 -.401 .160 114 .231°
134mmmmm: 173 J161  .169% 102 .1132 -.016° -.012 -.017°
135=====: =,007 =.007 =-.007% =.005° -.005

136mmmmmt

-.00002 -.00002
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Variable; Equation number

number : - gy 82 83 ¢ 8L 85 ' 86 ! &7 88
Bo-——-t  .682 673 .670 670 .62h  W719 T34 490
Rommm—:  ,672 664 661 661 615 .705 .718 479
D,Fommmm:z 625 626 627 628 629 613 609 630
Om—————: 48872 55272 5,202 52042 170 40242 47682 10202
2emm————: 1818% 1820% 1805% 1809% 1917% 19792 19848 13632
Fommmme: .15 125,188 198 .135  .146 -.150  —.544P
fmmmm e : .393 423 347 J347C .562a 463D 408 577D
T -22.9 -29.3 -28,7° -28,6C -36.7P -16.3 -18.4  —44.6P
bmmmmm——zt 3.4 3.42 3.3% 3.32 3.48 2,68 2.42 5.32
Tommme—ms =22.48 20,62 -22,7% -22,1% -28,1% -35,2&8 93,48 -34.22
Bommmmmmi =.0010  —.001 =.0005 -.001 .001 -,001¢ -,001 -.001
Qemee——: 20.5% 21.8a 21,62 21,52 22.2a 16.62 16.6a 23.42
10mmm——— -116
. -337°
12mmemmm -191
i J— 3028
)/ 20,28 18,028
111z 1682 32,7 42.9  41.9 90.8° 2232 133 14.6
112———-: 5632  138C 116 115 78,7 4742 2930 _2088
113—————: 9722 2882 2902 288% 176 8172 6432 64.9
114————: 8952 178 2102 2108  207° 6658 4L67P 43.3
115-==—=: 12072 4802 5262 5292 6992 9672 7858 4658
116-mmmm: 7572 96.5 118 142 198 5582 372¢ -182
117-=—==:  27.5 -6.1  19.3 30.0% 52,0% -250%  -165°
I S— 078 1.72 4008 2778
119 -179a -123a
120mmmmm? 35.5% 23, 9
)1 P— -3.6% 2,48
122 .1962 .123b
123=——==: -.005% - 003
124 -3 b .0001% ,00003°
125-=-—-: .371° -.358% -.351% -.342% -1.7 -2.0
126=mmmm; -,058% 3.7 Led
Iy J—— -1.8 =2, 3§
1 S— .356 .52
e — -.037  -.059.
130mmm——: .002 .004P
131-——-: -.0001 - 0001bb
132-———-: 000001 .000001

-.002 .028 .018

133-====:
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Equation number

Variable;

number F g9 90 a1 92 9 9 95 %
R2————: 486 8L 480 471 .383  .277  .053  .038
Rmmm—: 475 L71 71 .63 374 .268 .042 .029
D,Femmmm 631 632 633 634 635 636 637 638
Qmmm———=: 1070% 9802 9392 6802 9928 10132 10942 118428
p J— : 13352 12562 12452 11248 15452 22628

Jemmmmmmy  =,261  =,223 -.256 =072 =-.428C 192 .842%
5mmmmmm=: =50,1P

6------: 5 ° 28. 5 . Oa 5 . 2a 6 . la

Jommmm——ms =28.18 24,12 22,32

111---*-: 807 4.2 1005 6.1 31. 250 —3505 "4—207
112=——==: =2518 253 -2378 2282 226 =214 -3332 -3682
113-———:  40.7  34.5  45.0  40.7 123 190° 90.3  31.1
114-"--.-3 37-1 -408 804 4.5 78.1 128 2605 -1909
115-=—-:  423% 3932 408 384, 5362  542%  389% 399%
116mmmmm: =210 =296 296  =355P 147 6.1 298 265
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Variable; Equation number

number i gy ! g8} 99 * 100 101 ‘102 ° 103 104
RS———--: WAL 734 486 712 W58 U352 566 573
R —————— O 0725 0718 0461 .699 0439 0347 . 547 0554
)y — 607 608 615 616 623 640 617 616
Ommmm—mm: 62082 L6682 67612 40762 52372 6442 72442 79032
2————-: 1934% 18892 18922

3oz  -,258 -.267 -.131
= : .316° .350¢ .362°¢

Semmmm———: =29,5 -29,0¢ -25.1

bz 2.7 2,82 2.52 6.8 6.42
Tommmmm=:  =90,42 -46.5% -48.62
8em—ee—: -.001¢ -.001P -.001¢ -.001%
Qo 16,12 16,32 18.18
10mmmmmm: =147 4342 9,12 4582 9522 11462
1lemmmmm: =232 2978 687 1530 5762 3g2P
12emmmmm: =167 2302 4022 137° 3632 6052
13mmmmmms 326 2462 2728 1852 2758 5158
1f=————: 20.1%  18.8%  14.6P 17.6%8  13.9P 35.8 0.3
117m—==z  =4563%  =LT7T7.B L7778 -2232 -2682 -48312 -51162
118-mm—m:  5740% 62008 61912 3288 442 59372 61752
119mmm——:  =23442 25938 26872 1428 @ -1998 -24308 -24982
120-m——=: 4412 4992 5328 26,9 39,62 4552 4662
121 mmmmm:  =43.52 -50.1%  -54.42 -2.62 -4.12 44,18 =45.28
122 2,38 2.78 3,08 .,135P  ,2248 2,38 2,38
123----; -.063% -.075% -.083% —,004° -.006% -.602 -,0622
)oY — :  .00m% .0012 .001% ,00004¢ .0001% .001P .001%
125mmm—: -8,0% -6.92 12,52 -1.2 -7.82 -12.3% -12.3%
126=m——=: 11.82 10.12 19.0 & 2.0 12.52 17.72 17.28
127mmemm:  =5,32 -4.48 -8.,58  -,957 -5,62 -7.52 7,28
128mmmmm: 1,12 L8708 1.7 186 1.18 1.4 1.3
129mmm——:  -111% -,089% -,1722 -.019 -.1172 -.139%¢ -.131%
130-==—: 0062 .005% .010% .001 .0072 .0078 .007%
13l=———=: -,0002% -,0001% -,0003% -,00003 -.0002% -.0002% -,00012
132=====: ., 0000022 .000002% 0000032 .0000003 .000002% .000002% .0000022
1330  7.8%  8.1%8  8.0% 8.0  8.52
134==—=: =9.7% -10.4% -10.12 -9.58 10,08
135=mmmm: 3.92 4.38 4L.38 3.82 4.08
136mmm——: =,737% -.833% -,855% -.709% -,730%
137=mm—=:  .073% .084% .0872 .0682 .0702
138--—-—; -.004% -,005% -,005% -.003% -.0042
139=mmmm: .ooo%a .0001% .0001% .0001 .0001%
1/,0mmmmm:=1x10"°% _1x10702 1510768 -1x10-6P _1x10~6P
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Table B, Part 14
Variable: Equation number
mamber f 105 P o106 o107 108 109 P 10 o o112
Bom——-i 4633 634, 634, 726 727 JT24 0 W21 JT19
S Ip— 616 616 .615 711 712 709 707 .706
D.Fommmm: 615 61/ 613 612 611 612 613 614
Ommmm——z: 67962 66402 66082 51432 52002 49852 49092 49332
S 1865% 19042 1899% 19032 19332
 SUS— .222 .191 .10 .093 '058 .035 .057
ll—-"""-: 0074 0359 0333 0351 0302 03080
L -27.2¢ -25.8° -24.0 -=25.3
6""“"---; 5062 5.6:: 5072 2.8: 2-9: 2.8: 209: 2.8:
7--"--- H -17 . l -15 ° 6 -16 . 6 -27 . 9 -29 . 7 -29 . 7 -24. 2 -23 ° 8
b b b b b b b
8emm—e—: -.001% -,001 -.001 -.001° =-,001° -,001° -.,001" =-,001
Qmmmmmmmz 28,82 28.2% 28,22 15,42 16.4%  16.6% 17.1% 17.0%
7/ — 6.6 7.3 7.4 21.2 21.42%  21.8% 19.4% 20.7%
———— - a - a - - a - a - a - a - a
TR MR R a e o
119=mmmm: 21222 2127% 21242 -2176% -2204% -1106% -1026% -1022%
120-m—— 4002 4022 4012 4092 L1428 1822 1672 1602
121em—=: -=39.2% -40.0% -39.5% -39.9% _40.4% -15.0%8 -13.6% -12.2%
122t 2.12 2.12 2.12 2.12 2.1%  6L4% L5442 L4518
123m——: =,055% -,056% -.056% -,056% -,056% -.011% -.,009% -,0062
Y — .0018 .0018 .0018 .0018 .0018 .00012& .00004P
125z =7.9% 7,97 -8,0% 6,97 —7.1%  -6.5% 2,50 -2.9P
126mem——:  11.6% 11.6% 11.8% 10.1®%  10.3% 9,48 3.6 4.0%
127——-:  -5.0%  -5.0%  -5,1% 448 <4058 4,02 <1048 1052
128=——==:  ,949%2 .965 9772 .8478 .8708 7582 2108 2228
129—memm .0942 -.096% -,097% -,085% -,087% -.o75§ -.015% -,0162
130mm—mm .oosg .005: .005: .0052 .005% .004, .0005% ,001%
131=———: -.0001° =-.0001% =-.0001% =-.0001% -.0001% -.0001°-.00001%-.00001%
132z .000002° .000002° .000002P .0000012 .000002%.000001P
) — 6.8a 6.8: 6.8: 6.9: 7.02 4L.02 3,08 4.4:
13f————m -8.3 -8.3 -8.3 -8.7 -8.8 =462 =442 =4.9
135mmmmms 3.3% 3.42 3.42 3,52 3,62 1.7% 1.6 1,72
136mmmmms  =.623% 6272  -,6262 -,661% -,670% -,266% -,249% -.264%
137————- .060% L0618 L0618 L0642 L0652 ,021% ,019% ,020%
138—mm—m: -.003§ -.0038 -,003% -,0032 -,0038 -,00l12 -,00la -,0012
139====: ,0001 .0001% .0001% .0001% .0001% .00001% .00001& ,00001%&
14,0mmmmm: =1x10~08 1510760 _1x1076P _1x10702 _1x10762
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Table B, Part 15
Var iablef Equation number

number : 33 114 115 16 * 117 P 118 ¢ 119 P 120
A .705 704, 701 J701 698 698  .692  .689
T .691 .691 688 .688  .686  .687  .680  .678
D.Fommmm 615 616 617 618 619 620 621 622
O———: 53242 53042  5401% 55112 57822 57442 54542 52922
Remmmm—=:  1921%  1931%  1923%  1923% 1913% 1911% 1934% 1938
3--"----': ) 204 3 226 . 245 . 246 . 243 . 259 . 286 . 291
fymmmmm s 310 .319°  .324°  .323°  .208  .307 .324°  .306
Beemem——:  =25.6  =25.9  -=24.8 =24.7 -26.0 =25.4 -27.0° -27.5°
[ S— 2.82 2.82 2.9% 2,92 2,92 2,98 2,82 2.82
Fmmmmmems 20,82 21,62 -19.92 -19.72 -19.43 -19.32 —23.3% -16.6°
8emme——: -.001° -.001° -.001° -.001° -.001° -.001° -.0005 ~-.000%
o Y— 18.3% 18.3%  18.4% 18.4% 19.8% 19.8% 20.0% 21.3%
1fmmmmm=z  19.7 20.3%  18.4% 18.5% 17.3% 17.3% 18.1% 18.9%
117-———: =295 275 =387 =319  -247 =338  527°  495P
118~—een 420 402 433 3700 367D 369b  _163b  -160b
119-———-: =120  -115 -95.6 =792 -76.7% -79.5% 10.5  10.1
120=mmem: 13.7 13.0 7.1 5.4 5,02 5,42 -16.1 -.101
121 —emmmt -.811¢ -,767¢ -.2 -.118P -,004P -.1158 -,0004  -.002
122 . .026°  .024P .002  .0002 =-.0003

123==m==: =,0003% -,0003% b b

125-ce==:  =.550 71 -.070 032 1.50  L.5) 2,62 1.7¢
126-mmmmg 1.3 A2 .523 L0 -.89 -.909 1,52  -,967%
[ A— -.575 267 =.265 =.245 .095¢ .097¢  .19%  ,0992
128emmem .083  .036P .035. .033® -,003 -.003 -.009% -,003%
129————=: -.005 -.oozg -.002? -.oozg .00001 .00001 .00001P

130-——-: .00001 .00003° .00003°.00003

131===m—mg -, 000002 b b
133-———- .338 .302 680  .560  .643 602 -.921°  -.877
134mmmmmz = 487 = bl =745 -.6350 —.668P -.646P .275P 281D
135mmmmms 114 .108 163 .134% .140% ,138% -.016 -.018
136=mm——: -.009 -.008 -.012 -.009% -,009% -.009% .0002 .0003
I J— .0002  .0002  .0003 ,0002& .0002& .00022

138-===-:-,000002 -.

000001 -.000002
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Variablef Equation number

number = g0 955 o133 o1, P15 126 ¢ 127 ° 128
R - ———— . 679 3 679 o 666 ° 666 . 664 e 664 3 662 3 658
D,Foommm: 623 624, 625 626 627 628 629 630
Ot 53178 52788 52358 52,12 52172 51358 57002 50422
2emme—e—: 19372 19342 1893P 18938 18882 18622 1860% 18482
3-----. .290 0291 0231 .232 .211 .19 .226 .206
fmmmmmmm: 206 4307 W345C  .346C  .401P  .3870  ,386P 385D
Gemmmmmms =27.7¢ -28,7¢ =30.4C -30.5¢ -29.2¢ -29,8° -30.7° -34.6P
[ 2.8% 2.8% 2.82 2,82 2,82 2,88 2,92 3,02
o =17.1° -16.9° -20.62% -20.7% -25.4% -27.3% -24.6% 221,32
Qmmmmm—m:  21.38  21.48  21.4% 21.4% 21.1% 21.3% 21.28 23,08
lh——————: 18,6% 18.3% 14.4% 14.4% 13.6% 13.8% 13.82 14,32
117t 4772 352P 135 133 -162P  -140° -197%  -16.8
118-mm—: -162° -1072 =48 =47, 20.52 18.5%2 15.5%2 @ 2.3%
119-———-: 11.5  5.9% 2.4¢ 2,50 -,313P -, 283P

120-==—: =,211 -,05 .002

125mmmm=z: 1,72  1.7% -.562P - 566D -,8228 -, 5648 -,6228 -, 64738
126mmmmmi =.9828  —.040% .013 .014 .070 .020% .025& 0128
127——===: .101% ,0962 ,0004  .0004 =-.002

j o) T— -.oo3§ -.003§

133mem—=: =820°0 -.602 -.281 -.273 .240° .21 .3488 .030
134mmmmms 266 01722 098  .097° -.020° -.018° -.0242
135mmmmmt =017 =-.008% =.005° -.005P
136=mmm .003
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Variable; Equation number

number 129 % 130f 131} 132 } 133 13, P 135 % 136
gg----; 661 654 721 26 124 .720 718 .630
REmmmm—: 654 648 706 711 .710 .706 705 .613
D.Femm==: 631 632 612 612 613 614 615 616
Ommmmmmmz 4672 45LLE  4TT1E 53642 53162 48672 45352 59848
2emem——=3 18032 17572 18462 18828 18372 18092 18102
3emmmm—: ,211 311 .292 .237 .258 .350¢  ,328¢ .262
§emmeme3=27.8% -23.4  -20.0 -29.5C¢
6-------; 3,088 3,128 3.52 2,98 2.78 3.3 3.42 6.12
7------: -218' -23 3 la -2 5 3 4% -23 3 1% b

8emmewe=z=,0005 -.001 =-.001¢ -.,001° -.001° =-.001 ‘
Qo 22,88 22,42 19,12 16.42 15.32 18,08 18.62 30.48
1f=mm——: 19,82 20,22 19,82 20,62 20,38 19.52 21,42 8.7¢
117mmmmmz -8.6  20.9  =3737% —4164% -4095% -3907% -3750% -3854%
118————: 2,28 51238 53772 53012 51032 L9678 49092
119-———-: -2110% 22172 -2187%  -2106% 20662 -2032%
120=m—m=; 3982 L7 4128 3978 3912 3862
12] e -39,1% -40.9% -40.3% -39.0% -38.4% -38.1%
122 2.1% 2.12 2.12 2.12 2.0% 2.0%
123=—m—: -.055% =,057% -,056% -,055% =,054% -.0542
12/ =t .0012 .0012 .0012 .0012 .0012 .001P
125-———3:-.286% -,20128 5.7  _6,7% 6,52 5,6 5,50  _7,28
o] Y— 7.92 9.88 9,52 7.88 8.12 10,78
127 e 3,38 43?42t 330 3R 6
128-mmmems .608 8258 7978 5990 g30P g712
129 -.058P _.082% -.079% -.057® -.061P -,085%2
130=———: .003¢  .004%  .004&  .003¢  .003P .oosg
131mmm: -.0001¢ -.0001% -.0001° -.0001¢ -.0001°¢ -.0001
132mmmmms .000009¢ .000001P .000001° .000001 .000001€.000001P
133=memm : .04 .006 6.62 7.0% 6.92 6.52 6.2% 6.3%
) Y/ — -8.5% -8.92 -8.7% -8.48 -8,22 -7.82
135-——=: 3.52 3.62 3.62 3.48 3.48 3.28
136=—m—: -.649% -,677% -.667% -.648% -,6358 -,602%2
137---: L0642 . 0662 .0652 .0638 .0628 .0598
138cmmmm: -.003% -,003% -,003® -,0038 -,003% -,0032
139=mmmm .0001® ,00012 ,00012 ,00012 ,0001& ,0001b
140-mmmms -1x10-68 _1x10762 _1x1062 _1x10-62 -_1x10-62 _1x10-6P
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Variable: Equation number
number A E S E - S ECR N VI VA RS VE S VS I V91
BEmmmmmm: 557 .380 724 J708  .218  .233  .238  .256
R ----- : L] 537 0354 0709 0693 o213 0227 0231 021‘.8
D.,Fo——: 617 618 612 613 640 639 638 637
Ommmme—mz 60132 64862 49848 53492 52288 54208 62082 73892
p S grgt . 189928 18852
3-.-----= . 73 l . O . 056 . 194
4-" ----- H [ 3510 .3320
TR -25.8%  -25,2
bt 8,02 2.82 2.82
 JS— -29.7% -24.5%
S . -.001P -.001P
Qe b 16.62 18,28 b
1fmmmmm—: 3.4 16.1 21.8% 19.7% 10.1 8.6° 1.8 .8
117----; -4489%  -3261% 24642 -111 1342 73.6 62.2 -2892
118-——-: 56582 40058 29688 36% 3.12 3,12 29,328
119=====: -23322 -1656% -1106: .156a
120-———: 442 313 182 29
121 em———z  =43.5% -30.5° -15.0% -2.9%

I a c a a
igg : 3&;3 é'éc .614a .165a

——— -, -.040 -.011* -,005
12f==—=:  ,001%2 .0004 .0001% ,00012
125-mmm=2 -10.92 -13.5: -6.52 -2.4 =.300% -,321% -,518% -,g893%
126mmm—=: 1.8 17.3 9.48 4.2 .012°  .0378
127----; -6,12 -6.92 -4.08 -2.0
128=mmmm: 1.18 1.28 .7588 .388
129=mm==: =.1058 -,1182 -,0752 .388
130mm—mm:t .oosz .006; .0042 .002
131==—==: =,0001° -,0002° -,0001 -.001
132=mmmm:.000002P .000002P .000001P 000001
133--——:  7.4% 530 4.0 -.250 -.205° -.162 140 L4792
134=====: =9.1 -6.3 -4.6%  =,019 -.0478
136—————: -.699% -.4790 -.266%  .002
137----; .0682 .046¢ .0218 -,0002
138=mm—=: =,004% -,002¢ -,0012 ,00001
139——=—-: ,00012 .0001 .000012
140-—-—f-lx10—6b -.000001
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Variablef Equation number

number : 4, . 146 147 us ¢ 19 150 ° 151 ° 152
B2 : .257  .258 .266  .266  .278  .278  .278  .278
0 ) — 636 635 634 633 632 631 630 629
Ommmm——m:  7790% 79732 80562  8123% 83622 8370% 83632 83718
I/ .7 .6 2.7 2.1 4.9 5.0 5.4 5.3
117———-: -325% -364% 97  76.6 256 297 320 340
118~mmm=: 27.7%  30.6% =79,7¢ 79.6C 21308 =148 =146 = =148
119m——:  .152 104 4L.6% 5,02 7,92 9.8 7.9 7.9
120mmmmms -.016 =.065° -.117 .035 .030
125mmmm=; =.950% 1,32 -,796D -,.836C 1.2 1.2 1.2 1.4
126==—==: .039% ,103° -.004  .001 -.865% -.879% -.858% -,997P
127 =g -.002 .002 .002  .089% ,090% .088% ,112°
128mmmmmt -.0028 -,0028 -,002& -.004
129———: .00003
133--"-"‘3 ° 563& .6223. -e 182 --12[4- -e 390 -.462 -e 538 - 573
134==m—=: -.050% -,053% ,136°¢ ,126¢ ,1892 .220 .240 242
135mmmmm -.008%8 -,007 -.010% -.013 -.014 =-.014
136mmmmms .001 .0001 .0001
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Equation number

Variable;
mumber i 353 o5, P o155 ' o156 ¢ 157 P 158 ' 159 160
gg----z 295  .297  .315  .317  .321 .339 .358 .362
D.Fem——: 628 627 626 625 624, 623 622 621
Ommmm—mm:  8579%  8615% 7798% 8014 7757%  7761%  7135%  7039%
Vymmmmmmz 6.1 6.3 10.3¢ 10.8¢ 12.9P 9.1  11.1¢ 9.7
117-————: -1042P -1065P —937b  _2092 161 -338 -27898 2526
118-——=:  677% 6690 6448 46.8  13.1 173 28642 26942
119-==—-; =-1302 -1218 -1218 37,8 16.6  -31,1 -1018% -10162
120mmm—m:  8.58  7.28  7.8% 9.2  -2.6 4.0 1642 1748
121z =.178% -.112 -.165°  .613 -.025  =.442 -138  -14.88
122———==: -.001 .0002 =-.013 .01 .025 .491% .619%
123 ==t -.0004P -,00058 -.0072 -.0112
) o P .0001°¢
125-———=:  .050 -.034 -3.7% -2.7%  -2. 7.9%  -10.3%  -9.6%
126————: =,215 =.172 3,28 2.4 2.3 9,12 11,72 11.18
127-———: -.013 -.017 -.880% -.677° -.683P -3,18 ;.08 3,82
128——mmm :  .003  .003 .094% .073% .075P  .440%  .5798 5582
129=====: -,0001 =-.0001 =-.004% =-.003% -,003% -,030% -,041% -.039%
130mmmmms .0001% .0001% .0001%8  .001®  .001%  .0012
131emmm-: -.00001% -.00002% -.000022
133-——=: 1.9® 2,0  1.7¢  .557  ,116 437 4.82 4.1P
13fmmm—=z =1.2% -1.3% 1,12 -,077 248 .015 4.7 =4.0%
135-————: .225%  ,2208  .2048% -.071  .248 015  =4.7%  =4.02
136mmmmm: =.0158 =-.0158 -.013%  .017  .021 015 -,265% -,243%
137====: ,0003% ,0003% ,0003% -,001 -.001 -.001 .021% .02028
138-mmmm : .00002 .00002 .00002 -.001% -.001%
.00001% .00001%
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Table B, Part 21
Variable: Equation number

mumber = 161 o162 P o163 P o164 P 165 G 166 167 168
RS-————:  .364 365 <345 342 <340 .338 .335 <334
R ----: 0339 0339 0321 0319 0318 0317 0315 0315
o J p— 620 619 621 622 623 624 625 626
o----: 71032 72112 76872  7483%  7312% 73282 72118 68478
lfmmm—=z 11.6°% 11.4° 8.6 8.2 8.3 9.1 6. 7.8
117—mmm=s =2590% -3451% -80., -868° =403 =115 =483 -370%
118=mm==: 28672 4066% 80.3  787%* 5422 4182 5262 5142
119=e—; =1090% -1639 -70.8 -245% -221% -211% -2278 -226%
120mmmm—mz 1872 303 23.0 38.63  40.9%  40.7% 4312  43.18
121 e : 162 -28.8 -3.2 -3.5%  -4.1% -4.0% -4.2 4.2
122-mmm—z 682  1.4° .2052 1840 L2142 L2108 .219P  .220P
123—ce—=z: -.013% -.036 =-.006° -.005° -.006P -.006P -.006P -.006P
124=====2.00007®  .0003 .0001P .0001¢ .0001® .0001P .0001P  .0001P
125mmmmm; -13.5% -13.82 -9.3% 118 -11.28 -10.38 -10.13 -10.52
126mmmm=: 16.5% 17.1% 11.4% 12.9% 13.5% 12.5% 11.5 12,28
127——m—: —6.20% 6,52 4.2 —4.7P 5,08 -4.62 -4.1P -4.3P
128---—-: 1072 112 .695° 27510 .809P 7430 L617° .665C
129———=: -.094° -.101 -.059 =-,063 -,068° -,062 -.048 -.052
130mmmmms .0052 .0052 .003 .003 .003 .003 .002 .002
131=====:-.0001" -.0001° =-.0001 =-.0001 =-.0001 =-.0001 =.00004 =-.00005
132-————3.000001 .000001 .000001 .000001 .000001 .000001 .0000003 .0000004
133=—m— s 4.1P 570 372 1.1 .191 -.354 277 .083
13hmmmmm: =432 —6.4° 679 666 -.122 128 -.015
135mmmmm:  1.56% 2,52  _.240 .112°  .020 =-.006°
136—————: -.258% -.460°  .031 -.006 -.001
137—em—=: .021% ,043°¢ -.002 .001
138mmmm :=.0008% -.002 -.00003
139==——-:.,00002%  .0001

—5x10~7

140-———-:
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Equation number

Variable;

mumber #3492 o390 o171 Poav2 Y173 Yoam, o1 G 176
E ————— [ 703 ° 696 ) 695 . 690 ° 681 ° 681 ° 680 . 678
RS emmmmmt .691 .68 684, 678 .670 671 .670 668
0 J p— 619 620 620 621 622 623 624, 625
Ommmmmmm: 48843 4541% 58448  5722%  5845%  5861%  5739% 5820
2emm——m——: 188682 18092 17728 18182 18302 183128 18338 18218
SRS 71 .343° 112 .129 .194 .193 .206 .192
fmm—————z 3710 [149 .287 .263 .324¢ .322¢ .360¢ .369¢
5---’-"—: -2505 -18-0 -23-3 -2403 -2308 -23-8 -23-6 —2203
oz 2.67% 3.3 3,152 3.11%  3.07% 3,062 3,092 3,122
y S — : =30,3% -26.28 222,18 26,62 26,68 -25,32 27,48
8emmmmm—=z =,0007% -.0005 -.0018 -.0012 -.0009P -,0009P -.0009P -.0018
o S :+ 18,02 21.18 17.62  17.7% 17.5%2 17.52 17.72 17.48
I/ S— :+  18.4% 16.0%

117-———=:  -297% —283%  -295% 115 41.9 bhe8 6,76 2760
118-———:  431% 413 433%  172% -26.9 -29.8° -4.31  11.12
119=e——-: -1898 1782 1932 -70.58  4.97 5,760 1.23. -.4248
120mmm—m:  37.0%  34.2%  38.2% 11.9%  -.255 -.342°  -.048P
121—m——: =3,73% -3,4%8 -3.88% -,939% .002 .006°

122mmmm-:  .2018 L1768 .2128  ,0352  ,00007
123=mm—=; =,006% -,005% -,0062% -,0005%

12/m=——=z 000062 ,00005% .000072

125----“: “2.83 -1.9 -1093 0430 -1.03 —0992 -1.29 "'lo 29
126=—mmm : 4.52° 2.5 3,01 =-.390 1.58 1.55 1.65 1.41
127--—--; -2.05¢ -.891 -1.33 «254, -.708 -.70 -.729 -.60
128--’---: . 392 . 120 o 233 bt ) 104- . 114 ° 114 . 124 L] 103
129mmm e : -.039 -,007 =-.021 017  -.009 =.009 =-,010 -.009
130-———m: .002  .0001 .0010 -.001 .0003 .0003 .0005 .0004
13]===—: -.00006 .000001 =-.00002 .0000/ =-.000006 -.000006 =-.00001 =-.00001
132-—mmm :.0000007 -1x10~7 .0000002 -6x10~7 3x10~8  4x10~8 .0000001 .0000001
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Equation number

Variable:

mumber i 377 o178 P o179 ¢ 180 G 181 ¢ 182 P 183 ! 1g4
BZ-"-- : . 672 . 669 ° 644 ° 644 . 643 [ 639 . 627 . 625
R -—--"-: 0662 -660 0635 0635 0635 0632 0620 0618
0 J§ Jp— 626 627 628 629 630 631 632 633
Ommm————: 59797  6040% 80512  7863% 7896% 7977% 81295 80262
2——————:  1804% 1767  1553% 15582 15592 15332 14632 14642
g S— .27 324 .027 .027  .057 .07,  .008  -.016
fmmmmm—=z 373 .287 247 2233 .236  .218  .120 .135
Smmmmmmm:  =25.3 =211  =24.5 = =24.0 =24.8 =25.8 =29.4¢ =32
bz 3.26%  3.26% 3,682 3.71%  3.708 3.72% 3.93®  3.89%
y (S : -24.7% 26,28 -30,7% -28.5%2 -30.9% -34.28 -22.4% -23.4%
8amemmmmz -.0008° -.0008° -.002% -.001% -.002% -.001% -.001% -.001%
Qommmm——z 17,32 16,22 16.5% 16.8% 16.7% 18.4% 22.11%  22.5%
iy J— 8.16 26.82

118ammmm:  1.71P .
125mmmm=;  =2.08 -3.0  =2.46  =1.08 .039 1,732 $226 =48l
) — 2.81 3.76 3.26 1.34 009  =1342 -.342 -.022
127———=:  =1.32  -1.61  -1.45 =.583 =.115 .211% .034P .001
128————: .263 .302 272 .092  .021 -,012% -.0009P
12Qmmmmm: =027  =.030 =026  =.007 -.001° .00022

130-———: .002 .002 .001  .0002 .00002P

131===—=: =.00004 =-.00004 =.0000/ =.000003

132-====:.0000005 .0000005 .0000004
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Variable: Equation number

number : jgs i o386 f 187 ¢ 188 ¢ 189 f 190 191 } 192
52------2 624 618 .703 703 .702 698 697 684
D,Fymmmm: 634 635 619 620 621 622 623 624,
Ommmmm——: 80418 79768  4884E  4697%  464LTE 50062 48872 50142
R2emmm————: 14818 13952 18862 18912 19028 18838 18798 18428
3-----"- H 3 004 . 014 L) 171 3 157 [ 181 . 148 o 131 . 066
/ — :  .139 <049 .371b .341¢  .356C  ,326C .306  .333¢
P . 3.89%  4.12%  2.67%  2.73%  2.70%  2.73%  2.76%  2.84%
Jommmmemy =21.52 =20.28 -=30,32 26,98 -28,48 -29,3% -24,28 -25,62
8-—e———: -.001% -.0028& -.0007¢ =-.0007¢ -.0007P -.0006¢ =-.0006 -.0008P
Qmmmmmmmy 22,52 21,02 188 18.2% 18,32 20.3% 21.6% 21.88
14- ----- H 18.48. 17.28' 18.08. 16.38. 16.98. 13.63.
117----; -2978 -2832 2858 2548 2672 2718
118———-: 4318 4078 4042 3702 3878 3528
[ I— -189% 1762 1752 1662 1732 -1528
120————: 372 33.9% 33,78 3328 34.5% 3032
121 e -373%  -3.34% -3.34% -3.34% -3.51* -3.,11%
122mmemms 2018 .177% .177% .1808 L1912 L1718
123a———=: -.006% -,005% -,005% -,005% -,005% -.005%
12 mmmmms .00006% .00005& .000052 .000058 ,000062 ,000052
125mmmm—: =.6538 =, 4742 -2.83 -.681  .253 2,152 1,528 -,5938
126=====: ,013% 4+ 52° 1.47 .332 =1.29% -,8922 .036
127-----2 -2.05° -.648 =.24 1632 ,0948% -.0008
128—maem: .392 096 .035° -,0072 -.003%
129ecmma: -.039 -.006 -.0028 ,00009¢

130=———=: .002 .0002 .000032

) i P— : -.00006 -.000002

: .0000007

132-mmmm:
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Table B, Part 25
Variable: Equation number
UmDT 193 f o194 Po195 P o196 P o197 f o198 P o199 ¢ 200
R2————-:  .684  .678 .33 .333 .31 282 .282  .269
REmmm—: 674 669 .315 .316 .295 .266 .266 .255
D.Fom———: 625 626 627 628 629 630 631 632
Ot 50212 4588: 62848  6126% 5974%  7138% 71122 vo77?
2mmmm——: 18322 1770
3-"--""": ° 059 . 043
fmmmm——z:  ,325° 275
Gmmmmm——z =31.6°  -23.4

f a a
T 5% 3
8emmmmmeez-.0008P -.0009P
Qemmmmmms 21,82 21,72
14=——————-: 13.6% 18,82 8.4 7.8 10.9° 5 5.2 3.0
117mmmmm:  —2698 2732 3358 _324P  -3428% 2580  _261P 256D
118————-: 3532 3402 5268 5072 5042 5002 413 3702
119mm——: =153% 1468 -2312 -221% 2198 _-1948% 1962 -171%
120====: 30.5% 29.4%  44.1%  41.7% & 39,82 40.22 35,32
121z =3.,13% -3,05% -4.31% -4.01% -4.14% -4.13% -4.17% -3.70%
122----; JA728 1702 2262 2070 L2192 2272 .229% 2062
123-———: -.005% -.005% -.006% -.005P -.006% -.006% -.006% -.0062
12/,——-——3.00005% .00005% .00006P .00006P .00006P .000072 .000072 .00006
125z =.492% -,282% -10.6% -8.82% -3.53% 1.34° 1.24% -.773%
126—mmmm : L0152 12,52 10.1%  3.,37% -.919P -.846% .037
127-----; -4.48% -3.428% -,976% ,102°¢ ,089% -,0006
128—mmmm: .703 4832  ,108% -.,003 -.002%
129—m——: -.057 -.033% -,005% .00002
130=m=mm: .002 .001% ,000082
131 -.00006 -.00001%
132~ .0000005
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Variablef Equation number

nunber 201 o202 P 203 204 205 206 P 207 208
gg----: 269 256 654 J211 647 6Ll .636 .636
R - O 0257 o244— l648 '207 .638 .632 0628 0627
D.Fommm: 633 634 633 641 627 628 629 630
Omm e . 7091%  6183%  4500%  6699%  2mP  207°  207° 206°
S 17582 1917% 1971% 19802 19662
 J—— : .315 .103 SVYA .179 .189
A .207 5548 ,5688 5942 6162
S -23.3 -29.4°% -32.1° -32.0° -32.5°
PSR : 3,092 2.912  2.77%  2.80%  2.86%
S -22,98 -32.4% -3.162 -32,3% 32,38
- S -.0005 .0001 .0002 .0004 .0004
o — 22,32 22,62 22,92 22,72 23,18
) /A" 2.9 12.9% 20.2% 8.7° 30.0% 33,12 30.6% 30,02
117 == ; 2540 2428 24,48 13,68 -3208 1448 -20.1 -46.7C
118-——-: 3712  331P 417%  155% 8,32 32,2
119————: 1728 -152P “173% 52,28 1.72  -4.61C
120mm—==: 35.4% 31,72 33,82  8.24% -.387 .2091°
121emem=: -3,71% -3,37 % 3,462 =644 .025  -.006°
122mmmmms  .206% .191% 1912 ,024% -.0005
123=mmm=; =,006% -.005 -.005% -.00042

124,-—-——3 .00006° .00006P .000062

125mm——: =,7002 -,3772 -,2882 _ 4148

126mmmmmt .002
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Equation number

Variable;

nwmber i 509 o210 o211 o212 P o213 o214 Po215 P o216
o : .633 633 .629  .619  .115 .13 .139 .14
T — s .626 626 622 .613 112 134 .133 134
0 ) — 631 632 633 634 642 641 6.0 639
O 198¢ 196¢ 95.2 92.1 5462 6062 6048 6062
2emmm———; 1978% 19802 19842 19342

e 182 .180 262 .374%

fmmmmmmms .594§ .5982 .584% 451

Bem—m——e——2 =34.3° =34.3% =34.7° -29.9°

oz 2.84% 2.8/ 2.08% 2,982

Tz =32,1% 32,32 25,22 28,28

8emem—=—: ,0004 .0004 .0006 .0006

Qe : 23.5%  23.5% 23.5% 23,28

1fmmm=—z 29.68 29,68 31,12 31,928 16.6% 14.8% 15.1% 15.3%
11 7= -11.4 =17.2 11.1  40.2% 33.6% -10.1 -5.05 21.0
118-—=—-: 7.38 10.1% 2,592 3.88% 2,58 -9.50
119==——=: =.049 =.348 .058 1.35
120==m==; =,009 -.038
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Equation number

Variable:

mumber = o1p P o218 o219 Y220 Po221 P22z P23 o2
RS—-———: 147 .158  .172  .184  .051  .538 .46l 459
0y QU — 636 637 636 635 643 635 636 637
Ommmm——:  629% 5942  560%  618% 8837 6528 996%  Q46R
p J— 16992  1263% 12332
3—-——-——: e 356 -0384
A 6268 .4652 412¢
" -51.6% -39.5° -39.8°
b 3.652 5,512 5,778
L -37.48% -30.98 -27.82
- S .0003 -.0006
ez 25.7%  23.5% 23.92
lhmm————: 16,22 18.9% 24.0% 21.1% 29.5% 42.48

117mmmmmz =41.3  62.2 1357 -3908 -.188

118-====:  34.3 =59 174 5372

119-———: -6.69¢ 18.1C -67.2P 2352

120—————: .4902 -2.17°  11.42  47.0%

121—————: -.011° .112P -.939% _;.g878

122t -.002%  .037% .270%

123=—e—: -.0005% -,008%

12 mmmmms .000092

Table B, Part 29

Variable: Equation number

number o5 o226 o227 o228 o229 Y230 o231 o232
Roem—mmi 446 .45 WA44 .405 L301 1280 .402 398
Rfmmmmm—: W41 WALLO0 L44O 402 299 278 .396 392
D.Fomm—: 638 639 640 641 642 643 637 638
Ommmm——e:  670% 6345 6752 6272 537®  639%  1511%  1475%
2emm————: 1080% 1051% 10572 16632 16192
3emmee——:  —.040 =.062  .027  .205 1.01% -.580P
—— W42 .201 .291 .039
| J——— ; ¢ -8.85 -8.34
bmmmmmmms 6,462 6,268 6,092 7,108 9,282 9,202

S -51.9% -47.2%
< S : -.002% -,0022
Qmmmme—m: 27.6%  26.6% 26,17 332 23.5%  22.0%
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Table B, Part 30

Variable: Equation number

number : 533 234 235 236 237 238 239 240
gg--- .361 .194  .193  J166 005  J017  .260  .345
R - ————— 0356 ol89 0189 0163 0004 0015 .258 -34—2
)G — 639 640 641 642 643 643 642 641
Ommm———: 1618% 1530% 1561% 18542 1207%* 1088% 1031% 10182
2ememe—e: 20072 15002
 I— .898%  -.218 -.386°
fmmmmmmmz 160,253

Smmmmm——z: 15,5 1092 1052

 A— 64,82 62,68 -60.48 -7,.68

8eme————: -.002% -,002% -.,002% -.002% -.0009°

Y— 47,12 34.4°
Table B, Part 31

Variable; Equation number

number : 241 24,2 243
32----- 0350 .351 .389
Rieceae—: . 346 N 346 . 384

g p— 640 639 638

O s 10972 10512 14392

20— 14832  1445% 16332

ooz =132  =,149 -.6942

fmmmmm—mz =,508P -,435C  ,108

P PIAA =545

P 45,62

S J— 32.6%  31.5%  24.92




Table B, Part 32

R79

Variable: Equation number

number : o . P o245 f o246 o247 o248 Y249 o250 o251
RS——=—=: .816  .798  .697  .677  .805  .785  .642  .619
R—m———: 779 767 640  .632  .768 754 578  .570
D.Fo==—-: 536 559 543 566 540 563 547 570
Ommm—e—: 31612 822  5787%  3129% 35632 18258 76150 57122
Re—mme—: 17642 1749 1759%  1730%

Jommmmmm:  =.249 -.088 G315 J445C
fmmmmmmme s .241  .210 .06,  .068

J— -18.9  -15.7 -7.2  -5.0

bz 3.1% 2,97 3.9%  3.6%

8=—m—===: -.0001 -.0002 .0003  .0001

Qmemmm—: 12,0% 11.72 13.9%  13.4%

10-———-: 536%  568%  943% 925t

1lem———:  355% 2282 5838 4448

12-———=: 455 4058 5428 /822

13=————: 378% 3452 37,8 349%
14--—-—: 20.6% 18.2% 18.7% 18.7% 27.9% 24.3  29.5% 26.12
15mmm—=: =514° 1.5 -669° 20.9 =418 6.7  -7.9°  17.9
g[S : 258 25.3  23.5 49.0° 163 24.3 =496  26.9
3 A— 382¢ 58,728 21.9 83.7% 408 80.5% 390 109%
g]: S— : =159  11.2 140 24.3 =339  13.3 -71.2 39.3°
19-————: 193 -25.6  13.1 -22. 271 -17.3 183 -31
20-————=: =22.9 -41.8  62.6 -46.3 35.2  -47.8 -83.1 -95.68
2lemmmmm:  =512° 17,7 -820° -8.6 -348  40.9% =499  14.8
22mmm——=; 137 -12.6  559°  -20.8 100 5.6 561 -31.1
23—————-: =360 20.9 -638¢ 45.3b -90.8 18. -318  28.5
Py P— 205  21.7 262 12.2 508  41.7 JA73 0 32.2
25t 201 41.7°  83.7 6.4 95.6  45.4° -30.3 9.4
26mm—m—z =380 64.5% 582 60.6°  -543 73.6% 833 75.50
P : -88.6 14.4 110 -18.7 =49.0 23.9 432 13.8
28ece—==: 7710 38,7 -464  41.3° -909%  36.2° 644  30.8
29mm———: -942% 22,6 =524 -29.0 -1067% 39.1° -541  -3.6
30-mm——-: =1012% 57,00 10942 18.2 -9218 68.7% -95,&  23.1
3l-m——: -815° -11.8 -261 -20.7 -826P 8.0 =279 -17.5
3Rmmmmmms =322 14.2 -.533 8.4 =335 12,2  -l.1 -3.6
33mmmmmm s =39.6 -22.4 -111 -34.6 =138 =10.4 =523  -k.4
34memmm=z 108 79.6% 4.1 52.52 129 96.12 236  66.6P
1 S— -36.6  =23.4 -313 -69.6 196 -11.0 172 =30.7

-Continued
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280

Equation number

Variable:

number =, , 245 246 247 248 D 249 250 ¢ 251
36mmmmmm:  =613°  27.2  -761°  -45.9 -600° -38.4 443  -68°
3Tmmmmm—: =32.5 =61.5 109 -77.2  94.6 =25.2 35  =53.7
38em—em—: 115  .336 -1.1  =.741 J018  .238  =3.4% -2.5%
39---"““: 1 30 -359 2.83. 203a 0629 e g lo[l- 1. 5C
40-mmemm:  =.894 -1.7%  -1.8° -1.8% 826 =1.5° -.927 -1.4°
Llemmm——: 987 1.2 1.0  .262 (02 .560  =.263  =.432
YA T S VA, | 78 2.2b 2,48 821 214 2.68 2.18
43==———: -.984, -.089 -2.3° -2.0C .103 1.1 -1.9 -l.1
Lhymmm———:  ,898 1.0 .299  .568 1.1 596 -.609  -1.2
L5mmmmmms  =2,38 22,38 2101 -1.7° 2042 2,68 =703 -1.5C
fommmmmmy =22 =15 =109 =569 =3.6% -2,9% o432 -3.3%
47---." . . 997 -'1 . 1 . 452 003 e 456 e 645 0410 . 681
48—-—-—— -.116 --33 ‘0357 6500 0376 -04510 -0384 e 556
49-—-—: 2.0¢  2.1° 647 217 2. 7 3.08  .620 1.6
50m————: -2.9% -3,3% _2,8 2,80 2,0 2,98 1,5 -2,5P
5lemm===: -1.3 -,094 -1.7 -1.2 -1.3 .006 -1.9 -1.3
52--—'""-: e 799 . 313 . 057 . 972 e 987 . 496 l . 2 68'
53=————: 1.9€ 2.2b .205 145 2,92 3,48 2.7 3.38
Shmm—mi  .593 1.2 <14 =775 =294 216 -3.5%  -2.9P
T — : -.606 -.105 597 .821 -.590 -.008 484 .827
56m--—m: 1.9 1.8°  313%  2,9%  1.6°  1.4° 3.2 358
57mmmm==: 006  .208 -1.0 -.938 -.288 -.231 -2.0% -2.2%
58—————: -.227 -.004 -1.6¢ -1.0  .082 -.377 -l.2 =1.5°
59mem——: =1.6° -.974 -2.50 -1.6 -1.1 -.644 -1.8 -1.0
60—m—=—=: =.387 =.956  1.4° .95, -.088 -1l.62  .396 -.409
6l-————: 941 -1.3¢ .768 1.3¢
bRmmmmmms =427 .040 -.264 939
63=mmmmm:  =.597 .110 -.620 -.520
blymmmm—z 277 -.200 576 -.173
65-mmmm=z  =.367 -.077 A:7A -.375
bbm——=—=z =.004 .139 -.117 -.002
67—z 8527 1. 3 606 .828
68mmm———: =.251 .967 -.191 -.975°
69————:  .585 1.1° <142 «522
[0 T—— -.283 -.399 -.731 <319
Tlemmme—: =.254 -.139 -.097 .052

72 —————— .663 0958 0945 1'4

~-Continued
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Table B, Part 32.--Continued

Variable;
DumbeT f 24t o245 P o246 % 247 o248 P 249 o250 P 251

Equation number

i T—— .16% -.199 .106 -.683
Tz 1.3 .826 1.52 1.1
75-———: 1.6% .827 1.82 .903
7bmmmm——: 1,82 1.9% 1.7% 1.62
Pmmmmm=z:  1.3b .378 1.3 459
P8emmmem: 577 .033 .605 .023
79-——=—-: =-.014 .116 .190 .893
80m————: -.082 .092 -.085 -.337
81---"--: ° 013 0450 e 382 e 368
82-————: 1.0° 1.2¢ .976° 641
83———m—: -.117 -.381 -.305 -.229
8fm==—==z: 5398 4272 267 161 5158  363b 250 92.3
85-—————: 6258  /61%  391P 220 5752 3852 275 10
86mmm—mm: 134  65.5 =175 -281C 136  50.5  -230 =342
87mmmmm=: =60.6 -51.1 668 6608 -64.6 -88.6 -8392 -8308
88—m—===: 30.9 -54.2 -591% 6392  16.6  -100 -793% -840%
89mmme—:  303C 27.4 =218 -392b 240 =92.1 =340 -5462
90=mmmm=: =35.6 =32.3 5882 5978 _65.8 -79.2 -8012 -7792
9lemmm——: -75.8 125 4728 5482 13 -169° -677%  -6842
o J— 201 52,1 =235 =377° 122 -41.1 =450° 5692
93=m=—=-: =103 -93.9 5572 5662 -150° -151C 6872 6482
hymmmmmmz  =184° 2552 5502 6542 2652 3268 1% -g13?
95——m——=: -18.6 =111 -484% -559%  -136  -206 -693% -707%
T S— s -245% 255D _g11a 8338 .206C -222b _g7s8  -8582
— ;2.6 -52.6 -469° -537%  -10.8  -4.7 -540° 5192
T S— :  -321 -335P 7897  -800% -362P -301¢ 9218  -g18®
99mmmm—=:  =380% 4352 Q008 -1006% 4012 4402 -1023% -1124%

100-—=—=: =300¢ -389P 5878 _7028 -288C -363P 6398 7662
10le———: -78.8 =12 -660% 6602 -35,7 -92.6 -597% 6632
102-————: =199C 2650 3682 4752 152 -174°  -222 -331P

103———: -172  -293° -559% —732% 133 -202° -568%  —703%
104==———=: =130 -259 -560%  -760% 6.7 =62.2 =420° -560%
105-——-:  13.5 =31.7 =346 -546°  55.8 110 =459 =509
106===—-: -10.2 138 -62.6 -391 -99.8 =109 -389 -517°
107==—==: =276 -187 -388 =460 =257 =79 -561° -489

108 mmmmmt 127 140 =35.3 =111 -47.8 104 =375  -29
109-—=—=: -188 =214 =392 -533¢ -258 -130 -658¢ -651
110~mmmm : =401 =354 =102 -191 -568b -362 -337 =224
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Table B, Part 33

Variable; Equation number

mamDeT i osp o253 a5, o255 P o256 P o257 P o258 P o259
RE-—-—: 777 776 702 702 702 .676 .670 650
Rmmmemm: V747 W46 662 663 663 634 628 607
D.Fe-—-: 566 567 568 569 570 571 572 573
O-—————=: 51282 50502 64632 63332 62022 71822 64692 54432
2emmme——: 18622 18302

3mmmmemm: =222 -,197  -.168

f———————:  .258  .269 -,011 -.058

Smmmmmmmy =26.0°

bpmmmmmmz 2,82 2. 6a 5.7 5.72 5.72 6.22 6.5% 7.82
Tmmmmmmmt =49.47 =47.75 =33, 27 -30.62 -31.1 % -56. 42 -58.1%
emmmm—-: -.001° -,001° -.001° —.001P -.001° -.002%

9ommm——: 13.2%  12.0%° 22.1% 21.8% 21.8%

lymmmmmmz  22.1% 22,12 8,11 8.41  8.63  3.82 5.940 4.2
15 : —630° 619 664 -648°  —651°  802® 740 -581°
16mmmmmmz 357 35 361 348 348 288 526 405
17-===—: /4288 424, 266 268 264, 227 108 393
18-==——=: -292 =281 -153 “144, =138 43.2 =279 -67.7
19-———-: 223 223 124 132 131 34.7  33.9 168
20-—=——=: 208 190 390 366 364 342 338 147
Rl-——-—: 6720 6370 7310 _720P 725D _724b _gggb  _3@2
p S : 161 134 274 27 284 282 310 61
23——m——m: -511¢ 519 744D 719 -7120  _740P  -726P 713D
2fm—m————: 8390  g28° g860° g72¢  g79¢ 1023 11180 770
25mmmmmmz: 271 286 273 259 248 341 262 185
Rbeme——: =456 =410 =912 -882 896 =912 -981  -800
Py (R 312 291 265 251 255 318 403 567
28mmmm—m: =604 -697D -_624C  -611C  -597C  718C  648C  —698C
29=————=: =527 =529 =432 -426 =434 =329 =362 =304
30—————-: =414 =403 -T79%  —772% 764 7650 7888 _794P
) F— : =712b 7140 510 -482 =473 =541 =507 =537
32emmmmm: =273 =49.7 =281 -250 =242 =372 =347  -328
33=mm——-: 157 185.2 78 91.4  92.9 =97 8.20 =164
3=z -85.6 -88.1 =175 -162  -161 -236P -257P  _99.8
35mmmmmm:  =68.6  —=43.7 =77  =76.6 -79.4 =216 =18,  8.40
3bm—m——: =237 =240 =413 -400 =395 =207  -185 184
37a=e—-: =171 =190 =318 -314 =311 =364  -314  -387
38 ------ : .841 .871 .665 .663 .642 0301 075[4- e 51
- J— :  .894  .929 1.34° 1.28¢ 1,28 1.71P 2,302 2.12D

-Continued
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Table B, Part 33.--Continued

Variables Equation number

mumber i a5y o253 P25, P o255 P o256 o257 P o258 P o259
LO0mmmmmm: =,702 =,712 =916 =.930 =92 -1.12 -1.26 =.493
flemm———: 013  .047  .138 .11 112 1.04 1.0 402
4Rm————: 495  .560 1.58% 1,57° 1.56° 2,06P 1.90° 2.672
L3=mmmmmz =713 =.886 =.397 =.ibk =.451 =1.11 -.908 -1.47
bhmmm—m—3 253  .327 =.812 =.775 =.791 -1.60 -1.60 -2.39P
L5mmmmmmg =2.878 —2,068 2,428 2,468 -2.43% -2.53P -2,558 2,562
Lbmmmmmmy =2,872 2,802 -4.22% -4.00% 4,062 -3.828% 3,622 -4.182
Ll————: 166 -.008 2.37° 2.37® 2.39® 2.14P 2.39P 2 46P
48——mm—=z =.332 =.337 -.572° -.571°¢ -.572¢ -.783P _.805P -.8862
L9mmmmm=z  1.14  1.33  1.33 =1.21 =1.19 =1.62 =2.12¢ -1.71
50mmmmm—z =1.74° =1.75% -1.44 -1.58 1,61 -1.10 -.474  .217
5l1—————: -1.33 -1.33 -1.78° -1.73¢ -1.74¢ -1.91¢ =2.16P -1.44
52cmmme—g  =1.05 -1.07 =716 -.682 =.664 =.291 =.633  .562
3 — : 1.58¢  1.69  1.36  1.52  1.53  .862  .618 2.32°
5fm————z: 1.39% 1.44¢  .120 -.009 -.040 -.208 -.022 =1.35
L T— s .181  .140 .348  .381  .381  1.06  1.10  1.07
5bemm———z 2.37% 2,433 3,040 3,102 3.1128 3.958 3,998 4,158
57——=—==z =1.528 -1.66% -1.79% -1.78% -1.76% -3.,00® -2,912 -3,02%
58emmmmm: =.697 =673 -.832 -.873 -.897 -1.53° -1.50¢ -.89
5Qmmmm—mms  =1.22 =1.17 -1.73% =-1.72¢ -1,73¢ -1.88C -1.74% -1.43C
60—————: -1.24P -1.340 -.978 -.977 -.940 -.221  .029 -1.26P
fle————: 1.12P 1.10P 1.16P 1.13P 1.13P 1.42P 1.33 1.01
fRmmmmmmt  =.541  =u531 =536 =.514 =.514 =.397 =.796 -.588
b3mmmmmmz =.658C -, 647C =.356 =.355 =.348 @ =26 =046 =.549
bl————=z: 498 481  .243  .228  .218 -.087 .03,  .102
b5mmmmmmt =381 =.376 =.217 =.228 =,228 =.070 =.054 =.270
6bmmmm—mz  =.345 =.315 =.682° -,643° -.641¢ -.599 -.580 =.332
67—z 1.14% 1.080 1,200 1,18P 1,19 1,17b 1,100  ,608
b8mcmmm=t =.290 =.24l =.502 =.510 =.517 =.506 =.552 =.480
69mmm—==: .839¢ ,854C 1,210 1,180 1,17 1,21 1.,19b 1.15D
TOmmmmm—z  =1.27 -1.25¢ -1.31C -1.33¢ -1.34° -1.59P -1.250 -1.20
Tlomemmmt =.350 =.373 =.346 =.325 =.309 =.455 =.332  .204
P — s 776 706 1445 1.41 0 10430 146 1.55 0 1.29
Tiommmmms =9 =416 =.402 =382 =.387  =.495 -.623 -.866
7hy=—=—=3 1,200 1.,21b 1.08° 1,06 1.04¢ 1.24b 1.13c 1.2lc

=Continued
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Table B, Part 33.--Continued
Var iable; Equation number
number : g5 253 254, * 255 256 * 257 ' 258 % 259
Pt .966C  .967C  .768° 760 JT73 593 .638  .557
Tbmmm—mm=z .848%  .820° 1.49% 1.482 1.47% 1.47%  1.51%  1.522
T mmmmmm 1.18® 1.190 .78,  .738  .726  .818  .783  .862
1 I L062 096 494 445 432 624 611 .589
79----- -0327 -0356 -.205 -.224 -.225 -0052 -0074 0245
80mmmmm—:  .205 L2001  .437°  .401¢  .401¢  .488P 535D 253
8le—————:  .04L8 -.005 =.004 =.003  .003  .206  .170  =.147
82-m——m—: 346 .352 620  .600  .594  J248  .226 =.390
JA34 166 .385  .381  .380 481 415 J486

83mmmmmm:
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Table B, Part 34

Variabl; Equation number

number: - oe 261 262 263 1 264 265 266 267

R3———--: 774 .588 514 J767 779 G511 482 L365
Riemm—m—: V743 534 455 T35 JTAT O WA452 W42 W315
) 565 570 574, 567 563 575 597 597
Om—————: 39932 63662 6699% L1748 45392 74562 62848 7248
2mmmm—e—z 18012 1780% 18202

 P—— : =311 192 -.403°

4———————: ° 008 ° 250

J— T+ T -18.4 =24.7%

6"--”-; 3.28. 3.6% 2.93.

s S -.001° -,0012

Qeeme—: 15.0% 16.7%  13.12

10m—————: 4188 8622 L7142

1lemm——:  309% 5928 3728

12—z 2240 272¢ 2570

13—————=: 2392 15 2612

R 22.2; 16,2 14.1°  21.7% 20.92 11.2°  19.0%
15-———==: =549 -588 =410 =458 =646 =477 246
1bmmmmmmz 466 451 179 249 273 167 274,
17— 557%  -3.13 227 6222 6452 111 397
18ammm——: =262  62.9 =107 =330 =156 =194 -193
e — 218 =134  62.3  341°¢ 203 88 16.4
20mmmmm=:  41.6 313  88.5  43.8  38.6 149 -91.7
2lemm——: =517 671 -372 443 -580°  -309 713°
22y 18 572 L64, 131 174 501 8792
23—cm———s 601D 720 680 467 -619°  -645 760°
2y 546 870 167 604, 507 117 309
P T— I 147 6.79 206 289 =334 227
26— =316  -918 -832 243 =316 =95 467
Yy A— 316 567 1138 34 242 1110 1310P
28emmm——: =761 _9g0P 921 _701P -g15P -gg81c =575
29————: =45 11 33 477 =456 407 -5.00
30=m———: =-521P _g71P _g62P _429¢ _490¢ -g35P -g,48b
Flemm——m: =504 =337 =480 -662° =594 =432 =275
32emmm==:  70.0 153 136 47.4  55.6 153 32/,
33————: 134  -175 -565C 103 13 -561 “744°
3fmmmmmmz  =50.5 =306 -7.06  51.1 =4h.6 =.795 579
35—m———: -17.1 133 363° 88.6  -66. 335 9122

-Continued
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Table B, Part 34.--Continued

.
.

Equation number

Variable H

mUmDET i o60 o261 ' o262 ' 263 G 264 P 265 ' 266 G 267
36—z =18, =240 506 -31.6 =200 438 11422
37mmmm—=: =220 275 .412 -215 =270 =421 -865
38—z ,832 438 -2.08P 47 .397 -1.83¢ -1.0
39==———: 1.19° 2,992 3,302 .570 J767  2.93% 1,56
40mmmm——: =,198 .88, =-,156 =-.253 =009 -,718 -1.38
flemm———: 062 1.1 423 -,606 .193 W43 631
[Rmemm—: 657 1.830 2.51b .905 .791 2,260 2,758
43=====—: -1.33 -1.80 -1.88 -1.1 -1.6° -1.40 -1.3
lhym—————z  ,180 -1,22 -3.11% .257 .335 =3.18% -2.54
45-————: -3.22% 3,21% -2,98% _3.0% -3.2% -3.27% -3.85%
Lbmmmmmms =1,97° -2.38C¢ -4.212 3,12 -1.9¢ 4.158 -3.632
LTz 121 2.16° 1.91 .22, -.08, 1.65 1.88°
[8mmmmm=i =.293 =.8020 -.804 -.346 -.282 -.840° -1,202
L9mmmmmmz: 225 =3.53% 2,24  1.7° 628 =2.44°% -1.49
50mmmm—m: =2.01° -.814  .835 -2.00 -2.7% 1.1, -.746
5]emm——=: -1.01 -2.69P -2.70P -.717 -.890 2.85P -2. 422
52mmmmmm:  =.902 =584  1.45 =316 =.557  1.35 2.13
53-----m: 2.24° 0552 2,778 3.28 2,40 3,150 3.508
5h=————: 1.23 =.592 -=2.46 311 1.1 -2.87° -1.62
55mmmm——z  ,051 262 =242 .103 .004 =.227 =.138

1o —— 2.33%2 5,082 6,432 2. 43 .48 6.25% 6,912
57_.-.--- -1. 38b -2.99% -3.63% -1.4P  -1.5% -3.45% -3.42°
58mmmmmmt =.025 =857 =.961 =.250 =,160 =.844 -1.54°
59—————: -1.19 =1.47 =.735 =.964  =l.4 =515 =.37
60-———==: -1.76% JA48  -1.02 -2.3% -1.8% -1.09 -1.59
flem——==: .992¢ 1,13  .782  .787 1.1 ,916  .003 -.539
fRmmmmmmt =726 =ubhd =159 =.359  =.402 =.134 .120 .558
63mmmmm=z =.8800  ,170 -,266 -.997% -1.0% -.070 1598 -.544
blymmmmm=z: 450 =,065 241 564 W274  .383 .056 .303
[2), J—— s =.361 .22/, -.12 -.567° =.350 =.,156 -.023 -.019
€bmmmmmmi =077 =528 =200 -.119 078 -.372 -143%  .008
67--—=—: .880° 1.05°  .576 .779% .98, 469  -.013 -1, 06;
[ T— r =322 -952°  -,794 -.246 =.302 -.852 -.038 -1.37
69mmmm——: .989 1.20¢  1.10 764 1.0 1,04 .01 -1.22°
TOmmmmmms =.814  =1.36 =.237 -.888 -.754 -.158 021 -.51

-Continued
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287

Equation number

Variable:

number fooeq o261 (o262 P o263 G264 1 o265 266 1 267
Tlommmmmi  =2312  =2239  =u00L  =u240 =2391  .065 .0001 =u437
P Y .55 1,47 1.39  J462  J554 1.5 .082  -.572
T3mmmmmms =447 -.886 =176  -.501 =.335 -=1.71 .049 =2.13b
Thymem—m—z 1.31P 1,690 1.61°  1.2P  1.48 1.54P .099 1.05
75mmmem—z: 830 -.167 -.499  .891  .839 -.60  .038  ,058
Pmmmmmm: 1.03°  1.64P 1.620 8780  .077P  1.58  .1948  1.56P
77=—mm——z: 1.01° 573 .844° 1.1¢  ,994C .765 .026 463
79emme—e—: =.299  .328  1.09 -.216 -.302 1.10° .144° 1.25
80=———— .24 .613P 023 .047  .222  .011 .06 -.879%
8lommmmm:  =.024 2109  =.733 =200  J040 =672  =.067 -1.71%
82emmmm—: 208  .363 -.950  .015 = .313 -.832 -.054 =-2.10%
83-—m——m: 188 .323  .521  .173  .272  .554 -.184% 1.48P
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Table B, Part 35
Variable: Equation number

number : 268 269 270 271 272 1 213 Y 274
E ———eme 0480 . 556 .645 .651 .656 .686 o686
DoFomm—: 597 593 592 591 590 587 588
o T 59602 48398 40972 56092 57888 53072 52328
3- ------ 0056 ° 066
4—-—--—-‘ '0106
[ Y— 6.42 6.52 6.22 5,72 5,72
y — —94.2%  -66.4, -70.3° -68.7P
s S— -.001% -.0008 -.0008°¢
Qe 23.0% 23.12
10-m e 8992 5532 76,5 126 -124 -102
11— 4892 263% -289 =102 -298 =277
12-cemmm 3092 239 -176  =30.9 -86.3  =73.1
13-———-: 2592 3088 3282 3238 3182 3192
g p— 12.5¢  15.4P 3.51 4.52 1.62 6.42 6.68
15-———- -5.73  =.115  -45.3% =39.1 -55.8 -48.7° -51,1P
16— 7178 81.18  63.8%  60.9%  46.92  43.1P 43P
17— ggd 91.1% 1092 91.8% 95,72 78,22  78.5%
18mme— 30.8 18.0  -7.88  -5,13 -6.21 =2.56 =2.26
19""“-- -11 . 3 -6 . 94 "40 8 -13 . 2 -18 . 7 "22 . -22 8
20mmmem=g  =90.68  =32.0 -41.8% =43.1C -46.6P -53,2b _53,3b
21“---" -9022 -23 -1501 -15 04 -12.8 2.61 2072
ol I—— -20.1 1.2  -17.8 -19.3  -19.9 28  =27.7
p g 4,95 23.8 17.1 19.6 16.4 21.4 21.6
24---" 13 8 "3.58 _5.02 -.767 e 508 18 4 18‘3
25 g .320  =20.6 29.4 27.3 31.1 43.4°  41.2°
2 50.9 38.3 22.4 22.1 25.6 23.3 22
27-----: 33 6 -40 5 0467 -7.18 -7.70 1 08 l 36
28emmm—=: 56,70 58,1 46.1°  50,1P  41.5¢  43.2P  42.6P
p e T 21.6 .3 11.3 Lol2 9.45 17.8 18.9
o — 1132 105 1118 1112 1048 1082 1098
3 PR 1.7  17.6 -14.8  =27.4  =37.6 -32.6 -31
Y I— -12. -7.09 -6.03 -12.3  -25.0 8.4  =7.7
) I— 76.0 27.7 -19.9  -28.7  =32.0 -2 -24.5
Y — 11.6  13. 34. 6 26.2 25.8  50.5 51.9b
35mmm——m:  =35.1 =73.5 77.6°  -89.3% 96,38 -7,.8° -75.1b

-Continued
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Variable; Equation number

number : e P 269 270 ¢ 2711 ¢ 272 % 213 27,
- — -20.9 15, 7.23  =13.0  -21. -32.2  -32.5
37mmmmm—: =109 95,90 _98,3P _91.,3b _97,1P _g9.8b _g7.6
- S— -107 1972 1.01 1,228 .932 .985 .948
39t 1.63 1.41° .366 -553 .193 -.16% -.165
P/ o J— -1.23 =1.40% -1.51¢ -1.59 -1.57 =1.52 -1.48
/s P .596 1.1 1.11 1.01 1.05 .812 .810
[Rmmmmmms 2,79 2.7 2074 2.46% 2,562 1.750  1.76P
L3mmmmmmz  =1.58 -2.61° -1.99 -1.65 -1.90°  -1.06  -1.08
Lhmmmmm—y  =2.67D 2,311  -.868  =1.07  =.724  =.298  -.306
L5mmmm——z  =3,61%  -3,67% -3,15% -3.12% -2,99% 2,762 -2.722
Lbbmmmmm—z  =3.63%  -.798 -1.35 1.16C -1.44 -1.64 -1.64
LT mmmmmm 1.83 1.3 1.63 1.93 1.77¢ 1.7,8 1.76¢
[8mmmmmms 21,228 21,312 21,278 -1.442 -1.37P -.9712  -.9622
L S— s 1.1 =3.14% -2.45 =274P  -2.33P -1.68  -1.65
50mmm——=:  =.593  =1.25 = -1.74  -1.28 -1.90% =2.27° -2.29
5lem———z  -2.38%  -2.45°  -1.33 -1.93°  -1.59 -1.57° -1.60°
7 S— 2.250 .259 704 .166 .528 125 .170
3 [S— 3.55% 1.13 1.87¢ 1.18 1.40 1.82 1.81
Y — -1.65 137 .16l .333 141 .728 716
55— 3 -.006 .279 1.11 1.49¢ 1.34¢ .638 .606
S 6.93%  5.53%  4.17%  4.39% 4.31% 3.40% 3.39%
5Fmmmm—mz  =3.47% 2,52 -2,30% -2.35% -2.50% -1.28° -1.25
- S— -1.56° -.972 -.741 -1,23° -1.19 -.937 -.947
5Qe—————:  =.301  =.932 =1.26  =1.52  =1.42 =1.34 -1.35
60mmmmmmz  =1.69P 264 =922  =,18,  =.526  =1.05  =1.02
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Equation number

Variable:

mumber i ons P96 1277 278 "} 279 280 ° 281 ' 282
RE-mmmm-t WT65 JT65 T4 758 W48 W23T 478 422
R emmmea s J742 J742 .725 734 406 209 438 401
o p— 586 585 590 586 620 621 598 621
Omm—————: 47742 47828  3513% 3276% 75442 8197 65572 84642
2mmmm———: 18628 18822 1772% 18232

3mmmem——: -,009 -,024 .410° -,078
fmmm———z: 179 169  .060  .242

| J— -16.1 =10.9 =15.7

bmmmmmmmz 2,52 2.62 3.52 2.82
y S—— : -10.7% -10.7%

8emmemmm=z-,0007%-.0007¢ -.0018 -,001%2
o M— 12.0% 12,92 162 13.2%
10— =282 =276 4552

Wemmmmm:  =441% =435 210%
12-mm : -3092 -209P 188¢

13-mmmmm: 2432 247° 2302

1fmmmmmms 212 212  18.6% 18.7%

15-m————: =20.8 =20.8 =33.4 =35.3 -60.1° 1.1
16mmm——: 4P 40.6° 39.1° 38.9P 52.7° 74,58
17-=mmm: 73.6% 728 86.7%  82.9% 82.4°  8l.7
)1 S— : 9.81 9128 8.0 5.9 -47.6° 29,3
19——=—==: -16.1 -17.8 -4.9 -11.8 19.6 -10.2
20mmmm—=: =21.8 -22.5 =35.9% -23.4 -62.4P -84.52
2lem———m:  30.8  32.1°  45.1P 32,2 1042 -12.6
22emmmmm:  =13.1 141 -16.5 -12.9 56.2°  -19.6
23emmm—=: 15,1  14.8 9.1 11.4 29.3 3.1
2fymmmmmmz 26,5 26 36 21.3 -2.6  16.0
25-m=—e=z: 38.9C 39° 56,32 40.9° -40.6 1.4
Rbmmmmmmz  47.9°  47.3  53.90  47° 64°  58.6°
2Jmmmm——z 17.1  17.2 32.0° 23. 23.4  37.7
28—: 5063 50.68 5.20 428 23.5  54.6P

P I 43 44.1P  61.62  52.5P 39.0  33.6
30==——=: 89.7% 90.0% 95,82 87,82 58¢ 1252
3lem————: 11.1 10.5 14.7 19.7 8.4 13.6

o J— s =8.72 -7.63 -1.1 =544 49.0 -8.1

£ — s -15.8 -16.3 6.7  -8.7 20 81.3P

YA — 63.9% 66.82 g1 75.7% 1502 9.9
35-———=: =41.5 =39.3 -18.9 -31.2 -9.4 =33.5

-Continued
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201

. * Equation number

Variable:

number - o5 276 277 278 279 280 281 282
3bmmmm——:  -12.7 =13.1 -16.6 -11.1 6.5 =23.6
37mmmmm——: -84.6P -83.,80 75,70 -91,7b /1., =102b
38mmm——: 1.39° 1.37® 659  1.0¢ 1.3C -.811 -1.0
3Qmmmmmm: =437 =467 =.810 =762 1.6° 1.4° 1.2°
4Ommmm——z =1.500 1,510 1,50 _1.4b -1.6P -1.5¢  -1.8P
o=z 579 <592 .361 723 -.694 G734 =.599
LRm—mmmmz 437 .386 452 762 2,78 2.5% 2.8
L3mmmm——g =778 =700 =.312 -1.2 =.106 1.4  -.059
Llymmmmmmn .837 .825 461 1.1 -3.0% -2.82 -3.3%
L5mmmmmmz =3,20% -3.162 -3,168 -3,128 3,48 -3.98 3,68
Lbmmmm——: =,933 -,967 2,52 -1.3 -2.0° -3.52 -1.7
LT=mmmm=z =,173 =,092 -,253 -.368 1.9° 1.4 1.4
48——————: -.823% _,808% -.5520 _,621P -1.3% -1.28 1.2
P FR— 113,028  1.6° 400 1.6 -1.5 -1.6
50mmm——mz =2.250 2,260 _2.88 2,08 . 756 =118 =421
5] e -.769 -.790  .045 =-.115 =-2.0% -2.72 —2.1P
Ly I— 492 =462 654  .257  1.6° 2.1 1.3
[ S— 1.63¢ 1.5 - 3.28 2,30 1.8 3.92 2.1°
5fmmmmmmz 2,020 2,01P 1.2 1.7P -2.62 -1.9¢  -3.08
[ S— .578 589  .097 .138  .847 .096 .910
1o — 2.622 2,598 2.42 2.,2 5,58 6.72 5,12
57-————3: -1.19° -1.11P -1.20 -1.1P ~4,.02 3,48 3,92
58mmmmmms = 767 =762 =699 266 =1.9 -1.4°  -1.6
59mmmm——: =.869 -.897 -.261 -.618 -.288 -.15 -.116
f0mmmmmms =1.460 -1.428 2,78 2,28 -,338 -1.7 -.333




Part 379/

Table B,
Variable: Equation number

number i nggb/ 284, 285 286 287
Rommmmmmi L8787 .8792 .8792 .7550 .8675
R —————-l .8542 08548 08548 07094 08420
D.F.=——: 536 536 536 543 540
Oz 2644, 35 266502 2661.98 5235, 38 298682
S s 1741.7% 1758.9% 1761.22 1761.9%
3mmmee—: 01138 .04363 .03317 547128
—— : -.00103 -.02722
Y/ P 209.90 1946.8
R . -17.111 ~15.866 ~15.923 ~4,.8790
bpmmmmm——: 2.98012 2.85692 2.85782 3.69948
Bommmmmm s -.00013
23— -130.67 -129.15 -102.33
Qmmmme——:  11.3332 11.2702 11.2892 13.3882
10—————: 524.22% 526,532 528,202 967.56%
1l 347 442 344,138 346,372 609.108
) o J— s 423.112 417.902 419.462 531,552
13=————: 371.12% 368.148 367.602 376.952
14=—————: 21,3982 20,2572 20.3442 20.0902 27.1702
15mmmm—mi —487.86°  -483.19P  —485.90P  -686.19P  -396.88°
16—z 413.66° 392.23¢ 389.84¢ 206.56 250.2g
j 280.45¢ 302.44° 301.15¢ -73.231 334.94
18—mm—: -150.71 -138.44 -137.52 146.99 -310.85°
19————-: 189.52 192.09 192.35 6.0363 274..47°
20t -68.159 =56.935 56644 34.959 40270
2] mmmm—m: =502.43 -503.60 -505,13P -828.53% -358.73¢
i S— 220.25 210.58 212.06 665.58 176.99
o) M— s =229.24 -328.55 -326.93 -582,78°¢ -51,567
2jmmmmm—2 255,08 289.06 291.70 304.66 578.17¢
D5mmmemm: 24857 255.03 253.96 130.15 152.78
o — s =262.52 -230.11 -237.67 -540.52 -397.62
27mmmmmmz  =137.72 -154.38 -150.49 75.604 -72.961
28—mm—e—: -809,86% -797.17% -795.73% -488.82 -909.94%
29mmmm—m: =717.65% -687.99 -692,592 -339.08 -831.06%
30mmmmmm: -834.00%  -811.872  -811.948 -910.168  —716.65%
3lemmm——: -827.042 -816.372 -815.,2128 -291,27 -g818,312
[ J— : =205.89 -190.08 -193.37 91.919 -233.49
33=—=—=: =83.940 -79.714 -80.082 -163.38 -176.33
3fymmm——z  116.97 105.15 104.76 <72457 135.26

-Continued
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Table B,
Variable: Equation number

number : 2g3b/ 284, 285 286 287
| p— -9.0958 -24,.607 -26.633 -307.41 198.45
3bmmmmmm:  =230.25 -223.30 -222.63 -378.96 -181.32
37mmmm——:  37.991 26.010 25.716 166.45 122.92
T S— -.06280 -.0927 -.1008 -1.2778 ~.32137
- S— 1.5160 1.459 1.4558 2.97792 .72919
[O0mmmmmm: =1.4091P  -1.3549P  -1.3515°  —2.2141%  -1.2049P
flmmmmmmz .67002 71161 71854, .70915 -.16640
P — 1.2386 1.1927 1.1939P 2.45982 1.1159P
Pl S— -.92115 -.86338 -.87645 -2.2415P .06132
Lhymmmmmmt 1.1126 1.1777° 1.1686C 44349 1.2621°
5mmmmmmz =1,7183P -1.80642 -1.79182 -.36733 -1.8553%
4mmmmmmz =2,3113%  -2.3395%  -2.3292%  -2.0158° = -3.5921°
4T—————: -1.3935 -1.3375° -1.3379° 14920 -.92535
[Bmmmmmmz  =,22706 -.21971 -.2182 - 44307 -.43997¢
49— 2.56528 2.59928 2.6008 -.11398 3.5013%
50mmmmmmz =2,9286% -3.08122 -3.07742 -2.8627° -2.28338
5lmmmm—:  =.86374 -.81095 -.81356 -1.3772 -.84688
52mmmmmm:  -.93882 -.85167 -.84896 -.05656 -.92720
G I— 2.48218 2.5418% 2.5329% 63743 3.50652
54m—mmm=z 2853, .30000 29712 -1.6170 -.60224
55mmm———z  =.73766 -.81380 -.81700 .4,2868 -.88692
[ — 1.8913% 1.8750% 1.8736% 3.22102 1.6118%
Y L— 22077 24357 24589 -.75344 -.07360
58-—m-mm:  =.79115 -.77707 -.78866 -2.17118 -.57849
59=—m———z -1.5026 -1.5208P -1.5250P -2.4800P -1.0360
60=mm—=—:  .0125 -.03065 -.01931 1.80142 -.49283
6lem———: .90120 .88785 .89201P 1.3043P .72237°
62-mm——m: =,71460° -.67863° -.67476° -+29495 -.43722
63=———: =.39866 = 44057 -.43802 «29577 - 47684
blymmmmmmz 26241 24014 .23864 -.21203 .52778°
65—mmmmmz  =a35487 -.36180 -.36262 -.06039 -.48923°
bbmmmmm=z 08454 .06686 .06617 -.07939 -. 04264
VS A— .8/,382P .84767P .85039P 1.34908 .63245¢
- — -.38699 -.37024 -.3725/, -1.13952 -+ 31465
69————: 49335 .54164, .53906 .98085° .08578

-Continued
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Equation number

oo o

Variable

number i pg3b/ 28, % 285 ' 286 P 287
70-———-: -.35919 -.41522 -.41943 -.46340 -.8438/
Tlemm—=m: =.31823 -.32813 -.32681 -.20404 -.16653
V2mmmm—=: 49897 L4617 45769 .90701 «73452
g T— s .23850 .26352 25754 -.14415 .14160
Tz 1.3796% 1.3577% 1.3553% .87128 1.54392
75mmmmmmz  1.23942 1.1943% 1.20212 53362 1.46262
[ Y— s 1.5466% 1.50812 1.50858 1.60508 1.35662
T7—mm—=: 1.28736 1.2668% 1.2655% .39882 1.3031%
78=————:  .40002 .37049 .37636 -.1028, «45007
79=mm—==:  .07337 .06582 . 06665 21509 27172
{0 [E—— : -.10055 -.07953 -.07851 .08695 -.10258
8l-————: -.02122 .00153 .00535 45521 -.37803
7 — s 40692 .39397 . 39267 63670 «30629
83=mmmmm:  =,23651 -.22005 -.21887 -.47660 -.35560
8fm————z: 383,712 383.142 383.872 99.119 364.832
85t 239.96P 238,72P 239.468 -6.9717 195.51¢
8bmmmmmm : -10.118 -1.9825 -1.1370 -331.58P 9.5765
87-=———-: =90.675 -46.758 =47.277 -712.332 -22.044
88mmm——m=:  =38.463 -28.831 -28.036 -664,,182 -32.111
o — s 176.90 180.87 182.83 -340.77° 133.56
90=mmmm=: -61.358 -6.6425 -7.2118 -619.472 -23.73
91-————: -153.79° -131.80¢ -131.08 -552.852 -177.03
Rz 60.776 71.943 72.877  =375.400 3.8427
93-———: -131.86° -88.553 -88.744,  -577.38% -118.87
Qymmmmmmt =253.172 -232.338 -231.95%  -624.90% -305.13%
Y — s -134.65 ~119.29 -118.41  -591.642 —221.34P
Qbmmmmmmt =253,258 -241.532 -242.092 -827.8828 -182.69P
L — s =37.654 -21.273 -20.295  =507./1% -18.183
98——eame=: -361.902 -345.268 -345.348  -836.292 -378.748
99z —488.812 -450.66% -451.17%  -1012.2% -432.90%
100--——-: -416.01% -389.83% -389.56%  -697.88% -332.97%
101---—-: -110.31 -109.48 -108.61  =677.39% -51.108
102——amm: =277.74% -288.,602 -286.60%  -434.02% -235.472
103-====: =260.092 -264,.382 -262.652 -635.472 -214.87P
104=m=m=z =230.09° -228.98°¢ -227.20°  -650.402 -78.152

-Continued
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Equation number

Variable;

DUmbeT f ng3b/ P oy P 285 P 286 P gy
105-———: =5.3315 -10.054 —7.7613 -345.20 49.257
106mmmmm:  -25.376 -14.801 -13.075 —72.637 -79.898
107—mmmm:  =203.17 -280.74 -282.32 -410.12 —271.09
108-——==:  100.40 114.73 115.69 -43.848 -42.182
109mmmmmz  -204,.38 -198.67 -197.45 -391.39 -250.54
110mmmmm: =425.890  —415.86°  —414.43P  -121.96P  —567.828

g/ A1l equations in parts 37, 38, 39, 40, and 41 were estimated using
the corrected data.

b/ Equation 283 is the same as equation 24/ except the corrected data
were used for equation 283,
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Variables Equation number

number : 288 : 289 : 290 291 292
Rommmm—:  .8451 .8639 .8284 .8567 .8631
RSe=———-:  .8228 8432 .8101 .8349 .8423
D.Fommmm: 563 559 582 559 559
o :  3694.2% 1170.6° 239.60% 202,602 802.65
Remmeem—:  1853.48 1757.3% 1677.62 1753.2% 1756.5%
3omeem—:  -.03687 16777 -.06079 -.02708 .17053
fhmmmamz  -1572.6 852.35 2251.4 -192.13 731.22
. T—— I Y 010 b -12.436 -22.702¢ -27.205 -12.019
bmmmmmmmt 2,6610% 2.5539% 2.817,8 3.3457% 2.6132%
8-fmmm—-z: -212.66%  -170.59P ~91.744, 294.878  -173.76P
Qmmmmmmm: 13,1352 11.664% 13.090% 13.042% 11.412%
10~==——=: 457.80% 554,632 623.21% 527.52% 552.90%
1l======: 340.23% 224,.848 208.448 232.808 222,858
12-=—-—=: 259.382 345,132 347.782 369.57% 364.35%
13=mm——m:  259.272 324.348 299.812 340.862 341.962
1fm——m—z 22,728% 17.265% 22,0782 24,.623% 17.822%
15-———- : -633.572 -550.152 .63074
1bmmemmm : 472.25P 410.12P 14.413
17-=———-: 529.112 576.872 63.8922
18 2148.23 -326.602 9.4584
19-mmm— s 205.41 -272.08 -21.30
20-———- 2 =47.732 -100.60 -30.644
21—z -550,18P ~4,08.44° 22.472
22emmem:  216.84 366.84° -13.022
23ccmme—: =495.43P 270.11 19.583
p Y — :  550.78 123.49 22.677
25-————:  202.62 212.14 50.658%
2bmemmem:  =236.96 75.781 72.8372
27emme—:  225.66 251.22 9.7896
28-—mmm: -828.70% -409.85° 40.070%
29---—-m:  -260.35 -478.75° 29.820
30=mmmmmz =495.500 -827.048 73.4248
31—t -642.06 -780.23% -33.587
32emem—:  174.56 18.030 22.400
330———:  82.732 -263.29 -19.149
3fmmmmm—: =38.894 216.81% 77.8952
350———-: =90.199 203.55 -20.489
3bmmm———: =72.091 99.411 16.647

-Continued
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Variables Equation number

mamber i ogg 289} 290 P o200 P o292
Fy—— . -258.20 -185.13  =73.040°
38————==:  .34330 .18372 12655
39=—m——:  .73338 .18769 18959
LO0mmmmmm:  =,63752 -2.2733% -2.12562
flmmmmmm :  .37935 9349 .83307
f2—mmm=z 1.3007P 1.1192P 1.1175°
f3mmmmmmy =1.6389P .1255 .08597
lfymmmmm=z  .83058 1.6216 1.5717°
45mmmmmmz =2.41282 -1.97262 -1.86152
Lbmmmmmms =2.43292 -2.,18972 -1.9343
flmmmmmm: = 17224, =1.5481P -1.55720
(Bmmmmmm:  =,28238 ~.47515P - 44578C
pic— s .54204 2.4200% 2.6075%
50==m——=z =2.40002 -3.50432 -3.39842
) R s =.73159 .30213 «24654,
52mmmmmm : =-.25010 .07735 21352
3 M— : 2.51442 3.00498 2.99822
Slmmmmmmz L0427 .83408 767217
55 mmmmm e : -.11935 -.59752 -.47635
56=m—=-=: 1.99092 1.77562 1.6637%
5Tmmmmmmz =.98687P .41507 «53164
[T S— -.43981 -.45393 -.49623
59=———: -1.3381C -.89633 -1.0105
60=————=: -.91531° -.52802 - 54266
blommmm—: 1.1285% .01277 03347 996522

62mmmmmz =, TT7176° .01919 .03807 R AVAVAL

63-————=: -.81393% 113642 .122332 —.91775%

b=z  .25836 .01580 -.03661 52172

65mmmmmms =, 36192 -.03956 -.04703¢ .41232¢

fb———=—:  .07970 -.04670° -.02981 15326

67mmmmmmt 2945662 .04000 .080778 .73825P

68mmmmmmt -.37952 -.02496 .00385 -.60441°

[ — : .82191P .03088 .072142 -.39827

70mmmemmz  =.82571 .03726 .03933 -.15864

Tlmmmmmmt  =.24426 .078368 .07453b -.27999

P2mmmmmmt 43014 .108582 .123022 -.00161

73mmmmem s -.31277 01949  .04231P -.36839

-Continued
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Equation number

Variable:

mumber : 2gg ' 289 Y 290 ! 201} 292
Phymmmmmmz  1.41012 .069782 .057818 .732392

75mmmmm=s 5208/ .05722 02747 84407

76--====: 987647 .12733% .01161 1.48862

77-""-"": lo 0417 -00454‘1 e 04208 101949

P8ommmmm:  =.25363 .03981 .07342° .03587

79mmmmmms  =,21213 -.03023 -.02163 41136

1o I— .21238 .149742 .182892 -.23735

8lem———=:  .10649 -.03118 -.01397 -.39937

82emmm——:  .12839 02733 .02036 -.1718/

33 J— .27769 -.13217 -.08725¢ .18418

Y P —— 354,.50% 433,162 459.20% 351.372
2] TS— 184.74° 294,782 322,208 180, 38°¢
86 et -2.6348 112.97 132.82 -4..9980
87 mmmmmms -14.822 ~65.93 -70.853 -25.606
88 e et -81.827 -157.36 -68.392 -96.218
89mmmmmms -25,231 -118.58 92.948 ~34,.799
Yo T 30.108 -31.227 -46.912 13.574
o P -142.01¢ -258,262 -207.008 -159.33b
Y T— -6.5329 -165.20 ~59.393 -22.699
Y T— -47.102 -113.65 -139.51 -64,.197
oy —— : -262.,892 -401.332 -356,382 -280.538
Y S— -164,.40 -345,982 -261.48P -172.26
Y S— : -228.788 -273.818 -285,958 -239,754
Yy S— -37.5 -271.90P -261.29P =47.47
Y- S -331.01 -557.598 -570.,308 -335,182
L — -469.822 —228.37° -200. 56 —468.15%
100=mmmm? -438.36% -184.50° -158.82 -442.452
101-m——-: -147.92° -161.67° -60.91% =134.89
102=—===: -340.80% -163.612 -118.66, -331.002
g o) PR— -361.17% -276.29% -171.37 -352.37%
104————m: -325.298 -281.40% -184.33P -326,388
105mmmmt -82,710 41.305 16.057 -66.22
106=mmmm? -167.37 ~80.849 -55.327 -158.36
107 ===t -268.9/ -185.69 -194.85° -238.14
108————: 42.185 221.18P 168.78 104,.8
109=—mm—: -304,.89 -58.891 -90.270 -250.72
110mmmmm: -423.95 -242.,28b -424,.938 -384.54P

a/ All equations in parts 37, 38, 39, 40, and 41 were estimated using
corrected data.
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Variable; Equation number

number i a93 294, 295 296 297 298
RS—————-:  .8385 .8388 6754 7975 .8203 .8157
R =me———:  .8210 .8213 6445 .7855 .8022 .7985
oy — 581 581 588 608 585 589 -
Ommm—mmm: 1662.87  1727.80  4417.0%  3903.0%  3049.52  1736.4°
D 1844.1% 1844.5% 1931.8%  1844.5%  1796.0
3mmmmm——: =,10584  =.05355 07224 JLT664E -.18655
fmmmm——z  .09515
A W -660.72 -910.69 1332.8 164244
5eemee——: -19.910P  _18.754 -25.795°  -3.3319  -20.760
fmm————: 3.0063%  2.9041% 2.5418%  3.7075%  2.3076%
8=m——=—:  ,00011 b
330 N— -99.172 -1/1.55 -135.31 -117.64
L S— 12.654%  12.394% 15.467%  14.973% 14.675%
10mmmmmms 540.45°  537.19%  993.57%  415.22% 617.20%
11—--—: 320,432  312.88%  656.482  280.042 210.13%
g1 p— 383.44%  376.12%  395.37%  255.43% 313.58%
l4=———=: 20.462%  19.071%  15.167%  21.266%  25.896%  15.056%
8Lz 413.86%  411.97%  -76.446 343.97%  336.852
85-————: 287.10%  287.33% -220.10° 217.70°  184.24°
86—————:  82.684 92.864  -492.392 111.45 47.649
87-mmm—: =90.120  =39.087 =799.64% -8.2390  -54.498
88emmm—=: =53.999  -52,106 -740.32% -68.042  -155.13
89mmm——:  41.712 43.495 -595.21% -30.821  -133.70
90-—m—==: -68.757  -18.799 -679.91% -2.3759 8.747g
9le———m-: -140.58° -130.16° -614.022 -141.83° -191.28
92-————:  9.8550 13.747  =554.52% -35.607  -128.23
93-—————: -140.76°  -98.727 -669.852 -93.546  -48.680
9fmmm——=: =294.02% -283.14% -738.84%2 -317.43% -337.48%
95mmmm—m: =175.37  -170.71 -704.83% -232.02°  =245.31
Qbmmm———: -203.21P0  -183.59P  -824.848 -104.74  -178.40P
Sy A— : -105.62 -98.89 -612.612 6.7152  -169.71
98emmm—m: =339.520 327,020 -817.172 -239.75%  -344.45P
99mmmmmmz =280.75%  -226.40P  -1000.38 -132.27 -261.50P
100-=——: -204.70°  -157.24 -658.01% -34.750 -191.90°
101-—==-: -79.558 -83.892  -657.742 -17.357 -128.06
102=—mm=: -84.167  =96.414 -419.81% -8.3036 -117.30°
103-——- 2155.92C  —657.478 “34.426  -222.62P

. =147.12°

~Continued
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Variable; Equation number
mumber 293 % 294 P 295 P 296 ' 297 ' 298
104mmmmm :  10.705 12.237  -444.732 229.94°  -46.772
105-=—-: 332.75%  330.45°  145.72 501.432 301.57
106=———: 242.48 262.31 14.310 343.17 208.88
107-=——=:  134.05 159.09  -198.91 218.54 113.50
108-———-: 598.44%  615.128 302.96 569.658  604.232
109-———=:  283.46  293.90°  -82.240 349.40° 260.85
110-———-: -106.79  -88.974 18.453 -81.299 30.317
117-====: =4025.,7% =3973.6% -4672.2% -4732.9% -3558.5%
118-mmmm: 5486.2%  5453.7%  6022.1%  6249.9%  4810.6%
119--——=: =2337.1% -2325.9% -2564.6% -2613.7% -2016.9%
120-———=: 453.61%  451.35%  503.54%  500.21% = 387.34%
121———-: =45.796%  -45.542% -51.660% -49.936% -38.742%
122————=:  2.4840% 2.4686%  2.85878 2.68612  2,07828
123——m==: -.06857% -,06810% -.08081% -.07373% -.05657%
12f=====: 000762 .00075% .000922 .000812 .000612
125mmmmms =4.4307°  -4.3633P  -10.188% -5.1197P  -2.8126 1.0078
gl — : 7.2729%  7.1732%  15.042%  7.7006%  4.1811°  -1.0108
127—=———: -3,2621% -3.2034% -6.8287% -3.39008  -1.6334 43290
128-———- s .65079%  .63635%  1.4102%  ,65903% 27574 =.08967
129m———: -,06778% -,06605% -.15207% -.06684%  -.02401 .00931
130--——-: .00383% .003728 .008862 .003692 .00113 -.00050
131-——==: -.00011%® -.00011% -.00026%  -.00011° -.00003 .00001
132-—===: 1x10-62  1x10-62  3x10-6a 1x10-6b  3x10-7  -1x10-7
133-———: 6.9371%  6.8424%  7.97512 8.1126%  6.0676%  -.13468
134mmm==: =9.3001% =9.2/47% -10.022%  -10.605% -8.0410%  .30187°
135-———=: 3.9252%  3,9076%  4.2191% Lo41168 3033443 - 144T4P
136-——-: =.75753%  -.75417%  -.82287% @ -.84208% -.63574%2 .028522
137—=——=: .07621%  ,07584%  .08406% .08393%  ,06326% -.00276
138-—-—=: -.00412% -,004108 -.00464%  -.004528 -.00338%2  .00014°
139-———-: .00011%2  .000112  ,.000138 .00012%  ,00009%  -3x10~°
140---—-: -1x10-6a _1x10-6a -1x10-6a  -1x10-ba -1x10-ba 3x10-8
a/ All equations in parts 37, 38, 39, 40, and 41 were estimated using

corrected data.



Table B, Part 40%/

301

Variable; Equation number

number & o9 300 301 302 303 304
RS—e—-: .8103 .8318 .8175 .8000 .7997 .7981
D.F,mm—: 597 589 589 602 603 603
Ommm—m——: 235,802 210.32%  1363.5° 2024.5%  1808.4° 220.672
p s 1787.7% 1867.2%  1797.5%  1810.2%  1818.5%  1821.0%
3eme———: -.14101  -.00979  -.16347 -.16131  -.12078  -.07878
f=A==——=:  1470.8  -862.82 1332.7 901.77 690. 34 260.22
Bmmmmmm—s =24.029° 20,288  -20.137  -22.096  -21.678 -23.863C
b=z 2.5202%  3,0195% = 2.3425%  2.1376%  2.1746%  2.3440%
Behmm———z =100.72  =84.240  =117.49  =126.30  =129.60  =107.71
Qmmmme—: 15,1062 13.2048 14.4882 14.0242 13.865% 14.0262
10-mm=—: 682,20% 5,1.27%  608.68%  675.88%  657.28%  700.48%
) F— : 180.03%  216.93%  211.012  230.81%  216.45%  215.312
12—————: 395.37%  432,17%  340.60%  271.20%  264.21%  330.62%
13--———: 330.53%  357.98%  315.55%  300.87% = 296.66%  336.99%
lh=———: 15,5632 18.8788 15.9928 11.5588 12.0932 14.1182
8fmm=——=z 431.25%  454.50% 332,382  284.20%  279.93%  340.55%
85mmm——=: 273.122  307.25%  181.31C 131.23 120.59  171.69P
86mm———=:  118.07 117.37 47,967 24.156 23.891 65.076
87emm——=: =1.0378  =39.801  -56.284  =26.478  =21.40 12.244
88emm———: -107.37  -50.303 -159.55¢ -148.53P -150.71 -120.59
89mmm——=: =73.504 62.228  -131.39  -176.04  =179.36  =155.29
90mm———=:  48.577  -=13.726  -1.0494 59,039 56,887 75.915
9lo—————: -193.30P  -165.67° -194.15° -164.97P -167.40P -171.99P
o F— -108.81  -13.031  -131.03  -115.38  -119.28  -117.89
o) J— s =43.77 -115.00° -57.254  =3.7865 -9.5163 =16.427
Qfymmmmm=z =356.712  -343.85% -342.7,2 -312.682 -319.31% -333.25%2
05-—m— s -269.93° _229.20P  _2,9.63P _215.36° -225.27P -246.21b
Qbem———3z -190.30° -207.29P -181.86P -164.06° =166.46° =174.43P
9Tmmmm—: =256.94%  -174.38  -169.16 -193.02 -197.8g -265.99°
98-mmmmmi =440.53%  -407.812 -348.36°  -334.93°  _344.36 ~427.932
99mmmmmmz —202.02° -212.10° -256.23P -275.96% -270.47% -218.62
100-———3 -170.62  -180.73% =193.44° -214.90P -216.36P -186.25°
10l=m==-: =91,998  =30.04 -127.05  =114.61  =110.61  -89.384
102—————: =154.742 =114.46 -116.34C -=141.08b  -146.64P -167.792
103-——==: -268.852 -202.00% -222.630 276,728 -281.832 -303.828
104mmm=ms =240.57% =171.09 -41.53, -214.10% -221.69%  -287,.282
105--——:  93.507 78.08  311.85€ 54,717 48.139 39.739

-Continued
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Variable; Equation number

106-——-: -16.403 -28.855  222.98  =32.071  -44.665  -99.762
107--———: -106.08 -53.186  136.67  =72.13,  -77.064 . -98.689
108-————: 422.68%  414.23% 618.10%  446.70%  444.84%  453.182
109-—-—-=:  72.878 62,963  278.98 92,287 95.350 98.625
110mm=—: =215.57 -315.,98%  38.427  -111.57  -117.22  -148.28
117 -3761.9% -117.05°  -5.7404  24.819% 35.683
118emmmes 488,62 227,158

119mmmmms -2064.9% -105.90%

120=mmmms 401.79%  20.7172

121-——: -40.734%  -2.0142%

122-mmmm: 2.2179%  .102617

) o P— -.06140" -,00261

g — : .00068%  ,00003

125 . 78975 -.13671P  -.10719P

126mmmmms =.54798

127-——=-: 19486

128——em=: -.03675

129mmmmm: .00335

130=e——: -.000

13]emmmm: 2x10~

132mmmmms ~1x1078

133-——mm: -.13632  6.4641% .05118 --01509
134mmm—m:  .293350  -8.2785%

135====—: =.14633 3.4706%

136————-: .03028%  -.67199%

137-====: =.00309°  .067962

138--=—=: .00016°  -.00370%

139-mmmmz =410 .000102

140--—==: 5x1078¢  _1x1070

a/ A1l equations in parts 37, 38, 39, 40, and 41 were estimated using
corrected data.
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Equation number

Variable:

number f 305 306 f 307 f 308 309
B—-———:  .8000 7974 .6302 7521 7517
rig— 7864, 7840 .6090 7462 .7361
D.Fo———: 603 604 609 629 606
Ommm———:  2142.9% 201.24P 4397.62 3909.428 2862,28
I :  1812.0% 1808.82 1865.6% 1682.1%
3ee—e——:  -.15340 -.11850 25040 .59276%
4-A———:  860.78 386.19 1812.7 3786.2
Smmmmm——z  =22,019 -25,213° -15.905 -15.021
[ S— : 2.14418 2.36292 2.2180% 3.87708
BeAmmm—=:  =126.58 -98.283 -99.800 -63.686
Qmmmmm——: 13,9962 14.2732 15.9492 22.750%
10-——m==: 672,122 743.10% 982,902 509.552
1l-mm——: 228,122 233.492 409.372 143.672
12emmmmmz 269,572 367,278 340,922 106.53P
13-===—=:  299.732 360.662 308,322 178.862
1ymmmm—m:  11.673% 14.053% 6.9387 21.442% 13.306%
84——-———z: 283,232 370.24% -152.60 161.26
o] T— : 128.92 207.34 =344,.662 22,158
T T— 24,017 81.564 -535.10% 53,446
8Tmmmmmmz:  =25.537 18.291 -728.682 434420
oY — ~149.16P ~104.55 -718.038 -113.01
89m—m——-:  =177.52 -134.34 -616.88% -287.34
Yo — s 58.550 86.553 -577.16% 90.973
) P— : -165.70P -168.15P -627.162 -130.78
92emmmmm:  =116.81 -106.09 -581.48% -135.42
93mmmmm=z  =4.9491 -10.783 -583,70% -2.5396
Qfymmmmmmz  =314.252 -326.922 -763.322 -305.192
95mmmmmmz  -217.81C  -235.94°  -703.422 -215.34°
9bmmmmmmz =164 44° -174.880  -818.67° -39.204
S — o -194.32 -281.63 -634..46% -49.163
98emem—m: =337.18 ~442.542 -785.49% -169.50
99mmme—m:  =274.732 -208.21°  -1069.612 -185.57°
100mmmmm : -215.03P ~174.43° -720.558 -104.00
101 mmmm -113.81 -87.176 -672.14% -20.560
102-=—==:  =142.07 -169.012 -564.472 -76.974
103--——-: -277.79%  -304.42%  -833,50% -136,02
104 === s =215.67 -300.56 -730.99 -24,.670
105=mmmm: 53.700 43.211 -525.60% 212,60

~Continued



304

Table B, Part 415/.--Continued

Equation number

Variable;

mumber = 305 : 306 ¢ 307 % 308 G 309
106mm—m-i  =34.779  -100.87  —453.06% 35,126
107-==m: -73.196 -99.13 -555.512 -22,200
108 —mmmmt 446,348 458,822 -32.438 379.35%
109=mmmm: 92,915 95.397 -487.962 208, 36°
110=——mm: -112.52 -153.49 -216.80 -124.96
117 -52,186 -5.0323 99.460%
125=——===:  =-,13099% -.242382 -.262892 -.19337%
133-———- .04170% 044572 .11794° .04215 -.10819

a/ All equations in parts 37, 38, 39, 40, and 41 were estimated using
corrected data.
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